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& ABSTRACT

The subject presented iﬁ this thesis conce;ﬁs the design and
fabrication of microwave printed circuit log - periodic antennas meant
for operation- at frequencies abeve 1.0 GHz. The dégigns has its basis
in the work_wﬂich Yas preseﬁ;ed by Robert’ L. Carrel as a Ph.,D. thesis
in 1961 and is one of ﬁhe classic papers in the ‘design of log - periodic
dipole'arraxs. .

fhe ﬁetﬁod is‘modified to some extent firstiy to compensate
for planar, instead of cyiindrical dipole and the effect of dielgctric
loading which the.suppor£%6% substr;té P 'videéu,

Methods w@ich allow feeding thie array frow the opposite direction
in yhich th;,main.lobe extends are éLso discussed, o?e of which, the

.

mode converter, is found to be immediately successful.
A typical antenna is fabricated“ its input impedancé and rad-
iation pattern measured and the results discussed with some comparison

to- Carrel's results.
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CHAPTER I

IITRODUCTION

1.1 Scope of the Thesis:

The primary objective of this thesis is to design,
fabricate and test a microwave printed circuit log-periodic

antenna. Althougi the log-periodic antenna has been in existence

for some twenty years, all of the repdfted designs have been for

,Structurgs in tihe H.F., V.H.F., and some in the U.H.F..regioms of

-
+

3 .
the raQ}p spectrun, Because of tihe relatively long wavelengths in-

»

volved,-as coupared to tie microwave region, these structures were

codp033d of cvlindrical dipole elements suitably arranged in a log-

P - .

periodic fashion and suspended in free space.

. .

The coﬁcept presenteé 1# this thesis '1s that one can tage
tne traditional meéhods.for designing a log-periodic antenna and,
wita suitavle modificatiops, construct aA analogous strgcture out
of copper-clad dielectric board; L

Topics included in tie discusuiqn ;re the effect of the -
dielectr%c on the characteristic }mpedancg and resonant freqﬁency of
a hgivaavé dipole antenna, cffect of the dielectric on the termin;l
igpcuance of tuae dipole array, methods of feeding the antenna array,
aﬁd a détailed outline on aov to prsducc a log-periodic dipole anten-~
na array.
1.2 General Considerations: )

- .

Until recently, radio antennac have been considered to be

T

.quisp frequency selective in their response to an.incident‘R.F. wave
e N t . . .

a . L
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regardless of tue type of antenna or its configuration. otably, one

may obscrve tihe case of a simple half-wave dipole antenna and its

'cousin; tihe Yagi-Uda arrav. In this instance, the rélatively si.arp

resonance of the dipole is replaced with a more-4roadband response
thirough the addition of parasitic director and reflector clements.
5 .
Although one may consider the Yagi as a fairly broadband device, it
; . . i &
must be remembered that there is a practical limit as to how far the
.in the form

a function

have uscablé bandwidths of up to four to one but still remain band

Iimited. .. . ' ",

~

The problem of band 1imi£gd antennas remained until 1957 *
when V.il. humse& introduced éhe ;otion of a_frequeﬂcy—iﬁéependent
antenna. The idea which was presented was that if an anteﬁna struc-
ture could be described entirely-by angles rather than depend on any
lengtih dimension, 1t would have characteristics:such as iant impe-

dance, ﬁolarization and far field pattern which ‘are independent of

frequency. The 6nly inherent problem with this idea was that all of

these structures must extend to infinity in oxder to be tfuly

.

frequency independent, and some structures, notably the biconical

antcenna, were seen to suffer greatly in their characteristics when

.

truncated to finite length. One thercfore had to be satisfied with

an = antenna which was quasi—fiequency independent; that is to §ay: a

structure whose bandwidth is .not infinite bLut may be arbitrarily

chiosen through constraints sct by the designer and the upper and lower

‘3

A Ay GED Smerh  wmi( baw W Em



of

- that the problem of accurate fordati&n and placement.of small dipoles

L) - P e e e IR - C e e ————————

frequency limits being determined by the truncation of the device.
Several successful frequency ind;éendent ;tructdres héve

been constructed based on ﬁumsey's prenise. Included among these
antennas are tiic planar- and conical-equiangular spiral, planar- and
non-planar log-periodic antenna, log-periodic dipole and log-periodic
nonopole arrays (2). The log-periodic dipole (L.P.D) and log~periodic
monopole (L.P.M) have several ;ariations éased‘op them incld@ing the
log-periodic wire traﬁezoid (based on the L.P.D.) and bent log_---~
periodic zig-zag (Based'on the L;P:M.) (2).

. In 1961,'R9bert L.:éarrel.ﬁresented a'paper which concerned

itself with the analysis of the’operation'of the.log ~ periodic dipole

-

array (L.P.D.A.) and gidve quantitative results for antenna- performance

dxas a %unction of array parameters (3). Since the appearance of the

-~

paper, much interest ensued toward establishing the feasibility of

using the L.P.D.A. in military (4,16), industrial/reseatch, and consu~

——
k3

mer applications.

. i { . . . M
Une nmust consider, however, that as one extends tliec operating

* . B .

frequency of a system into the microwave region (£>Y00 Mz.) the con~

struction of a frce space dipole arréy becomes eiceedinhly difficg%?

at frequencies in excess of 2 Gilz, In this Ehesis,'it is proposed

' (3

in-the array can be &csolvgd'by reégrcidﬁ to a printed clrcutt
techniqhe in which the dipole eiements.are éﬁeéicélly etched from a’
c0pper~éléﬁ dielectyic board. Although the, problem of constructing

and‘sdpporting tiig array may be solved in this manner, it is important

~

3.
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to note tuat the array is no longer contained in a homogenéo;s
nedium, namely frece space, but rather in an inhomogeneous medium
consis;ing of both the surrounding space and the supporting dielec -
tric suvstrate. The presence of tiis dielectric becomes the source

of some rather annoying side effects on antenna performance. Firstly,

tine presence of a'dielectric within an electric field will cause the
electric lines of force to be contained to some extent uithin the

dielectric, tue amount of .containment being proportional to the rel-

ative diclectric permittivity. Consequently the near field of an

¢

antenna array aund, as a result, the far fiélq distrivbution are

caangedy in some degree, from thelr shape in free space. Secondly, if .
one regards a dipole as an opened out transmission line, the added g
dielectric increases the ‘capacitance between the monopole elements,

tnerevy reducing the terminal impedance of the dipole as well as

making it look longer electrically than its physical dimension would

dictate. )

Since one would only be concerned with dsing one particular :

dielectric throughout an antenna design, it is sufficient, for the

purpose of this thesis, to experimentally determine ‘the input

impedance of a dielectrically supported dipole as a function of its

monopole leagth, to width ratio. While making these measurements,

one may also note the resonant frequency of the dipole with respect

" . -

to its free space resonance. Thus, one nay determine at_ the same time

ilow much to scale down the dipoles in order to maintain the desired

pass band when -one designs the array. ) : ' )

Py o
.



H5§ing deéigned the array, one is_still left’ wvith the
provlem of properly feeding the structure from either the receiver
. t . M
or transmitter with a suitably balanced signal. The fact that all-

microwave systems are connected by either waveguide or coaxial cable
presents us with the need for a frequency independent, or at least a

quasi-frequency inde}éndent, device which will convert the éignal on

the transmission line to one which is balanced. Such a device is

known commonly as a balun. Two baluns are investigated.in this thesis |,

one of which is based on a reflection coefficient approach and the

&

otier on a grédual change in the mode of propagation on the trans-

wmission line.

R
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CHAPTER II .

THEORY OF LOGARITHMICALLY
PLRIPDIC ANTELIAS,

2.1 Lvolution of the/Log-
Periodic Dipole [Arrav:

-3

~

an antenna defined entirely by aggles as being

The notion o
frequency independent was Nrst introduced by V.l. Rums%j somne

twventy yégrs ago. Since the tenna had to be defined by angles, the

o e
first logical step in angénna esign was the so—called.equi-ahgular
spiral antenna ill&strated in figure 2,1. The equations describing
the generation of th; pattern f£¢gr the arms of this antenna are gi;en
by the eQui~anéular or l;g;rithmic.spiral eqyatipns: ‘

L4 N ~

r = exp (a(6=5)) o (2.1.1)

]

“or equivalently 0-§ 1l 1n (f)- . ’ (2.1.2)
a .

wirere the variables r and 8 are conventional polar coordinates.

The equations which trace out the arms of the antenna are:

Y

r; = K exp (a0) (2.1.3)
="K exp -(a(6-6)) - L (24148

-

for one arm, and:

ry = K exp (a(6-1)) L (2,1.5)
r, = K exp (a(8-m-3)) T (2.1.6)

(6)
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"The constants 'a' deternine the tightness of the spiral, K

| ‘ . !
the s#ze of thie terminal region arid § the width of each: arm,
The antenna is excited by a balanced source at the centre

terminals with the current flouving 2fong the spiral arms until

‘

a region is enc0unfere& where the spacing between arms is of the
order of half a wavelengtii. The energy is radiated from this region
with little or, ideally, no energy travelling further along the arms.

It -is important to note here that there are three disthct regions

on the anteuna which, as vill be éeeﬁf are necessary for the broper
oper;tioﬁ of a frequency independent antenna. Tiese are (i) the .
transmission :eg}qn'which simply acts as a transmission line for

the incident.energy to” feed (i1i) the éctive»region which 1s that part

.of the device which actually radiates the energy and (iii) tle-
. _ . : .
reflective regign wlidch acts to attenuate any energy which has leaked

’

past the active region. It is also of great importance to observe that

tiie active region moves along the arms of. the antenna with frequency

v~

in order td maintain a constanf radiating aperture in, terms of wave-
-t

lengths, This plienomenon of scaling ensures that tiue antenna“-isg,
frequency independent, and 4is fundamental to the successful operation

of any fic&uuncy indépendent device.

With the success of the equiangular spiral antenna, Duhamel

proposed that it was .possible to radiate energy from structures Vhich;.

o . -
.

besides being described in terms of angles, had some properi& situated

ﬁisturoances.along its length (5). Such a device was thé pianér

v
. -

log-periodié antenna shown in_figure 2.2,

_— -
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The log-periodic stricture is essentially tvo planes of
metal lLiaving teeth cut into them at radii, P,, with t .e snacing bet-

ween radii defined by a constant ratio:

T = R ‘
R : (2.1.7)

The spacing ratio, t, not only defines the distance between

* successive teeth, but also the ratio of successive lengths and widths

-

of teetir, . .

T = Rn¥1.
. Ry

= |

n+l . .
Wn (2.1.8) g

= Lpt1

.

It is clearly the .case that for an infinite structure, ‘the

properties which apply.at any frequency f will also apply at multiplgé
LS . ~ )
of the fundamental '

t, t£,12f, ... TOF

As a result it can be seen that any such property which may

occur at frequency f (impedance, pattern, polarizdtion) will ‘reappear
A% . -

at frequencies whiclh are periodic with the logarithm of the spacing



factor, t, thus giving the nanme "logarithmically-" or "lop-" periodic.
Although the log-periodic antenna is not truly frequency imdepehdent
; 3

but periodic, the variétion of antenna characteristics does not

cuange significantly for values of 0.8 < t < 1.0.
As was the case with the planar equiangular spiral antenna,

the planar log-periodic antenna exhiibited a bi-directional radiation

\n'h

. . ‘
pattern extending equally from lwoth sides of the antenna plane. In -

t

order to obtain a more unidirectional qharacteriséic, Isbell folded
the arms of the device toward each other to form a V - shaped

N

geometry. The results of this action were two fold. Firstly, as was
expected, the radiation pattern became unidirectional although 1t

was in the backward direction instead of forward as was originally

hypothesized. Secondly, althoughtthe input impedance of the antenna
e " )
remained constant as a function of frequency, the value of the impe-

dance was found to vary as a function of the angle between the arms

'
: -

of tiie antenna.
. With the success of. the non-planar log-periodic antenna, it
was very tempting to allow the arms to fold together until the -

3

subtended angle bécame zero and to replace the teeth with monopole

.
. s

elements. The resulting structure would remain loz4periodic'but

.

would be nmuch simpler. than the non-planar’ log-periodic in the respects

that (i) the array is again confined to a single plane and (ii) the’

curved teetn ate replaced by simple dipoles.
] kN

The‘resnlting structure, ds the .previous descfiption would

imply, was lapelled the log-periodic dipole array (henceforth known

A
g o .
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das tne LPDA), and is shown in figure 2.3.

N

Before dealing with the fundamental principles on which the

2.2 LPDA Tneory of Upetration: ' . S

log-peridic dipole array operation is based, it wili be useful, in
furtiuer discussion, to make refe;ence to the parameters thch describe
the geometry of the array.

The ﬁhysic;l dimensions.- of the LPDA are shown iﬁ figure 2.4‘\

ilote that there are three parameters which completely describe

the array confiuration, those being:

(1) t; the scaling constant which determines the
length of each. successgive element. The scaling

constant is defined by:

T = Rp+1
t] (2.2.1&)
L5 93 .
= hﬂ"‘l
by o (2.2.1b)

h, = half length of the nth dipole
y; = distance from virtual apex, P, to

the ntl element.
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s (ii) o3 the spacing constant vhich is the distance
we in wvavelengths between succea&ive dipole

- elements. The spacing constant is defined bLyv:

¢ . 0=dn . ‘

. Cahy (2.2.2)

* vhere dy is the paysical distance separating

clenment n fron element n+l

(iii) «; the half aangle of the array suétended by
. . ’ the ends of the dipole elements from virtual

adex, P. The half angle is given -by:

3

a = éan‘lehn
’ Ry . (2.2.3)

{

3
.
The initial method for feeding the dipoles.wvas to have an’
N
ordinary traismission line coanecting the dipoles t8pgether thus causing
o A v

tie phase progression along the array to be in the forward directionm,
) g

i.e..sovard tiie larger dipolegs. It was iﬁncdiaCQiy discovered, hovever,
that éne larger qlencnés caused sufficient iuterfdrencglto break up

the vean enitted from the active region. So that fﬁ order to érevent
-interference by ch loné elements in the beanm path, it vas reasoned

tnat ‘instead of allowing. the phase progression to be in the forward

direction, it snould be in the backward direction wiere the $mall

elements would have relatively little effect on tuy¢ pattern. The method
- ]

.
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/ . (a)

{b)

‘ ' FIGURE 2.5

UNSUCCESSFUL (o) & SUCGCESSFUL FEEDS FOR LPDA.

S o e
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by vhich this was achieyed was by alternating the phase of each _
successive eleuent by 180° as shown in figure 2.5. By doing this

tvo endswgrc achieved: (i) tlie phase progression in the active region
wvas such that radiation was in the bgckward direction forcing the
main béam off the apex of the array and (ii) felatively short and
closely:spaced (in wa;elengths) frong elements would have mmarly
opposite phasings and t#greby contribute littlé to the overall

radiated field.

k is interesting to note th;t the neéessity'for opposite
element ph;sing vas not immediatelerealized ffom observation of tie
geometr& of the nen-planar log-pcrioaiq antenna., It is clearly the
.case that.the teetit are arranged asynmetfically along the two
sections of transmission line formed Ly the arms of the array, thus
automatically involing thé alternate phasing requirement,

. It would abpéar inici#ily that t.ue analysis ' of loﬁ-periodic
dipole operation would be'a’tremendous'task because of the ;ariable
iengths, spacingg‘and'values of .current on the elements comprising
the array. In fact this is the case if one maiSCains that an exact
analysis is to Le pcrfofmcd since'thq concepts used to describe uni-
form arrays no Ionécr hold ﬁru;. A good approximation to tie behavi&ur

of tue array can be made by.considering it to be a locally periodic

structure wiose period varies slowly as a function of distance from

.
~

virtual apex, P (6). Jou, one can see that {f a wave is launched on

-

tue structure and euncounters ithe active region, this wave, if the

active region is pr&per%y designéd,’will be radiated in thie backward

17,
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direction vy tihe resonant elements, thie radiation pattern being’
approximately tuat of a’'uniform array héving approxinately the sane
period as tite active region. The analysis of at least the radiation

. . .
pattern may now be carried out using conventional uniform array

tiieory.
If one considers an, arrayv of il equally spaced isotropic

radiators (see figure 2.6), then tlie magnitude of thie radiated field

. . 3
-

is given by . ' . ’

|L‘| ) J=1
2= 1+ {-Z

exp (jn?) ! (2.2.4)
n ; ' . .

1.

-

vhere ¥ = Kd"cosg + a
. o

o = pregressive phase shift, left to right,
along tue array

d = elefment to element spacing

N Tite letter K is used lere to symbolize the free space phase

shift comstant, K = 2n/), = w/c as opposed ta the symbol 8, the phase
’ TS ppose Y P

_shift cohstant of tue array itself { = 2n/) = w/v, 'v' being the phase

velocity of a wave propagating along the array. It is easy to show

tuat tue nmagnitude of tile electric field is a maximum for u=0, so that

for source spacings smaller than a half wavelengtli, the angle of max-
p BC.1,

S

imum radiation is given by

<
i

19.



Clearly, for no progressive phase shift, a=0 and ¢pyzx=%90°;
i.e. a two lqbed broadside pagtern; With a. lagging phase shift
~xXd < a < 9, the lobés ﬁilt'toward the front of the array with in~'
creasing pinase lag until the-condition a = ~Kd is 'met in which case [
a unidirectional lobe éxtqnding fFom the front of the array'i§ formed.
Similarly, with a phase lead 0 < a < ;3, 525~B£23ﬁ§§aé lobes tilF
tovard the back of the structufe until a = +Kd and radiation is
paxicum endfire in the backward direction.
Opserve also that for'la]'>> Kd, the phasor sunmation in
equation 2.2.4 becomes very small regardless of ¢ giving a féther
veal field distfioutioﬁ in al% directions with no major, lobe.
Using the results obtained ﬁrqm'eqdatidhs.Z.Zlé and 2.2.5, "

.

one may proceed in the description of log-periodic behawviour,

Remember also, that in feeding the dipoies the transnission line is

crossed over between successive elements giving an inherent leading

- |

phase progression af 180°.
Cons{@er first the tr;némission region. llere, the eléments are
rather suo;t in terms of wavelengths and consequently supply a ﬁair (/N\\\
amquu£ of capacitn;cc ko the transmission line. TAe c&%rent,in each
"element isg@8nall and leads the trénsmissién‘line_Voltage by about 909,
‘Also, s@née the dipoles are spaced clssely together,'in wavele;gths;

the adjacent blemengs are close to, but somevhat less than, 1300
out of phase. This anti-phase condition combined with the clogeness
of the elements suggest that the field, if any is generates gt all,

will be weak and in the backfire directionm,

- A



_turougii. If one considers the LPDA to be a periodically loadéd' . T

21.

Having passed through the graysmission‘region with relatively
little gtﬁenhation, the signal ill encounte£ an active region
wilere tﬂe dipoics are closejto being «a hal't wavelength long. §ince
tilese elements are the brimary radiafofs in the array, their
impedance has a dominant resistive component due to the radiation re-
sistance of the elements; As a result, the element currents are?closa
to being in phase with the base voltagé having a sligat iag/below

and slight lead avbove the resonant frequency. Also, the spating

e v

between elements has increased in terms of wavelengths so that the
phase progression is leading Ly an angle o = w - f3d = n/2 radians.,
Tuls condition satisfies the requirement necessary to produce the

strong bLackfire lobe which is desired in 1og-periddic design. -

.

Although it 1s desired that the active region extract and
radiate all of tiie incident energy, this is not entirely true in

practice, as some small percentage of the incident wvave is transmitted

13 .

turougihi. Thus it Lecomes important to have a third region heyond the

active_regidn which will rapidly attenuate qny.signal which leaks

transmission line, as shown iIn figure 2.7, it is clear that the

&

langer clements Leliind the active region present an inductive reactance

to tue energy filtering tlhirough. At .some point in this region, the

sbunt inductansce will dominate over the transmission line capacitance

.

and the. energy cnéoungcrs the attenuation region of a distributed

element low ﬁass filﬁer. o . .
~“ -

- . In thgs“a;tehuation region, the phase shift per unit length -

- -

’ -
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\ . g
on tne transmission line is ideally zero in tlie lossless case and the

phasé velocity Lecones infinite which implies no wave motion’ in the

forward direction., low since the wave is inhibited from moving for-

vard and there are no radiating elements, tihe only alternative is
. . ] "
for tne energy to bLe reflected back touvard the active region. %dlus-—
tration of the action in the three regions was given by Carrel (3)
. ; .
the results of which are shown in figure 2.8.

2.3 LPJA Design Procedure:?

The maih ‘theme in desiéning a picrowave printed circuit LPDA
does not vary appr;ciably from :he.mepﬁod outlined by Carrel (3)
alguough corrections rmust be made in calcuiatinn the input impedﬁncé
and the directivity must be determined h§ experimental obserQation:

1t is also important to note ﬁerd that some practical
limitatio& on the parametcrs.}, o, and a needs to be made:.Through

past experience, it has-Leen found that the scaling factor, T,

-

should be kept in the range

8l <1 < .95

rd

" For valpcs'léfger than, 0,95, .the array tends to become very long and,

if tue scaling constant 1s smallér than 0.81, the number of elenments:

. » .
-

in the array, for a given Landwidth beccres 'small., This forces the

active replon to be limited to a very small number of elements, . :
peruaps even just a single element. The amount of energy vhichi passes

~ -

. /
tarouga tue ‘active region to the reflection region then becomes’
s N .

T M e N
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.

appreciaole reflecting a substantial amount of energy bacl: towvard
the terminals of tue arrayv thercby destroying the log-periodic
nature of the devices The structure*half angle, being related to' the
scaling constant also nas’'limitations inposed on it such that

20 < o < 47°
For those values of half angle greater than 40%, the elements become

- . .
too closely spaced to accuragkly maintain the proper element to element

-
L]

spacing and, corresponding to large values of scaling constant, values

of half angle smaller than 29 force the ar}ay to become too long to

-

be of any practical use.
- the spacing constant,.o, is also given a useful range such

that - )
05 < 0 < Oopt . g

For values of spacing constant smaller than 0.05. the drray directivity

falls off \uitc rapidly and the input impcdancé varics wi#h-fréquency (3.

The upper bound on tue spacing constant, Sopts is tlie so-called op-
‘" tinun value for g.It was found by Carrel (3) that for a given value

of scaling constant, 71, the optimum spacing constant would give a max-

- "

imum directivity and a minimum input voltage standing wave ratio. .

-

Values of Spaciﬁg constant” greater than tihe optimum value have a ten-

¢

dency to.introduce_sidelobest}n the radiation péttern. .

. .



In the design prdéedure outlined by Carrel, it was suggested

.

that one chiocose the desired directivity and input impedance of the
array and from thiese constraints, choose the values of scaling and

spacing constants uliich give'these characteristics from previously

~
determined grap.as. The situation here is not quite so simple. as tae
' 2 1

array 1is supported in an inhomoggngous medium and tiie charts which
wvere developed by Carrel no longer apply. The fact tlhat the dipole%
in the array are on a dielectric yOuld lead one to speculage that
thie near field surrounding the immediate neighbourhood of the E .
array wvould be distorted in some manner 6r anothér from its free

space distribution, tius friving rise to a distortion in the far field.

Since the extent to which the dielectric affects the near field is

-

not readily known, it is left merely to observe the far field pattern

B

and draw some tentative conclusions from it. An all-emcompassing

caart of directivity and input impedance as a function of T and ¢ for

.
.

au array in the presence of a dielectric can be made but is beyond
tne scope of this thesis and is not dealt with here. For the purposes.

of tihe wopk presented here, 1 and o were chosen for convenience and

case of constructlon of the arrav and the input impedance .and directiv-

ity observed and compared with the values wliich one migiit expect from

a similar device in free space.

-

.

.

Anotier variation from. Carrel's work arises in the fact that

tile dipole eclements. themselves are no longer cvlindrical byt are

.

planar instead. One can no loager use the results for the character-

.
-

istic impedance of a dipole because of the different geometry and

~
. .

- . . -
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also ‘the fact tuat tuae dipoles are loaded capacitively by the dielec-—
tric. Again, tne dipole impedance as a function of height to rwridth
ratio, h/w, can ecasily be determined experimentally.

Tue effect of the dielectric substrate increasing tue cap-

acitance of a dipole introduces tlie notion that the resonant frequency

of the dipole would decrease fron its free space value,
Recall that for a waé;—lravelling in free space, its velocity

is given by ‘ . .

£, « A =c¢ (2.3.i)“
where ¢ = speéd of light in vacuo
Jow if radialpdon of t%c s;me vvavelength propagates thro&gh -
sone medium having relative dielectric permittivity ey, then tne fre-

. quency is reduced from its free.space value according to

N

fo_ _
Vel : (2.3.3)

* Jow if ‘one considers a dipole ‘to ve tue source of ra&&ation
in a dielectric, the wavelength of the propagating énerpy remains the

same vecause’ of the aperture of tiie dipole bgt the frequency~}$/“

27.



W

reduced as

.

frd = fro ) .
\/E:r . (2.3.4)

frd = resonant frequency of dipole in dielectric

B

f

ro = resomant frequtgcy of dipole in free shace

Taus by malking a trial measurecment of tlie resonance point of a dipole

on a dielectric, one can deternine hoq large the effcciive dielectric
c?nstant; ELEfs is and use it toward any design having the same basic
geometry, .

as was neutioned before the value of t-e spacing, constanc
nas a specafic valve whica is optimum in the sense of providing

/

maximum directivity and mininum $.W.R., for a given value of wecaling

>

constant. Through the grapus provided by Carrel in his paper (3), an

empirical fbrnula for Oopt has been proposed (9, 17) and is given as

v

Sopt = 0.258 « 1 = 0.066  (2.3,5) ¢

e T
Unce having caosen the desired values for scaling and spacing

~ ¥

B

' A - -

constants, thie structure half angle is calculated as

« = tan~! (l1-1)
: 4o Ny (2,3.6)



The vamdwidth is calculated as

B

= ) over
fuppur (2.3.7)

If it vere the case that the active region consisted of

only one dipole, then the bandwidth of the actual structure, B

~

s?

-

would approach the design bandwidth, D. However, as has been dis-

'

cussed in section 2,2, the active-region usually ‘includes more than

one element and, consequently, is wider than migat be expected.

Lecause tiie active region contains more than one element, the
ﬁ;rformance of the antenna array may start. to deteriorate 3gs the

active region begins to include the longest or shortest elements.

-

"It is for this reasdn that the structure banduvidth must be made

the band-

larger than the desired bandwidth by sone factor, Bor»

.

width of the active region.
S By = B x By, (2.3.8)

Sinceé tue boundary bLetween the active repgion and the
transmission aud reflection regions is often not clearly defined,

b, cannot be given a clear~cut value. To circumvent this problem
\ 5

an empirical expression for B,,. has vbeen proposed (7)

By = LI+ 7.675(1-1)% cot a  (2.3.9)



~

Having found the bandwidtin of the active region, the
structure bandwidti may ve found from equation 2.3.8. The number of

clements required in the array is given by

. 1 =1 - log Bg
Tog T (2.3.10)

Clearly, the number of elements in an array must be an

integer and taat I, in general, is not integer. To-.-overcome this,

.

one merecly takes tue next integer number greater than ! simultaneously

increasxng the bandwidth of the structure slightly due to the addition

of an.extra clement.

Finally, the spacing betueen elements 3s found to be

»

d = 4ohy * 0 (2.3.11)

If desired, one can also calculate the overall length of

tue structure vefore construction. This can be found by using

L = Anax { 1 =1 ] cot «
J

S

-
K]

In the course of the‘'design, it may ve found that the
structure lengta or some otgzzﬁsgzémeter does not satisfy the .

design specificationse As a result, it wvould be necessary to alter

30,
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31.
4he values for 3, o,and o and repeat.the design until specifications
are met. Tais iterative pracess is siwnplifled to some extent through
e aid of the nomograms reproduced from Carrel (3) and shoun in

-

figures 2.9, 2.1V and 2.11.

~”

2.4 Terninal Impedance >
of the LPDA:

Well designed log ~ periodic antennas. often exlhilbit standing
vave ratios of 1.5:1 or better, even uith very abrupt front trunéation
so long as a well formed aétive region remains on the structure.

By considering the LPDA as the t:ansgission line structure described

s
in section 2.2, one can formulate a wery accurate approximation to

5
.

tite input inpedance of the structure. This transmission line analysis
was fiEiF presented by Carrel (3) and is folléged ratﬁé} closely-
here with the necessary médifications addéﬁ for the effects due to
the dielectéic substrate., |

 U9ing the loaded transmission ling concept,, one can éee_-
;hat‘in the tran;mission regioh, the relatively short diboles
add a snunt-cnpacitance, proportional to their length, periodicaily
along tue line. The 'spacing begwcen eléments does not cﬁange
and tiicrefore the cdpacitaucc per unit length of transmisslonll}nc

is constant. ilerein lies the justification of adding a single valued

lumped capacitance to the characteristic capacitance of the transmission

.line. The impedance of a dipole is given as. )

. o A jZa cot gh (2_.6.1)
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Dy replacing' the cotangent function witn its small argument

»

equivalent, one can postulate the capacitance of a particular dipole

element to De

vpza

vy, = phase velocity in the presence of a dieledtric

< v, <¢
=¥p 2

c
Veg

"If one considers a worst case condition in equation 2.4.2,

. namely,thai the dipoles are completelv enveloped by a dielectric

.

tiien orfe’ can initially place ‘upper and lower bounds on the dipole

(2.4.2)

capacitance between that in free space and that when totally surrounded

by dielectric.

\

empirically wnat the effective dielectric constant is and proceed

(2.4.3')

Through experimental measurement, one, can establish

in a more accurate calculation of input impedance. In the present -

/o

-derivation, -iowever, calculations wili be made assuming ‘the dipoles
AY

-

bounding values f£6r the feeder impedance.

I3

" em

are complétely surrdunded by dielectric in oxrder to arrive at some

A
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. ‘ .
I1f one considersa mean spacing, dpeapns 2t dipole 'n'

n
defined by
] ;
dpean vdadao1 (2.4.4)

then the average capacitance per unit length of transmission line

is

AC = Cy
I

. = h,VTey .
; cdpiy ’ (2.4.5)

Bu;-reball from equation 2.3.11 éhat the ipacing factor is g = Adn/hn.

Thus eduation 2.4.5 becones

“

AC = vY1ey ' - (2.4.6)

S leoldy ’

-»

Recall. also theo fundanental relationships

) lo = j%n ;¢ o= 1‘ (2,4.7j
© / Co LoC ‘ -

-
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Using equation 2.4.7, one can now fornulate am approx-

inate expression for the impedance of the loaded transmission line.

/O CgeaC (2.4.8)

substituting Rg = - L O (2.4.9)

LCo + Y1eyp
1 Aczao

or Ry = ZAf- . g Lo
11 + Vtep Zg .(2.4,10) -

N . - 4o Za ‘

The feeder impedance, Zy, can now be casily found through inversion

of equation 2.4.10 to give

Zo = By2 Ve + Ro_./ Rore )" + 1 4
8u'Z, Y o\8a'Z,) (2.4.11)

- 'q'a

Tuus one now has bounding values for 2, Letween wiich some particular

value of relative dielectric permittivity will give the best match.,

,

»

. b ] [, 2
2 + R0 RY T+ 1<z < R5e, +R_JRYE NV + 1
R o“;gso‘" i —:EST:—I" 7 {80'" )

. “a y 00 2y . “a \80 <, .

(2.4.12)
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2.5 Summarv:
—_— X,

To summarize the steps involved in designing a log-périodic
dipole array, a step by step procedure is outlined here to aid in the
practical design of an array.

(1) Hake.; Frial measurenent on a dielectrically supported

- dipole té détermine its average characteri§tic impeﬁance
as.a function of hegght to width ratio and also.measu;e
the effective dielectric constant oF the mgdium.

(ii) Bbstablish the desired bgndwidth B ;nd input impedance 1.
- (ii1) CHoo§e a convenient set of values for the scaling and

-0 spacing faqtor to give re&;onable dimensions of the array.

(iv) Calculate tge gtéucture half--angle from equation, 2,3.06

(v) Calculate the bandwidth of the active region from eq. 2.3.9
. (vi) Calculate the structure-bandvidtih from equatiop 2.3.8 )

(vii) Calculate the number of elements from equation 2.3.10
- 4 f . - -

and the leagtli of tue longest, element Lj = Apay

.4y Eeff

(viii), K Having found the‘length of the first elemeng, deternine
its width from the desired impedance level found in (i).
(ix) Knowing the dimensions of the longest element, cal-

culate tae spacing to the next element from, cquation 2.3.11

v

. and the dimensions of the next eleneut '

Lp-1 = Lp x 130

n-1 T bp-1 ¥ h ' ‘

-
»

L) p : ) . . . . }
(%) Finally talculate the required inpedanke for the .

. % T e
transnission line feeding the array elements from eq..2.4.12



In the designs presented here, tile antennas were ctched

.

from a dielectric board necessitating the use of photolitiiograpiwy

in order to properly sensitizc‘thc‘sections vhich wvere to be etched

3

awvay and mask the areas vhere copper was to remain. To simplify
. S

making tue mask, a computer progran vritten in TFORTRAN IV ig supplied

in Appendix A walch calculates ‘the dimensions of the LPDA required ‘
W .
and also returns cutting coordinates for making the mask. A detailed

.

account of the photolithogranhic procedure is also outlined in Appen-

dix b. .
» ™~
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CHAPTER IIT

FEED TIECHANISNMS FOR TIE LPDA.

3.1 :lecessity fér a.BalQn: . ' .

Jornally one may consider that all ‘that is involved in
designing‘an antenna systen is tue actual Luilding 6f the antenna
itself a.d thensinply attaching it to the cable running ffom the
transmitter or recciver; Iq most applicationsconcerning'radiation
and GSpEcially above V.I.F. such action could lead to di%asérohs
results.

Ifzonc.attempts to make an analwsis of a transmission line,
one may find that a potentiglly infiniéc number -of nodes of pro; .
pagation may exist and must be taken into account. llovever if one
malies tlie agsumption that the higher ordered modes are'sufficicntly

attenuated, the analysis may be simplified by including only the .

4
.
.

dominant lower ordered nodes (8).
Consider the coaxial line shoun in figure 3.1. Normally

if the coaxial line is connected to a generator that is electrically

a0t

§h€§lded, tacn only the balanced node of propagation is launched and
. _ ) .
no current flows on tie outside of the shiecld bLecause of the lack

of any external clectric field. Obsexrve, howvever, the consequences

of .attaching the end of the line to a simple dipole antenna. as in

figure 3.2 (10). Since tiue balanced currents Iy and I, are equal in

magnitude, it. is secen that the current flovinsg in the ‘element connected

to tue outside confuctor must bie smaller than 12 due to the branching-
* r . .

i L)

(NS
.
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* BALANCGED & UNBALANGED MODES ON COAXIAL LINE.

FIGURE 3.1
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v

of 12 between the fadiating element and the shield. Two con-
sequgpeas arise from tnis branching of I,. Fitscly, the currents
flowing in the dipole are not cqual.in magnitude giving ‘rise to a
deviation in the normal radiated field one migut expect from a
dipole. This unbalance in the currents gives us the term 'unbalanced
mode'" and note also that this unbalanced mode is excited only whén
the éroper conditions exist at the terminals of the cable. Secondly
and pgphaps more importané# one observes that the shield now has a
current Iy flowing on it. This current, whether in the transmitting
or receiving case, is associated with an electric field extending ™
between the outside ;onductor'and earth, Ihus; since I, and I both
combine to form the.retqrn path to the generator for Is the entire

length of tlie cable acts as an antenna and, depending on the magnitude

<

of I3 may or may not dowinate the radiation pattern emitted.by the

dipole. It is obvious,-theén, that the direct connection of a

dipole or array of dipoles to a coaxial line will give results that

e f .
probably will not resemble dipole operation at all. The "trick" to -

i

\\\\\\\\fgécessfully feediqa;a dipole is then to suppress current Ij as much

as\EBEBihlg\?r, more desireably, avoid generating Iy in the first

place. Numer;;;\;EEtesgfg} methods have been devised to providée

—

. \ - . .
sucn a "balanced feced", the most commonly knownof which is the balun

N -

transformer.

. . . <
‘
<

. . . .

3,2 Frequency Independent Baluns: :

.
a 0 >

As vas’ just stated in the ?ﬂgvious section, many baluns have

. S
L
- . . -
>

’ . - A s .
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2

arrays, and tihe mode converter (8, 12).

been invented based on a variety of concepts including transformer
coupling (9,11), splitting the incident energy and shifting the

phase in one branch (18), and transmission line matching (19, 11).

liowever, it is the case tuat nons of the above mentioned metiiods

of ovtaining a balanced feed are truly frequeAcy independent. Some can
be made fairly broadband as in the transformer coupling method whereas
some, such as tihe phase shifting method, ar% fairly sharply tuned

to one particular frequency.

Only a small fraction of all Laluns have been found to be

truly frequency independent. These are the sgif-balun (2), which

.
.

. .
has uveen used to successfully feed many free space log-periodic

Tue self-balun, shown in figure 3.3, is a rather elegant -
)

nethod of feeding a balanced load in that instead of preventing
tiie unbalanced current Ij from flowving on the outside of the

shielded cable, it 15 allowed to flow until it reaclhies a radiating

- .

Fegion vhere it naturally vecones’ the:balaunced current I,. The fact
that suca an arrangement can be used vith a log periodic dipole array
arises from the presence of tlie active region. Since the active

region extracts and radiates most of the incident eneipy, there is a

rapid decline in current along the antenna elements and, eonsequently,
: ., ] o
the transmission line behind the active region. This ! lacl: of current

flowing on tue transmission line give rilse to a sibstantially field

-

free regioir behind the active region and the unbalanced current is not

« .
generated. .
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r

The second device operates on the principle of making a
gradual transition from a ;oaxiai conégctor geometry to that
of twin lead. The structure is shown 'in figure 3.4 illustrating both
the original idea presented by Duncan & Minerva® (l12) and its ex-~
tension to a stripline geometfy as given by Rumsey (8). The transition’
along the length of the structure performs, as the name implies,

a coaversion from-a semi ~ TEM wave at tlie input to a full TEM wave

at the.dptput which is characteristic of a Lalanced, two conductor trans—
‘'mission line. This device, aithough not truly freqyegcy independent,

can be broadbahded to any arbitrary degree by_spreading the transition
out Eo‘a sufficient number of wévelengths and cgn also be used as an
impedance converter betwéén the coax anédevice if the two char#cter-
istic impedances are'noghthg same; Tﬂis transformation of impedance

is domne through the implemgntaqion of an optimum Doléh - Chebyshev

taper alsng the length of the device (13).

‘A'third'type of balu; s;ructure, based on a reflection coef-
ficient prinéiple is proposed lhere (235. The device, sho@# in figure
3.5 ccnsists of two layers of .diclectric supporting 6qe half of the
antenna arréy, the centre coﬁductor for a shie;ded skrip-line aﬂd
the remainihg half gf the antenna respectively., At.the antenna feed
point, oné half of thé}array is short circuited to the centre,coh—
ductor wiiereas the other half 1is lgﬁt open forming an arrangement sim- ’

-~ .

ilar "‘to that of'the'ée1f~balun. The operation of this device is

- -

different from the self-balun, however, in that use is made of

the reflection coefficiencts at _the terrtinal région of the antepna

-
- - - - - .



" (a) (after(12))

-

=
—
~ -

~
-~ s
- -

-(b) (after(8))
o=

FIGURE 3.4 )
" COAXIAL (a) & MICROSTRIP (b) MODE CONVERTERS.
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feced point to cancel any reflected voléage on the centre conductor.
.. and, at the same tine, provi&e a uaianced voltage across the
transmission liné feeding thie antehna.

In figure 3.5, the incident field is imagined to be a super-
position of tvo electric field vectors, one'directed towégd_the
upper suield and the other toward the lower shiela. Upon re;ching
tiie end of the structure, the electric fields exécrience reflection
coeffi;ients of p = +1 at the open termination and p = ~1 at the
short circuited termination. If one assigns some arbitrary value,:V,
,to tue incident voltagé, then the feflected voltaées would be +V
at the Open circuit and ~V at the shorc{clrcuit, The- resultlng effect

’ S would be that a ualanced voltage is prdéhced across the shield, whlch
eventually is the transmission line,for,the antenna, and a net of zero

volts on the centre conductor.

v
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CHAPTER IV

- ’ DLESICE AD PERFORMAICE OF Al
M. PLC. LOC=PLERIODIC DIPOLLE ARRAY

4.1 Ceneral:
. s ]

Tine nmaterial used in fabricating the anteunas here vas
texolite #1422 microwave laminate printed circurt board. This
ndterial is made of fairly low loss dielectric having a relative
diclectric constant of ¢, = 2.54 and thickness of 0.794 nm., The

quoted diclectric constant is guaranteced to lu Gllz., making it con-

ducive to microwave fabrication aud the small thickness of the

Loard 1is nelpful in keeping tiie terminal separation of the dipoles’

to a minirnum, Antenna characteristics wvere measured in an R.T,

anecuoic chamber at the Communications Researchi Laboratorv with .the
aid of a Hewlett~Paciard autonmatle netvorl: analyser.

»”

4.2 betermination of Dipole Impedance
and kExtent of Dielectric Loading:

As stated in Cuhapter 2, it is.necessary ta first deternine

the average cuaaracteristic impedance of .a dielectrically sup-

ported dipole vefore design .of an LPUA can begin.

Ine casiest wvay, to determine this vas to fabricate such a

dipole, shovn in figure 4.1, and measure its Sy; (input return loss)

v

parameter sy means of the netwvork analyser. The dipole itscelf, as

can ve seen in tie photggraph. is excited from a mode converter

'

descrived in section 3.2. The fteason for uwsing the mode converter here

' _ ' GOl
.‘. ." . " > ’ b.

.
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was twofold: (a) since tiie ‘impedance ‘'of the dipole :is unknown and

.

remains to ve found, the mode converter could be made to have a constant

\ -

inpedance of 500 along its length to match with the attendant coaxial

canle and still measuyre the return loss from tihe dipole; (b) since it

s

is also desired to measure tite extent of dielectric loading on tue

dipole, the freauenty independent nature of ti.e converter would
facilitate weasurement of return loss and frequency snift sinul-

taneously. The design of the mode converter follows:

-

¥
lequired input impedance: 50 ohms
Required outpq&\inpedance: 50 oums
Lovest frequency to be passed: 2.0 Gliz,

, |

Since the input of the mode converter is nicrostrip, one

*

migiit tnink teat a fairly‘large ground plane is needed to obtain‘.

.
[}

the required input impedance as 21l calculations to this end
are made on tie assumption of the presence of an infinite ground
plane. Such is not the case, hovever; it has been found (15) that

ground planes of the order of three conductor widths are sufficient

to contain the electric field in the desired regfon and thus maintain

- . .
N

the impedance quite close to tae theoretical value. .- )

+ ' . -

. The calculation® of structure dinensions afe easily -found from

.

tite :desipn cliarts given in Appendix (. .

. .

. .



Dielectric constant = 2.34 x g4
Coaxial linc impedance = 5V onms
. N\ ., , .
Conductor width:s to separation ratio (ustrip) = 2,9
(from fig, C=1)
Conductor width = 2.30 nn,
Ground plane width’= 6.9 mm,

Salanced line width 'to separation ratio = 3,75

)

~

' - . (from fig, C-3)

P

Conductor width = 2,98 nmn.

n -

The length of the converter could be obtained from following
the procedure 'in (13) but, as one can immediately see, the fact

that no caange of inpedance is involved gives a trivial solution of

’

no taper over any arvitrary leangth. In other vords the transmission

3

line continues to.infinity having infinitely little taper. Since
we want to taper the ground planc to form a balanced line, it is suf-
ficlent to tapexs the ground plane over a distance longer than

a half wavelength at the mininum desired frequency in tlie pass band.

L > 3 » 1019
2 x 107% 2

=7.5 cm,

. . ~
N

[ .
For case of construction and assurance that a sufficiently smooth taper

.

was provided, the converter was made 12.5 cn. long in this particular

4 - Y

33.
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° .

Inpedance measurereuts wvere made by time domain reflec-

tometry and results are suown in figure 4.2, .lotice that In

s

figure 4 .23 the immpedance of the rnode converter tends to decrease-
near the centre of the device. This 14 most likely due to the fact *
tuat at t.is particular point along tae structure, tae electric

3 4 - | . - s s ’ s - s
field configuratiou is such tnat tae transmission line is belhaving

wore like a palaaced stripline ratuer tuan a microstrip, If this is

tic case, tien one may reason that the characteristic capacitance

of the transnission line’ is nuch.greater thian tuat capacitance giving
an impedance of 50 onms. The capdcitance nust therefore Le decreased

»

to maintain‘a constant impedance along tiw structure. This vas

done Ly Cimaing the widtih of the microstrip conductor until a
-y

N

constant fifty olin inpedance was observed on the T.D.R. (figure 4.2D).

The average characteristic Impedance of the dipole wvas de-

ternined from swept frequency measurements of Spj shoun in figure 4.3.

By ouserving tihe magﬁitu43/9£~the return loss, onc can determine the
L
reflection coefficient aund, hence the magnitude of the dipole char-

A}

acteristic impedance, Z,. \

.

:ol = antilog (-Return loss/ 20) (4.2.1)

gl = 2, U+p/l-0) . (6.2.2) .-
- . ¢ )
. ‘ v
The values for 2. as a functiow of dirole half heigat to

a

widta ratio arc presented in table 4.2.1 and plottied in fisure 4.4,



-

Zo {ohms)

N (a)
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distonce from louncher
(b}
V' FiGURE 4.2

MODE CONVERTER BEFORE (0) & AFTER {5) COMPENSATION,

.
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v Retura Loss | . ipl | ﬁZaf
. . , (dE) | (olmas) X
5 f 35 ] .18 i 43425
: 10 % 49 : Wlo ; 49,91 .
15 ! 27. WJ45 g " 54,08 .
20 23 _ .u71,f 37.62

o

Taese results show that although the dipole impedance showg

.

an increasing trend, the variation is not tooefar from an average

P

0f 13 oums. Ine rcason that these particular limits for dipole

g

tnickuess vere cihoscen vas that they vere witiain the most practical

range of tiiiciknesscs tuat could te fabricdted. Values below h/u=3

wrove tou crowd elements too pld&ely together in tue implementation

of tue LPDA and interclement coupling may becone excessive renderine
tie simplified aunalysis of tlie log-periodic invalid., For h/w>20
I .
tie elenents become too tuin to uve accurately etched from copper clad
voard as underdutting of tuce copper L thie etchant, being ‘relatively
" - ° 9
uncon;rolLab}e, varies /v rapidly as clements get thinner.

This range of clement widths is therefore useful! for purposes -

of casy, favbrication and, as tue element iupedance "is. not rapidly’
varying vit1 u/w, good'natghing In LPDA design can Le accomplished

wviithout vorrying avsont variable clement widths,.

.

.
.

<

. - Tae sccond ouservation nade frow figure 4.3 is the effecct

A

-

vf diclectric loading on the dipole. The measured resonant frequency

of tae élement vas neasured as f., = 6.3 Gliz. . ) :

\
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.e actual lengtu of the dipole wvas 2.1 cm wiich would correspond to

v

a free space resonance of . .

= 7,138 Gliz

il .
. - r

using equation 2.,3.4 tue effective relative dielectric constant can
ve calculateu as

2] . fr—mm .
“@ ] Eef £ = 'fro
. LT £rd
4 =.1,133

.- scff = 1,254

.iov knowing tiie values for characteristic impedance and’ effective

dielectric constant, one may proceed in designing a log-periodic

dipole array. .

.

4,3 Design of a C~Band LIDA: :

.

A an illustration of a typical desipgn, an example is

siven nere on desiguing a microwave LPOA for operation in C-DBand.

Rrow previous measurements, it {s known that for a dipole

.
, .

having aspect ratio h/w=1), its .impedance is in the region of 50 ouns
aud that the effective dielectric constant when using a’'single . .

-

e



%
[}

suecet of dielcectrie voard is Eoff = 1.284, .ow cousider tiae follouing

design:

panduwidta = 0.0 - 8.9 Giiz,
Input impedance = 50 olims
Scaling factor. = ,)2

Swacing factor = oprtimun = ,1714

Dipole characteristic impedance = 50 ouns C .
S ) - .
. YEeff = 101J3 ) - . b

(i) Landwidtn B.= 1,333

(ii) Structure half-angle = 6.657°
(iii).handwidth of active regién = 1,521
(iv) Structure bandwidtih = 2,028

(v) llumber of clements N = 10

A table listing the dir endons of all elements is given in table 4.3.1

AN .
LABLE 4.3.1 - .

vipole Humber | Ly (mm.) | dp(em.) | vy (mm.)
1 11.03 | L 1.103
2 19.15 1 3,78 1.015

3 9.33 3.48 "0.933°

- [’ 8.5‘) T 3.20 . 00839.
5 7.90 L 2,94 Q.74
o "7.27 1 2,71 0.727
7 6. 09 2,49 0,669
i - 6.15 2.29 0.615
9 . ' SQG() 2‘011 . _‘)5366

<1 , 5.21 (kTSQ 10 0.521



(vi} R, = SO.ohms; iy = 50 ohms.
2, = 1034 oums
Using the charts in appendix C

for R, = 5) ohms. a/b ='3.75
‘Conductor width = 2,98 nm,
for Z, - 103.4 ohms a/b = 1,40
Cénduépor width = 1,11 rm,
Yo feed tnat array, it was decided that a wode con;erter be used

. . {
‘as; in tals example, concern is made only over the input impedance of

. 'the array as a function of frequency. The length of the mode con~-

-

lovest obperating frequency: 0.0 Gliz,

Frou section-4.2, the conductor widtison the mode converter

.

Y 7
are tine sames -

- -', ground plaune widti = 6.9 .,

top microstrip conductor width = 2,3 nm,

balanced line width = 2.98 mm.

whe finished structure is shown in figure 4.5. - . )

-

oo . . .
The input impedance, as measured on tiie network analyser,

is illustrated on.the Smitih charts shown in figure 4.6. As can

verter was made equal to 10 cm. as this is twice the wavelength of the

ve seen {rom tine plots, a very goo@ natch isbobtained for frequencies

extehding'pasc 840 Giizs up to about Y.3 Giiz. This exteunsion of ‘the

range in wiich a good.match is avallable is very likely to be’ duc to

.

~

the larger structure UandwidtH'Bs as opboqed to the desigﬁ bandvidth B,

~
>
~ - N
N
™, v
.

61,
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4.4 Testing of tie Daluns:

With the success of the prototvpe C-band antenna, it remained

-

to test tiuc operation of thie reflection halun, describied in section 3.2,

and, if it vorited properly, combine it wvith the log-neriodic arrav.
The first deviee waich vwas built vas a fairly large sized balun
.constructed especially for the reason that it vas desired to measurc

. . . 3 ’
tiuc voltage levels and paase relationsaips directly using tac

aiga impedance proves on a Tektronix type 454 oscilloscone. The

vandwidtn of the scone is 250 Mllz. s0 a sienal of 100 !Glz. was
. . . )’ ¥
‘ .

applicd to tiue balun giving tuae results siown in figure 4.7. The
results sAOVn looﬁcd promisiﬁg at this point as the magnitudes of
the voltages .on each branch of the balanced line were the sage with
respect te ground‘and the phase of one branch voltage was shifted
180°.from the oﬁher brahch'voléage. This would imply that the

. p ) -

voltages and, hence, the currents in each branch were balanced with

respect ‘'to ground.
Further measurements on the time domain refléctometer

.revealed, however, thiat although the currents may have been balanced,

v . -

there was a characteristic transformation of impedaﬁce level vhere thé

incident signal on the shielded microstrip is transferred to the
.o ) - ¢ oy
balanced line., This trangfopmation‘of impedance is.shewn in the T.D.R.

]

trace illustrated in figure 4.3 (a) which vas Sbtainpd from a reflection

balun having centre conductor impedance equal té 50 ohms and balanced

“
v .

_line impedance equal to 50 chms. There was 3n apparent ndsmatch of

50 to 12.5 ohms as indicated by the reflection coefficient of p=-.6.

.
f

'

. To test this phepcmenbn fdrther, it was reasaned 'that if there was
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Zo (o ms)' 21

Zo(ohms)

795
50
. 333
4

2.5

55.3
50.0

.

45.2

distance from louncher {cm.) —s

(a)

50 ohm — 50 ohm Bolun

(cm.) ————

distance ¥rom louncher

. (b)
50 ohm ~== 200 ohm . Balun.

~
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7

4 four to one cnange in pedance, tihen a balanced line of 209 olms : . -
would appear as 50 olms to the centre.conductor. The result of the

implementation of the 50 ohm ~ 2)) oun balun is shovm in figuwe 4.8L

walen ludeed shovus a good mateh. . It now remains toexplain.vhy this

PIlCNOmCNON OCCUrs . . . ’

4

Consider again the situation involved vithir the reflection

valun saown in figure 4.9, Let the incuident voltage and current on
the shiclded microstrip Le V and 1. Taen, for a wave propagating

dowa the line, thére is a potential drup of V volts from the centre

o
.

coaductor to vach of tiie ground planes,. The return path for current

-

L N

.1 is split equally betwveen the tvo pground planes so that each planc

>

is carrying a currcut ‘equal. to I/2 back to the source. Nbserve that

T IR T

i tals coaxial type of arrangenment, one may consider the currents I/2
to ve flowing on +trie inside, that is, the side facing the centre con-—

ductor, of tic ground planes since there is no electric field generatud

on the exterior of tne structure and no current flows eutside. Upon
reacaing tae end of the-structure, the gwo voltages ou<ihe upper . ,

«

and lower halves of the centre conductor encounter reflection

'
““1,. R R R T T Y mppperrww. 2Ll TR

cocfficients of p = +1 and p = ~1 at the open and short circuit

terminations respectively., Tae resulting situation,, illustrated in

figure 4.J0L, shous tuat, after reflection, 'there is a voltage

XY

. drep of 2V volts Letween vhat are now -the balanced conductors with

eacn couductor still carrying onky I/2 ayperesu‘numenbcr now that the

relationsiidp between tne incident current and voltage is such that ‘

“ .r- wm‘mﬁwt&uﬁ P Y :n

V/T =, 50 ohmst Hdow, after reflection, the relationship has;changed so

- . \I -

oy Ml

ehe i
e

PR

e EL MRS e

]
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FIGURE 4.9

VOLTAGE @& CURRENT DISTRIBUTIONS OF INCIDENT & REFLECTED
WAVES ON THE REFLECTION BALUN.
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taat:

4

200 onms

In otuer words, thie voltage-current conbination ;s suchr that
the propagating medium tust be 200 ohns to provide reflegtion-free
trﬁnsfcr of energy fronm thé shiclded microstrip to the balanced con-
ductors. Tue overall effect is then the Sttcnmt to force a voltage-
current cﬁaracteristic of 200 éhps outo a j{) ohm line giviung the

ogerved reflection coefficient of p = -,0.

$

fne solution to this problem is*merely onc of increasing

the ;npcddan of tac. ualauced conductors four-fold to accompdate tue

nev voltage-current relationship. Lven though tire 1npednnce step-up N

-4
can be cowmpensated for, the higher impedance and, therefore, the .

-

narrower conductor widths cause sone practical problens. .
First of all, if one cunsiders trying to matcin an .LPDA with

50 ohm dipoles to the 200 oim balanced ling, it is found from

equation Z.a.fh that-the impedance of tl& array feeder nust be of

Lie order Z, = ?i? olins ., Sucn,a.high impedance level forces tiie array
. feeder, width to Lecome quite -narrow wiich causes some problems during
(=]

implementation. Firstly, when considering tiie propagation ‘of the inci-

dent wave down the shielded micrOQtrip, the Eact that the ground planes

IPS

in tue rcgion of the array feeder become narrow would dause a deviation %%}



crme

in tne cﬁara&\

.ordér as tue centre strip, allowing substantial fringing to occur

to the length, of Iheﬁlogﬁperigdié antenna. Ihe,halauccd line is

- .

.
-

teristic impedance ‘of tue microstrip. The change in
PN . . . .
impedance comes “avout from tie ground plane width bLeing of the same

s

»

around tue ground planes fdrcing a new mode of propagation, wuith its

own cuaaracteristic impedance, to be set up. This is one source of

‘mﬁfmatpa duc to th&?addition of an antenna array onto tie balun. Ano-

-
- i

taer disturbance is caused by thie elements in the array wiich

periodically load the balanced line. If the ase becomes such that

- ]

fringing occurs around tlie ground plamnes as‘ just described, it =

is very likely that some of the incident energy propagating down
. ‘ o '
tue centre strip may be coupled, out by resonant elements, or re=-

e N /r . - . . . ) *
f;;;féd Uy reactive elements in the array, thus causing a degra-

dation in signal integrity even before it reachies the feedpoint of

- < .
- . .

tae Ehtenna. ‘ -

. -It was for these reasons that the reflection balun was

-

auan&unc? as a viable method of feeding the log-periodic array.

«

A second involving tiie mode converter as tihe source of a balanced
wr <

signal wvas devised, however, and proved to be successful in feeding

" the.array. The structure is shown in figure 4.10, .

3
v . | M

.
-

In this metunod of feediug, tne entire mode converter is .

el

constructed and terminated in & balanced transmission line equal

hd - = R »

. =

i

. . .
x

tien saudviched between tyo other diclectric boards which support
. - A '

the LPOA Dalf, struccures and thp balauced line of the mode converter

.o

is connected to the ghlqndeé 1iite (of tie sawme impedance as the mode

. ¥ -

converter) _ef the antenna arzays ‘By do;ng,;hléi Onc:maxiohﬁhin a

4 . . -

. N P 2 o s . ~
LI - ‘ ., -~ N « . .o . .’ o
- . . B . ot
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I

. N .

valahced feed for tie antenna as well a heeping the region in tiie
direction of the mgin lobe free from obstructions. ~ < *
It vas realized thut by sandwiching the valanced line of

tae mode cogverter vetieen tie balanced line of the antenna, the .

impedance of the mode converter, line-nay change somevhat from its

50 oum level. Observation of traces from the T.D.R. (sce figure 4.11)

4

shoved %pdeed that thiis vas-tie case, reducing the 30 ohnm line to

‘about 41 olms. This vas easily resolved by trimming the balanced line

on tune nmode converter sligutly so as to raise its iwpedance back to

a constant 35U olms,

.

4,5 Design of 5§ ~ Band LPDA .
Wlth Mode Converter Feuq

To test the nmode converter type of}ﬁeed, an S ~ band

log-periodic anterina was designed for operation in the 2 to 4 Cliz, g

band, The parameters for the structure are %fjted‘bnlow-and the ‘element -

dinensions given in table 4.5.1. ’

-

‘Bandvidth = 2.0 = 4.0 GHz. -

. Séaling constant = ,92 o : ’,. -
Spacing constant = optimum = 0,17136 o

-

hlw.s iO

L - . .t N - A -

14 ST .y

“«

YOCc chat the correction for dieleccric loading is in~

. B .- e

\\QEEfffi\fi\fhis case fron tne measu&ed al c of“1§133 tp 1,25, T

[ 2]
‘

.
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REDUCTION OF BALANCED LINE IMPEDANCE WHEN ° , .
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The reasoning henind this waé_that it myst be true that the additional
dielectyic supporting the sEripline between the half planes of tﬁa
antenna array loads the dipoles to some extra degree. Thus the

.loading factor was increased by a trial amount and the effect ob- -

served ubon testing the structure, ’
Again, following-the method, in section 2.5:
~ \\
Fd
(1) B = 2.0
© (11) Structure half angle = 6:660_
" (i14) B,y = 1,521 ‘
.- (iv) By = 3,042
(v) Humber of cTements N = 15
. . .. Gt W .
. : {vi) Ry = 2, = 50 ohus  Zj = 102v5 chms’
’1’;;:‘.‘,_ L. R . * ‘ ! -~ T
;”{a_ AT . balanced conductor-width = 8.93 mm. .
Y ' . . antenna feeder vidth = 3,33 mu.
TABLE 4.5.1 ’
'ﬁipqle Number L, (mm,). 3 Dn/(mmf Wy, (mm.)'
] L 20097 | . - |Yz.97 -
2 - 27.58. .} 10.27 { 2.758
-3 25,37 - 9,45 - -]1-2.537.
i . & ; 23.35 .| 8.69 - 2,335
. .3 21,68 - 8,00 ~1 2,148. .
- . 6 - 19.76 T 7436 - 1.976
.. * 7 ' . 18.18 N ~,6u7‘7 e ‘ 1.818 T .
I . - 8 16.72 6423 o 1,672
~‘-__.»" - 4 :'.‘_9"" lg‘.‘38. '5.7:;‘ « 1.538 ¢ .
) S (1 A D LY TN I 97 A A 15 { T
) 1r - " 13402 1 4,85 Caopnse o .
LT e e A T 1L U ARG T 198
et T P A & JEEEED N SRR 3 340 V2R RPN B N S R 17 )
SR TR ¥ I T Ko Lot (O <20 1 MR I W2 VN
- 15 19033 0 3.47- - o100 b




_ having. the same bandwidth and 'impedance levels was constructed taking i‘

- range 2,05 to 4.2 Gliz, and a mean resistafce value of 60 ohms; The.

,through a 17. The first obsetvanion one ‘miglit make here is the..
: deep notch occuré betwcenf+60° and +80° and

. :the,E and planesﬂﬁlt must be made dleaf, though,.thaewdu#ing—ﬁhe T '

1D

.8 . .
The measurement of the input impedance of the device, shown

on the Smith chart in figure 4,12, illustratéd that”a good match
did nét occur fo%_frequencies below abproximately QQO GHz, This
was most likely due to too high a value for the dieiectric loading
factor. Above the 3 Gliz, mark it can be seeh that a good match .to the’ 3 i
coaxial line was made with standing wave tatios within 1.).1 and a
meae reeiscance level as defined ey Carrel (3) of Ry = 52 ohms.
| By obeerving’how nuch higher in frequency the structure began

to match, the valus of the dielectric loading factor was ‘recal- oo ﬁ

culated as being vYeefs ™ 1.176. With this in mind, a second array ,

into account the new dielectric loéding'factor. o R T \
The input impedance of the nev device, showu in figure 4, 13,
is again closa to being a resistive value of Ro = 50 ohms asg desired.‘

This particular array showed a VSWR pot greater that 1,8:1 in the

pass band also now extends down to almosc'2’5uzﬂ 28 was originally
pl'anned .

Swepc frequency measuxemen:s of the antenna radiation pactern

-

in both the E.and I planes were -made and are shown in fzgures 4,14

S~

anomalous behaviour of che array arOund 2,3 Cuz. in‘uhich a. £airly

..... « -

H;fuirly predouinnnt

1ncrease 1n the backlobc level £or angl s *90° to +180° in both ”Z% JONN

’—

e
4-.. o DR LR
. YR
- ‘e
- .y

manufacture bf the artay, ché third longest monopdl”*e;emenzdin,one..:;f;li’
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half of the array vas shorter than its counterpart in the other
half plane. This asymmetry in the dipole was researched by Balmain
and Nkeng (22) and the results‘ehown here ‘are very similar to those
caused by an unsymmetric dipole tn‘a log~periodic antenna array.
The regquired length of the element in question was 26,95 mm, which,
. when taking into account the dielectric loading,Acorresponds to a’
frequency of 2,36 GHz. It would ‘appear, then, that this element was
the cause of the anomalous behaviour of'the antenna at<;he low end
of its operating band.,

Otherwiqe. the, array showed a very well defined front lobe
in both the E and 1l pIaees extending in the backfite direction as
desired. The measured front.- to - back ratio was teirly constant

at about 20 dB. and was never less than 15 dB., The. directive gain

of the antemna was calculated from the approximate formula:

D = 10 log 41,250
we ‘x Wh . -

Ny

witere N and W, are the 3 dB. beamwidths of the major lobe in the E
and H planes respectively, and D is the directivity expressed in

decrbels (4). In this case the directivity is found to be of the

» &

ordtr of 23 db. The value is rather high, being more than double the
value quoted by.Carrel for a‘free space sttugtqte having the same ‘

spacing and gcaling‘Ebnstaﬁtq. “;1 T B L
A ﬁbssiyle r&ason.fét'the higl: directivity could be’thét o

tbenéentaiqmegt of‘tﬁe eleEbrichfield by thejdielecttic.in the
\ - ' . ) ¥ )

4
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neighbourhood of the antenna caused a squeezing of the main lobe into

a narrover beam than might lhave been expected,
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CHAPTER V

<

COLCLUSINS,

-

From the results and discussicons in Chapter 4, it may be

said that the notion of being able to construct logarithmically

- % 1
periodic dipole anteunna arrays on a dielectric substrate is a wvalid
—~

one., = ' ' . '
-

It may be true that becauge of the iﬁherently small aperture
provided by a half wave dipole at nicrowave frequencies, an.H.P.C.
log=periodic dipole array may not be desircablc for receiving purposes
alone because of its inabilitf'to intc{cepc a reasonable amount.of
encrgy, from the source of radiation. This drawbéck is not very sericus
thoughnsince it is alvays possible to use the array in cdnjunction
.wich a_parabolic.dish reflector which serves as a collector for the
encrgy. The energy could then be focused by tue dish to a log-~periodic
array at the'feed %oint. The reason for using a iog-periodic array
instead of a conventional qipole or horn antenna lies in the fact that
it is fréqueggy independertit (or nearlv so) and is the only elenent
requred at the feed.point for any received frequency, This wéu;d elipr
inate the need for wmultiple okf-axis feed points and dichroice filters
which ?%Uctér up the dishapurcu;c;'Thc small size and high resistance
to_neqhap;cal distortion also make this device conducive to dish ap-

]
plications. ) . ,

Some remarks should also be made here concerning the reflec-

-

! N . 4
tion balun which was examined in Chapter 4.1t was found, that because

-

I

v
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86‘

of the four to‘one increase in the required impedance of the balanced
line fecding the antenna, the line fecding the dipoles of the array
becowmes too narrow to maintain a ground plane for the centre strip of
" the balunm. It was considercd later that the possibility exists of
tapering the balanced line from the end of the balun to a lower im—
pedance at the feed point of the array thcreby necessitating a lover
dipole feeder impedance and hence videning the dipok\ feeder and re-
establishing tie ground plane condition. Thls may be déne by using the
optimum Dolph~Chebyshev taper mentioned before and given inlAppendix D;
By using this” taper, a smooth transition with minimué reflection
coeéficient could be made from the 200 ‘ohm value at the balun end to

w’

50 ohms (say) at the feedpoint of the antenna array.
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APPLUDIX U ’
5 . v

T PHOTO = LECITIC TLCINIOUE

fie first step in tae photo-lithograpihilc process is to lavy

out and cut the pattern of tue’desired antenna array from a positive
mashing material, This was done on g commerciallvy available mnask

tnown as Ulano Ruoylith 71492 red on cléar plastic transparency,
» L3
Cut-wng of the mask was facilitated tarougn tiie use of a precision

[N

- I3 ’ ! 1] 3 L] M . )
cutting tavle (Haag-Streie Coordinatograph).

°
.

] - >
, Unce proper coordinates are set up on the cutting tajle, the

nask 15 cut out in such'a way as to leave the red overlay vhere the

.
. 1 .

copper iu to remain on the finished bodrd. This i% because tue devel-
oping tkcunique describe later uses a positive mask during exposure.
* *> * - - \
Jilce the masl: is cut out, making sure that no pin .aoles

. . - * v
- . - . . -
are present in the red overlav, tie copper clad board is prepared for
exposure, First, the board is scruvbdd clean on all sides which are
. ] ) . "y .

to ve cxposed vith an abrasive clegnser, such as 'Comet'. Taving done

tals, tuae voard.is then scrubbed with tripoli avrasive pouder to remove

« . . . -~

. Lo - i . . .
any gross scratches watch nay be present. Follgylng this, -tae
voard is tren rinsed wvith acetove, tricnlorocthvlene and distilled

water, in tnat order, in order to remove any prease and skin oil vhich

1ay anave been deposited vuile handling. Jnce one.is sure that the .

3 . -
. .

§ : -~ " N :” <
voard .uas oveen sufficiently cleaned and degreasy, a_final dip into °
a coucentrated ferric cnloride solution for 30 seconds is doume -to
: / .

remove any foreign matter left from the degreasing process and also

.

to expose tue vare copper surface free from any copper oxide.

.
. .
- .
.

: : (89)

]

o’



~

she gﬁhra is .finally rinsed witiv distilled water and Ylown dry with

compressed nitrogen mnaking sure taat no contact occurs between bare
o o e

sin  and tue clean board. The dry board is then baked in an oven

at ¢3°C for a period of lu to 20 fmnutes. All procedures after this '

noint mast be carried out under a safeligat vhich will not -expose
. a f

tue pnoto-resist.

.
~ .

The treated voard is nov thorouguly coated with a positive

working pnoto-resist Iiquid, such as Azoplate AZ-1330B, by droppiung

.

resist onto tie ﬁurface with a medicine drbdpper and spinning the board
at aigu speed on a platforn. Mnce an adequately tuick layer ot resist/
.1as veen applied, the board is baked further at 85°C fot another

*

period  of 15 to 20 minutes. oo .

tien the resist has sufficiently been bhaked;” tiie board is

-

renoved from the oven and the positive mask placed over the desirecl

area to uvce exposed. The board is taen exposed for at least 3 minutes

under an -ultraviolet lipght source or 7 minutes undér a strong projection

Lamp after which the mask is removed and the board dEvelopcd in a

-

suitéﬁlc positive resist developer, veveloping talles abdut .

.

three minutes o6n the average and an'indication of ‘'wiien the exposcd

Tesist is renoved 18 given by a discolouration in tiat area. The
. N )
El

poard is tuen rinsed throrougihly under tap water and blown dry. If

P . v

. ) 2
tsie board nas been sufficiently developed, tile exposed copper should

v

nave a chalky appearance vith no apparent gloss. :
- ’— - R N ¥

- .

After, developing, the poard is then dipped into an ctching .

" Y -

solution consisting of doncentrated.ferric chloride held at a tom=

perature of a0 - 4592 C. The board is aritated in this solution .until .

.

r .
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© all excess coppe}~has,bécn removed leaving the desired antenna
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APPEUDIX C

MICROSTRIP AuD STRIPLLUE CIlARTS.
St : In order to get the proper impedance line in a design
involving printed circuité; it~ is neccessary to calculate the im-

bedance values analytically for each particular geometr& which mdy

be considered,

°

‘ . Fortunately,'ferlqhe puposes of designs involved.in this
-thesis, charaétefisiic impegahce.charts have been developed by
several au%ﬁors éﬁd it is onlylnecessary fo £ind the ones which
concern themsélveé v%th the geometty of sifipline desired.
fhe three geometries used %nvthis thesis were (a) micfostrip
'/' above an infinite’grouna plane, (b) balanced gﬁripline separated by
a dielectric sheet and (c) shiel@gé microstrip. The charaéteristic im—~
pedance of tﬁeée types'of,priétcd cirCU;t'tranémissiog iiqg have been
- analysed Ly Wheélcr (seg ref, 20) for tﬁe balanced stripline, and
‘ Hayt.(seé ref. 21) for the shielded miérostrip line. The chartg of

‘ characteristic impedance are.given on the following pages.
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