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Dipl-Ing. Henning Christoj'Weddig, DK5/.V

MIMP

Motorolas Impedance Matching Program

The Smith diagram is a n tmportaur
aid in the design of matching eircults.
Mlmp software makes it possible to
(ksign matl:h in;!; circuits fo r amplifi
ers in a relatively simple and clear
manner, with the assistance of till'
dcdnlllk for m of the Smith diagram.

l.

Intro duction

For manv radio .uuatcurs. the use of the
so-callell Sm ith diagram in the (k s ign of
matching c irc uits is a closed book.
How ever, it makes it poss ible to design
mat ching circu its for fo ur-w ire networks
in a veTv clear manner, since it »:ivcs a
graphic "representation of the ll1tluence
wh ich the indi vidual components of the
four-w ire netw ork have.

II' you arc designing matching circuits
by hand . as well as ha ving the Smith
diagra m, a pa ir of co mpasse s, a ruler
and a pencil. you will also alwa ys have
to carry out a few seconda ry calcula
tions and standardisations / de-stand 
ardis ations. using a pocket calculator, to
ob tain the com ponent values for the
de sire d frequency range . The MIMI'
freeware program (Motorolas Imp ed
ance Ma rching Program) is there for j ust
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th is application , and can he down
load ed. for ex amp le, From [1] .

Wi tll the MIMI' program, matching
circuits for amplifiers can be des igned
in a clear man ner, with the he lp of the
Smith dia gram, witho ut knowing in
detail how the Smith diagram works.
Yo u merely ner-d to know that the
ce ntre po int of the Sm ith diagram is the
target point of the tra nsformation curve.

The secondary calculations. standar disa
tions and dc -standardisauons. and tile
graph ical represe ntat ion of the transfor
mation curve on the Smith diagram arc
carried ou t bv tho F'C. W ith a fe w
mou se clic ks, 'you can alter component
values and truck their effect on the
mat ching immediatel y on the scree n.

2.

Hardware lire-Conditions

.\-lIMP is a purd y DOS prog ram . It was
devel oped in ) lJl)O and docs not make
any gre at de mands on the Pc.
All you need is an 1B.\1-com patible PC,
an 80286 proces sm or bette r with a
VG A graphics card, a 640 kbyte ope ra
tion al me mory and a two-button mouse.
The program also runs in the DOS
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window of Windows 95,

3.

Installation

T he co mpressed Mim pzip.cxc program.
which can he downloaded un demand.
needs only I:!O l B. It should be cop ied
into a sub-direc tory previousl y sci up hy
hand and unpac ked by run ning the
program. which ii> self extracting.

Th e following files are then unpacked:

Mimp.e xc. the executable program

• Dcvfilc.asc, an ASCII file with the
nantes of l ra nsi sto~ . the impedance
data of which are stored in the fill'

,"le' ll le.hin

llclvb.fon . :J ~Iicro'oft C font.

Then co me the batc h pHll"l'sslng files:

under Start , Sett ings, Task strip in the
StaJ1 add me nu.

The user operates the MI;\-IP program
via 3 screens:

a) Screen for entering freque ncie s
a nd impedances of transistor to be
marched

h) Scree n fo r entering components
with which matching is 10 lake place

c ) Screen with Smi th diagra m o n
which transformat ion curve is en 
rcrcd

A mouse is recommended :1<; a simple
way of altering the data ent ered . How
ever, there an: keyboa rd commands
which corte- pond 10 most 1l10\l~C rune 
rionc.

The three screens can be reached one
afte r the ether hy pressing the ESC key.
or by ;ll'li vating the ngbt-hund mousc
key .

readme.bat for prin ting out the text
fik

rea dme.txt, the batch pnx'essing fi le

printrnc.bat fur primi ng out the text
f ile

The pwgram starts when the i mpe dance
screen is called up: sec j ,'ig , l. It is
div ided into 4 sec tions:

rcudmc. rxt. mimp.doc . the \ IS Word
for Windows version (1 file of the
rcndmc.txr text fi le.

All the life, take up a ' p;J,'e of 27~ kH
on the hard disc. The tex t files call be
dele ted if required .

~.

Operati on

The program is started in DOS mode by
ente ring the co mmand 'l imp. II can
also be started from Window s 95. if the
program is co rrespondingly integ rated,

I ) Frequency urble

:!j LlHHJ impedance tahlc

3) So urce impcdancc table

4) Numeric al keyboard, which call
IX' activated by using till' mou se
cursor and lett-clicking the mouse

First thc num ber of freque ncies must he
indicated for which the source impcd
ann: anti load impedance arc en tered . A
maximum of eleven frequencies call be
entered ,

" ext. the load impcdances are entered
in series form (real com pone nt + imag i
nary co mponent), To enter the nurneri
cal values. use either the keyboard or
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the screen keyboard ut the lOp right
hand corner of the screen. with the
11I01l~ cursor and the left-hand mouse
key.

The program automatically calcu lates
the equivalent parallel circuit. and rcpre
scms these values in the line bdow in
each ruse.

When all the impedances have been
entered. the source impedance for each
frequency must be entered, In 1110 ;;1

cases, it is desired 10 match till' transis
tor 10 50 real (50 + jO I. In th is case. the
value can be ente red by pressing the
Return key (or by right-clicking the
mouxc].

If a standard Motorola transistor is to he
used, press the Return key and select
the corresponding s<iuarc in which the
initial letters of the transistor to he
selected appea rs ( \ IRF, 21'\. JO. TP).
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Enter tho;' corr esponding numbers of the
types. w,ing the keyboard or the rnou..c
cursor in the right-hand lop corner o f
the scree n keyboard. You rnust abo
s(X"dfy whet her you ....-ish 10 select the
input impedan ce or the outp ut imp..:J
nnce .
A list of the transi ,stors a\' <l il<lbk can not
be ohrnincd dircct!v. Nor can tho;' ..'law
for add itional mmskrors be added. T he
aut hor ex tracted the type names from
the De-, filc.aw (ill'. Th cv are listed in
Tahh: I, Unfortunau-lv. smcc then \ 10·
torula has ceased 10 manufacture a
number of the transistors listed in this
table.

Motorola USt' S the conjugate complex
impedance in ser ies Conn for the imped
ances of the its transistor , specified ut
maximum power, Data sheets from
other manufacturers may be based on
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Table I: List or tran..Istor impedance data availabl e in 1\1 'I II'

2N5642 J~036 \ l RFI34 1."JRF,J92 .\1Rn 52 TPJOf
2N5643 J()·l().1.5 .\IRF f36 ),(RF193 MRF754 TP302
2:-.J5944 MR!"137 I\lRF406 MRFRJ7 '1'1'303
21\1 5945 MRFU 8 !'vlR F4 1O 11RF!B8 1'1'304
2N5946 \( R ~1 40 ),t RF421 MRFlB 9 TP20J I
2N60RO MRfll-l1 MRF422 !\m FX40 'IP20n
2N(l(lXl MRF1 48 MRF42(1 MRFS41 '1'1'2033
2t'>:60S2 MRF150 !'vlRF427 MRF841F 11'2034
2N60X3 ,\ lRFI5 1 .\IRF42g f\lRI'X43 TP2OJ7
2~({)R4 MRF154 I\1RF42Y MRP84W ll'2180
2N6439 MRr:1 (i l MRF4JO .\ l RF84-1 TP2304
2N( 1)R5 .\1RF162 MRF433 11RH:\46 TP23 14
2N69X6 J\lRFJ63 MRF448 MRH~47 TP2317

MRn 71 MRF449 J\f RFX7J "1"1'2330
I\fR FI 72 MRF450 iV1RF!S'JO TI'2335
.\lR F174 .\( RF454 MRHN I Tf>2502
MRF22 I MRF455 MI~F'l\92 l l'25{n
MRF224 MRF45R \1R FS94 TP3004
.'vUU;226 .\1RF460 MRI''Hl)l:\ 'I'PJOO5
MRF227 M RF464 MRF IOOO 1 1'3009
M I~ F221) f\IR1-'466 \ 1RFI 002 1'P:\OIO
MRI;2J2 MRl'475 MRF J(J04 TP3012
MRli2.B MRF476 MRF IOOX '11'3015
MRF2.H fv IRH 77 \ HW 1015 T PJOIIJ
MRF2J7 ~,m_ F4-71) MRl i l(U5 TP:\021
:\fRl i240 MRF4RS MRF I()l)(J lP3030
MRF'247 MRF4S6 MRFl l50 TPJ031
fv1R I ~60 fv1RI;4Y2 1\.lR l i l~50 TP3H-1O
\ fRF2(i1 \1 1~F497 MRFIJ 2S '11'3060
MRF262 MRF551 !vIRI·'194(j T P:\()6 1
!vfHF264 fv-IlHi555 ~1R l i 200 1 '1'1'3062
!vlRB I4 \1 RF557 f\1RF200 1\ f -I I'S002
MRF315 MRF559 MRI-'200J T1'504-0
_!'vlRI-"3 16 MRIi()(j7 .'vfRI;2003M '[,P93R6
MRI<'! 7 MRHi]O MRf 2IK)S l PI\-U 05
MRF321 M RF64 I MRF2005M TP V50S5B
MRFJ23 MRI;(l44 MRF20 JO TPV60S0H
MRI,'325 MRF646 MRF20 1OM
MRFJ 26 ,\ l RF648 MRF20 16
MRF327 MRli650 \1RI''262S
MRF329 tv1RF65l'\ I\l RF4070
.\1RF3JR ,V1RF652 MRF5174
MRF340 rvn U'653 fv1RF5175
MRF142 MR F654 :\IRF I(}OU5
M RF344 MRF660 11RFlOOJO
MRFJ IJO l'vfR l<750
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Fi~. 2: Data from 2l\ttmH (inpu t Imp edu m-e) run he read in fr om the lil l'
ava ila ble ill the program

other pre-conditions. so it may be
necessary to undertake u parallel-series
convers ion of the individual impcd
anccs. It must nl..u be de termined
wlu-tbcr the impedan ce is indicated 111

com plex form and already conjugate . If
necessary. reverse the sign in front of
(he imag inary compollelll (0 make sure
the conjugate complex value is entered
corr ect ly.

when all the data has t een entered.
press the Return key on the key b oard or
righH.:lick the mouse to go 10 the next
screen.

In Fig. 2. the input impedances of
2:-.J 6081 have bee n se lected. These val
ues an: (0 he translonncd (0 :'iOn.
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~.l Cin 'uil Input screen

This scrccn con..isb of three pans :

I ) Component library

1) Xumcrical keyboard for entering
co mponent values using mOUSl' e UT

sor

J) Ide nt ification areas with selec ted
components for impedance transfe r
Illation

Fig. J shows this screen. Since mos t
high-frequency power transistors urc
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Jo'ig. J : The tt rst com ponen t Illl'" been ...elec ted (mieruxu-ip}

supplied with wide ter minal lugs, these
CtlllllLTt illlb C;1I1 be brought in by enter
inp a micro...trip Ior the impcckmcc
transformation . In thi ... casco the tr.msiv
tor c-onnection nrc simulated using a
12.5 mill . (500 mil) long and (' ..15 turn
(250 mill , wide nucrosuip section . The
terminal Il1g can he easily so ldered onto
this ruicrostrip. This line section simul
tauconvly tonu s the first trausrcnua r.on
cleme nt of rho circuit.

The cnmpoucnt l ibrary contai n......ixtcen
compon ent s: an idea l capacitor win-d in
series or i ll parallel (component with a
ccunection to earth). all ideal induct
ance. a se ries reson ant circuit or capaci
tor with feed inductance, a parallel
resonant circuit or co il with internal
ca pacitance, a stub ope n at t ile end
(microstrip with ope n end ) and micro....
trips.

A component is selected by posi tion ing
the mouse cursor on the corresponding
field and left-c licking the mouse . or by
u" ing the keyboard to pr~~l' rhc llumht"l
or letter specified in the corresponding
field of thc componen t ill the top
left-hand comer. '111e component values
arc then entered : capacities in pF,
in ductances in nl-l . 11" the use r w ishes to
curer the corresponding reactive imped
ance. first press Return and then enter
this value in Ohlll ~ at a specified
frequenc y in ~1 1 1 i'. .

A rnic ros trip i" defined hy its character
lsttc impedance nn Ohms) and irs
electrica l length (i n fractions of the
wavelength ). The electric al length mus t
he spe ci fied <It a frequ ency (in M Hz).

Microstrip.. call also be entered throug h
their mechanical dimensions. such a')
width, length and thickness of the
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Fig,,,: T ra nstormar bm path or nrsr clemen t tmict'ust r'ip ! TIll' sys tem
lmpedunce is st ill tun !

dielectr ic, thick m-ss of the conductcu'. or
die lectric constant orcircuit board mate 
rial used, Dimensions must he entered
in mil (= 0.0254 mm. ). For con version.
the en try in mm . shou ld he divided hy
the factor 0 .0254 ro obtain the curry i ll
mil.. The thickness of a circuit ho ard of
1.5 mm. corresponds to 60 mil., the
th ickness o f th.. eOPI)o,~r layer of 35 tun .
corres ponds to 1.6 mil. a 6.35 mill, wide
mic tulinc is entered <IS 250 mil..

The component i ll box C d i ~p lay s nne
spec ial Icarure. It is a rea l capacitor
with feed inductance. which i ~ ( 0 11

ncct cd to earth. and the ho t end of
which Iic ~ on 11 miel'ostrjp. In 1110S1

CA D program s, it i ~ assumed th.n a
chip capacitor has no ele ctrical width:
i.e., it occupies an individual po int in
the ci rcu it.
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However. at higb Frequencies thu, xim
plification lead s 10 err ors. in particular
tu low im pedances. Sincc a chip capaci
tor is usually mounted on a nucrovtnp.
its final width ca n ca use a phase
di spluccrncnt, which is not Ill'g Jigihle. A
100 mil. (= 2.54 mm.) wid" capacitor
has all electrical wavelength of 0.02 at a
Frequency (}f I G llz if it is moun ted 0 11

a subs trate wit h aluminium o xide. Th is
er ror can he red uced by modelling a
capacitor w ith the rcplecemcm cir cu it
descr ibed ill box C, Once th is type has
been se lected. thl' capacity ,mJ a possi
blc teed inductance must then he- en
tcnxl. Nex t. the characteristic impedance
of the nucrostrtp to which the hot end
of the capacitor is soldered i ~ entered.
Finally. the leng th of the capacitor is
ent ered in fractions of the wavelength
which the capacuor uses. :\lI~IP uses
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this to calculate the effe ct of the (WO

inffucnces.

Once the circuit has been entered. the
user call move Oil to dis playing the
Smith diagram by pressing' the ESC key
or by right-clicking O il the mo use.
However, if no component is se lected
and you II)' to go to the next screen by
pressing Return, the program cra~hcs .

Selec ted elements can he removed hy
acti vating the back-space key, which
first delete s the most recently selected
com pon ent. I f :III components have he-en
deleted . the pro~r:ml switches 10 the
pre vio us SCflTIl .

....3 Smi th dia~,.a lll display scree n

T he screen t Fig. 4 ) is d ivided into four
fi cl(k

I) Sm ith d iagram

2) M ":11I1 field

3) Field display ing 1l00k impeda nce s

,I) Diagr am fo r scalar represe ntation
of return loss at individual input of
truusfonn ation network.

The Smith diagram grap hically repro 
<;C•.-nh the impedances which, starting
from the load impedance of the trans is
to rs. have been transformed hy each of
the serio, or parallel components i ll the
pre vious second screen. ' 111t" ind ividual
impedance values are indicated by smau
cro sses. To distinguish between the
impedance values at the various Ire
qucncics. the crosses for each frequency
are represented by a separate colour. If
several series or parallel components
have bee n used . the resulting imped
ances are combined and dis played as
on e ele ment.

The first time the third scree n is called
up, the following se lling... are active;

ThL" impedance values 0 11 the lowe..1

frequency arc COlUICd cd,

The conjugate comple x source imped
ance is represented by a yellow cross i l l

:1 circle, whic h indicates impedances
..... hich amount to a return los... of 20 dB.
(This conjugate co mple x source imped
ance is the des ire d impedance, con
vetted thro ugh the tra nsformation net 
work.j

Th e Smi th d iagram is ..tandardi-..ed tu
IOn.
The consta nt quality (Q) circuits are set
ioo.
T he impeda nce is repre sented for the
last nodes.

T he valu e o f the fir... l clemen t can be
altered i ll the menu flchl via the I1lO[J 'i,C

cursor.

With the menu field, the use r ca ll;

J. Select the various co mponents and
alter their values:

2. Se t the cou-rant operating qualit y
cir cuit ov er the range from 0.0 to
l)9 .91) ill slcps of O. I ;

3. Standard ise the Smith d iagram to
impedances hcr wccn 0 .1n and
999.9n :

4. Select the Frequency fo r which the
node impedances sho uld he r..~ pre ·

scntcd :

5. Connect I not connect the impcd
an..'c values for a .selected frequency:

6. Switch the component co nnections
(no dcsr on and off'; .~

7, Reprcvcnr the impedance vnlnc, 0'
the las t no d e alone;

X. Switch over between continuous
and stepped compone nt value change
(Contin uous means th,u the cumpc 
ncn t value con tinues changing as
long as you left-dick on the mous e):

9. Change input return Io», circuit
from 0 to 99.9 d B;
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IO. Select node, the impedance of
which is to he di splayed;

11. Lpdare display on Smi th dia
gram.

To the right of some menu items, two
arrows arc displayed , pointing up or
down. 1111' corrcsponll ing value ca n be
al ter ed with their hel p by using the
mouse cursor . Tile de cimal poi nt which
is to be changed is underli ned in red.
This is selected hy the mouse curso r
and can he moved to the left or right by
left-clicking \111 the lIIOU~.

The number of the component. Iln
value o r wh ich is 10 be changed, loan be
specified with the arrnv.... s ill the firs t
menu field.

The component values can abo be
l'hanged using 11K' keyboard . The co m
mands can hi: found in the upc rutiup
instructions . However. this is nowhere
ncar as user -Iricudly as lIsing the
mous e. Since nowadays every PC is
normall y operated by a mou se. we need
not go into Ihl' dcscnption of the
keyboard commands.

If the Sm ith diagram becom es confused
due to mult iple compo nent cha nges,
press the Update Smith key to d isplay
the transformation path of the previous
ch ange. All ear lier intenncd iatc solu
tions are deleted.

According to the operating instructions.
you shou ld press p or I' to obtain a
print-out. '111is func tion can not be
confirmed by the au thor .

In the table in the top left-hand Clime r,
the impedance transformed at the start
for the individual co mponent i.. dis
played, starti ng from the loa d (inpu t or
output of transistor to be ma tched ), If
the transformation network con sists o f
se veral components. the impe dance of
all components is combined .

The return loss diagram displays (by
indicating the return loss in J B) how
well the trans form ed im pe da nce
matc hes the desired ~ource impedance .

T he pre-set ret urn loss value of 20 dB
corresponds to a YSWR of app roxi
mately 1.2 and is suff icient in mos t
cases.

To leave the program , use the keyboard
command Ctrl- X.

5.

On Balance

T he MIMP program ca n he used to
design matching circuits for transistor
amplif iers in a vcry cle ar manner. One
of the th ings the aut hor likes about this
prog ram is that the curup oncnt values
can be changed u~ ing n mouse. '111\1s,
you cnn begin ....-ith an es tima ted value
and then arrive at the dc sin..J result by
changing the va lues , The effect of thc
chnnges is sho ...... n immediately in the
Sm ith diagram. You can play aro und a
hit ami test the effect s of various
co mponents on the impedance tra nsfor
mation.

Un fortunately , 11 0 ci rcuits ca n he saved.
Nor can the transformat ion circuit and
the Smith diagram he printed directly
fro m the prog ram . Moreover, tho on
l ine help normall y availnhlc for Win
dow s progra lll~ is missing. How ever.
s ince op eratin g with thc mo use is very
simple, no new commands need 10 he
learned »or even the kevbo ard com
man d r;lrterminating the program.

6.

Literature

II I
p.bun l

Calculat ion:'. for mic rus trip s are carried
ou t using the formu lae in 121.
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Richard A.. Formato. /'h.D., ~nV1Rli

Designing Long Yagis with
YG03

Y;l~i Gen etic Optl mtzcr. version J
(YG0 3, i" freeware lutended for w r l
IIUS ammcurs \\ hn \\ a ni 10 explore
Y;l ~i dcsiJ:1l using one of th e mo st
powerful techniq ues available. li s uc
nctk- alg llrit hm Includes sta te-of-the
lIrt rechnlques. such as quadratic
lutorpolauon . auto-grooming, cncffl
clcn t perturbation , cuctflclcnt ucti va
tion, several select ion method s. and
1\\0 crOS"(I\ l'r IIlclhlHls. It hlilldl l'S lip
10 150 element arrays at up t il 50
freq uencies. \"(;0."\ is a DO S program
thut mav Ill' run in u DOS wlnduw in
a Wind (Hl s cnvtro nmcut. This a r licle
l'xl)lain'i lum 10 list' YGOJ a nd de
scr ibes some technique, a nd I) rind
resul ts for J . and 2J -l'Il'Illen t arnl )'s.

I .

lIow GAs Work

YG03 is <I genetic algorithm '01\), a
clas s of software thai stochast icallv
optimize.. a design problem by mimic k
ing natural selection (surviva l of the
firtcsn. In much the same way that
Nature creates progres... ivcly filler indi
viduul s in a species by pa...s ing along
good genes and discarding bad ones. the
GA produces progressively bettor de-

..igns by doing the same thing in a
virtual world. Inside the computer, the
specie s is. Vagi an arru y (If para llel ,
paras itic linear clements in whic h one is
fed nbc drive n clement. DE), one or
more act as refle cto rs (REF). and the
others serve as d irec tor s. {Di l. The Yag is
str ucture is fully determined by II set of
0/111''''/(/ genes IhaL incl ude :111 of its
dcsign pnr.unctcrs.

Because till' Yagi is a simple antenna, at
least geometrically. its gene structure is
also simple. A Yagi is fully specified by
listing the length , spac tng. radius. lind
offset of each clement in the array. so
that each clement has fo ur gencs. T he
total number of genes describing a
complete des ign. N, is fou r limes the
number of elements. In YGO .h virtua l
world . each Yagi array is a row-vector
of :-" real numbers : and every po ssible
Ncvcctor defines a unique Vagi. Thes e
vectors are the chromos omes that YG03
manipul ate.. to select progressively Ix-I
rer ante nna designs.

GA 's are fundamentally different from
analytical optimization techniques. and
oflen can be used when anatvtica l
methods utterly fai l. Analytical oprirniz
crs usually compute derivati ves to lo
cate the extremum points (maxi ma and
minima) of the functio n being opt imized
(so-calle d gradient methods). GA' s, by
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co ntrast. create random populations of
indi viduals rcbromosomesj that arc
evolved (0 converge In an optimum
solutio n. Gradient methods produce a
~ ingk "best" answer: but they arc often
trapped in ]oc1I1 extrema which prevent
the glooal optimum Imm being found.
lhlJ ~ completely missing tho: true best
solution. By contra st GA '" prOOUl'C

grou ps (If :-u lulitlns. no one of which h
l1eces~ly the gluhll optimum. but all
o f which are -~~M..)Ir solution s. YGO J
gC~r.lll· S ,g rnu ll\ of Yagi dl·sign.... all (If
which an' clo-c to optimum ant...nnas .
c ven if nol the <l tl..olutc bee t n ne .

YGO) evolves an initial population of
random chrous-omcs 0)' creating M IC

cc.... ivc gc nc r.lljon~ of chromosomes.
'Ihe population siTe is constant from
gener<il itlll 10 generation. hut tbe ind i
viduals w m pri\ing Ll .... popuhl.litm an:
g~nl..·tkillly altt'fL",1 (RIm ooe gene ration
to lhe n~ :4.1 U.'l i llg three j!c rlCt it- oper.!
tors : w lt't1 ion. ero....mer. ant.! mut a
liun. The setection operator choo<.l'" the
p.lrt"nr chmmOM)fIk.'.'l lhal an: u-ed 10
create child ch romosome, in Ilk.' rlC :4.1
generati on . '1be cross over ope rator
"mares" 11k:' pan: nh III act ually create
lilt' child ren. Selectio n and crossover
may I.... implemented in many different
way..; the dt'lails of how YCiOJ per
forms Ihl'se nper:llion.. a r~ d i~·u ...\Cd
Jx,low. TIll.' /II I/ rutifl ll opeTillor n l<l k~...
randu l1l chal1g~ ... in lh..: gcne values,
usually Wilh a low probability, Tl'plkal
ing Ilu: random t-ten~lie mutatil)fl'" Ih;11
OI: Cll r in biulo~kll l cvo lution.

01l~ of Ih..: mll...1 impu flan t fealllrcs of ,I
CiA is it.. ability lO IIplimil c a po pula,
lion u ing any de~i rt'J m~a...urc of
gOlltlue s or lilness. Unlike gTildicn!
lll~l h(ll l s thai e.1ll1101 oplimiu over di..
(·{lntinuilies. GA's ~a...ily hand le di...con·
linuou s rUlll-lintls . The only rcqu in: llll' nt
fo r a ,{i /(ure-oj- lIIn ;1 (FoM' is Ihal it lx'
c.alculahle. Th~ data u.sL'd to ca lculale
the F(l~l arc almosl always gCllc ra ll'd hy
.1 M'par,llc t'ompuler program (ca/m/a 
lio ll 1'lIg ;II(' ) th,ll modds Ihe system
being op timilt.-d. nol hy Ille GA il...c1f.

YO] uses :\EC-2D as its calculation
engine , but any suitable Yagi modeli ng
program could haw been used instead.

In e\"ery generat ion the GA computes an
Fo\f for eac h of the chro mosomes
(specific Vagi designs), which are then
ranked fro m h.:sl to \\IIN acclInl ing to
lhe t:o M values. GA ' s often mi nimize
tht= objccnve functi on. tout YG0 3 maxi 
mizes the FuM because it seems to
make more sense 10 a-.....i~n tbc hiuhest
\ alue to the best antenna.~nO( the ';0 1"'-1.
Whcn a generation Ius been fully
processed. the be-t ante nna de..ign
(hight'..t F{l~ 1 1 be-corne.. thc first row
vector in the gl'fIlT(Il ion matrix. and th...
worst de ... ien (10\\ c-,1 ~oi\l J become... the
last row -vector.

Gen...ration aftc gcncrano n is created in
Ihis way, with the cxpcc nnion that each
...Ul'CC.....ivc geee ration will contain ht'U...r
antenna de-, i~ns. I b is expectat ion resrs
on a selt"\;tiofl pnlt.·s~" that faull"'- better
parent chromoso mes which presumably
create bette r children. BUI. because of
it... vtocha..tic nature. a GA mav nllf
create impr oved de..ign.. in s'wry: sue
cessive gcncration ; the ~"I Fo \ 1 value
may actually go do wn. Experience ha s
demonstrated. howeve r. that a well
designed G:\ will eun w 'l; e 10 an opu
mil~d ...nllllion if alluwed to run fro r
enough g~ncrali <)ll" ....·ilh a ...u mt·i~n l l y

large popuh llion si/e.

2.

Installing YG03

Readers who have used YGOJ anJ arc
b miliar Wi lh its It'rmino lo!!y and ~elup

mighl want 10 j um p difL't'll y In ~cc l i (l n

-I, whit-h dc~c ri hes ty pical results.
YGOJ is do..... nloadahle from al lealol
two Inte rnel web...ilcs: thc \ '/IF ClIlII
IIlIw ical imn mal!ali ne ....eb... ile. ; and
Ra\' Andehon, \VU6TPUs S f;(' ,'r
d ,fl't' w('hs ile, . To insla ll the pmgram,
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create the direc tory in which you wish
In run the program- usually C:\YGO.~ ,

copy the file YG03INST.EXE into that
di rectory, and execute it'll the DO S
prompt.

Th e important files created by the install
pmgn.ull are: YG0 3.EXE, the genetic
optimi zer; YGOJ I'LOT.EXE, a utility
tha t displayx the yeO) summary da ta
file Y003.DAT and an army' s radia tion
paucm: YGOWI.I .EXE (aux iliary pro 
gram used by YGOWLOT.EXE), which
can be run stand-alone if the user doc s
not wi~h 10 view the Sll lll lll<UY data ti le;
SWEEP.EXE. 11 utility that computes a
Vagi' s performance over ;1 range of
frequen c ies : several self-ex tracting
:'>JEC-:2D fib (NSE*.*), which are
discussed below : .lntl Q.EXE and asso
ciarcd ti les. Other con figuration files arc
also created, Q is a share ware full
screen text edito r that may he usefu l for
ed iting YGO.CFG and ce rtain othe r
YGOJ tiles. In orde r 10 disp lay YG03
pnucrn pllllS, you must specify the type
video monitor in your system; the fi ll'
VIDEO .TXT pro vides details.

3.

Th e Configurutlon File.
¥ (;03.CF<;

All para meters for a YGOJ ru n are
co ntained in a user-c-dired conflcu muou
file , Y00 3.CFG . If this file (Io.:s not
exist when YG0 3,HXE is exec uted. a
default vers ion is created , which can
then he modified. The format of
Y(iOJ ,CH; is importan t becausc key
phrases arc parsed in ord er to assign
parameter values. Only numerical val
ues and obvious ASCII fields should he
mod ified . YGOJ .EXE does do exte n
sive input datu checking, anti will
usually trap typographical errors or
out-of-range entries. But the user should
use reasonable ca re when cduing the

"\'/\,C2 Executable: The first input var i
able is the NEC2 executable file name .
TIle instal l program creates seve ral
self-extr acting NI·:C·2 D til t's (l\'SP .*).
Each of these. in turn, creates a ~EC

execut able whose name inc ludes the
maximum number of segments that ca ll
he mod e led. Fu r exa mple, r-: EC2DIOO.
EXE haud lcs antennas with up to 100
segments. The user must spec ify the
exac t name of the NEC cxeclIlah lc used
by YGO.~ .

The reason for allowing different ex
ccutablcs is to tailor the NEC model to
the antenna size. Because l\liC-211 file
size increases drumaticallv with SC~

mentation, the user is aJv rst'(! 10 sd ee !
the sma llest cxecutnblc consi stent with
the ante nna mode l. For cx.unplc . a 5
element Vagi .... ith 9 segments pe r
ele ment requircc a version tlf :"lEC-2D
that handles only 45 seg ments, Using a
subxrantiully larger version of t-s: EC-2D
is iucfflcieut and need lessly time -con
suming. The li lc f\'EC2 INFO,TXT COII
rains informa tion on the NSE*.* files
incl uded wit h YG03,

The NEC-2D exccur.rbles lIlay he rUII as
stand-alone programs. The file INI-'ILE
.DAT muse be present in 111<.' default
directory , and it must contain two
entries: the Ni T input file name on lint'
I, and rhc desired outp ut file uarne 011

line 2. Each file nnme mu sl he capital
ized and not in quotation marks. Any
valid DOS files names arc allowed. and
the input file mus t also be in the default
directory .

# NEe Input Files Saved: A l\ EC-2tJ
input file is created for each chromo
some (Yugi design ) in each generat ion.
If the population ~i z.e b 100, for
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example. each generation creates and
pro...csscs 100 l\ EC input meso Most of
these are very poor Yagis, hut the best
ones hopefully become better with suc
cessive generations. Th is variable speci
ties how many of these f iles, ranked
best to worst, arc saved to disk du ring
each gene rat ion, and the next variable
speci fics the ge neration at which files
51311 being saved. Representat ive values
wou ld he to save the best three fi les in
each generation star t ing wi th gener ation
20. say. in i l run with a maximum of 50
generations. Saving 10 11 many files 100

soon in the GA's progress is wasteful of
disk space, hut early designs (' ;1Il be
useful Ul K' S and should at least be
exam ined . How ninny fi les arc saved
and when saving starts are best ..Jeter
ruined by experimentation.

.1.2 Arnl)' t'a rumcrers

Elements; Segltu' I1Is, 7..1, : Th e numbe r
of array clem ents. the num ber o f ~'g

IIK'n1s per clement. and -the feed system
characteristic impe dance define the ar
my to he opti mized and how NEC -21J
will scgmcm it. As a general rule. at
least 7 scg urcnts !XI' clem ent should be
used. More segm ents lIlay be requi red
for ce rta in designs (for example, thos e
whos e clement leng ths val)' quite a hit),
' I'hc NLC-2 documentation [ I I should
Ill: co nsulted for modeling guid eline s
and Iirnitations. The feed system charac
tcri sric impedance is purd y resistive
and must toe in the range 1-999 oh ms.

Feed " f);III, Off.~e/ : YGO] allows the
DE 10 be fed at its center or along the
arrays boom (defined as the +X ax is.
ang le ph i::{l. in NEe' s rectangu lar roor
diuatc sys tem). Usually there is no
question or where the DE is fed in
standard Yagi designs, bec au se all cle 
men ts arc centered on the boom. YGO] .
however . allows the user to specify an
element offse t. whic h displace s the
d ement 10 one side or the other of Ihe

boom. The offset parameter ha s teen
included for flex ibility, because there is
reason to believe that a slighl offse t
may be advantageo us for increasing
impedance bandwidth while maintai ning
high gain.

TUf/(' oat X: The antenna inpu t ir upcd
ancc co ns ists of a resistance , R. and a
reactance . X, both of which are used in
calcu lating the foM . Tuning ou t the
reactance allow:'> the user h. "ze ro out"
X for purpose s of calculating the FoM .
The values of hoth R and X are
displa yed on the paucr n pll,lts generated
when Y0 03.EXE ha s completed the
run . and the auxilia ry program SWEEp·
.EXE dis plays as a function (If fre
quency tables of R. X, and SW R. with
and without X included,

Max ttoom: Maximum bourn length
set s an upper limit on how long the
optimized antenna can be. Th is par,Hn
ctc r is especially useful " 11c11 space
concmunts arc an issue. which is Ire
qucn ny the casco Note tha t this p',rillll
crcr is specified in wavele ngths at the
lowest design freq uency (as are all
dimensions in YG03).

Same Radius: TIK· dement radius is one
of the array genes. and in general it
var ies from clement to element. But
building an anay containing e lements
with different radii may be impructical,
even if op timizati on req uires vary ing
radii. YOU3 addresses this consi dera
tinn by allowing the USC I' 10 force all
clc mcutx to have the same radius.
determined using the minimum and
maximum radius values specified in
ge ne 1#2 in the Gene Table (sec below).

] .] Ocnctlc A lgor ith m Parameters

Population, Generations, Chrmfl lJ,\'!
(jell : There arc many param eters that
spcclfy how the OA is co nfigured.
$ 0 111c arc sel f-ev iden t, and ot hers re
quire ex planation . The poputauon size is
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the num ber of chromosomes (individual
antenna designs) incl uded in each
generation. As a general rule, values in
the range 70-200 pro vide a good starl
ing point. depen ding 10 some degree on
how fast a CP U is available, The
maximum number of generations is an
absolute upper limit on how long YC0 3
will run . Once the limit is reached, the
ye03 stops and summarizes its results ,
Output data are summarized in the fi le
y (j0 3.DAT. which tanutatcs genera
tion-by-gencration the r oM' s for the
best chromos omes. The parameter 'Ir
rhromos/gen limits how large these
tab lc-, can nco f-or example, i f this
parameter were set to 10 with a popula
tion size of XX, then the FuM for the \)
(!I,R rounded to nearest llllq ,crl bes t
chromes rei woukl be lahu1:lteJ fo r
each generation.

Save Percentage: One way to guarantee
that the best FoM wil l increase from
one ge neration to the next is to insert
the best ch romos omes from cac b genet
ution into the next one, bypassing the
se lection, crossover and mutation opera
tors fur those chromosomes. This strat
egy is frequently re ferred 10 as -cni.
ism". Its bl."lIcfit is obvious but there
may be a cost , name ly loss of diversity
in the po puhulon. If elitism is used, the
percentage of Ix'sl chromes inserted into
tbc next is specified by the .\'1I1'('

percentage variab le. An y non -zero
value results ill at least one chromo, the
best one, being passed on. Y( iO]
rounds the percentage multiplied by the
pop ulation size to the nearest integer to
determine how many chromes are
passed generation 10 generation.

Crossover l'robahituv: For chromos
processed by the standard genetic nllt.~ra
tors. the crossover f!roh(l hi l ily specifies
the chances lhat a chilli chromo .... ill be
created from the parent chromes chosen
by the selec tion operator. Not all parent
chromes arc automatically "mated" or
"crossed over" to crea te children. Ch ild
production is a random process that
occurs with the user -specified probahil-

143



VHF COMMUNICATIONS 312001(t-,----------~~!"'_""'~~~~

measures how good u particular Vagi
design is. After gaining some experi
ence optimizing a specific Vagi, the
user may develop a good intuition of
what all optimum or ncar-op tim um FoM
might be. In order to limi t run time, the
use r can specify a target Fo M. which. i f
reached. will automaticully terminate
e xecution. T his feature is also useful in
gene rating seed chromosomes for usc in
subsequent runs.

Seed Chromosome: The bes t chromo in
a YGOJ run is saved in the file
Y001SEED.DAT (on ly for generations
without rocfficients perturbation as de
scribed be low ). This f ile may he used [0

seed a subsequent YGO:; run. then-by
in it ia lil1~ the G A searc h around a
particular so lution in its dcciskm space .
If 11 seed chromosome is used, the seed
ri ll: nam e mus t he speci fie d III

YGO:l.CFG. W ,03SEI':DJ) AT may he
renamed or edited to contai n ,my des ign
the user wishes. The seed ch romo is
automaticallv inserted as chromo III in
gcncmtiou i l.
, \ fl / lI Hl'l('/(' Old File.~ : YU0 3 can
generate a 101 of files. especially for
large run, in which several NEe input
f ill's a re saved . Saving J riles for curh
01' ::!OO gcncranons . for example, pro
duces 600 ~ EC input f iles on d isk.
The se ti lt's can be deleted individually,
or YG0 3 can he instructed to delete
them. By turning on thi, option. all ti les
assoc iated with iI prior run are dele ted.
If there arc files ',.-011 wish til save.
typ ically YGO Y.Cj:( i, YUOJSEED
.DAT (seed chromosome file) . YGO
3.ol\ l (summ ary output ri le), and some
orthe :-.JEC· 2 input files. thou they must
he copied or moved btjllrl ' stmting the
ne xt YGO:l run.

M ax Generat ions M·;/h SIIII/i' Fosl:
When YG03 has convergc'd on a solu.
rion, the tcndcn cv is for the best FoM to
saturate . More and more chromosomes
achie ve 1'01\1's approaching the highe st
value, and the best FoM llIay not
change from one generation to the next.
One way 10 explore other regions of the
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deci sion space is to trigger some action
whe n a user-specified number of con 
secutive gen erations have the same
,,"oM. If no action is desi red. this
variabl e should be equal [0 or greater
than the maximum numb er or gene ra
tion!'> . When the condit ion is met. YG0 3
a llows two different respon:-.e!>: tenni
narc ex ec ution becau se an opti mized
design has been achievexl. or repopulate
the next gcncrauon with a new set of
random chromosomes. If the- save pe r
centage is non-zero, then the best
chromo from the previous generatio n
will alw ay s be include d in the next
generation. even if it is randoml y popu
luted . T his strategy increases the generic
"diversity" of the population. and may
result in even be tte r de sig ns .

Cot1.fidenl Penurtxuian, The ronvcn
tiona! approach (0 expand ing the CiA' s
search space is to increase genet ic
div ersity by inserting new, randomly
created individuals when u specified
convergence criterion Im:-. te en met.
AniII her app roach, one that is unique 10
YGO] . is \0 ...Iight ly pert urb the FoM
itself Because till' r oM coe ffic ients are
use r-specifi ed. usually without pn or
know ledge of what pcrfonuuucc balance
a particular scr of coe fficient s ac hieves,
pe rturbing the coefficients allow s the
(iA to sca n-h unexplored regions of the
solu tion :-.pace, Ilo ssihly converging on
~o lu l i l>n'i that are be tter th;111 those using
the init ia l 1'0 \ 1. The perturbation
method is intended III addn.'l>:-' the luck
of information inhe rent in choos ing
For-.1 coc ffh-icnts by tria l and error.
Another reason for this approach is that
optimized sol utions may Vll l'y qu ite a bit
as tile FoM is chanced . which reflects
tilc highly muhi-m~da l IWl lII'e of an
tenna problems. Pertur bing coefficients
may explore these so lutions.

Y GOJ allows the user to turn on
coefficien t perturbation, and to spec ify
the maximum percentage variation and
the num ber of acncratfons bet ween
perturbations. If. for exam ple , a 10%
vartmlon were allow ed every 5-th
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generatio n, then in generation s 5, 10,
and so 0 11, each coefficient is separately
perturbed by a random amount up to
plus or minus 10% of its unperturbed
value. Bccans..e different coefficients are
use d in a perturbed generation, Fol\f s
betw een perturbed and unperturbed gen
erarlous cannot be compared, For this
reason. no seed chromosome is saved
from a perturbed generation.

"1,,(,, Groom ing : Auto grooming is
another diversit y-increasing technique
[3[ . lt grooms the po pulation by retain
ing the hest individuals while the rest of
the population is refreshed with new,
separa tel y evolved chro mosomes. A uto
groomi ng occurs when a specifi ed pe r
ccumgc o f the populatio n csemor papu
Ifll io n) in any generation exc eeds a
spcciflcd fitness threshold. Fitness is the
F(IM norm alize d to the interval 10.11.
best to wors t.

For example . with p opulation and fit
ncsv thre sholds of 151i,} and n.75, rc
spcctlvcly. auto groo ming hegins when
15% or more of the chromosomes
achieve Iitncss of 0.75 or great er. Auto
groomi ng then creates an entire ly IlC .....'

random population that is evolved for 11
number of qucnmtine generations, At
the end of tJK' quarantine period. the
senior population i !> inserted into the
newly evo lved one . hopefully ('rl'ating a
generatio n with greater genetic diversity
whil e retaining the best previously
evolv ed individ uals.

Se lection M('/"IHI"II1!~}': Til,' generic
operator of ,w {l'(f io n chooses from the
curr ent genera tion the parent chromo
somes that are crossed over (t'mared")
10 create ch ild d ll 'tlIllOw me !> for the
next generation. YGO ] includes six
d ifferent selec tion met hodologi es: rou
lctte wheel (RW ): hinary tourn amen t
(0'1') : proportionate (PR) ;- emperor se
lective (1\1\15) ; best-mate-worst U~MW);

and alte rnate tiU1c~s pairing (AFP).
YG0 3 also includes a seventh choice.
random mix (111X) , in which two or
more of the six methods are randomly
mixed.
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parents are simp ly numerically aver
aged, gene-by-gene. Quadratic interpo 
lotion (QUAD) is a mod ificat ion of
Adc wuya' s method 14J. Three paren t
chromes are required. and gene-by
gene. the values of the three parent.'. '
genes are used III generate it quadratic
curve fit (Fo:\1 plotted against ge ne
value). If the fit is succes sful and the
parabola's extrem um I;. a maximum.
then the new gene val ue is the inrerpo
luted value correspo nd ing 10 the ex
trcmum . If the interpolated value ra lls
outside the gene' s allo wable ruin/max
range, the user optionally can pe rmit
such out-of.mngc crossove r. If quad ratic
interpolation fui!s. Of . if successful but
cur -or-range values are not allowed.
then gene averaging is used on the two
he~t parent ch romes . And. if both parent
ch romes happen to have the same ge ne
value. then a randomly assig ned new
val ue is used til male the parents.

Experience appears to favor gvuc splic
ing as the preferred crossover method . It
is arguah ly the most effective. Never 
theless . amate urs interested in antenna
desigll may find the other methods
att ractive as .... el l. ami onl v extensive
experimentation will J <: ll'nn ine which
of these methods works best for design
ing Yagis .

Figure-of-Merit: Each chromosom e has
all associated figure-or-merit (1"0 \ 1)
which measures how "good" the chro
mosome is. YGO" includes two m er
selectable FoM ' ~ thut com bine the Ya
gi's most important electrical perform 
unce paramete rs: forward gain. SWR
input impedance, front-to-rear and front
to-back ratios, and max imum vidclobe
level . Each parameter is we igh ted by a
user-specified coefficient that can vary
hy frequency . Hy appropriately r boos
ing coefficients. ju st abo ut any desired
combination uf relat ive impo rtance can
be assigned It ) these antenna perform
ance parameters. TIle Vag i' s overall
Fu\ 1 is the average of the F(l~r s 011
each freq uency.

Coefficients are entered in till' fre-

qucu cy table (sec belo wt. Note that
coef ficients b and c are used differently
in the two Fo \l' s. In version I, b is the
SW R weighting factor. and c is the
S\\'R threshold in the unit step function.
In vers ion 2, b is the input resistance
weighting facto r, and c i~ the input
reactance weighti ng factor.

{'ocDicil'1Jt Activuuon M ode: Coeffi 
cient activation allo ws the user to
spec ify the generation at which each of
the Fo~l coefficients is first used cacti
wiled) in computing the figure-or-meri t.
Once act ivated. OJ coefficient re mains
active for all subscqnem generations .
Enabling thi-, lTI<X!l' changes the dcc i
sion ~pace sea rched by the GA. depend
ing o n which coefficients arc activ e and
WI1l' Il.

An example of how this mode might he
u-ed i ~ to first optimi ze SW R by using
1"0 \ 1 version t. turn ing 011 coefficients
h and c in generation #1. and cocffi
cient s 3 and l' in generation #10, with d
and r set 10 zero in the frequency table.
During generations l-o. incl usive,
'{( i0 3 will op timize only agaill';1 SW R.
In ec ncranou 10, forward vain and FR
are- inclu ded in detl'nn inin-g the 1'0\1.
.IIlJ the previous hcq SWR SOhHioJ1~ arc
contai ned in the pop ulation used for the
overall optimization. How well this
mode works . and when various rocffi
d ents should lIC turne d on , arc 'l ue:'.
tiou s that only call 0...' ancwe n..d cmpiri
call y. YGO" users nrc encouraged to
experiment with diffe rent configumtion-,
to sec how useful coe fficient activation
is. If this mode i ~ dis abled. the ucuvu
rion table is ignored.

,3,.a Frequency Ta ble

T he frequency table conta ins the Ire
qucncles at whic h the Yagi is opri
mized. along with the weight ing cocffi 
cie nts for the Fo M at each freq uency.
The user must specify how many fre
quencies arc used (maximum of 50). II
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is not necessary to truncate the fable to
include only the frequencies used; Ire
quenc y data are read in order with
entries for unused frequencies bei ng
igno red . The frequency table includes
an entry for the driven element (DE)
numb er. which may vary frequency by
frequen cy. Using different DE ' s at dif
fcrcn t frequencies lIlay be usefu l for
multi-band design.., or for increasing the
bandwidth of a single hand anrcnnu.
Inact ive DE' s are funded at their feed
poin t with a resistance equal to till'
p urely resistive feed sys tem cha ructcris
tic impedance.

.' .5 rol'Ill' Table

Minimum and maximum values o f the
four genes for cadi Ya~i element
(length, radius. spaci ng, offset) arc tabu
luted in the gene table . All entries art' in
\vavek'ngths at the lowl'sl used Ire
uucn cy in the freque ncy table. The I N 'r

may supply all op tional name for each
gene up to 17 chnrnctc rv long. Dilly
gcnc -, needed for the specified Yagi nrc
read from the table. Fo r example, the
de sign fo r a :>-elemen\ army eonsish o r
12 genes. so that all entries [W ill gene
# 13 on are ignored. Note that genes are
read i ll order, elerncut-by-clernent. so
thai thei r position in the gene table i\
important.

111l' values :l s s i gnl.~d in this [able define
the n:gion in solution space that may he
searched by the GA. No solutions
outside the allowable range o f pmum
erers .ITe considered (exce pt in quadratic
interpolation as descr ibed abo ve). Sc r
ting mill/max vallles is therefore a
balancing act. Too nm TOW a range
might exclude useful and interesting
solu tions. hut too broad a range will
certainly slow the (i A and might cause
it 10 miss a good solution because it has
110 t searched long enough.

Experience is the most important factor
in crea ting the gene table . One approach

TJ'pknl YG03 R l'SUltS

4,1 3-EIt'lUclI l Yaj:!, i

This section descrihes u typical YOO.' 
optimized 3·elclllent Vagi (for othe r
CiA dcvigued arrays, sec file YA<H·
J iA.TXT includ ed with )"(;0 3 ). All
clc mcrus are centered on the boom t 110

ottsen. and all usc the same diameter.
The reflector ( REF) is 05052 W<l W 
lengt hs (Will}!' .\') long. Le ngth of the
driven clemen t (DE l. which is fed ut its
cen ter, is 0.485 0 waves . The dire ctor
(0 1) is 0.4375 waves long, DE i:;
spaced n, l 06 3 waves from REF. and D J
0. 1207 waves [rom DE, The total boom
lengT h is 0 .227 wavelengths . whic b I:; a
short ante nna. Each cle ment has a
diameter of 0.00544 waves .

SWR for the YG03 array is [cxx than 2
between Fn=O.955 I" Fn=J. OOO, an
SW R bandwidth of 4.5"l , Note th'lt
Fll=i'Il '"t ' is rbc nnrt/udi::'t'd [requencv
(ratio of operating Frequency 10 design
frequ ency]. The SWI{ min imum is flat
at 1.6 fmm Fn=O.97 to O.9R5. Tho.:
Vagi' s FR increases from 19.8 a u a t
Fn=O.l)') to a maximum of 24.3 dB ut
Fn =: 1.0 I , then decreases to zo.I d B ill
Fn= I.02, The forward gai n gradually
increases from a minimum or 7.3 dB i at
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ill<> KIn Xin sws = ill .lJ..ffily

0.9500 24.10 -12. 10 2.2 73 8A 64A
0,9525 25.41) -W .W 1.1 7.3 9.1 64.6
0 .9550 16.50 ·9.20 2,0 7. :- 9.7 64.8
O.'.l575 27.50 -7 .(1) 1 9 7.3 lOA M.l:!
0.9600 l X.50 ·(,.70 1,8 7.3 11.0 65.0
0.%25 29.30 -5.70 L7 7.3 11.7 65.0
0.9650 2 (), ')() -4 .70 1.7 7,] 12.J 65.2
O.I)fi75 ] 0.50 -.U;O L7 7.3 is.o 65.2
n.9700 .~O. 90 - 2 .(1 ) 1.6 7.3 n 6 65.2
(J.9n s 31.1Cl -z.co 1,6 7.3 14.3 65.1
0 .9750 31.30 - 1.20 1.6 7.3 IS.!) (,5.2
0.977 5 3U O D,lO 1" 7.3 15.7 65,4

O.9i\OO :1 1.20 [HiD 1,6 7.3 1(,.5 65.4
0.', l(:5 J l.on 1.50 L(, 7.3 11.2 65.4
0.9850 3tJ.(J4J 2.50 1" 73 18.1 (' '1.4

(I .IIX?5 .~o .zo 3.50 L7 7.3 IS.I) 65.4
u.co cc 29.&0 4J)() L7 7.3 [ 'U ; (is.2
0 .9925 2\).00 5.80 1,8 7.3 20.8 65.2
Il.ljI)5() 2li 30 ? IlO 1,8 7.4 21.8 65.2

o,'"ns 27.50 8.30 1,9 7.4 22.X 65.0
LUOOO 26.70 9.XO 2.0 7.4 B .l 65.0
ums 25.i\O l LJO 2.1 7A 2JA 64.X
\ .fmo 24.90 12.80 2.2 7.4 2U 64.6
1.0075 24.00 145 0 B 7.5 24.0 64.6
1.0 [(10 23.00 16.3n 2.5 7.5 24.1 6--1.4
\. 0125 22.10 I IU O 2,(, 7.' 2::; .7 64.2
1.0 150 2 1.10 20. 10 2.X 7.6 22.6 M .O
1.0 175 :W. IO 22. 10 3,0 7 6 21.3 63.X
ucoo 19. 10 24.20 3.3 t.t I n. 1 63.6
1.0225 111 .20 26 .40 3.1l '" IR.9 63.4
1.0250 17.20 2l1 .70 4,0 7.8 17.8 6:'1.2
l.O27.') 16.JO 3 1 10 4.4 7.8 16.7 63.0
I.OJOO 15.40 33.50 4.8 7,9 15.7 (,2.8

1.t1325 14.50 36.00 5.3 7,9 14.8 62.4
I .tlJ 50 13.70 38.50 5.9 en Ll .9 62.0
1.0375 12.90 4 1.10 6.6 lI.O 13.0 6l.l\
1.t1400 12.20 4UO 7,4 8,1 12.2 6 1.6
1.0425 11.40 46.50 83 8.1 11.4 6 1.2
uu so 10.00 49.20 9.2 8 2 10.6 6't8
I .o·m lO.lO 52.00 lOA 8,2 9,9 60.4
1.0500 (1 .50 54.lIn 11.7 '" 9.2 (iO.O

Table 1 : Performance Data for YG03·0ptimil cd 3-Elelllcnt Arra)'
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Fn=O.95 to 8.2 dBi at Fn= I.05. Per
formance data for a 10% baud centered
on the design frequency nrc shown in
Table I.

l-ur co mparison. the J -clc ll1l'nt lO-meter
Vagi described in [5] has a similar
boo m length, 0 .232 waves. but uses
tape red elements and a fourth "curupcn
'i1l ltlr" placed closed to DI. li s SWR is
1.7 at 2R .\l h7~ decreasing to just over 1
al 28A Mhz, then increasing Itl 2 at 29
~l h ? The SWR bandwidth is 3.45tz:·
(re lative to 29 I\Ihz ). 'I he antenna' s FR
increases from 20.4 lIB at 2R Mh? to a
maximum of 23.,) dB at 28.6 Mhz, then
decreases to 19 dB at 29 Mhv. Gain is
7.2 dBi at 2S Mhz. increasing slowly to
7.3 dBi at 2U i Vl hz and to 7.5 d Bi at
29 .\111'1..

.. .2 J.OIl~ v agis

Designing a long Vagi requires m uch
more consideration or the design ul"
preach than docs a small array , for two
reasons: ( I ) YGOJ is a very flcx iblo
GA that allows extensive customization:
and (2) the decision span,' for long
arrays is extremely complex (highly
muiti-niodal, .1 ....cry large number o f
peak;, and valleys ill the FoM ). The firs t
f:ICW !" means that the long-array de
signa should spend suffic ient time
analyzing and specifying key param
ctcrs, especially run length and FoM
coe fficie nts. The second factor means
that vcry long arrays require longcr
search limes, so that premature ly tcrmi
nuting the GA inevitably leads 10 xuh
optimum re-sults. Fortunatel y. there is a
single , simple measure (If whether or
not a particular run is do ne, tile Fo\1 .
When the figure-of-merit docs not
change apprecia bly from one generation
LU the ne xt for several generations, then
further improveme nts very likely will be
minor. The designer call be confident
that an optimum solution has been
found when d early this is the case. In

23-EIf't1/eut, Design #1: The first design
approach is iterative, An initial run is
made with a set of FoM coefficients
chosen to optimize just one performance
parameter. .say SWR or forward gain,
Subsequent runs, which arc st:edetl with
the pre vious runs results, usc differen t
coefficients chosen 10 improve the other
performance measures. The idea is to
control the region of Fof\.l -space that is
searched, while still allowing the CiA to
explo re other solutions. Successive runs
with different !"oM coefficients can
accomplish th is purpose.

As an example. a 23-ele lllellt ar ray will
he designed for Fo.=145 Mhz, The
default Y(;03.CFG file is used with
equ al diame te r d eme nl!'. (gene #2 mini
max values were set t il 0.00 )07 at ro
waves so that all clem en ts have tile
sallie diameter, vi inch). Pour runs were
made with the number of d U011l0S0IllCS,

generat ions. and coeff icient values tabu .
latcd below . Run I has 110 seed chromo
some: runs 2-4 arc seeded with the hest
chromo from the previous run (con
tainc'd in Jile Y<i03SEED,[MT). FoM I
is used because it includes the SWR,
not fh l' ind ividual comp onent s of th e
input impedance. Coeffi cient e is the
SW R threshold , and b is (he SW R
weighting facto!". Since the purpose of
the lirst run is to mini mize SW R. the
threshold is set to 1.8. and h is much
more heavily weighted than the other
coefficien ts.

II is important to realize that FoM
coe fficient values cannot be co mpared
directly, both because of the wide range
of ....ulues associated with the pammeters
they multiply, and because of the elcc
troma gnctic behavior of the parasitic
array. Selling two coeffici ents to the
same value does not mean thai their
cor responding performance factors arc
eq ually weighted. The forward gain of a
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long ar ray, for example, might be
expected to lie in the range 15-18 J Hi,
hut its PR m ight easily be closer to 30
dll . If these factors were considered
equally important. the first thought
might be ttl weight them mo re or less
equally by making coefficient a about
twice as hu ge as 1:.

But this appro ach is incorr ect. for the
simple reason that an array with a high
forward gain invariably has at leasr a
good FR Figure. The act of direc ting
radiation away [film the rcfk-ctor alon g
the arrays boon: necessarily minim izes
radiation leaking to the rear. 0 1 course.
th is characte ristic does not mean th.u
FR can be ignored. What it dues mean
i.s that the man ner in w hich coefficie nts
arc chosen is largel y a maucr o f
experience with the spec ilk arr ay he ing
desig ned. After a few runs, the desig ner
w ill hegill to understand the rela tive
importance of the Fo f\1 cocff..-icnts ill
det ermining overall performance .

Table 2 also shows how forward "ain
(d HD. S WR , urray le ngth (waves), ';mu
rR (dB) vnr)' ....-irh succcsxi ve ru ns . In
tilt:' fi rs t run. the S'V R of 1.51 is quite
~ tlod. bm the galn is \'Cry I,IW at 5.5
d Bi. In TU n 2. the gai n is weighted much
more heavil y. The res ult is that n
increases dranuuicnllv with a substa ntia l
improv ement ill loR', while the SWR
changes ne~li~ i toly. T he coefficie nts in
runs J and ... were chosen to further
enhance gain, which can 1, 111 [y IX" ac-
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com plished at the expense of somew hat
higher S\\ 'R a ~ the data show.

Progressively longer runs were used in
order to be ce rta in of PoM con vergence .
In run I, the bes t Fu M was constant
from gcncranons 38-50 ; in run 2, from
95- 100: in run J , from 193-200 : and in
ruu 4, f W 1l1 19 R-200 . while there is
room for further improv ement. the rate
at whic h the 1"0.\1 improv es begins to
decrease .IS rbc run length increases.
Th e de signer must decide when ttl step.
based on how well the des ign objec tive
ha ~ been met. YOO] doc s automate
some of these deci s ions by allowing
coefficient activation . and either 11m
tcrmmauon or repopulation when the
r o!\l begins to saturate. Even tho ugh
these features urc not been used in this
exa mple, they merit con side ration by
serious dcslgucrs.

l -innlly . the Ocst indica tor of how well a
Vagi works is undou btedly its radiation
pnttcm . Y( iOJ plots on -screen l i-plu ne
patte rns. Screen captures for runs 1-4
appca r below ill I'igmes 1-4. respc c
l ively. Th ese are standard pol.rr patte rn
plols annotated with key performance
parameters. Afte r YGOJ is fi nished . the
UCS i ~ lK' r loan run YG OJ PLOT.EXE
stanZI-alone to view any of the NEe
inpu t files that were saved to d isk.

13·Ell'llIetlt, Design #1 ; The M'CU IlI,I

des ign takes a diffe rent appro ach, a
brute force approach. FuM coefficients
arc chose n bas ed on experience. and a

--••• FuM Codlicicn ts -----

RuuChromos Ocns a h c d c r G SWR L ill

I 50 50 I II lO() 1.8 II I II 11 5 .5 1.5 1 5.86 17.7
2 50 I '" 1Ol) 50 2.0 11 10 o 14.X 1.54 6.3 1 22.2-
-' 100 ZOl) 175 5l) 2.0 n 10 l) 16. 1 2.02 65 6 29.8
4 I IXI ZOO 225 50 1.5 u 10 o 16.5 2.39 65 6 4 1.2

Tahle 2 : Ru n Parameters fur 2J ·E lem cnl Itera tive ()csi~1I
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very long run is made with one set of
values. T his design cannot be compared
d irectly to the previous ones because
there are some important differe nces in
tilt' run setup. Binary tournament selec
tion was used previousl y, while roulette
wheel was used hac. Unlike the previ
\JUS designs in which the clement rad ius
was always OJKB 07 waves. in this
example it was allowed to vary betwee n
Ol IO I and O.U1 waves (minImax values
of gene #2). The optimum value deter
ruincd by YG01 was O.tX1611 waves.
cor responding 10 a I inch diamete r al
!"l ,=I 44 \ 1hz (pre viously 145 Mhz}, For
other run pa ra meters. the defau lt
YGO.lCFG values were used.

A .. the num ber of <lrr<lY dement!'. in
c reases . it is unpon.nu 10 increase both
the popu lation size and number of
gcncrurions, espec ially the number of
generations . For a 21-e1e melll array, u
minimum pop ulatio n size of, say. !OO
evolved for at least 250 gen eral ions is

Gcne ticdly Opt lo, l.-.ed n eet
Yo\!Ji [ ~I' l a ne (Az ) ra tter n
IIor .. rreq, r ...ru ~ 1. ll89fl1l
l'lEC r rre: YGO_1. :l flll
Run ; az-za-zeai , 1!3 ;41 ;17
ChrolllO U . Ge"" r Ation 1388
f1g ure --<lf -"e r it. '" 13 .7'1
Boool Lengt h '" 7 . l i .....In ·(;I ru

~

1. .

Cf wd - 17 .'Tl dB!, H1'1IW = 21. &· .....-Grwd
Gftax .. 11 .'J7 dBI II II·
r...B = aa.s aa r...fl ~ 7.1 dB
Zl n = 16·ji'f .f>1l SWR = 3. i V I"SBIl
:;WR = :1.12 with - eautence t um...l. uut.
su ~' - 15 . 7. aa. Az z 28 "
3L1. • · 15 .2 dB. n~ z 337.-
SL3 = - 17 . 2 dB . Az . Jl~-

Sl 1 ~ · 17 .2 dB, nz ·= 1 1-
SLS c -21 .8 dB. nz = 52-
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~.
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Fij,t 5: Screen ca pture or 23 cleme nt dt-si~1l #2
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are impo sed on the antenna. For exam
ple, if the array is to be used for weak
signal work. usually E~tE mode, then
the FB may be the key parameter
because of the critical need to minimize
ext raneous noise pick-up from terrestri al
source s. Design #1 has an FB of 41.2
d H, compared 10 32.9 d B for design #2.
It is conceivable Design # l s S~R

would. in fact. be better than Design
112s. even though its forward gain is
lower . Even within a sinej c r UJI. this
type of trade-off ana lysis ilJuslrates DIll'

of the GAs most unructive charucteris
tics, namely, that group.s of optimized
design" nrc prod uced ruther than just
one best design.

5.

Conclusion

YG0 3 can generate optimized Y:lgi
arrays that an.' not discoverable by any
other method . Given the range of corn.
peting [' It·tors in choosi ng the rigfu
Vag i. genelic algoritl1l11 S like Y([OJ
provid e tremendous Flexibility unnvnil
able in traditional optimizat ion methods.
Th is Flexibilit y comes at the expense of
somew hat lo nger run times and perhaps
more complicated set-up. But til.. results
art: usually well worth tho effort. nor to
mention rhar experimen ting with G A:- is
fun!

6.
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Wo!f,qallg Schneider, J)J8 ES

Digital Speech Store

Instructions And Improvements To The Article In
Issue 21200I

A component value is g iven wrongly in
the circuit diagram (Fig. 2) on Page RR
ill the l' riginal art icle.

The value for the resistance at pin 19 of
Ie 2 i-, given as 470 Oh ms, whereas the
correct value is 470 J...O hms!

The corrected circuit diagram is shown
in Fig. L

The value was given correctly as 470
kOhms in the components drawing. hut
the resistor must he so ldered to earth Oil

0 111.' s ide, as shown in Fig. 2.

Programmed microc onuoners arc avail
able , sec the list ( Ill the hack COveT of
this magazine.

..
••-"

a " ,'.. " , ." ~,

$0 . _ -"1:;; PI> .. 1L' 1
e IS ll l~ "f--ii'~-"CL~

c !-" "" - ....1
Lr '!-\-' -i'"'n' -i'- '"~"~-'-'i·cJ -" ~
~H1V ~~..

m

•..~ Q L"

F ig: I : Revised circu it diagram
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The UK Six Metre Group

With uvcr Willi members world-wide, till' UK Six Metre G rou p is the
world's hlr~e~1 organtsa uon devoted to 50:\lI h , The ambition or the group.
throu gh the medium of us (.O-Imge quarterl} llew!oolettcr 'Six l\ews ' and
lhrnugh it' s weh site www.uk ",mg,org, ls to provide th e hest information
available 1111 all aspect", of till' hand : including DX news and reports.beacon
news, prupagutfun & technical articles, six-met re equip ment reviews ,
uxpcdiuou lI l 'WS and technical urtlcl es.

Wh,Y not join the L"K..'i l\JG ami gin us a try'! For more in formation. contact
the secretary la in Ph ilipps WIRIH, 24 Acres End, Amersharn , Buckingham
shire 111'7 9HZ. (; 1\: IIr visit the weh site.
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PUFF version 2.1
Microwave CAD Software

"

• Complete with full handbook in English

• Software supplied 011 3.5 Inch floppy di ..-c

Price £23.5U + shipping

Shipping - UK .£ 1.50, Surface mail £.tOO. Air mail .£5.00

Used by many articles published in VHF
C OI11 I11I1I1ications

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

• Text of som e past a r ticle.

• List of all overseas agents.

• Secure form til subscrihe and order back issues or kits.

• Full index of VHF Comnumlcat ious frum 1969 to the
current issue , this cun be sea rched 011 line or downloaded.

• Up to date list of back issues ava ilable.

• Links to other sites including 1111 uf th ose Irum the Internet
T reas ure Trove ar ticles.

• Downloads for some articles including YG0 3 the Vagi
des ign program fea tured in this issue .
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Oipl.-/ng. Michael Hetn. OKSFJ

Line Sections As Capacitances
Or Inductances In Microwave
Range

Appro J)ri alt· tech nica l illllJlelll t'lIlation
of indu ctan ces (I.) a nd ca pacita nces
(C) is of Ihe gr eat est Importance in
the microwav e range. The article
below is Inte nded to shn w how sta r t
illg from th e t'1{'1I11.'nhll·) Hnc lhl·or~·

equatio n we arr ive at known con uuc
tur st ru ctu res, and what condil inns
shuuhl hl' maintained fer this .

J.

and recom mends lhal we should a im lo r
short line sec tions. hy st::k.-'l.·ting high
values for I I (inductance) uud ! O J" low
values for Ze (capacitan ce). ill order to
avoid scatter resonances. Th is is not
qu ite correct. ;1" the rest of the article
shows. as he needs to make numerous
correct ions to the lengths. llowcvcr ,
there is another reason fill' the corr cc
tions. ,1-\ shown hy a detai led ana lysis of
his exa mple 011 Pp- 195/1% . For the
required

Supplement to Earlier Design Iy 1- I
n - SI .37,Q

Souplcmcnrary notes fo Design and
realisation of microwave circuits Part 6
(VHF Communications, issue 4! 1()9l-:,
pages 194 - 2( 1)

In [1 1. (i.Kraus. D<i~GB. demonstnucs
that at microvvave freq uencies, because
of the low values required, inductances
and capacitances arc no longe r created
discretely a.. coil and capacitor, bUI can
created using line sections with charac
teristic impe dances different fr om the
normal impedances . fie statt s from the
form ulae (2)

specified using equation ( I), the input
impedance. I E (direction of source RI)
seen) as r2]

we obtain, with tile value of

.£u = 0.03097
A

( I )and
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we obtain

So for the specified te l/i-. , we therefore
already have a noticeable transformation
of the real part of sun (source} to
4R.2Q , and the imag inary part (capaci
tor) amounts 10 1/53n , instead of the
1/51.371.1 desired. In the same way, for
the required

using the value Il l'

f L2 = O.OXOXX
,l

arc fulfil led, equation (1) is even [al
mos t) precise. A line section with Zc <
Zo turns into a shunt capacitance. and
o ne with ZL > Zo into a series induct
ance, And this is ju st ideally suited to
creating filter structures, the com ponent
values of which can be comfortably
taken from the catalogues of standard
ised filters ,

But the approximations now bring it
abo ut that. when a required inductance,
L or a capacitance, C. is to be created
(e.g. from the filter catalogue). the
lengths of the line sections, tL and / (I I' Ie
turn ou t to be too low as regards s
regards capacitance (electric conduct
ance too low) and too Inw as reanrds
inductance (too little resistance ).- The
decisive correct ion factor here is

determined by means of equation ( I).
we obtain the input impedance, ZE
(direction of sourc e R.tl seen without el)
as

l-or an exact analysis sec the appendix
which demons trates that equation ( 1)
gives only rough npproximauous. al
though to a certain extent they arc very
practical. As long as the conditions:

ami 1or

For calibration. the lengths t arc to be
multiplied by the reciprocal va lues. In
addition, a real part transformation takes
p lace throug h the lan! [\{ approx imation .
with the essential factor

for the inductance.

HtrJ
H~:J I

(i+tan' (fji' ))

for the cap acitance. and I or

tun' fJf«i

Likewise, noticeable transformations of
the real part of 5un (sour ce] to 62.S5!]
and o f the imag inary part (coil) to
02.3 U instead of 68.851:1 So
cor rec tions an: necessary . But what is
the real reason'?

and

tan ' [Je((l

[ i+t":'(PrJ J
So for L. R > Zoo and for C. R < I n. It
is therefore exped ient , as far as poss ible,

' 60



Zr L' : practically e IUU tmicrosmp)

:;:- 4U (Coaxial)

Zl~ : practically s ISUn (rnicrcstnp)

( l.l ,J s AI:20

.,

that the impedance level extremes (e.g.
\40 12 and IOn ) are selected for ZL and
I.e. lor in lh i ~ way LV remains as 10" ;1->

possible. and thus the approxima tion
remains valid.

If \\ e now combine L and C. then we
arrive al the Iihc... structures. as men
lioncd earlie-r. Th e-e are automati cally
all low-pa ss (fig, 1). This makes the
circum...tances ~scntially more compli
cated. and we then have to make
co rrectio ns. as ac kno wledged by
{j.Kraus.I>G~(jB ( I].

Th is is " here the strengt h (If modern
computer prograuts lies, for they can
implemen t practicall y any numbe r (If
correction... and iterat ion s ICP~ in lin
extremely ..hurt time. But it is all too
ca..y to forget the basic intc r-conucc
lions (o r \\0,....imply don't know what
they are). But they are indispensable i f
WI.' wnm a deepe r cffecti ...c understand
ing of things. Thu... we may consider
whethe r it miglu not be more expedient
instead of going the lo ng way round
using discrete elements and filler cata
logucs. and needing to mak e numerous
corrections to dimension filters di rectly
in accordance with the wave parameters
h and Bt, Thi .. alia works , and ha..
already been done before Pl . For
example, the low-pass finer fur tran ..
mission high -lev,..1 stages P l described
decades ago ill VIII' Communication s
and in Rothauunc l is a filter of this
nature.

It is also conceivable 10 implement L
and C as stubs . Here WI: have an opcn
stub, lor the electric conducta nce uf
which

y _ . tun(fJl)
t: - .J Z

>'
a capaci tance represents an inductance
in a short-circuited sub, with the imp,..d 
unce level

R,

Z"
s.n:

l
-'- = / ··C ·Z
~ . I f.I
I .

t. L,
~;f '-'
i. 7.u

f
- ' ; r ·C ·Zit ' 1"L3

Z"
t. IJ.

Z£ ; jZ, lan(jJF) Fi::, I: Low-paw " ilh lim' sccttens
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2.

It is expedient here to select ZL extreme
so that t rema ins constant and the
resonances lie far enough away. The
advantage is that both high-pass and
low-pass structures are possible. The
disadvantage is that the imp lementation
can take place only using coax ial tech
nology. Fig. 2 shows an example. In
practise. this technique has certainly
achieved no essential significance .

;1;, ~

z"
< ~

0 •'0

it!
~/ /

'------<i~
o--.-----I--~o
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Appendix

Lim.' sections with ZL;;J:: '1-0 using
lim" sec t ions .IS ca pacitance or
inductance of OJ filter

For the losslcss line (Zl ' 6IJ ter minated
by :le•• the followi ng applies to the input
impedance ZE

Fi2. 2: t.nw-pass wit h stubs

z
~ + j laol3f

. Z _Z=', _
l " = t: Z

1+ j ~ 0 tan f3€
Z,

~o + j l l !aoW

1+ j~tan fY
Z,
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Suppose that ZL -c ~)

z,

t o,

1-[L,J
_ _ I ~ till) l{3f _+ . tanf~ 1" __

"L,[[L,]'(1"""'f3'l-[L,)'"Ir Z, (IH"'" W{Z' )'_[7,]\1
I . Z" Z" _ Zo

As long as it is true that tan~Pt < < I (for I3t < 0.3 with < 7% error) with tanflt "" tv
(3% error) it follows thai

1 .13f( [Z/)' )Y " -+ / - \ - _.
r /,U 'ZI. _Zo

VI' corresponds \0 the elec tric cond uctance of a capaciiur parallel 10 ~I - R, with
capacitance g iven by

R

we = ./1( (1-(/' )' ]J } ? Z
F, t. n
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If it is trw: that (Zu'Zo)2 < < 1 (for ZL:5 Zn.!3 with ::;; 1O~" ,;, error) it follows that

I

C = - I _ = A
CoL, P L

So as long as it is true that lal\ ~j3t < < 1 aud (ZIiZO)2 < < I the line sec tion
correspo nds to a parallel-wired constan t capac itance independent (I f 1-1)

Now suppose that ZI > 71)

R=Z r•
"" l lf. ,
i ,

13 = 2n/i,.
c, =n

z ~
1 +~ la11 1 {3!

/. .
"'
[ Z i 11- \ -

_ l + tan ~ W . I 1.(.
= /.~ 1 , +}lanfl.7.1. , ::

(1 "i""pJZ~ J -(.&J-I (I+ ""'W("';J_(Z<J "\ z[ Z, z, Zl

As long as it is true tha t tan2['lt < < I (for r:v < 0.3 with < 7% error) with tanflt '" I~

(3% error) it follows that

ZEcorresponds to a coi l in series with Zo = R with inductance given by
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R

-

L

L = !..- Z (I_(Z,)'),. ' Z
.... 11 ',.

If it is true that (ZI! Zo):! < < I (fnr Lt.> .1 i'-(l with s: lll~/g error ] it follows that

L=.!:... Z =Z, !...
en t. f A

So .1" long as it is true thai lan:!lit < < 1 and <Zt/Zo)2 < < I the line !'>l..'ctinn
corresponds 10 a series-wired constant induc tance independent (If 7-1)

165



VHF COMMUNICA TIONS 212001
(~ --------------"""-"""""""~"""'-""'=

ttunthard Kraus, DGRGR

An Interesting Program

PCAAD21.zip - An Antenna Analysis
Program

T his is,sU l' S{'t'S the int ro d uction IIf a
IICW Ieutu re ('ntil led. An Inh'r\'slin~

Program. A~ai nsl th e backgrou nd of
t he inexha ust ible s nu rcc provided by
the Internet , these art id es will lit,
introducing ami describing proarums
('IlHri llg int erestin g areas.

i\ sho rt thumbn ail sketch " ill list a ll
the chilntl't t'n slil's nhit-h arc impllr
taut for UU' 1ISl,'r , ind uding how the
program can he obtained. In the
second section. Its operation is de
sc r ibed and its a pplica tion is demon
st rated th rough practical exam ples .

finite and inhuite dipo le array )

dl Analysis of mkrosmp antenna"
Irccnmgular and circular patch, urc r
rure cou pled patch)

e ) Analysis of aperture antennas
(E-pI;Hle and H-plane sectoral horns ,
pyramid al h OI1l , conical horn, t:OITU

gated conical horn . parabo lic reflcc 
lor)

f) Analysis of rrunsmi..siou lines and
wave guides unicrostrtp, striplinc.
coaxial line, two-wire line. rectangu
lar waveguide. surfnce waveguide)

I.

Short 'l'h umbuall Sketch

Na me: PCAAD2 1

Area uf appl icat ion:

a) Analysis or individual antennas
(dipole, dipole Re S. fo ld ing dipole ,
Vagi)

bj Design of a logarithmic-periodic
antenna

c) Analysis of antenna arrays (linear
array, planar array, grating lone,

Fjle t jpc a nd Il k size:

PaL~ ked nos program (z ipped) with l(i l
kilobytes. in unpacked condition 360
kilobytes

No proble ms have been detected while
opcranng with WIN 9S/9Jo1 and using a
fasl compurer

No hllg~ Of gross ccm putarionnl erro rs
have been detected so far

Uscr· rricnd l i nl~S :

Easy to understand ,II1U familiarise one 
self with. Operation by mean s of simple
pull-down men us; comp utation in met
ric un its. Ve ry practical structure.
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RFGl ohaln c l (http ://www. rfgl ohal
net.com)

b) Link in VHF Com muinicarios Site
Links -

ri /-(. 1: Program sta r r fur d cshm nf a
Itl/-( a rit hlllic 1J(' rittcl k ante nna

O n-line help: Xonc

11 0 \\ ttl get it :

al Download from bomcpagc of

Improvem ents needed:

Graph ics output of directional d iagrams
still works in very old-fashioned way
and should be brought up m Windows
11: .... (; 1. On-line help would be of pract ical
usc.

2.

Work ing With Pcaad2 1

From the thumbnail sketch and the
applicati on areas listed there. it will be
immediately recognised tlnn this p ro
gram can be used to ana lyse, review and
optimise OIlCS own antenna designs. In
principle. we enter the dimen sions of

,

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

Dl\'O lc • Sp;llcl ng ( GOI ) Lenyt lt(c.. ) R" d l u s (c ")

, 0.000 109.97- 0."
z 3b .899 100.59 0. 41, :U .7'19 92. 14 0. 10

" • ]{) .9bO 01,10 0.37

Fi g, 2: The lower lahl e 110 \\ contains all d illWlls inllS and sll:tC'ing in tervab, for
the indlv iduul u 'nA antenna elemen ts. The lett -hand, longest dipole in the
a r ray i.~ rep resent ed by the number 1
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ri~. .\ : Thi, d iagram is fru m th e IHHII.. II I. It suppttes fl llU llrt' ht' no;he informa
tinn an d ~ i H"" the 1lt,«~ rJ tht'urelkal background.

Unear Array
, z ,

, , '"- -. - -" -'. , ';c l- - - - - ~.---. j
- ..,- _ . _ ; ". - - - - - - i,,-: - ""," I

Select Action

Enter Arr ay Oete & Compute
Rot Pa tterns
F~ ('o Co.,N,ciel"lf!oI Patterns

Type 4.1P coer noeors
COmpu te- OlreetMty

Ph. se Distribut ion ; Hroad. i ~o Beft~

i l....."t ph..s e shift " 0 .0 dog .
Scan ang l~ ~ 0 .0 des .

F.J ~~nt t~p" : Dipo le
Pol.rization o f c l .. ....nh : OVY/Zl? l(

Dl pn l .. l ength (en) : 8 . SZ~
No S'l"Olltl tl p lane .......___

r.tt..rn <:"t ( 1f=C· or 90·) : 0
Pat t .. r n Inr.l'.... .,nt (de!!') : 1

Flg. ..J: Example or dC'>i~n Ior a nnear ant enna ar ray. The req uired inputs are
mark ed with arrows. In the field Scll~t action. ~c1C'Ct the n('X1ste p to be taken.
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Patt.-a .. t .• iU
a t Ihet.. " 0 .0 d ....-.

..••\ -- --- ....
...... ..•• / ..

.... " \ "_. -- - ..,.: -,, .......~........... ..~ ..,.. ' -
" ,..••~ -:»" . .... .... ~.~.<,. . ..~ ... . ,:' / , .( ~ \ \

: : t: "', \ "
·..·_· 1··.._·.."1 ·_··";·..·..: ;. :: ~._ -t- -f- -.

• , ....... ..' ! ·-,·~. ~ I , ,

• · ~~·~",,··i·· " "" ""/ :.. ~~ ...... ..:-e.:-". ~..t. I• ~.... .. " -I""' " .' ...~ I

...~ . "' ..' <,~
........ -,.. ~ ) -.. ':-~ _ .. ..":,.\ ....'-, / .........

/ ·· - - ~ nr ..- ..~ ..····,
, i '

'"

Fi~. 5: Thls polar diagram vhuws th e design when Pint Pattern Is called up.
Unfortunately, the graphtcs rcprcscut auo n is nut up to normal quality or mnrc
modern software.

the selected type of antenna l'1 1111have irs
associated electrical charactcr isncs cal
culated .

For installation, copy the so ftware into
its own directory on the hard disc and
unpack it.

To st,1I1 the PCA AD21 program. enter
PCAAD21 and PTl.'SS linter. The vario us
applicat ion areas of [he program will he
displayed for you hy the main menu 011
the screen.

Let us now gn through a design From
the first group. To this end, use the
J1l011 St~ to click on Wire Antennas (Fig.
I). Then unpack the bottom example
(LPDA [)t'sign ) aud as an exercise
design a logarithmic -periodic antenna
for the frequency range from 130 f\.l l lz
to 160 MHz. Then. in addition 10 the
2-m. amateur radio band, yo u can also
receive NOaA weather satellite signals
or any other kind of radio serv ice.

A nd its so simple (sec Fig. 2 ).

a] Key in lo w-end freq uency (0 . 1.1
G i lL)

b) Key in high-end cut-off frequency
({j.16 GlIz)

c) Enter desired gain (here 10 d R)

J) Selec t the radius of the longl'sl
antenna clement te.g. 0.5 cm.)

The complete anlC1111,l design is dis
played i ll the bottom left-hand halt' of
the ....-indow, with all mecha nical d imen
sions and intervals. Mind you. you will
need to he vcry familiar with the
princ iple and [he chara cteristics of the
designed antennas. as there arc no
instruct ion s for mechanical assembly Of

any clarifications of any kind concern
ing the abbreviations listed or the sizes
displayed using Greek formula letters .

J\1 :111Y peop le win therefore just stand
there not knowing what to do. The o nly
thing which will help is to obtain
appropriate technical literature and look.
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... M A IN M ENU ...
wlre ~,mn_

Array Ant"",.,...

ApeffilrOl An
• .

1oo110,OS1np A Apert u re Anle n n a$
Trsns . l ",.. ~

Utilit ies "' -1=> 1/1'" Se ctora l Horn
H-p lane S ectora; Horn

Pyramld ar H0m
Corll e-' I Hom
Co/Tug <llc'" Conieal Hom
Parat:>o t.;) Re118C10 r

H~. 6: Selection menu for typical,
normal microwave aperture antennas.
1\ lll l..in~ a se!l't' l ioll ('a n he a little
d iflh-ul t fur nnn-sprci ell sts a t first...

lhing~ up. or else familiarise yourself
with the subject. As regards nearly <I II
questions relating to antennas. or till,"
search fo r the theoretical background.
the boo k refer red \0 in I I I helped me
along, so J can recomme nd it 10 any
ambitious antenna developer. That' s
where you' ll find Fig. J, if it~ a que st ion
of the mechanical assembly of the
LPDA and its wiring.

By con trast, anyo ne working on ar ray
antennas will be pleased to sec that
Array Antennas is the next item OIl the
menu. Fig. 4 is intended 10 sho w the
design of a Lincur Array (all antennas
side by side in a line. like fence posts] .
5 half-wave dipoles have bee n selec ted
for tht., frequency 1.7 GHz_ the inte rval
betw een the indiv idual elements is 10
cm., and the dipole length selected is a
half wavelength Ot8fi em.). The pro
gram will ask Yt)lJ very precise quos.
non s about e,·cry derail of thc design
before taking you 0 11 to the point WI1l'TC
you can fina lly cal l up the 1'101 Pattern
opti on and loo k at Fig. 5.

Next. we shou ld take a somewhat closer
look at the menu with the Ape rture

Ant ennas (Fig. 6). Since some of th e
antenna forms are completely unknow n.
we aga in turned to the same technical
ho ok . A nd 10 and behold , it has another
hel pful chap ter (21 and one specific
illustration (see Fig. 7 ) turned out to be
very informauvc.

Another tip if you want to find some
examples 10 familiarise you rself with
the program , look for complete parabola
or hom antenna des igns. e.g. , Irum
an k les in hack numbers of VHF Com
muuicntions (with thei r dim e nsion dat a)
and duplicate a similar component. This
is a very go(){:1 way for you to gel used
to the material ns gross div erg ences
between the simulation result and the
dimen sional values ..treacly ill exi stence
arc nor mall y due to a fau lty entry or :1
misconception on the part of the pro
gram user. Its us ually then a ques tion of
time and persiste nce unt il you can work
o ut fully allthe hncr -relariouships.

T ile next menu (Fig. S) takes you to the
design options for pa tch antennas.

h om the three options listed. we again
selected the design for a rectangular
patch fu r the Meteosar freq uency 1.7
GI ll . Th e way things go here is that
you ente r the length and width of the
patch, 111l' position 0 1 the feed po int. and
a ll m.'l.:css:Jry printed ci rcuit boa rd data.
and ill reply you will sec the resonating
frequency displayed. together with the
input resis tance at the feed point Wig.
9 ). It is TIOW up to the user to optimi se
the design by repeating the process
several limes with ahcrcd data. Cl ick on
the appropriate addit ional menu items,
and I'C AAD will finally calcula te the
di rectivity (the rclatinuship bet ween the
peak value of the Poynting vector in the
d irection of maxim um radiatio n and i ts
mean value] and the direct ional diagram
for the E-ficld and the ll -ficltl (Fig. 10).

Another lill ie comme nt till the degrees
of accuracy obtainable e xperience and
measurements indicate that the resonat
in g frequency can he accurately deter
mined to within approximately 3%. For
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REel ANGULAR HORNS

W"Vl! g ~id ",

CIRCULAR HORNS

(/1Conical

(( ) St ctoral [ plane Ixl lEMbicof\ica l,,

Fi2.7: Helpful chart "h(l\\ ln2 aperture antennas Irum f21
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...",."'"" . Mic.""'Ir ;P A"l<'nno$ .
T,anoU_
y .. .... ;,."'~n 90'" ..",.,.,

CO"cu .... F>iI'd".

..p.,.......oou:>w """'"

rig. R: Steps i ll dcslgn nf rcct nug ular
patch antenna

the ra.1 iation resistance, by cont rast
ts incc the line losses of the patch are
unfortunatel y not fully and precisely
included ), divergencies between 10 and
20% could arise. depending Oil the

printed circuit board material.

Finally we come to the last menu item,
which can he used to investigate high
frequency circuits of all types. including
wave guides (Fig. I I). Micrc strip calc u
lations are probably needed mos t fre
quently nowadays, and here we can
choose trent the fo llowing options:

a) Calcuhuion of characteristic IIl1

pcdance of an ideal micros mp i f the
di mensions and hoard data arc en
u-rcd

h) Determination of requ ired .... idth if
a specifi c characteristic impe dance is
to be implemented for a pre set
board

c ) Complete and correct modelling
of a microsulp with <III frequen cy
dependencies. Th is enables us 10
investigate the characteristic imped.
alice and the attenuation for a :-p..:
cific Frequency and I or ir-, frequency
dependencies. \Ising lite dimension s
and hoard data (note: this cast' is

101.5)
120 .0 )
116 .1 l

11 .!' 1
- '33 . 0 )
-97.4)
-vs.s i

-J (
" j (
"j (
.. j ( -

• j (
•J (
• J r
1.2:.<

(np" t l ..p",{.. " " "

til(} l' ,,- tch 1" "lIth ( c .. ) : 4 ,75
t he l'dt.<:" wid t h (enol : 4 ,75
th" di"I"" t .. tc cc " " ta" t : 3.38
...,hst rat .. fJ, ick"....., ("",): O, j!;2
I'r ,, !>., <lis t " " ,, ,., fr"" r a <l . "d ~e ( em) : 0

£"t" r
E" t "r
E" l " r
Ent,n'
Ental'

I
b..~~•.,-.,-.~. ~~.<~,,~.,

r
=-';~~<j lll! ncy ( (;I to!:)

1.674 ( .. .. .7)
1.6EJJ ( 81.0 )
1. 693 ( 1<:.& .6)
1 .707. ( 2~& . 7 )

1 .7 12 ( 157.2 )
1. '12 1 ( 82 .2 )
1.731 ( 15 ,,) )

Apprnx . ha nd" id t h ( V:;WH" 2 ) "
Di rectivity " 6.4.. dB

!

Pccranqurar P 'l lch

J P ro b e F e d )

En ter Data
Plot Patt",rns

c omoute Directivity

Select Action

- _._----------_..._..!

Fig. 9: Frequ ency J impedance ta nlc for selec ted feed po int tm tcrost rtp fl·t,d ).
Th e nat ur al r t'!'ooon an cc can be d earl,.· reco gn ised 011 th c Sm lllll"l; l reacth e
r mnp onc nt li t 1.702 :\1111,; the di recti vit y is 6A6 d Ui
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H-Feld

E-Feld

J:-.l':!u'''' '"
H-p l .e- "" =
it t Th..t~=

llio.a ...., -l..o ..wwI ~.;)=

.l'..l£u 1-<li- J:l:.'lD
~~ 'PJ ,!:.cH

"i~. Ill: It takes onl)' a chck on the 1II0U!>t' to ea k u la te the di r("dilitl :md
d i ~phll' it

known from Puff. if the cxclauuulon
mark is placed behind the transmis
sion line descrip tion)

Thus. in Fig. 12. the necessary condu c-

:..M~'NM=;-::L
w ".........."'.,"" "'( ...., ~.::-,.;;:,-'~.'"'~"w.w~"1~::~;....,•• "'''''0'''''''' l"'~ '<

, _. t"I''''~

c~""" , ....
T.-' t ...,,_ ...,.......
.., ........"' ..... "1"' ''''

Fi~, II : How til open the dt-si~1I menu
for ruicrostrlp lines

tor width for a 50-Ohm circuit. with a
priutcd circu it board 1.52 nnn. thid ..
made from tile new Rogt'r<; mat erial
R040(U (r 0::; :U ~ , loss factor = (l OOI al
:2 GlIz) has been determined at 3.52
mm .. In Fig, U . ,I check is made on the
same board (using com plete modell ing)
as to whether the same irnpeduncc lew I
of 50 Ohms should LK s..Jeered again I'm
the same dimensions with (he same
frequenc y. This is luckily the case, and
a lest simulation u-..ing Puff likewise
gives the xame values.

In conclusion. let us also show the
analysis of all air- filled wave guide
<Fig. 14). With a width of 2 em. and a
height o f I cru., i f we enter Ope rating
frequency 10 Gll z. rho PC initially
provides us with a lis t of the most
important modes, together with each
individual cur-off frequency, If a spe
cific modo can arise with the operating
case selected, then the third table value
provides tile associated propagation
constant... for (hi... in radian s I meter. If
love press Enter and continue with the
pmgrnm, then when the dielectric and
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M icro strlp Li n e
"nte.. t he ctl .. l n c;t r i c c<r.,stant : 3. 3fJ
" " t e .. t h" sub'l tra te th icknes s (en ): 0 . 152
Rnter ef ... rA cotoor l .. t i c l .. pe d .. "ee- Ull: 50

Effecti" .. dlo,Io,,,t,, \ c constA nt ~ 2 .71
Th" lI " u width i . 0 . 351'3& ..,.,. ........

E" t"" t ho: f r...,...e ncy (GHz ) : 1 .7
E" t"r t.he d l tolo:c:t r i c 10'"''' t " Jl<;I"' '' t.: O.OO t
Enter t he c nnduc t iv H.y ( ...... ,.... ): O. 5SQE +OfI

Allen . du e to co nductnr ~ 0 .003 & dB"'c",
flt t e n . du.. t o die l ectr ic: 0 .0023 dB"''' '''
To t "-l atte nuation " 0.005 9 dll "'"m

ri~. 12:Printed circuit lxuml da ta end churacrer tsrtc impedance are ~inn . Wc
nr c l ookin~ for till' nne widt h. 'I'his wid th j..; ~i H' 1l for r = 1.7 GHz. t~t'lIlt' r with
tilt' tndtvtdu al auenuano u valu es (conducto r 1dielectric 1 101al loss )

1he c U.,., l.l _ d iel ectr i c " o o " t .. " t i s 2 . (,9
1h.. "h~racter l stlc i"p~a"".. is 50 .6 n

It.

M k":fOSlrtp Lin e
[ rob.r t lln
Enter t he
Enter thn
Enter th"

d l " '",,t r i c C<1 M hnt : 3 .3 8
",,, blO t r at ,, th ick nc n ("", l : . 15 2
II ",. wiclth ("IlI l : 0 . 352 ~.

frnquenc~ (GHz l : 1 . 7 ~

( .. .. I' : 2 .668 2 . f u ""tio.. " 73 .'153E··01 )

Fi2. 13: St't:ond practical case: the print ed circui t hoard datu and th e line width
are known. We a re looking for the characteri stic impedan ce at a specific
frequency.
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R ectangu lar Wave guide
Ente ..
Enw ..
Rnt .. ..
Ent e r

Mpd"
, 0
z 0
o t, ,
o 2

E:nt.. .. th" d i e l ..ctr l e l os ," tan~"nt : 0,000 1
Ent .. ,. the c ondud . iv i t <l ( fOhn,.;, ,, ) : 0 .5nOF. <-OR

At t e n . d ue to ""nduo:; t " r ~ 0 .00t4 .1.8" ".
At ten . due t o d l p.l "c tr i c ~ 0.0014 dB"c.
Ya h . I a tte nuAt i n n ~ 0.0028 d ll/O:;I0~

Fi J.:. 1 ~ : Im t'sti J.:a l ioil of a n HI. protl le, I WI. .X2 CIlI. lIt 10 GH7., Thenst or
pm...Ihlc mod ifica lions ran a lready he rccegntsed , wn h the cu toff frequencies
a nd 1I1l' associa ted "roJl:l~lltioll ("(," .'tla llis. T he nueuuu tion constan ts apply for
til t' ruat er iul a nd d ielectri c u sed at f = 111 " I II:

the line data have been entered the
individual attenuation fractio ns and the
overall atte nuation are given in dB I
rueter.

On buluuce:

We haw not listed all the opuon s for
PCAAD21. only the most impo rtam
00l' ... . Once you bcg!u 101 gel used 10 it.
if is a very useful aid to de signin g or
testing specifi c forms (If anten na and its
still (?) almost free. into the bargain.

3.

Lite..nt ure

[ I] John I).Kraus, Antennas , Mcr.Iraw 
Hill lutcruational Edi tions 1988, Page
708. lS H:'\I 0..07 - 100482-3

[2J John D'Kraus. Antenn a.... Page 644
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Matjaz Vidmar. 553 ,\1V

An improved BPSK
for the 1.2Mbit/s
RTX

I.

PSK demodulator rteslgn and
performance

H ficicnr drn.. trnnxrnission requ ires etfi
cu-nt modulation and demod ulation
techniq ues. both for terres tria l radio
links and for satellite communications.
Unfortun ately, mos t amateur tr.ursmis
skins still use rathe r inefficient FSI\
mod ulation, Although an incoherent ~M

transceiver lIlay l;iok s impler than ;1

cohere nt I'S K transceiver , the pract ical
impleme utatinn of either des ign is
equall y demanding .

Coherent PSK become s really necessary
at data rates above about IOOkhitls.
where the po wer and spectral incffl
cicncy of incoherent FSK severely lim
its the perfor mance even for short- runge
terre stria l links. The slmpltest form of
co herent PSK is Bipha Sl..'-PSK or BPSK.
The latter i:- very suitable for amateur
peek er-radiolinks.

Coherent RPSK was successfully tested
already a few years ago in 1.2l\1h it/s
packet-radio links as described in [ 11.
The only disadvantage were relatively
complic ated l Scm BPSK transceivers.
as descri bed in (3J or [:'i1. In fact on ly
the double-conver sion IJ cm BPSK re-
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cciv cr is complicated and requ ire s lois
( I f sh il'ld i ll~ and a complicated tuning
procedure. On the other haud . it is
always possible hi design a direct
mod ulation RPSK transmi tter without
allY frequency co nversi ons or oth er
complicated signal processing. The re
ceiver rad io-frequency hardware can he
milch vimphficd lISillg a :t.<.'m- IF lle~ign

as shown 0 11 fi gure I. On the other
hand, a /'c fO"IF receiv er requires more
complex If ,signal pl'oc,'ssing. Since the
latte r is pe rformed ut relati ve ly low
treq ucnclcs. it only req uires simple and
inex pensive hardware .

HI'SK or Q l'S K demodulation simply
requires all additional phasor rotation to
com pe nsate for the frequen cy and phase
offset o f the receiver local oscilla tor.

A Vl'fY successful 2:lcm Ze ro-IF BI'SK
transceiver design for 1.2Mhills was
presented in 12J. [4J, 161 or l7 J- This
transce iver uses a Costas-loop IlPS K
demodulator. TIll' phusor rotation is
nchcived with a pair of rota ting. analog
CM OS sw itches, while the feedback
loop is built as a digital I'LL, as shown
on figure 2. 111i s design results in
inexpensive and highly reproducible
hardw are with no luning points.

The measured bit-error rate perform ance
of th e described demod ulator is com
pared TO the theoretical performance of
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a BPSK demodulator on fi gure 1. The
pcr form nncc loss amounts (0 about
3..AJ B and has manv sources. About
0 .7dB loss is caused" by roturing the
phasor in 16 discrete steps instead of a
cominuou-, phase adj ustment. Less-thun
ideal IF Filtering accounts for at tensr
!dB of per formance loss. Additional
performance loss is caused hy the
switching transients caused by the ana
log Cr>.10S switches and the non-ideal
IF frequency repsonse: the IQ dual IF
amplifier can not be DC coupled for

many practical rt' USOl1S. TIle cuccrs of
the hiller arc particularl y noticeab le with
longer pse udo-random test sequences.
With long test sequences, the perform
ancc o f the demod ulator may he CVl' l1

worse thun shown on figure J in ti ll,'
particu lar cnse when the rece iver 1.0
freq uency marches the trunxmmcr fre 
quency within ;1 few kl fz. In this
part icu lar case. the rotating switches
toggle between two ncigb our po sitions
most of the time thus increasing the
ef fects of switching glitche s. The II'

!.lbll ~CTtCltl"<.

C.O~ N "U. f- - - - - -{ CLOC KCLQL'/.
05(';.

-/ oo,.j- ...J

"-G>---

EX-Ok
om

Q"

Figu re 2 • Cos tas -loo p HPS K d emo d ulato r with I'"utatilil-: switches.
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Figure J . ~Ica!'ooll n·d 8 I"SK demod ula tor pcrtorur ance.

!<> ignal it-elf inclu des an increased OC
component, corrupted by the AC -cnu
pled dua l IF amplifier.

In this articje. an improved BPSK
demodulator i... described thai is com 
pletel y comp atible wit h the 23n n BPSK
transceiver from 121. [4). [61or 171. The
new demodu lator com pletely colves the
problem of S",ild ling rranvicms and
requites a lower gai u IF amplifier. rhus
reduc ing the signal d islOl1ion. Finally.
the new demod ulator actually requires
less com ponents resulting in ;1 sirnplicr
and chea per circuit.

2.

Improved UPSI( dcmodulatnr

The operation of ti ll' new APSK de
modulator is also bused on a phasor
rotator with rotating switches with a
block diagram similar to figure 2. The
main differe nce from figure 2 is that the

multiphasc network drives a number uf
lim it ing amplifie rs . The ro ta tin g
..witches arc d igital <,(' l(:~ ttll"$ and the
..wil(·hing Iran..ic nts C.Ul hi: removed
easily with n ·lli p-Oops. A ph"....)/" r ota
tion in 16 di..... retc steps requ ires 16
limiting ampli fie rs ,HId HI-po sition
switches. The ac(\I,,1 hard ware can he
much sunplificd by n lflsilk' ring that till'
.....cnnJ group of X limit ing amplifiel"'i
providcs ju..t an inverted replica of the
signals from the tirst group of S limiting
amplifiers. Therefore ju-, R limitin g
amplifier s are required in the pract ical
imple mentation. followed hy g· pllsiti(lI1
swi tchcs and fina lly EXOR g;ttes III tli p
the pha.se of the ..igna b when req uired .

TIll' analog part of tile new BI'SK
demod ulator is ..hown on figure 4. The
IF signals I and Q and their inverted
replica .., AC coupled fro m the dual IF
amplifier, drive a rcs i..tor network.
Eight I.M3 l 1 comparators ure used ax
limit ing amp lifiers. Taps Oll the resistor
networ k are selected to obtai n eight
signah with phases of 0. 22.5. 45, 67.5.
90. 112.5. 135 and 157.5 degree s.
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FiJ.::u re 4 - An alog pari (If th e d cmodulntur: x-phasc limi t ing IF.

TIle digital part of the ne w BPSK
mod ula tor is sho wn o n figure 5. T wo
74 11C I5l multiplexers arc used as rotar
ing switc hes, operated with a ll ofr~'t o f
90 degrees. Th e output signal phase ca n
be futhcr fl ipped with EXO R gates
(7411CR6 pins 1,2,3 and 4,5,6) before
the switching glitches are re moved wi th
the 74 HC l74 D-Ilip-flops. A n EX O R
gate (7411CR6 pins 1l,12,13) is ,11!'oo
used to perfor m the signal multiplica
tion, required for the feed back in a
Costas loop. T he bidirectional counter is
ide ntical to the one used in the o ld

BPSK demodu lator an d i" buil t with
two 74 HCl9 1 de vices. The overa ll
circ uit was found to ope rate reliably up
to d ock Ircqucucic-, of 20 MH7., Si nce
an y switching gli tches arc completely
removed by the D-n ip-Ilops, 11K' actual
clock frequency can be increased from
6 ,144M Hz to l4 .3MHI., re sulti ng in an
increase of the ca rrier capture range
from +/-24kHz up to abo ut +/-56kHl .

Th e new BPSK dem od ulator is built on
a double-sided printed-circuit hoard
with thc dime nsions of 6()mm X J20m m.
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Fi:.\u rc .5 • Dij!;i tal part of th e demod ula tor: d igital Co~las loop.

The component (top] side of the print
cd-ci rcuit board i ~ sho wn 0 11 fig uro (j

while the solder (bottom) side is shown
on figure 7. The correspo nding corupo
ncnt location is shown on figure 8. The
ucw IWSK dcmoduhuor has cxacuv the
same d imensions and same elec trical
co nnections <IS the old on e thus allnwimj
U dire ct replacement of the old ci rcuil.
Besides re moving switching transients.
the new demodulator hal'. a much im
proved input sensitivity and dynamic
range. The new dem odulator wil l oper 
ate without any performance degrada
tion with the input signals in the range
from JOmVpp up 10 3Vpp. correspond
ing to a dynamic range: of 4OdB. On the
other hand , the old DPS K demodulator
with the 74HC4067 analog switches
requ ired signals between IVpp and
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3 Vpp. cor responding to it dynamic
range oro nly 101m.

.1.

'\lodifi rlilinll of th e Zcro·IF
amplifie r

The new BI'SK demod ulator o n ib own
docs not hring much lmprovcmcnr 10
the rece iver pcrtonuancc, since 1ll 0~ t of
the signal degradation occ urs in me IQ
du al IF amplifier. Thanks In its im
proved sensitivity and dynami c range,
the new BI'SK demod ulator requires
less gai n i ll the IF strip and has much
released AGe requirements. Of course,



VHF COMMUNICATIONS 3/2001

Figure 6 - Demodulator printed -circuit hoard, componet side.

Figure 7 - Demodul ator prtmcd-ctruct r hoard , solder- side.

,
•

,----- - - --------
Figure 8 - Demodu lator cuurpouent location.

18 1



(f'. VHF COMMUNICATIONS 312001

;; D D-e- Z
~.. • ~ e

•~ 2" s- -
~

~
!l'.
:~ ~ ---~

~
• -§ -s •.. ••

~ •

• s •l< - -
~

~
f•j

~
•

~
~

•t: -
.1;--1

~

.j

I •
~

~
~•

71 T-
~•

182



VHF COMMUNICATIONS 312001

the IQ dual IF amplifier has to he
modified or better completely rebuilt to
make use of the impro ved demodulator.
The simplest so lution is to modify the
original IF amplifier as show n on figure
9. The origi nal amplifier has three dual
:-tages, while the new demodulator only
requires :l single dual IF amplifier stage
with a common AGC. Thanks to the
improved dynamic rang e of the de
mod ulator, the AGC remains inactive at
low signa l levels thus minimizing the
signal distortion.

The modi fied IQ dual IF amplifier c an
be built on the same primed -circuit
hoard as presented in the original article
[2], [4 1. [61 or [7J. Of course. ( 111)' the
components of first stage are installed.
while the second and the third stage an.'
sunply bri dged to the output symmem
ca l drivers. The values of some l'omr"'l
nents arc changed roo . In particular the
power-supply dccouphng must I'll.' im
proved due to the lower signal le vels
require d by the new BPSK demodulator.

/\. better solution is to redesign the IQ
dual IF ampl ifier ns shown o n figure 10.
The latter uses two NE591 (or IWO

uA733) video amplifier s that already
have symmetric outputs as required by
the Bl'SK demod ulator. The new IQ
(h i! IF amplifier i" equippe d with a
fas ter AGe detector. The A( iC voltage
is made available o n the output connec
to r to d r ive 1I h igh impe d a nce
(>50J,.o!lm) S-meler. The latter is useful
durin g transceiver checkout or tro uble
i'> hlloting.

T he new IQ dual I!' amplifier is built on
a single- sided printed-circ uit board with
the dimensiolls of 40nunX 1201ll1ll as
shown on figure II . The corresponding
component location is shown nil figure
12. The new priutcd -circit board has the
same length . hUI it is nar rower than the
old IF board. T he elec trical connec tors
are wired in the same way as in the old
vers ion, except fo r allocating an unused
gro und pin for the S-meter output.

Finally, it is recommended to apply

some small modi fications also to the
quadrature IQ mixer module of the
receiver, in part icular 10 the inpu t
couplin g of both IP preamplifiers. For
clari ty, Ilgure 13 shows the modificat ion
of one o f the two IF prcumphfiers . Firs t,
the IWO quarter-wavelength chokes L I9
and L20 on the ori ginal circuit d iagram
should be replaced with 47uH chokes to
improve the rejection o f out-of-hand
signals. Second, the coupling capacito rs
should he decreased from .t.7uF down
10 jus t IuF to speed-up the recei ver
re<:OH'I)' after an input overload .

4.

Practical applications of the
RPSK radios

The described Zero-If strip and lli'SK
demodulator represent ;I further im
pro vcmcnt to tlu- already successful
BPS K megabit packet-radio transceiver.
Besides the impro ved performance. the
mod utcs shown o n figure , 14 and 15
also feature a reduced circuit complex
ity and component count. Both mod ules
were also tested succcs fully in a lJcm
versio n o f the Ze ro-IF llPSK transceiver
to he published in a future article.

In order hi increase the throughput o f <I

pac ker-radio network, be sides increasing
the tran smission speed it is also neccs
sary to increase the frame length beyon d
tile standard limit of 256 bytes. The
current choice is 1500 byte" to transport
stan dard II' frames without Iragmenta
lion and is already implemented in the
megabit Tl\'C shown in lSI or [91.
Longer frames arc more sensit ive to
transmission errors. Therefore imp rov
ing the demodulator per formance is
even more importa nt with longe r
frames. If the (otherwise eff icient) data
arum mode is used to transmit If'
[mllles through the AX.25 network, lus t
frames can only be recove red by the
relati vely slow Tel' retries.
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F'i1-(un' 11 • Nl'Wdu al IF amplifier printed-circuit board.

-,

,-- - ---- - --- - ------.,,-

1

Flgure 12 · Nt''''' d ual I}' a mplilil'r l'ulllpunc ni lucu tioli.

Flgure U . Mod ifiC".Iti un of the If p reampllflcr.
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Ftgure l.f . I~holo of urc Imp rov ed I'SK demodullllor.

FiI!:UH' 15· Phntu of the new IQ dual II-' a m plifier,
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85 Amateur AX.25 radio network
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Figure HI · S5 am ateu r AX.25 rudin network.

More than one hundred 1.2\l b i tJ~ BPSK
rudi,», for both 23elll and l.tcm haw
be..n buill in Slove nia. Italy uud Croa tia.
Practically the whole Slovenian pac-ket
radio network shown 1>11 Figure 16 is
now baw d on the Ze ro -IF BPS K trans
ccivcrs. with man y more nodes in ltal v
and Croatia addillg to till' list. \Vhi le
upgrading the networ k from 256hyte
frumcs to .\lTC 1500 , some additional
m.up!n on the radio link s was required
and the latter was a good reason for
developing an improved BPSK dcmodu
lator.

Since the megabit packet- radio network
is available. digital ATV is becoming
Iucreavingly more popular. w,ing incx
pen sive "web" cameras and person al
comp uters . In order to ctua!n a good
quality. live colour picture with pro
grams like Microsoft Neunc eting. the
RS-2.12 interface to the DJC has to he
modifie d to at least 460 kbitJs. resulting
in dat a flows of about 30khyteoJ~. With

these data flows. the current packet
radio network, based on 1.2.\1hitJs ru
dim. quickly approaches congestion.
O ne already h il S tn think about the Ill'XI
step. interlin k-". ill the 10 to 10~l b i tJs
range . T hc de scribed BPSK dem o..luln 
tor could ill principle \\'01'10: at higher
spccJ s hy using rnstcr comparators and
faster logic. Th e best idea is probahly to
burn ti lt' whole d igital circ uit into a
ficld -prograuunablc logic array , On the
otber hand. ef ficie nt and reliable Bi'SK
demodul ators arc also requi red for satcl
lite comm nnicarons. Altho ugh the ill
creased free-space insertion 10....v and
tight power budget limit the da til rate to
less than Iiv lhit/" for amateu r satellites,
simple and reliable hard ware s(lI U l ion ~

are preferre d to DSP. especial ly in a
radiation environment like space . Till'
described BPSK demod ulator can he
casilv modified for lower data rates.
i ncl ~din g th e 15.1.6 khi tJs RPS K
" RL'DAK" output from A0 -40.
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Gunthard Kraus, DC 8 cu

Internet Treasure Trove

Aplac

li p in the far North , the Finn" have
teen continually developi ng and im
(lWvlng their suuu lauon program. and
JIIlW we have version 7,6, We have
already pointed OUi that the student
vers ion can he dow nloaded, togeth er
with all the documentation and manu als,
from the APLAC hom cpnge. Ho we ver,
if you send an E-ma il and ask for the
h;~ S I CD, vou will ah a receive some
publicity ;lIatt'ria l and a very useful
applicat ion note . U:.ing API,AC 10
simulate RFiC Mixers. Taking a closer
look at a dec ide dly inlere s ting prod uct.
we find that. not on ly can it simulate
the standard II' point measurement with
several sounds, hut it even lUI" a chapter
headed Measur ing Non -Linear Noise.

Naturally. due to the limitat ions of the
student version. it can not simp ly he
applied to investigating circuit s of allY
size. but its certainly worth experiment
ing with, Operation and input proc e 
dures for this so ftware need some
getting: used 10. since it is a little
different from the norma l Windows
pattern ,

Add ress: http://ww w.aplac.co lll

Stellcx

A nyone who has anything to do with
mixers. needs an 5 \ ID version quickly.
or just want s information on the most
rece nt slate of the art , should ju st lake II

glance at the Stcllex homepagc .

The co mpany is famous for off ering the
widest choice of SMD m ixer s and
freq uency doublers in the range between
10 ki lL anti 26 GI ll .

Addrc~ ,,:

Sawtek

For anyone who does not yet know
Sawtck : according 10 its ow n public ity.
it is the right con tact for anyone
inte rested in SA W filters (Surf,II'C
acoustic wave fitters} for all possible
applica tions, Mostly SA W filters for the
rad io and mohile phone markets. and
natura lly ill S \ t D forma ts as wel l.
Thcre s alw ays some interesting infe r
marion here, whic h vou can download
as the mo st recent PrOduct Brochure,

Address: hltp ://www.sawtek.eom

' 89



(/', .
Anson Ensem ble

After Harmonica. the well -known mi
crowavc circuit simulation program.
Anson has now also put a student
vers ion of its Er-.l s imulator. Ense mble
on the lntcrnc t for testing. Thi s ca n be
used 10 analyse well-known struct ures
such ,I" couplers. nucrostrips, patch
antenu ns. ctc..

Address: http:// WWW.tlllSOn.COm

Not e: Such well-k nown products as
Sonnet. AI' LAC, etc . are now rom per
ing with one another for the srudeut
version market. or course. we UO nor
know whether all prod ucts arc equally
good. fast. reliable or precise. You can
on ly lest this yourself by using the
diffe rent programs nu a fully com ple ted
project tc.g . a patch antenna ).

~Iil.'rowa,·e J ou rnal

TIle well-k no wn trade journal has taken
the trouble to post the technical aniclc-,
from had, num ber» going had to the
middle of 19')7 (Ill irs horucpagc as the
Editorial Archive u fantastic treasure
trove.

Th e re an ' ce rtainly SOni C sma ll ~Il ags .

Firstly, yon have to regis ter. giv ing your
full user profile. Second ly, whoever is
in charge has malle a mivtake, and so
you sudden ly find illus trations and diu
grams are missing from many artic les .
T hirdly. you are offe red a mixture of
lrn\ l l. !Jag..:s, I'IW fiks and "' a ~ 1l files
for download. which changes from one
issue 10 another. To make s ensc of this.
youll need to know some (rids for
do wnloa ding non-PDP format files . Any
simpl e-minded soul who just saves an
ope ned 111'....11. page will wonder where
all the illustrations have gone...

Heres a brief explanation of the patf to
follow for Netscapc users:
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1) Open the desired page. then mark the
link (== URL and ! or Internet address)
and copy it into the intermediate file

2 ) C lick on the Open page opt ion in the
Pile pulldown menu

3) Then co py the URI. address you
have just saved into the appropriate line
of the screen (using <Control> + I

-I ) If you then switc h to Compo...er and
re -open the page, the screen is agai n
re-structured . bur this time using all the
individual d ements, which are W Il

ncctcd to one another and can clcurlv h...'
recog nised. .

5) Now go buck into File, hut thi... time
select Save file it is bes t to save II ) a
new folder on the hard disc, which vou
can quick ly create '

6) [f vou now take a look al the folde r.
y Olll 'eyes wi ll pop it now contain, a
crazy conglomerauon of innume rable
li b

7) To in-pe er page~ saved ill this
manner. lise Expl orer to sea rch the
folder for "luml or *asp files they can
then he opened quite normall y u~i ng

x ctscapc or lutc rncr Explorer. and all
the illustration s arc there where they
belong

Address:

lUX

If you wall! 10 usc coax ial swil l"hes i ll

S~ID formal te.g. SPil l" type == sing le
pole ! double through) in your develop
mcnt work. )OU could well J USI lake ,I

look at this eompanys sue . The fre
quency range on offer gocs from DC lip
to 26 G Hz. hut ther e an' also cou plers .
dividers. terminations. anenuators. DC
blocks. BIAS tees, detector s. etc..

Address:
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VHF Communications
Back Issues

• Most hack issues available from 19()9 on wards, an up to
date list is mai ntai ned on the VHF Communications web
site. Some diffi cult to obtain issues can bc supplied as
photocopies.

• Locate interesting articles h)' searching the full index on the
web site, then order the magazine using the secure form .

• If you art' new to VIIF Communications magazine or have
missed some volumes or issues, choose one or the back issue
sets or individual magazines to make your collection
complete.

• Keep your magazines in !-:ood condition with Blue Hinders
that hold 12 issues. Hi.50 each + P&P

• Singlt-' issues from 19(.9 to 19()i) £1.00 eac h + P&P

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

• Comp lete 2000 volume £18.50 + P&P

• Back issue set 1972 to 19()i) (61 magazines) ,'£50.00 + P&P

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

K A'l Pubtlcattons, 63 Ringwood Road , Luton, Reds, LU2 7HG, UK

Tel /fax +44 1582 581051, web site
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How many mkmvoll. is - 85 dBm al 50 uhm~1

What is the spect ral co ntent of QPSK?
What the resis tor co lor ced e <lnd standard values?
How do dig ila llJR end FIR lilte's wo rf<?

\"II1al mixer spurs result from 70 MHz RF
and 18.1 MHz LQ?

You have •
questions •••

ELEKTA
Professional

How doe' an ,m i,,, li!ler work'l
110..... do I win d a 120 ni l indllelor?

What capacitor resonates with 2.2 pH at 10.7 MHz?
What VSWR ,-"VnCS I'lllld' \n 12 <.lB return Ins, ?
wr ers the effe ct ,-,f red".;n!:Q from JC() to JOlY'
What is Mill"r etf.-..: t'!

How do I perlorm two-port transformations?
H,,,,,' is bias set 011 bipolar IrJnSI 'IO~ ,md f ETs?
Wllat are the ha,i"" of SPICE analr,j,?
W!wl do all th,"'C' oo tsc !"wanK I"" lJl<:an?
How ,~ ) I make, 7011 l li. 3\'tivl' ha ",Jp,,-" filter'.'
Vihat arc ~la , w<ll\ <"<j llatinm '.'

Can I graph the sin(x)/x cu rve?
What dim" n,i" n, do I need for a 50 ohm micro'trip '!
How do I nliltd 2.'1 +j40 ohm~ to my 75 ohm system '!
Wilc,e ean I find a rf'\i~"" of Kireho Ws LJ",,'S?
How much a ntenna gain does my system need ?
Ho....· do I hias I Rf" k YI or 2K~222 Inmsi,ulI?

\\~1I 1 get bad L'TI","'a lk hcfwl.'C 1i lillc-'; OIlmy p,e,hn"nf!
Call I pe rform ros ie triln, kr function math '!

How can a t>egr1l16f learn about components at RF?
Wh'I1 ', the d iff.Tenee between linear and non-lim';,r'!

Wha! Is tim Ciljl<danl'e ottwo lxl CIll plales 'pa<~1 I nun?
Why do wc II~' i"cdh;,d"!
11m" "" R1', bu t where "an I Iind digi tal bas ics'!
Can I dn vector to scal..r c..mversons"
What is the AC iml'"..Jan.:e <>f a parallel R·C network?
What is a conductor's skin depth at 900 MHz?
WlLltd<> those !henn al resistance ,.Ur:IOCI"'; mean?
Can I visualize the Ilctd lilli:, betwee n capecuor I'la!c~ ?

What is the mismatch loss of a 5 .22:1 VSW R?
HMo; do I simulate a darlington pair aml'lilil'Tl

Wbal are the re ,i'lOr values tor a 50 ohm 6 dR pall?
Should I U"C a pi or ee lIlaleh in,g network in Ill}' ein:uit"!

has th e
answers!
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