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Xeasured ippedance data are presented for twxo planar, eguiangular,

e

printed-circuit, two-arm, Spiral anternas not mounted over cavities.

The opedance was measured at the center teminals of the antennas when

O P e

the antennas were placed against various types of building materials

(i

and shen situated in free space. 3ieasurersents wevre made at frequencies
both within and below the radiating frequeacy band of each antenna.
Cormpact baluns with flat form factors were designed to match the average

antenna impedance over the radiating frequency band found {rom these

neasuremzents, to an untalanced 50-ohm izpedance. The peasured impedance

and loss characteristics =f the cozopact baluns, data showing the effect

on antenna impedance of running a twin-lead transmission line close to

the antenna, and impedznce data for two complete balun/anteara configu-

rations in free space are also presented.

It is shown that the ceanter~driven impedance is significantly lower
than the theoretical impedance of 188.5 ohms due to the presence of the
dielectric that supports the spirais and due ¢ the fact that the ideal
spiral geozetrvy close to the center feed terminals was not reaijzed. It
is also shown, however, that the presence of various types cf building

materials does not affecti this ispedance significantiy over the radiating

freguency bands of the antennas. z

Tw0 comzpacl bzluns were designed that =atched the antennas t< an

unbalanczd 50-cha-systes= impedance with ¥SWR's less than 1.5 over rpost

of the radiating frequency band of each antenna. This match was cxtonded

AN ETERE

to frequencies below the radiatiag frequency band by terminating the

outer oend of the antennzas with combination lumped and distributed loads.
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To achieve a practical, lov-profile coniiguratioan that included

poth antenna and balun, it was necessary to pesition the balun in the

plane of the antenna. Impedance peasurements of such a configuration

revealed soze degradation in the match betweer the 2atenna and 30 ohms.
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I INTRODUCTION

A, Background

The study reported herein is a follow-on to Contract 1083-100623-
SCC-09824 (SRI Project 1081).1* The objective of that contract was to
measure the impedance at the outside ends of two spiral antennas and to
design matching networks that could be connected between the spiral
outer ends and the surrounding metal ring of the antennas to reduce
the low-frequency VSWR at the spiral centers. Th2 results obtained

from that contract were us.u in the current study, which is reported

herein.

The current study is divided into two tasks. 7Task A, the subject
of lhis report, is involved with the driving-point impedancef measure-
ments of the two spiral antennas used in the former study, and the
si:bsequent design of two compact baluns wiih flat form factors used to
match the antennzs to a receiver system with a 50-ohm unbalanced iaput
impedance. Task B, which will be the subject of a separate report, is
invelved in the design and construction of two loop antennc< (iat will
operate in the frequency range from 10 MHz up to the low-frequency
radiation cutoff of their respective spiral antennas. Each of these

loop antennas will be mounted concentrically with one of the spiral

antennas.

References are listed at the end of the report.

The impedance at the terminals &t the center of the antennas, where
this type c¢f antenna is normally driven.
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The antennas used in Task A were supplied by the Department of
State ad are planar, equiangular, printed-circuit, two-arm, spiral
antennas not mounted over cavities. These antennas are the Electro/
Data Models AN15-12 and AN15-24, each Serial Number 1. One antenna
is 12 inches in diameter across the spiral ends and the other is 24
inches in diameter. Other details are described in the previous report

1
under Contract 1083-100623-SCC-09824.

B. Objectives

An objective of Task A was to determine the driving-point impedance
within the radiating frequency range of each spiral antenna when
situated in free space and when backed by various typical dielectric
building materials. An average was taken of the impedances measured
for each combination of antenna #nd building material, and in free
space. A second objective was to design two flat-form-factor, compact
baluns to match this average driving~-point impedaice L¢ a sysiem with an

unbalanced, 50-ohm impedance.

The final objective was to investigate several balun/antenna

configurations to determine which configuration minimized the VSWR and

at the same time maintained a low-profile balun/zntenaa configuration.

As part of the final objective, i.e use oi matching networks to terminate
the outer ends of the spirals was investigated to extend the low VSWR

to frequencies below the radiating band. The matching networks accomplish

this by absorbing the currents reaching the outer ends of the antennas.

C. Method of Approach

Impedance measurements were made using the computer-controlled
Hewlett-Packard automatic network analyzer cwned by the Institute. The

network analyzer measured the reflection coefficient relative to its




own impedance. From these data, complex impedance and VSWR are

determined by the computer associated with the network analyzer and

O el L ko) R H*N*Mn‘l\éc‘:x’.ﬁ

either plotted as a function of frequency on oscilloscopes and a

LW e Al

recorder, or listed on a teletype terminal, or both.

[T

i

In order to measure the impedance at the center terminais of each
spiral, a measurement instrument is needed with a balanced port. The
unbalanced reflection port of the network analyzer was converted to a
balanced port using a balun (BALanced-to-UNbalanced mode transformer).
The network analyzer was then calibrated using reflection standards
at the balanced port. The result is that the balun characteristics
were calibrated out of the measured data, and the output data are the

actual driving-point impeda.ices of the antennas.

Using the results of the antenna impedance measurements, the compact
baluns were designed. The characteristics of each balun when terminated
in a balanced resistive load were measured using the conventional
unhalonzed rort of the network-aralvzer bzlun. As one step in deciding
how to mount tae mluns on the antennas, a study was made cn the effects,

on driving-point :aspedance, of running a twin-lead transmission line

close to the anteann surface. The final measurements obtained for this

’

report were made on two complete compact balun/antenna configurations.
Impedance was measured at the unbalanced port of the bzlun when it was
connected to its respective antznna situated in free space. During
these measurements the outer ¢nds of the antenna spiral conductors
were terminated with networks designed to improve the antenna input
match at frequencies below the radiating band of each antenna. The

results from Contract 1083-1006623-SCC-09824 weie used as an aid in

designing these outer terminaztions.

b
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IT ME "UREMENT TECHNIQUE

A, Equipment Coniiguration for Measurement Setup

The measurements described in this report were made using the

Hewlett-Packard 8541A automatic network analyzer. This instrument

*
specifically measured the scattering parameters of microwave networks.

From these parameters, various electrical properties of the microwave

networks can be derived. For example, VSWR and Smith-chart plots may

A

be found from scattering-parameter data, and if the system impedance

(source impedance) under which the measurements were obtained is

o

known, the re:l and imaginary components oi the

network input impedance

may be derived. Processing of measured data is done by the network-

analyzer computer, which also provides automatic system-control functions.

ittt £ O ANES

A significant feature of the automatic network analyzer is that system

et

errors may be determined by measuring standard components with lkmown

g o

electrical properties. By use of the computer thcese errors are sub-

v

sequently calibrated out of the measured scattering parameters of the

el

Yk

3 3
microwave network, the electrical properties of which are unknown. :

O 80

Using the automatic network analyzer, the driving-point impedance

R

as seen at the center feed terminals of the 12-inch and 24-inch spiral

antenna were measured over a range of frequencies.

N

To obtain impedance

measurements the reflection-measurement port of the network analyzer

waz connected to a 4:1 impedance balun transformer which in turn was

e ey LR

connected either direcitly to the s-..enna or to the antenna through a

*
Complex reflection and transmission coefficients.
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*
balanced 150-ohm transmission line. The bajun was required to convert

the two unbalanced output currents from the network-analyzer coaxial

reflection port to the two balanced currents (equal amplitude but

opposite in phase} required to excite the antenna. The balun impedance-

transformation ratio need not have been 4:1, however; any other practically

achievable ratio could have been used as long as its wvalue wxas known.

The impedance-transformation ratio determines the system (or sourse)

i

impedance under wnich the measurements were obtained. Knowledge of

system impedance is necessary in order i0 correctly interpret the

O e

measurement data or, specifically, to compute the correct driving-point

3
impedance from reflection-coefficient data. (The 4:1 Anzac balun

impedance transformer tran<iormed the network-analyzer-system impedance

T R

of 50 ohms to 200 ohms.) £
The balanced output port of the balun was modified in order that it %
could he directly connected to the 24-inch antenna. This modification %
consisted of extending the balanced output port using a rigid-wire, %
200-ohm transmission line with wire spacing equsl to the 24-inch--antenna §
feed-point spacing oi 360 mils.t An additional taperad 200-ohm trans- %
mission line was built. Tn order that the same balun could be used for %
3

Ik

the 12-inch-antenna impeaiunce measurements, the spacing between the two =

wires of this line was tapered from 3G80 to i3Q mils. The characteristic

(A SN Al

impedance of 200 ohms was maintained over the length of the transmission

line by tepering the wire diameter appropriately.

& compact balun with a flat form factor was built for each spiral

antenna. As will be explaired in Section V, the baluns were designed

*
Anzac TKN-636(0-N, Serial No. 483, furnished by the sponsor.

The wire diameter was 113 mils to give a characteristic impedance of
200 ohms for the transmission line.

[}
il i 4
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to transform an unbalanced source impedance cf 50 ohms to a balanced
real impedance equal to the average driving-point impedance within

the radiation band of the 12-inch and 24-inch antenns (see Section III}.
The electrical properties of each compact balun, presented in Section V,
were measured using the network analyzer. Reflection-coefficient
measurements (from which V3WR is determined) were obtained when the
palanced output port of the baluns were terminated with a load equal

to the average driving-point impedance of the antennas. 1In addition,

the baiun loss was measured. This measurement required two additional

4 . .
balun terminations--a short 2nd an open. A description and construction

details of these balanced terminations as well as the balanced ioad

appear in the following subsection.

Once the final design and construction of the compact baluns were
completed, they were connected to their respective antennas by means
of a2 132-ohm transmission line. The final measurements reported nerein
were made on the compact balun/antenna configuration. Impedance measure-
ments were made looking into tk~ unbalanced input port of thbe balun.
No special calibration considerations were necessary for these last
measurcnents. The reflection port of the network analyzer to which
the balun was connected during measurement is an unbalanced 50-ohm-
impedance port. Syster calibration was accomplished using the Hewlett-

Packard standard terminations supplied with the network analyzer.

B. Design of Balanced Calibration Standards and Terminations

As explained above, a balun was added to the network-analyzer
reflection-measurement port to convert it to a balanced port. To obtain
an accurate measurement of the unknown driving-point impedance of the
antenna, the talun characteristics as well as the network-analyzer-

system errors must be measured in order that these Guantities can be

it b
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subtracted out of the antenna data. This required that system cali-
bration be accompiished by measuring known standards connected to the
balanced (output) port of the balun. None of the standards supplied
with the network analyzer by Hewlett-Packard could be used, since
they fit only coaxial connectors.* Hence, three balanced standards
used for system calibration were built at SRI and are described as

follows.

The three standard terminations together with the Anzac balun used
on the network analyzer are shown in Figure 1I-1. Each termination is
connected directly to the 200-chm rigid-wire transmissgion line that
extends the balanced output port of the balun. The 200-ohm-load termi-
nation consists of two 100-ohm carbon resistors connected in series.
Each resistor was selected so that when connected in series they would
match the characteristic impedance of the transmission line as closely
as possible.t One end of each resistor is soldered to a female pin
that plugs onto the end of the balun transmission line. The female pins
were taken from tvpe BNC connactors. The othevr end of each resistor
was embedded within a metal block. as shown in Figure 1I-1. The physical
configuration of the load--specifically, the angle beiween the two
resistors, and the depth at which each resistor is inserted into the
block--was adjusted empirically to minimize load reactance. Adjustments

were made after the impedance of each 100-ohm rcsistor was measured

*

S- and X-band waveguide standards, as well as standards that fit a
special Hewlett-Packard jig used for transistor measurements, are also
availuble. These also are of no use in the application being discussed.

>
This termination should be a very-low-reflection load; for a discussion

of the three types of standard terminations required for system cali-
oration and the mathematical procedures in detemmining system errors,
see Ref. 2.
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FIGURE 11-1 BALUN TERMINATIONS USED TO OBTAIN SYSTEM CALIBRATION DATA.
From upper left 1o upper right are shown the 200-ohm ioad, and the short
and the open terminations, the Anzac balun s shown beicw the termunatons.
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separately over a ground plane. Measuring each resistor individually
allowed use of the network analyzer in obtaining the load ixzpedance.
Since the termination is a balanced lead, a virtual ground exists at
the plane oi symmetry (provided that the resistors are essentially
egqual). Thus, for measurerent purposes each resistor can be sounted
over a ground plane, and then ccanected directly to the coaxial reflecticn
measurenent port of the netwsork analyzer.* The total loa. impedance

was found by adding the irpedances of the two 100-oh= resistors. The
final load configuration was fouad to have « VS®R of less than 1.03,

with respect to a 200-ohm syster, over the freguency 1%nge fro= 100 to

2000 MHz.

The two additional standards shosn in Figure II-1 are the short-

circuit and open—-circuit terminations. The short circuit consists of
two BXC pins attached perpendicular to a metal block. The pins are =
identical in length, diazeter, and spacing to those used for the 200~

>
ohn-load termination. The reference plane to shick the driving-point

A P L AL,

impedance data presented isn the next section refer, is deiined by the

Plane metal surface cennected Vo the pins. The plane suriace of the

B v R

retal block was made large enough that essentizlly all of tne fields

about the transnission line terninate on it.

A L

The open circuit simply consists of tso BNC pins attached to the
Anzac ba¥un. These pins are again identical to those used for the

other two standard terminations, so that the open circuit occurs at the

L Al

reference plane defined by the short-circuit termination. Because of

-

Calibration for these measurements was conpleted using Hewlett-Packard
coaxial standards connected to the network analvzer reflection port.

? = - » -
Specifically, the plane at which phase cGzparisions of the incident
and reflected waves are nade.
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fringing capaciiance at the open end of the pins, the open-circuit

[T

terzination does ot appear as a perfect open circuit. However, ike

. .5 .
frinzing capacitance a2t the open end of the pins was corpuled, and the
*

A A D

calibration datz were corrected accordingly.

TR

In zddition to ike calibration standards just described, thres

b

terninations of koosn characieristics Tere needsd to seasure the el c-

trical properties of the ccmpact teluns designed at SRI. Lixke e

calibration standards. these terminations werc z very-los—ref” rotioxn

=
resistive load, 2 short circuit, and an open circuiti. A siztch of
the resistive load is shoan in Figure II-2. Tke lozd is s:zilar 1o the

calibration-standard load described above, in that it is 2 balanced lozd

consisting of two carbon resistors oconnected in series.

Boxever. ihe
izpedance regquirenments are different, since the compact baluns regquired

>
2 132-oh= terzination for its sery-low—reflection load. As shoan in

Figure I11-2. twu selected 65—9l= resistors are each stsported or 2

=etal block and are connected in series by shorting cach block together.

The other end of each resistior is connected to a separate 5NC pin, and

-

these pias are sgaced 135 =iis apert.

The 130 pins form s transsission

line with 2 characteristic inpedance of 144 olms in froe space. Two

TR

pieces of dielectric =aterizi were inserted bet¥een the pins 1o reduce

the characleristic impedance to 132 cohm=s. Each piece of dielectric

=as copper clad on one side and put together so that the copper—clacd

sides pressed against each other, forzing 2 ground pizne as shown in

M
CRL A A

*
Sece Egs. (8) through (10), Ref. 2. XNote that Eg. (8) of Ref. 2 should

-1 )
read 5 = 2 tan {0.06063232 -F-C).

"

»

The 132-olm izpedance is the real part of the average driving-point

izpedance of both antennas ia their radixting frequeancy bands as
iscussed in Section 111

P o AR AT
albi

deterzined by the measuresenis &
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Figure 11-2.

As yas dome with (he cailibrztica-standard idzd, ezch

resisior in the compaci-balin iced xas measured separately with the

network zmalyzer by coaneciing a coaxial-connecticr center pinm 10 2

resiz?or SNC pin and Lo outer conducicr of the comnector to the gromnd

ploze.

2djusted to mininize reactazce.

The Ceptlh of each resisior inm its supporting netail bdblcock «=2<

iken the neasureneats for each resistor

xere conbined, the 1023l ITS¥R of tke finail load configuration, referenced

20 132 oxms, w=s less than 1.4 over the frejuencr range from 100 o

1500 3Hz, zn¢ less than i.G8 up to 20060 ¥Hz,

The short-circnit z2=¢ open-circuit terminaticns vsed in mezsuring

the electirical properties of the cozpaect Ikluncs differed physicaliy from

the c2libration standards described a2bove oniy in their pin spacing.

T2e pin specing w=2s 1530 =iis. and the pins were surro=mded by €ielectiric

naterizl 1o lower their clharacterisiis impedSance 20 132 oims.
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I11 SRIVING-POINT-IIPIZANCE DATA FOR ANTEXNAS
IN TEE PRESEXTE OF VARIOUS BTILDIRG RATERIALS

Ao General

The datz presented in this section show the reswits of driving-

# B

soint-izpedance measarenents in the 10G-20-1300-38z {reguency range for
the 12-inch and 22-izch spiral aztlennzs obtaised shen the antennas were
in Juxteposition ¥ith various types of dielectric wuildingy materizls.
Driving-point impedance is éefingd bere as the input impedance looking
into the center-feed termingels zhere spira2l antemnss are usszaliy driven.
IThe puarpsse in ouvdnz thoese measuremenis was (o firnd 2o sverage,. real
inpedenoe for 211 the snience-ans-buildicg-material

A
3

friving—-point

cuxlinations considersd in the fepori. Subsegueni (o thesc measurements,

2 compect lm, Fescribed in Secticn 7, ¥2s desigrmed for each zatenna

1o m=2tch this averzoe driving-point iznpedonce idsisnced) 10 ¥z uniclanced :
sore ‘roedanes o 35 oSl

33 this repori only the primszrs corrent mde gemeraied o 1o spirad

z=temnz IS comsiered.  In gedersi, nany current modes o= exist,

6
Sepeniing o the elscirical size of the zanlemmal Bosever, sithin the

fregpescy ramge over thich s=teomz nessuremenls Tere xxfe,. the primary

mde w2 Ihe Stmipsnt rode of refiziics. Then several momss are exicied

SEm=i

tzdevosivy, Iz amooiar regics of radiation is different Ior each.

yam soTing Ircsx the comter of ihe z:issnz cotinyd 2icmy the spiTal

speomdary mode rafizlicon region nexil, eic. Hemoe. 2t fregrencies udere

i=e pripery aode == =eoondary or higher-order modes exisi sizmilane-

tEe highor-order m=3as i be

“ ! i3

ir hm;iﬁmlmmwwmwmM!u\mrr“l\ﬂW»i»v“>’WW»MWWWW}IWW'Mwmmmmummmm‘mmmn»w*-*’wm'”" wmon e
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radiated further along the sSpizzl cenductors. As frequency is increased,
of course. the prizmarv-mode radiation region poves closer to the ceater
of the spiral until the feed terminals are reached. At this point,

the prizmarv-mode upper radiating-frequency linit (or higher-frequency
c:toff) is reached and the secondary rode becermes the dominant oode of

iation. Thus, in the following discussioas, the radiating-frequency

'

ge of the spiral anlennas is defined and the antenna characteristics

P

re explained in teras of the primary =ude of radiation only.

In obtaining thes driving-point icpedance data for the spiral
antennas, no particuiar attention was given to hoy the cuter ends of the
spiral antennas were ter;:in&ted.t This =as because the resulis from the
pre~ious contract, under shich various ways of terminating the spiral
antennas sere investigated, showed that any termination could be used
Tithcut affecting the driving-point inpedance within the radiating-
fregquency range of the anteaaas.l The upper radia_ing-ireguency limit
is primarily determ=ined by the finitz antenna-feed-point spacing,
shereas the lower limit is determined by the outer radius of the spiral.
= The average driving-point izpedance found for each spir2l antenna =as
= determined only froz data obtained within these freguency limits. Below
the lower radiation-frequency iizit, driving-point izpedance is extrezely
errztic unless the antenna outer ends are properiy terminated. 12

they are, the driving-point impedance is also relatively constznt dosn

to the lowmer frequencies, it in any case the freguencs lizmits for govd

radiztion are unaffected.

-
The ¢nds of the spirals were left essentially asz thasy were for the

= former coatract (Ref. 1); the ends of the 24-inch spirzl were ic:t open
and e ends of the 12-inch spiral were shorted to the cuter antcnna
metal support ring.

= 16
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B. Discussion of Self-Complementary Spiral-Antenna Characteristics

1. Electrical Properties

AT SR

To interpret the driving-point-impedance rlata presented in
this section as well as the data presented in subsequent sections,

knowledge of the general frequency characteristics of self-complementary

; 7,8 | s cps
spiral antennas ’ is necessary. These antenna characteristics are now

summarized below.

The frequency band for good radiation is determined by the

physical dimensions of the antenna. Radiation occurs in an annular

region with average circumference of one wavelength at the frequency of

o sl A SR o ¢

excitation. Since any physically realizable antenna has finite size,

its radiating-frequency band will be limited. The upper frequency limit
of the radiating band is determined by the finite center-feed-terimnal
spacing, since at the feed points the spiral elements end abruptly. As
the excitation frequency is lowered, the radius of the radiating region

increases until it reaches the outer ends of the spiral elements., At

this point the lower frequency limit of the radiating band is reached.

Within the radiating frequency band of the antenna the driviag-

point impedance is constant and has a theoretical value of approximately

E 3
188 ohms in free space. If the frequency is increased through the upper

it

radiating~-frequency limit, erratic behavior of driving-point impedance

ik

TR s ok

is expected during the transition from the primary to the secondary

mode of radiation. If the frequency is decreased below the lower fre-

quency limit, currents are reflectsd from the outer ends of the spiral.

T
AR

g S PG

This assumes an infinite spiral and that the electric fields extend E
only into free space (i.e., no field interaction with the dielectric
support of the spiral, wihich would lower the impedance).

ot
i

R, T

R U

i o

3 17

i 'umn.I'“\‘-Uln‘)‘h‘WWMy. o+




This causes high VSWR and erratic behavior with variation in frequency
of the driving-point impedance. This erratic behavior 2t the lower
frequencies may be alleviated somewhat by properly terminating the outer
ends of the spiral such that the low-frequency currents are absorbed
rather than reflected. Extending the frequency range for constant

driving~-point impedance is important in some applications.

In practice, spiral antennas have dielectric material backing
for support (typical are printed-circuit spiral antennas). The presence
of the dielectric material will lower the driving-point impedance by an
amount that depends on the dielectric constant and on the ratic of
dielectric thickness to conductor spacing at the center of the antenna.
Generally, the presence of the dielectric material will also lower both
frequency limits of the radiating band, but since the ratio of dielectric
thickness to conductour spacing is usually small at the outside of the
spiral compared to that ratio at the antenna center, the lower frequency

limit will remain virtually unchanged. These characteristics will be

discusse¢ in more detail later.

2. Transmission-Line Analogy

The spiral antenna, driven at its center, may be thought of
as a kind of transmission line, consisting of spiral stripline con-
ductors, terminated in the antenna radiation resistance. This analogy
may be explained by the fact that the current distribution along adjacent
spiral conductors is approximately 180o out of phase except in the
annular region where the antenna is radiating. In this region the
currents are approximately in phase. Thus, from the center of the
spiral to the radiating region, two adjacent spiral conductors act
like a transmission line terminated in the radiating region, which acts
as an antenna radiation resistance. The radiation resistance is matched

to this equivalent transmission line in the sense that most of the

18
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energy traveling along the line is radiated into free space from the

radiating region of the antenna.

To carry this analogy further, it is seen that the length
of the equivalent transmission line is variable, depending on frequency.
At the lower radiating-frequency limit, the length is maximum and is

equal to the path length of the spiral conductors from the center-feed

terminals to the outer ends.

Below the low-frequency limit the radiation

resistance effectively becones infinite and all the energy traveling 3

down the equivalent transmission line is reflected back to the source

B il B

(i.e., the center-feed terminals).

Y

With the aid of this analogy it is sz2en that the spiral

antenna excites two types of electric fields within the radiating-

Goleh b Wk

frequency range of the antenna. The radiating fields are of one type;

Wt 1 A i e

energy in these fields is radiated into free space or, znalogously,

dissipated into the antenna radiation resistance. The other fields are

transmission~line-like fields, which extend from one adjacent spiral

conductor to the other. These fields, interacting with the dielectric

media about the antenna, determine the characteristic impedance of the

equivalent transmission line and, fu.thermore, determine the wavelength

of the frequency of excitation. This charactaristic impedance is

equal to the transmission-line input impedance, or, analogously, to the

H
H
2
H

spiral-antenna driving-point impedance, when the transmission line is

terminated in a matched load (the antenna radiation resistance in this

analogy). The transmission-line-type fields responsible fox )ae

o A 1o 0T

characteristic impedance of the equivalent transmission line are terawed

the "non-radiating” fields in this report.

Ay 3 gypan b

C. Description of Building Materials and Antenna Orientations

b B B

The complex driving-point impedance was measured for the 12-inch
and 24-inch spiral antennas whea the antennas were placed against

19




several types of building materials. These materials included (1) a

44~by-46-inch brick and mortar wall, (2) a 44-by-46-inch brick and

RPN

mortar wall covered with 1/4-inch plaster, (2) a 36-by-48-inch plaster-

i e
!

R

board (Sheetrock) wall with two studs spaced 8 inches on either side of

i

e
f
b

the center line of the wall (16 inches apart), and (4) a 36-by-48-inch
hardwood floor with two joists spaced 8 inches on either side of the

center line of the floor (16 inches apart). In each case measurements

Ak o L
it

were taken with the dielectric side of the antenna placed tightly against

" il

the center of the material. The antenna was driven by means of the
Anzac balun, described in Section II-A, connected to the opposite (metal)

side of the antenna. For the wall and floor structures, measurements

ki

were also made with the antenna centered over a stud, or joist, and for

e

the latter case the antenna was positioned against the hardwood-floor
surface and against the joists supporting the hardwcod floor (i.e.,

unde.neath the floor). In addition, impedance measurements were obtained

YR TP

with a 30-inch-~square sheet of plate glass, 1/16-inch thick, covering

iy
AR

the metal side of the antenna and with an oil-painting type canvas

|
i

ey o

between the glass plate and the antenna. For these last measurements,

the antenna was supported by styrofoam placed agzinst its dielectric

O

side and was driven by connecting the Anzac balun to the antenna through

two small holes cut into the glass and canvas.

i

D. Driving-Point-Impedance Characteristics of Antennas

1. Data for the 24-inch Antenn=z

T o
T R R 8

e
PR

i
it

iR i

To establish a reference case, driving-point-impedance measure-

o

ments were made with the antennas situated in free space. The yresults

for the 24-inch antenna are shown in Figures I111-1 and i1I1-2, The real

A LA

i

and imaginary parts of driving-point impedance are plotted in Fig-

3
fﬁ{f;'m LTS A

A

ure I11-1(a) as functions of the log of frequency, and the same data

are shown on the Smith chart in Figure I11-2. The Smith chart is

i P e oy

{
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DRIVING-POINT IMPEDANCE AND REFLECTION DATA AT THE CENTER
OF THE 24-inch SPIRAL ANTENNA IN FREE SPACE. The reflection data
are aormalized to 200 ohms (generator impedance).
with the cuter ends of the spiral lefi open.
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FIGURE 111-2 SMITH-CHART PLOT FOR 24-inch SPIRAL ANTEIXNA FED AT THE
CENTER WITH A 200-ohm-IMPEDANCE GENERATOR. The outer ends
of the spiral were left open. (Frequency range: 100-1500 MHz.}
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normalized to 200 ohms, which is the output impedance of the Anzac

balun driving the antenna. The Smith-chart plot covers the frequency

range from 100 to 1500 MHz, but the impedance plot (Figure I11-1(a))

]

shows additional data obtained at frequencies up to 4000 MHz. These

additional data are shown so that the upper frequency limit of the

A W

spiral-antenna radiation band can be approximated. Small fluctuations

in the driving-point impedance, occurring within the radiating band of

the antenna, are caused by reflections from objects in the vicinity of

R Y N o b

the antenna and to some extent by spiral imperfections. These fluctua-

tions are averaged out of the data presented in Figure III-1 and the

subsequent figures of this section. The VSWR and the magnitude of the i

reflection coefficient are shown in Figure III-1(b). The VSWR would be

improved over the radiating frequency band by driving the spiral with

a balun whose output impedance was less thar 200 ohms.

The radiating frequency band of the spiral antenna may be :
approximated by determining the frequency range over which the driving-
point impedance is relatively constant or over which it exhibits
relatively small fluctuations compared to the large fluctuations else~
where.

For the case of the 24-inch antenna in free space, the lower

radiating frequency limit, as seen in Figure III-1(a), is about 140 MH=z.

m T T fl
n m T
IR AN Bk R R A A R (1

1
This frequency is consistent with that measured in the previous contract.

The upper radiating frequency limit is somewhat more difficult to

m
N it

*
determine from Figure III-1(a), however, but it appears that the antenna

will radiate (in the primary mode) well beyond 1500 MHz, which is the

specified upper measurement frequency f{or this contract.

The accuracy of the impedance curves of Figure 111-1 above 2000 MHz is
in geustion because the electricai properties of both the Anzac balun

used to drive the antenna and the standard load used in calibration
are degraded above this frequency.
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Over the radiating frequency range of the 24-inch antenna
situated in free space, Figure 111-1(a) shows that the real part of the

driving-point impedance is about 125 ohms and the imagiaary part is

close to zero. The driving-point impedance over the radiating frequency

range is less than the theoretical value of 188 ohms for self~comple-
mentary spiral antennas because the spiral antenna is etched on a
dielectric material and because the self-complementary structure of the

antenna ends abruptly at the two antenna feed points. The presence of

the dielectric material causes the driving-point impedance to decrease
because near the center of the antenna the non-radiating fields interact
significantly with the dielectric printed circuit board. Tlie non-
radiating fields are closely bound within the dielectric material near
the antenna center because of the large dielectric-thickness~to-

conductor~-spacing ratio. The antenna manufacturer, in fact, apparently

tried to compensate for the decrease in impedance by departing from the

complementary structure along the antenna in the vicinity of its center.
The interaction between the non-radiating fields and the dielectric

material close to the spiral antenna is discussed in some detail below.

As indicated in Figure 1I1-1, VSWR is nearly constant in the
radiating frequency band, but is not near unity. This is because the
resistive component of the driving-point impedance is significantly less

than 200 ohms and thus a mismatch exists between the spiral antenna

and the 200-ohm balun. As seen in Figure III-1, the resistive compoment

averages about 125 ohms in the frequency range between 140 and 1500 MHz.
Thus, if the antenna was driven with a 125-ohm balun insiead of a

200-ohm baiun, the VSWR would improve to a maximum value of 1.12 over

the 140-to-1300-AHz frequency range.

Below 140 MHz the 24-inch antenna does not radiate efficiently.

Hence, currents reach the ends of the spiral antenna and are reflected

24
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back to the center.
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This causes the large ripples in driving-point

impedance below 140 MHz as seen in Figure III-). ¥hen the data are

plotted on a Smith chart, as in Figure III-2, large impedance-curve

loops result. As the frequency increases to 140 MHz, the curve spirals

inward to a small region. Above 140 MHz, the points fall within the

small circle centered at (0.63 - j0.03).
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The results of the driving-point-impedance measurem2nts %
obtained for the 24-inch spiral antenna when in the preczance of large t

dielectric building materials are shown in Figures III-3 and III-4.

™
AR AT i b

The relative positions of the antenna and the various dielectric bodies

are described in Section I1I-C. In both figures the real and inmaginary

i Ml f il o [T

parts of driving-point impedance are plotted as functions of the log

of frequency. It was indicated previously that only the driving-point

el

impedance within the radiating frequency band of the spiral antennas

is of interest; hence, the following discussion concentrates on the

data obtained within this frequency band.

It is noted, first of all, that the radiating frequency vtand

e A R

changes depending on the type of dielectric material placed against

TSy AR e

the antenna. This is seen when comparing Figures III-3 and III-4 with

Figure I11-1, which shows the driving-point-impedance data for the case

when no dielectiric building materials are pressed against the antenna.

Specifically, the lower radiating frequency limit is less for the cases

) A M i
i il !

where building maierials are positioned against the antenna than it is

"

for the case when the antenna is situated away from all building

TR

materials. This is5 because the radiating fields interact with the

added dielectric material at the outer ends of the spiral, resulting in

a decrease of the wavelength on the spiral. This is discussed further

in Section 1I1-D-2 below.
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DRIVING-POINT IMPEDANCE OF THE 24-inch SPIRAL ANTENNA PLACED
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MATERIALS. The measurements were taken with the dielsctric side of the

antenna against the material and with the outer ends of the spiral left open.
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As seen in Figures III-3 and I11-4, some driving-point-
impedance fluctuations exist within the radiating frequency band of
the 24-inch antenna placed in juxtapositicn with the building materials.
These fluctuations are caused by multiple reflections from the die-

lectric material inhomogeneities and from foveign objects within the

material such as nails.

The fluctuations caused by multiple reflections
from objects such as nails [Figures I1I-3(d) and {II-3(e), for example)

are approximately periodic with the log of frequency. This is because

the nails interact mostly with the radiating fields but interact only

slightly with the non-radiating fields. That is, the input wave travels

the length of the spiral from the feed to the radiating regions, and

some of the wave is reflected from the nails and travels back clong the

spiral to the feed.

The feed-to-radiating-region path length is

inversely proportional to the ratio of the input frequency to some

refereunce frequency. That is, the path length is proportional to minus

the logarithm of frequency. Below the radiating freGuency band the
fluctuations are periodic with frequency (and hence appear apcriodic
*
. on the semilog plots of Figure I1I-3 ) because reflections take place

at fixed points on the spiral (i.e., at the outer ends of the spiral).

The fluctuations within the radiating frequency band, however, are
considerably less in amplitude then the impedance fluctuations outside

the radiating frequency range that are caused by reflections from the

s MU

ends of the spiral antenna. Alcst significantly, though, is the fact

TIPS

SR S R

that over the radiating frequency range of each antenna/builiding-

material combination, the average driving-point impedance is essentially

the same and furthermore differs insignificantly from the driving-point

"

o
i D i

impedance of 125 ohms for the 24-inch antenna situated in free space

)

(Figure T11-1).

*
This is more evident on the 12-inch antenna plots of Figure I1I1X-7.
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: Figure II1-4 shows the driving-point impedance of the antenna
for two cases when glass was placed against the metal side of the

antenna. Once again, the driving-point impedance is about the same as

Wy Mg

for the antenna in free space.

In summary, the impedance data of Figures I1I-1 through IX1-4
show that, on the average, the driving-point impedance of the 24-inch
spiral antenna is 125 ohms over the radiating frequency band of the
antenna and is unaffected by the presence of the various types of
building materials brought in contact with the antenna. This is true
as long as the fields excited by the antenna near its center do not
interact with the building material. For the situations represented
in Figures I1I-1 through 1I11-4, negligible interaction of these fields
with the various building materizls occurred. In one case the materials
were sSeparated from the metal spiral by the antenna dielectric suyvort;
in the other case the spiral and glass (or canvas) dielectric were
separated by air. The result that driving-point impedance is virtually
constant under the various conditions described above is desirable, for
it means that one matching network will suffice to match a 50-ohm source

impedance to the antenna driving-point impedance for all thesec conditions.

2. Discussion of Characteristics

a. Impedance

The reason that the driving-point impedance aver the
radiating frequency band of the antenna is e¢ssentially unaffected when

the antenna is placed against large dieiectric bodies can be explained

using the transmission-line analogy introduced in Section II1I-B~2. As E
'i mentioned there, the spiral antenna can be thought of as consisting of ;
2' two regions. These are the non-radiating region in the center of the %
E anienna, and the radiating region. There is, of course, a gradual 2
2
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rather than a sharp transition between the two regions. Other non-

PETRIRE AR

radiating and radiating regions also exist outside the primary radiating

wa

region, but are of no interest here. The fields and modes that exist in

these two different regions are very different from cach other. The

A A e T K

exact details of the currents and fields in the two regions need not

be kncwn, however, for the following qualitative discussions in this

subsection and Section III-D-2-b.

Consider first hew the dielectric sheet supporting the
spiral conductors affects the characteristic impedance of the equivalent-

transmission-line representaticn 2f the non-radiating region. XNear the

antenna center, where all dimensions are very small compared to wave-
lengtih, the currents flowing along the spirals will be nearly out of

phase in adjacent conductors. Most of the electric fields that start

on one counductor can be expected to teiminate on the adjacent cenduciors,
and thus will not extend far from tne plane contairing thez spirals.
The situation will bes somewhat anslogous to the two-strip transmission

lines shown in cross section in Figure I1I-5. 1In Figure 11I-5(a), the

spacing between strips is small compared to the thicxmess of the support

dielectric, so that post of the electric field on the dieclectric side

B i A

of the scrips is within the dielectric. 7The result on impedance is

Ay

v

essertially the same as if the support diei-zciric were infinitely thick.

Adding a second iielectric on the same side, then, such as thke building

‘}‘.m‘ iy Eak ,|“““ 4

ey

0
Lt

material indicated in Figure II11-5, will not change the impedance cf the

transmission line significantly. This situation is analogous to that i

existiag at the cenater of the spiral antenna. Fcr the stvrips shown in )

Figure 11i-3(b), on the other hand, the strip spacing is not small
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compared to the thickness of the support dielectric, and much of the

electric field passes through it.

syl
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The characteristic impedance of

£

this widely spaced transmission line will be affected Ly the absence
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cr presence of additional dielectric beryond the support dielectric.
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This situation is analogous to 2 part of the spiral antenna far from the

antenna center yet 5till in the non-~radiating region.

The usual printed spiral znt-nnas are proportioned such
that the ratio of spiregl width to spacing to the next spiral is the

same a”. any location cn the antenna. 1If these conductors are in a

aniform dieslectric recium, such as free space, then the impedance lzvel

seen by a non-radiating wave traveling along the spirals will be the

same at all pozitions on the spiral. The conductors of the antennas

being discussed are not in free space, but are supported on a dielectric

sheet of uniform thickness. Tie ratio of this dielectric thickness to

spacing between adjacent conductors is large at the antenna center, but

small at the outside edge. As a result, the equivalent lapedance seen

by a non-radiating wave will be a function of position along the spiral.

The impedance will vary from low at the input terminals to a higher

-

value approaching the impedance of the spiral in fyree svace as the wmave

*
propagates outward along the spirsl.

*

Some numerical values might be of interest cven though they are not

essential to the discussion. Tor a self-~complemevtary, zero-thiciness

spiral in free space, the theorelical input impedance is 188 chms. If
such a spiral were mounted on an infinitely thick piece of dieiectric
with relative dielectric constant; ¢ _, it is expected that the impe-
—x?

dance would be lowered to 188//(1 + ¢ )/2 = 109 ohus for €.=5. An

5 is typical oi =zporxy~fiberglass circuit bozrds, tut is not knosn
to apply tu these aatennas. Thus, &n iopedance jevel on the orxder of
110 obms could Ye expected af the anienna center.
also influence the impedance.

& =
£ =

Two other factors
One is that the ratio oi conductor

thickness to ccaduntor spacing is great enough near the anternns center

to further lower the impedznce. The cecond factor is that these

aatennas are constructed witk the spiral widih near the z2ntenna center
less than thst of a self{-complementary strunture, which raises the
inpedance to partially compensate for the impedance-lowering rfactors.
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The impedance taper along the spiral is not necessarily

undesirable. The impedance changes slowly along the spiral, so the

input wave experiences only small raflections as it propagates along the

taper. Once the wave reaches tha radiating region most of the power is

radiated, still with escentiallv no reflection. As long as none, or
very little, of the input wav:. is reflected back toward the driving
generator, the input impedance is constant and equal to the character-

istic impedancz at the input oI the spiral.

i (LR R Nl

Based on the preceding discussion, it is now obvious why

the measured driving-point imves=ace does not change significantly when

L

the spiral antenna is placed with its dielectric side against various

dielectric building materials. ‘The building mat«+vigi lowers the impe-

dance for those portions of the spiral far from the center. i... noil At

the center. The impedance taper along the soiral is charfad, but it is

R A R

still a gradual taper with low reflection.

Thereiore, the input impe-

dance is still equal to the same spiral-center characteristic impedance. §
g

The particular case where the glass was placed on the ) %

retal side of the antenna requires separate comment. It was discovered %
after the data were taken that the metal eyelets forming the connections z
to the spiral center held tne glass away from the spiral conductors. %
The r~sulting air gap was evidently thick enough that the closely :

G

bound non-radiating fields did not extend fiom the spiral out to the

g

glass at the anternna center. In this case again, the nmaterial close to

the antenna did rot change the impedance at the antenna center. 1t did,

of course, interact with the fields {arther out on the antenna to cause

I

a new, but gradual and reflecticnless, ircpedance taper with the sarce

input impedsnce.

Thus it is seen thuzt the impedance taper is not oniy

innocuous, but the presence of the dielectric that causes the impedance

36
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taper has an unexpected benefit. This benefit is that the antenna

driving-point impedanve is very insensitive to the presence of oiher

dielectric materials near the ant2nna.

b. Cutoff Frequencins

PR p—

As hias been stated earlier in the repori, the radiation

cutoff fraquencies are determined by the cne-wavelength-circumfereace

" w4 it 0 A p
LI E A R A I i
Gl

iadiation region touchinz the osuter or inner ends of the spirai. 1In

it

il

oider to explain how ihe presence of dieiectric materials near the
spiral affects the cutoff frequencies, it will be helpful to review
v some regicns of the antenna do not radiazte but others do radiate.

simplicity, the discussion will begin assuming no dielectric near

the spiral conductors.

Figure 1I1-6(a) shows some turns of the spirals in a

region where all dimensions-are very small compared to wavelength. For

simplicity, only thin lines are used to indicate the gpirals. Consider

sore instant in time when current is fiowing onto the solid-line spiral

at Poiant i; and off of the othker spiral at Point 2 as indicated by the

aryows. Following the solid-line spiral around a half tuim, a full turn,

etc.,; the current has undergone negiigible phase shift, so it is still

oriented counterclockwise. Similariy, all current arrews on the dashed-

*
line spiral are oriented clockwise. Both currents are continuous along

the conductors, even though only discrete ariows appear on the figure.

Note the arternating directions of the current arrows. The far-field

i

s W RS e

radiation component from any given current increment is canceled by the

2

E

:g

opposite current in the adjacent conductor. Not only that, but the §
-

The reader is reminded that this discussion is only qualitative. See 2
Ra2f. 8 for fine details of the actual current distributions. 2
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FIGURE 1lI-6 CURRENT RELATIONSHIPS ON A SPIRAL ANTENNA
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current on the same conductor is oppositely directed in space a half

turr around -he spiral.

Now consider a region that is not small compared to

wavcieagth--specifically, the rzgion with average circumference equal

to a wavelength. At some time instant, a current maximum exists with

+*he current direction counterclockwise at Point 3 on Figure X11-6(b).
Recalling that the current for a traveling wave veries sinusoidally
along the direction of propagation, it is clear that at the given time
instant t“e current is zero a quarter turn sround the spiral, and

maximum 2zain 2 half turn arouad the spiral. The current at ithi=

second maximum is, however, reversed from counterclockwise to clockwise.

Note that both current arrows now point to the right, so that their

=
contributicas to the far-fiel? radiat on along the antenna axis add in %
phgse. Point 4 in Figure 1I1-6(d) is on the other spiral and is chosen ‘g
g
to be the same distance from the feed as Point 3. Thus the currents at %

Points 3 and 4 are still out of phase in the sense of direction of

| 1l ui:u

travel along the spirals. Compare the arrow orientations at Points 1

and 3 and at Points 2 and 4. The current at Point 4 is clockwise, and

reverses to ccunterclockwise a half turn around the dashcd-line spiral.
Now the current increments in adjacent conductors are in the same

direction as seen from a distant poinit on the antenna axis, so that all

*
radiation componants add in phase.

A A AR s

For a

few turns of the spirals inside and outside the

wavelength-circuxzfesrence circle, the currént maxima willi depart fron the

R

T
1

we

%
At this time instant, all the currents pictured in Figure 1I11-6 are
radiating a linearly polarized field.

As tize progresses, the currents
turn as they follow the spiral.

The result is that the far-field

vector rotates once per RF cycle-~-that is, tae far field is circularly
polarized.

=
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half-iurn spacing depicted 1n Figure II1-6(b), and the current incie-
ments =p-¢ed around the spiral a half turn will depart somewhat from
radiating exactly in phase. The phase reiationships arc close enough
to being correct, however, that significant radiation occurs from

several turns. Just how many turns depends on how tightly the spiral

is woun.

Now that the necessary phase relationships for good
radiation have been covered, the effect of adding dielectric material
near the spiral conductors will be discussed. Obviously, mounting
the spirals on a dielectric support sheet will slow the wave as it
propagates out along the conductors. For a given excitation frequency,
then, the wavelength aiong the spiral will be shortened, and the
diameter of the radiating region decreased. Referring to Figure III-5,
it is readily apparent that the wave %ill be slowed the most near the
antenna center where the electric fields to the left of the spiral are
ail within the support dielectric, and the wave will be slowed very
little out near the antenna edge where most of the electric field on
the left passes through the support dielectric and out intoc air again.
Thus it is expected that the dielectric support sheet wiil lower the
upper cutoff {requency for the priczary radiation mode considerably,*
but the dielectric support sheet will lower the lower cutoff frequency

only slightly.

Finally, when the antenna is placed with iils dieleciric

side against the building =aterials, the fields near the spiral center

*x
Ar estinate of the change factor for tha upper cutoii frequency is

1//z .+ 1)/2 > 0.6 (i.e., -10 percent change), for a support dielectric

constant €, = 3.

i
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do not reach that material, so the upper cuaroff frequency is not lowered

further. The fields near the outside of the antenna do extend intc the
building materiai as illustrated in Figure 11I-5(b), so that the
presence of the additional dielectric %ill lower further the lower
radiation cutoff frequency. The data of Figures 111-1 thrcugh III-4

clearly show tnis 2ffect.

3. Data for the 12-Inch Antenna

The measured driving-point impedance and related data for the
12-inch spiral antennz are showsnm in Figures [1I1-7 through I1i-8. The
real and imaginary parts of driving-point ixpedance are plotied in
Figure 111-7(2) as functions of the log of freguency for the case shen
the 12-inch antennz2 is situzated in free space; the saze data are shosn
on the Smith chart in Figure III-8. As in the case 9f the 24-inch-
aatenna nmeasurerents, the Smith chart is romelized to the 269-oh=
Anzac kbalun cutput impedance. and tne rlo: covers the f{reGuency range
from 100 tc 1500 Mz, The VSER and the =agnitude of the rzfiection
ccefficient are showm in Figure III-7(bd). 7The real and imaginary paris

of driving-point impedznce are plotted as functions of the log

©
iy

frequency in Figure 1II-9 for szversi of the 12-inch-antennz Smuiiding-

materisl coz=hinations discussed ir Section I1E-C.

The 12-inch spirsl arienpa is esseniialiy a 2:1 scaled-dosm

veirsicn of the S4-iuch antennz. Two paramcters tkat are notl scaled.
hovever, are the thickzess of the dielectric circuit doarc supperting
the antennas and the thickness of the spiral stripiine conducters. The
thickness of each is the saze for Hoth aniennas--zozinally 0.860 inck
for the dielectric and ¢ 0028 inck for the conduciors. Becaus: i these
t=o discrepancias ina scaling, Hoth the drivigg-moint izjedsaee charac-

terist:cs and the 2:1 fregueanci--scaling faclicor are «ffected somexhatl.
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This is seen when comparing the lZ~inch-antenna impedance dzta with the
Z24-inck-antenna impedance data. Figure 111-7(a) shows, ior example,
that the average driving-point lupedance over the radiating {requency
range of the 1Z-inch antenna is about 137 ohms. The radiatircg frequency

range is seen to begin at abvut 200 iz and to extend beyond the

LR AR i R AT TE

i500-MHz upper-operating-rrequericy requirement. These values are for
the case when the 12-inch antenna was situated in free spacz. Comparable
values for the 24-inch antenra, 2s seen from Figure 11I-1(a), are §

125 ohms for the average ariving-point impedance and 140 MHz for the

lowver-radiating-frequency limit. The driving-point impedances are not

exactly equal because the iaportant ratios of the spiral conductor

'l‘\'“,ll

dimensions (thickness, width, and the spiral complementary spacingi to
the thickness c¢f the dielectric circuit board supporting the antenna
are not maintained equal fer the two antenras. For this reason also,

the frequency scaling is not exactly 2:1; hence, the louwer radiating

AT NS

frequency limit of the 12-inch antenna is not exactly twice that of the
24-inch antenna as one might expect, since the circumferences of the

two antennas differ by 2 faztor of two.

The data plotted in Figures I{I-7(b) and I11I-8 are essentially
the same data shown in Figure IXI-7(2) but in diZferent form. Figure
111-7(b) stows the reflection coefiicient and VSWR, as functions of the

log of frequency, looking into the feed terminals relative tG a 20GJ-ohm

Shlb{s i SaitEl S I RIS

source impedance. if the ancenna was driven by a 137-ohm source, the

m

VSWR would improve to a maximum value of 1.12 over the 300-to-1500-3Ciz
frequency band. The Smith~chart data {(Figure III-8}, which also are
relative to 200 ohms, show large impedunce-curve loows occurring out-—

side the rvadiaiing freguency band. As discussed previously for the

i

2 AR 04315t R A AT BN YA S

24-inch antenna Smi th-chart plot, the large loops are due itc the long

path length that the energy reflected f{ror the outer ends ol the spiral

must travel. As the frequency snhcreases to 300 iz, the curve spirals

W"*’Jml‘u L et
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inward tc a small region. Above 300 MHz the points fall within the

small circle centered at (0.68 + jO).

The data plotted in Figure III-9 show the driving-point~
impedance characteristics of the 12-inch antenna when in the presence
of various dielectric building materials that were discissed in Section

iIII-C. As for the case of the Z4-inch antenna, the building materisals

were brought zagainst the dielectric support side of the antenna. The

impedance data of Figure 111-9 are comparcble to the impedance datz

for the 24~inch antenna shown in Figure III-3. The differences between

the data are the same discussed above: The 2:1 irequency scaling is
not exact, nor are the driving-point impedances mezsured under the same
conditions exactly ecual. As before, the driving-point impedance within
the radiatinz frequency band of the antenna fluctuates with frequency,
but on the average equals the value of impedance when the antenna is

situated in free space (Figure I11-7). The reason ihe presence cf the

dielectric materials does not affect the driving-poini impedance within
the radiating-frequency range of the antenna has bzcen previcusly dis-
cussed in connection with the 24-inch-antenna data, and no further

discussion wiil ensue herza. Let it sutfice to say that the average

driving-point impedance measured for the 12-inch spiral antenna within
the radizling frequency band is 137 ohms, and, as for the case of the

24-incn antenna, remains the same for ali the conditions under wnich

the measurements were made.
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DRYVING-POIXRT IMPEDANCE OF A SPIRAL ANTENEA
FED BV A TWC~WIPE TRANSMISSION LINE

The purpose of this section is fto show how tho driving-point
jmpedance ot a spiral antenna is aifected by running a tso~wire trans-

mission line in close proxinity to the antenna. 7The effect on driving-

point impedance due 1o the presence of a trunsmission line is of concern

because of the low-profile reguirement on the antenna and associated

matching-nstwork coafiguration. This requirement necessitates mcving

the matching network (the compact balun discussed in Section V) from

the center to the edge of the antenna and connecting the two by means

of a two-wire transmission line.

The 12-inch spiral antenna «a2s used in this investigation. The

antenna was driven by the 200-ohm Anz c¢ balun (see Section 1I-A) that
+as connected to the antenna by means of twia-lead-parallel-pair

*
transmission iine, 19.3 crm long. Tne transmission line first extended
perpencicalarly from the antenna feed terminals and then turned to run

parallel wita the copper printed-circuit side of the antenna as shown in

Figure iV-1. The orientaiion of ihe traasmission line was such that the

piane containing its two wirz coanductors was parallel with the piane
of the antenaa.

The trensmission line was turned parallel with the

antenna in this plane, witi a smzll radius bend as opposed to a sharp
right-angle bend. Driving-point-inpeidance measurerents vere made fo>r

various volues ot d indicated in Figure IV-1. The distance, ¢, in this

figure is defined as the distarnce from the spiral conductors to the

plane centaining the wire centers for the two-wire transmission line.

*
Yore and Aszociates COJA050.
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FIGURE iv-1 CROSS-SECTION VIEW OF ANTENNA/TRANSMISSION-
LINE-FEED CONFIGURATION

The driving-point imvedance for the various positious of the

A B M

0

transaissiocn line was found by measuring the ccmplex reflection co-

efficient at tha connection betwxeen the bzlun and transmission line and

T ]

mathezatically determining the impedance at the antenna-feed terminals. =
To do this it was necessary to know the characteristic impedance and
electrical length of the transmissicn line. Both parameters wmere
measured with the netwxcrk analyvzer (see Section 1i-A). The character-
istic impedance was found to be 1359.2 ohns* and the «<lectrical length
for the 19.3-ca line was found to Ve 28 cn. 7The measured reflection
data, nermalized to the 200-oh= bxlun cutput impedance, ¥was renorsmalized

to the characteristic impedance of 159.2 ohms. The data reference

2
The manufscturer specified the characteristic inmpedance ¢f the trans-
mission line (Gore CGIAVS0) io he 150 ohms.
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plane at the -onnection between the balun and transmission line was

shifted 28 cm along the electrical length of the transricssion line to

I TR N PR T T PR RURRIT T 1)

the antenna-feed terminals. With this plane used as the reference, the

driving-point iipedance of the antenna wacs then determined from the

renornalized reflection coefficient data. The assumption was made that :

the transmission-line losses were negligible.

The real and ipaginary portsz of driving-point impedance over the

frequency range from 100 to 1350C MHz are plotted in Figure IV-2 for

various values of distance, d, defined in Figure IV-1. The figure

shows that wshen the transmis<ion lire is close to the antenna, there is

significant fluctuation of driving-point impedance with frequency in
%x
the radiating band of the antenna. #when the transmission line is

perpendicular to the antenna Figure 1V-2{a)}, inpedance variations

over the radiating irequency band are minor, since this configuration

=inimizes the interactions between the fielids {rom the anteraa and

trancaission line. This icpecance variation with frequency 1s very

simiiar to the case in which the antenna is driven directly by the balun,

as shown in Figure 111-7(a). The differences that do exist mayv be

attributed in part to the fact that the transmission line is not pe--

fectly lossless and in part to the inevitable mismatches that occur at

the connection between the balun and transmission line and between the

transzission iine and antenna. When the transcission line is brought

tc within about 2 inches of the antenna, driving-point-iz=nedance fluc-

tuations appear over the radiating fregquency h»and as shosn in Figure

[Ty

IV-2(b). As the trans=zission line is brought closer to the antenna

*
The radiating freguency band of the 12-inch antenna begins at 300 &z

and extends bcvond 1500 X¥Hz as discussed in Section 111-D-3.
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Figures IV-2{c) throurh (e)] the fluctuations be-one greater o2nd zre

greatest wshen the tracstission line touchas tke antenna iFigure 1V-2(f)}.

The maxizum YSER within the radiating-ircguency rangs 27

anienna as seenx at the antenna~feed termi

sind

sui2ls increases 2s the trans-

mission line roves closer to the antenna. This parsseter, relative o

the average 12-inch-antennz driving-polnt

izpedaace o7 137 ohrr {sce
b3

ectionr I11-D-3), is shozn in Tzble 1¥-I fer the san= treasmission-line

positions, d, represented in Figure IT-2. 1t ic seen from the takle

that tke maxizum VS¥A for the casce shen the transnission lime isackes

the a2atenna is twice the maxipuz YS¥R resulting wshen the transmission

lJine is perperdiculzr to the antenna. The valres of zaxinmu: VSER in
Table iv-3

-

bowever, are delerzined not only by the transmission-1:ine

and antenzz lield interactions, It by ke zismatches tha’ occur at tHe
transnission~line connections to the balun a2nd to the antenna. This is
seen aken comparing the zaximm VSR for thke case xhen the traanspission

line is perpendicuiar to the aatenns sith tha case zhen the 2niennma,

situated in fre2 space, is driven diractly by the balum. 1In the iatter

case the maximaye VSER is 1.10, os %S indicated in Section IlI-D-3.

Cozparing this value witn the values in T2

oy )

oile IV~ gives one 2 somesh:ot

guantitative zeasure of the zdverse effect of rumming a2 traasrission

line, 2s shown in Figure IV-1. close to the antennz. Eowmever, this

eifect 15 seen zmord cleariy zhen gualizgtively comparing Figure 111-7

w*ith Figure IV-2.

Oa

]

additlional neasuremsnt ®as made 1o felermine shether the trans-
nission-line fields ialeracting with the xutenna or the antenzs fields
interacling with the transnission line caused the post anteanz Criving-
point-inpedance degradstion. The driving-point izmpedance of the 1Z-
inch antenna was mezsured with the transpissicn-line feed perpendicuiar
to the anteanz ias in Figure IV-2(aj:, =t »ith 2 dumry transmissicn
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ine, 3 inches lomgp, fastexsd 2o the copper prizted-circuit side of ke

ud

2ntenna.  The <unmy trzostissiosn lime rem Izom the cenler 1o tte end

¢

f 12p zmtexmz 2@ %3S oriexled so 1Zat e plzme comizining the ¥
wire Jomfociors was parailel 0 the aniemme. The result was hat
driviss-point-irpedsncs fiwclualicns withia ke radiziicg freqguency be=d
of The zuietmz cocurred with ke sane order of nmazmitlode 25 the fluc-
tm2tipgns thst oocuroed for 122 otoss whes 1he freasnission-line feed was
touching the z3temmi _Figure IT-2(I).. Eemce, it zppears 1:xt the

fields from ifhe amiesnm: refiecied 57 1de ifransmissios line buack 10 the

2atemne couse the most significast degradatics of the antenng driving-
point inpedemce,

it s seem, then, that siganificant érivimg int—inpeda=ce flve-
2io=s xitdkiz the radiating frequency bamd oocur xhen the antenn:s is
fed Tsing 2 Iwgp-wire troaspission iize 208 x=e= this tra-sxission linse

is cicse 20 1% znieama. Soch DNunetoslions, of comrse, give rise %0

»

higier T5¥Es 21 the amtemma-feed ferminals relziive 10 the averzge
érivizg-point inpedzoces of the 2alesna. To mainiziz 2 iow profile

xbem e soisnm2 is commecled 20 its malcking metwork: {(conpoct Zaliwm),

o

% is zeoessery 10 r== the iransnissicn iime 1hai oomsecis the antea=a

W the maicking nelzori, close 20 the ante==mz2. Tims, 2 itrafe-off
ists belwesn the low-profiie 203 10-TSER resuirermenis. 1o essexce.

the 2isizmoes i1he irznscission line is Bepl from e snlesnz is Getermined

by e zocepizbie TSER level 2t the cexiler terminmzis of the anlemma.
57
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¥ DESICGN CF TdE CCSPACT BALLN
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S (GS?) cozxial cernector.

)

explzained in this secticn.

Consider first the electrical design of the balun.
cirruit of the balun is skoxm in ¥ .gure V-1.

parts o this bajun, 2 4:1 Xalun and arn autotransfor-er.

There were %0 principal objectives to be met by the talun desigred
first was to provide 2 thin package cocsistent with the
The second cujective w2s to
izpedance transforzation from 132 oh:s balanced to 30 ohns
unbaiznced, rather thon 260 10 50 ohms. {The 132-ohm figure is the
averzze of ‘he neasured driving-point irpedances for the 12- and 24-
inch spirai zntennas over tkeir Jespective radiating {requency bands,

2s wa2s shoxn in Section III-M) How ithese objectives were zmet will be

There are essentizlly two
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equal-length, equal-impedance transmission lines on the right in

i

Figure V-1 form a balun with a 4:1 impedance transformation. The

o

N

resulting input impedance, Z = 132/4 = 33 olms, is then transformed

in,2

+1y
up to near 50 ohms by the autctransformer on the left in Figure V-1.

The operation of the 4:1 balun portion will be discussed first. The

b
3
5
£
3
.
e
}?;é

balanced load RL should be excited so that at any instant in time one
terminal is as far avdove ground potential as the other one is below
ground potential. Thus, a ground-potential point exists at the middle
ot the load, and the effective resistance from each load terminal to
ground is RL/Z. When the balenced ioad is properly excited, therefore,
each of the two transmission lines is terminated by a resistance RL/Z.
Choosing the characteristic impedance of each transmission line to be

0
left-hand end of each transmission line, a pure resistance RL/2 is also

Z = RL/2, a condition of impedance match exists. Looking into the

seen at all fiequencies. Connecting the left-hand ends of the trans-

mission lines in parallel gives a net input resistance of R /4.

The discussion to this point has implicitly assumed that eack
transmission line supports only the desired TEM mode, with egual but
opposite currents flowing in its two conductors., That is, it has been
assunted that each transmission line existed in free space with no other
conductors near it. As the baiun is constructed, of course, a ground
plane exists near the transmission lines. Each transmission line can
+hus support a second TEM mode in which the currents in the two wire
conductors are equal and in the same direction, with the return current
flowing on the giound plane. 1in this mode, the two-wire transmission
line is equivalent to a sirgle, larger-diameter wire over ground. This
undesired mode can he suppressed by threaaing several toroidal beads
of ferrite along the length of the *ransmission line, with both wire
conductors passing through the hole of each toroid. With the undesired-

mode current passing through the bead centerg, and the r¢* _rn current

60
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flowing outside the beads, the undesired mode couples strorngly to the
ferrite material. At sufficiently low frequencies such that the ferrite
has high permeability, the characteristic impedance for the undesired
mode is raised. When this impedance is made much higher than other
circuit impedances, very little power is coupled into the undesired
mode. At higher frequencies where the permeabilitv of the ferrite
decreases. the ferrite becomes very lossy and inircduces high resistance
in series with the undesired-mode current. This nct only dissipates

any enrergy existing in the undesired mode, but also reduces the amount

of energy converted to the undesired mode.

Returning to discussion of the balun equivalent circuit, note that
the upper transmission line in Figure V-1 has the same wire grounded at
both ends of the line. If geometrical symmetry of the line is maintained,

lere will not be any tendency for energy to couple from the desired
two-wire-line mode to the undesired mode. On the other hand, the lcwer
transmission line in Figure V-1 has one wire grounded at the left, and
the other wire grounded at the right. This will produce strong coupling
of energy from the desired mode to the undesired mode. For proper
operation of the halun it is essential that the lower transmission line

be surrounded by ferrite in order to suppress the undesired mode.

Note that even with the transmission line threaded through the
ferrite beads, the desired two-wire-line mode is not affected much by
the ferrite. This is because the magnetization of the arrite that
would be caused by the current in one wire is canceled by the opposite
current in the other wire. 1In order that the slight effect of the
ferrite on the desired mode be equal for each transmission line, ferrite
is used around both transmission lines. This preserves equal charac-

teristic impedance, electrical length, and loss for the two transmission

lines.
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The above discussion suggested using several ferrite toroids along
the length of the two-wire line to suppress an undesired mode. The
same performance can be obtained by winding each two-wire line several
turns through a single ferrite toroid, as shown in Figure V-2. The
equivalence between the twe geometries holds as long as the RF signal
current is small enough that ine ferrite is not saturated. The single-
tecroid, multiple-turn approach was used nere for compactness. The
result resembles a bitilar-wound transformer more than a transmission
line, and indeed the electrical performance can also be explained using

transformer theory.

The other portion of the compact balun, the autotransformer, will
now be discussed. To step up the ZZ-ohm impedance of the 4:1 balun teo
50 ohms, the transformer should have a turns ratio of /50/32 = 1.25 =
5/4. This is a particularly fortunate requirement for turns ratio. It
has been found by experience that autotransformers with turns ratios of
the form (n + 17/n car be constructed to be verv broadband. In fact
they can be built having no inherent frequency-limiting elements such
a$ inductors, capacitances, or transmission-iine stubs. This is not
the case for arbitrary choice of turns ratio. The practical frequency
limitations zre set by the properties ¢f the ferrite core on which the
autotransformer is wound. The high~-frequency limit is set by increases
in core dissipation loss. The low-frequency limit is set by the
inductive reactance of the windings. The windings appear s a short
circuit at zero frequency. The higher the core permeability, the lower
in frequency will be the lower edge of the operating band. A large
number of turns also helps, within limits, but is inconsistent with

other requirements.

The autotransformer could he wound on its own ferrite toroidal

core. It was, however, wound on the same toroid uas was the lower

62
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transmission line in Figure ¥-1. This resulted *n lcwer overall dissi--
pation iuss than if separate ccr2s had been used, and also resulted in
a more compact device. That a core can be shared for tso portions af
the bzlun can be explained gyualitatively as follows. Note that {rom the
tap on the autotransformer to ground there is a voitage drop V. This
same voltage «rop also exists between the left- and right-hand ends cf
the lower transmission line in Figure V-1. If, then, the transmission
line is wound through the core n times, the lower n turns of the autc-

transforzer can ke wound cn the core in the same direction.

In constructing the autotransformer, the impedance beiween suc-
cessive turns shoculd, in theory, be varied in a contrclled manner. In
practice it is adeguate to make the top turn relat:ively low impedance
and the remaining turns high inpedance. This is accomplished by using
a wide strip as the first (top) ti:n, and fine wire for the remaining
turns. The fine wires are zound on the core first, and tne wide strip
is wound on top ofi the wires. The tap of the autotransforzer is a
metal island on the printed circuit board that also supplies the othe:
ccnnection points of the balun. Only thke strip making up the top turn

is visible in the photograph of Figure V-2,

One other impeortant elecent in Figure V-1 is the resistance
representing the dissipation loss of the autotransformer core. 70 a
gocd gpproxination. the value of this resistance can be calculzited as
a coastant times the square oi the number of turns. For the ferrite
cores used, this coistant is 10 ohms per turn squared, giving Rloss =
250 onms for {ive turns. 1I[ separate ferrite cores were used f{or the

autotransformer and for the transmission line, a second loss resistance

would also be introduced into the equivalent circuit.

1]
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B. Cnoice of Parametzrs

The preceding section presented the theory behind the balun design.
This section will discuss the choice of the parameters of the baluns

constructed.

As mentioned above, the two transmission lires in the balun should
be identical. Thkat is, they should have equal characteristic impedances,
iaosses, and electrical lepngths. Tne characteristic impedance snould be
132/2 = 66 oluzs, cince the average load impedance is 132 ohms, as
deternined in Section I11i-D. 1t would be nossibie to construct a 66-
ohx line by twisting a pair of wires of correct diazmeter and of correct
insulation thickmess. Ottaining the correct geometry could be cGone
empirically. In order to ensure goed repreducibility, however, 2
com=ercially available two-wire line was used even though its impedance
was not exactly 66 ohms. The line used is Type CC5A080 zanufactured by
W.L. Gore and Associates, Flagstaff., Arizona. This twxo-wire line has
a rated impedance of 75 ohms, but the actual impedance is slightly
higher, especially wshen wound on the ferrite core. Data presented below

infer an impedance of 85 ohms.

The ferrite toroids used in the cox=pact balun are Type F303-1 Q-1
nmanufactured by Indiana General Corporation, Keasbey. New Jersey. These
have an outside diazeter of 0.230 inch, an inside diazeter of 0.120 inch,
and a thickness of G.060 inch. Toroids of the same size nade of Q-2
material were also tried. The Q-2 material has slightly loser loss than
Q-1 =aterial, but also has lower permeability. The latter property
caused the input VSER at the lovwer bandedge ¢f the balun to degrade
slightly to 1.5. A VS¥R of 1.2 was achieved at 100 iz using the Q-1

=aterial.

In Section V-A, a2 turns ratio of 5:4 was calculated based on trans-

forzing 32 oh:s to 53U olms. Taking the loss resistance into account,

65




however, the 5:4 turns ratio does not necessarily give the best input

VSWR. Looking into the balun, the 30-ohm generator sees the parallel

conbination of the transformed 1oad ispedance and the 19ss resistance.

The results of using various turns ratios, lirpited to the desired

(n + 1):n reiationship, are summarized in Table V-1. It ig sgen that

with a ioss constant of 10 ohz=s per turn squared, the choice of turas

riticv does not greatly influence the parallel coz=bination. Turns ratios

of 7:6, 6:5, and 5:3 were iried, with the latter ratio giving the best

reasured perforzance over the 100-t0-1500-38z band. Less dissipation

loss could be obtained by using larger toroids, but at the expense of

increasing the balun size.

R

Table V-1

COXPARISON OF TURNS RATIOS

Transforzed Loss Parzllel

Turns 32-Oh= Izpedance Resistance Cozbination
Ratio (ot=s) {oh=zs) (oh=s)
3:2 72 s 11 40

4:3 57 150 42

5:4 350 250 12

6:5 36 360 41

7:6 34 490 40

In order to achieve the desired fiat forz factor for the compact

balun, the balun =as constructed on z planar priated circuit board, as

shown in Figure V-2. On the circuit board are metal islands Ior

soldering the various balun connections, and that also provide soze

i
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empirically determ=ined capacitances. The circuit board 1< 1/16-inch
Duroid 5880 ranufactured by Rogers Corporation, Rogers, Conn. The
<ircuit board is mountec¢ over a brass ground plane, wshich i35 inregral

with the mounting surface for the Si3 (z=odel OSX 233-2) coaxial connector.

Th2 total balun thicxness is such that the coup’ing nut that screws
ontc the connector just has clearznse to turn. The baiun could De =ade
as thin as i/8 inch if no coaxial connector was used, but a miniature

coaxial cable ®as permanently attached to the balun.

C. Yeasured Characteristics

In this subsecticn zeasured data will be presented {or the two
cozpact baluns tersirated by the 132-ohz resistive load shosm in
Figure 11-2. A comparison will also be made with calculated input
izpedance based on the egquivalent circuit of Figure V-1. The charac-
teristics of the cozbination of the baluns and the spiral antennzs are

piresented in Section VI

The measured input impedances are shosn a2s {unctions of freguencys
in the Szith chart plots of Figure V-3, and the rezl- and izaginary-part
plots of Figure V-4. Even though the input i=mpedance ¢f the balun

varies ¥ith freguency, the VS¥R is fzIrly coastant ard reascradbly low

oy

at 2hout 1.3. The resistance =iaimm is deterzined by the core loss.

3s discussed in connection =ith Tzole V-1 above. The i=zmpedance loci
swing around the Szmith chart z=2inly bocause the transzission lines in

the 4:1 dalun portion do not have the correcst impedance of 656 ohms.

[

That the ciserved input-izpedance characteristics can be sxplained

fairly welil on the basis of the core loss and ithe incorreci line

Al 0 i e

izpedance, is confirzed by the calculated points shoxn in Figure V-4.

These points were oblained for the egquivalent circuit of Figure V-1,

REE]

using core-1oss resisiance ®

R, = 250 ohxs, an aulotransformer tumns
0SS d
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FIGURE V-

REAL AND IMAGINARY FPARTS OF INPUT iMPEDANCE OF THE COMPALTY
BALUNS TERMINATED 1% A MATCHED 132-¢frn 10AD

ratioc of 5:4, line inpedamzes Z = 83 olms, a2nd lirze lexgths of half
°

savelengih at 1240 XHz. The caliuiztions ¢id nol tabe the falliowing

inito accoumi: the wvariations_ witdk fregoenty, o©f the ferrite toroid

permeability and loss; tle fact that ihe awlcirensiormer depariad fron
jdeal; the fact thati tke ferrite toroids did ol conpielely SIEppress

the undesired mode detuzen eack irenspission line znd groumdl and the

snall coupli between the %0 transnissicn lines. Even so. the cai~
piing

culated points agree ve~ ¥eil with the measured corves.
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if 66-okx transmission ling were avzilable for constructing the
iun, the irpedance loci in Figure V-3 =mould de clusiered around the
point 0.8 = 0. Tie peak VS¥R wsould not. however. e much berler tkhan
that shoan at the oticz of Figure Y-5. The insertion l1oss shoxn at
tke top of Figure Y-5 is prizmarily cue to dissinaticn loss in the
miniature ferriie oroids. Loss coould be reduced bty using larger

toroids, but the talim would then be iarger.
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¥i INPOY-IXFERNCE AN REFLECTION IATA FOR
CO22CT BALGN/ANIZINNA CONFIGERRTIONS IN r=REE SPICE

g

neral
T=s impedznce looking into the mabeliznced port of itbe compact hzizms

(Section V7 ==s mes urad for tvo delm/antenna configurations. one ¥ith

the 12-inch == one will. te 23-inch zmtaons

Free space ¥zs chosen 25

the representiatite rov: reiment uoder shich ithe mezsuronmentis were obliaised.

This w25 because the vurisms building nailerials, described in Sectiozn

ntenna shen placed 2p2instl ihen. for ithe reasom Ciscussed iz Secliom
1i33-D. T:e two ocomysci deiuvns were designesd, 25 specified by
sponsor, o ==t i ryverzge driving-sois

to 2 -oim-systex anpedance. Aithongd praciically identical (Botx

oAaysicailir 232 electric2lir), 1dese belums were 2rsd

and B {35 inficat.g on Figures ¥-3 a2nd T4 == zore consistentlsy

i

®ith the szme aztapmn ihooorhoul ike nessuremmenls 6f 1k belom/antemna

configurations. Bafax & v=35 used iz coojzmetion with 1ke 12-inchk
Ixm E s vsed in conimoeiion itk the 2§-inch 2mtemma.

In il of 1he Zsianasiconn2 comfirmresiicns the almn was coomecies
3
irzasnissicon line of

o §iSs spiral smiecna 5y nexms of 2 iwin-lo=sf

lenpih ogual 1o 2pprozimalelr the reiims of e zastem=a. The mezstred
charsclerisiic inpedarmer of ihp irzmsnissicn Ilime w25 132 odms, wihich

is the izneed-pori-inpodance of ke mizms,

"

®
3 Gore COERSSE. nxmmiactiurer—specified chers p s
E oims,




These configurations, including the iTo

conf-gurations chosen for measuremenl. are discussed in the foliowimg

Subseciion. To inmprove ihe Zolcnfanlenns comiiguration inmpedance n2ich

2% =

10 the 30-—oihm sysien inpedznce 21 fregoencies below the radizting

freqguency band (so2 Ssciion 1II-3). ih:= ouler ends Of ios 2nlcomas wore

terminated with 2 combinstion lmmzd 2ol ditzradaaled loxd.

—

ter=inations are Sisgmssed in Szbeclionm ViI-O

it L

ulbll

i 1lvf.l|| il

T2 halc ooy b obmmectes Jiresiiy o ihe xiler of the 2alzama.

or it nay be coomecied remoielr by mse of 2 balamced tras ss3

2.

AR bk

e comnectes direciliy I 32 Enlesma, 12e Inloo ary be Fieoied leozil-

wige pitder perpendicnisr or perailel o the 2ntemms.  Wenm Ie e

is moomted perpenSicmiar. 1S Taiztoed-por? amicrosiripy iramsmission I

-

(ol

(see FTigmre T-27 o= e exiesies by mezns of pizms 122t zocld pimrs

= == < Bl
= Sireciiy inio idhe zniemm=.  The Iemgih of ithe Zoloy {2 izghes), 2 T,
= wpaid preciode 2 Iow-profiles cocfizoration Iz this cose. Ve t3e 2ics

H =miemne wonlid resoit
refiociioms from D relaliveliy laree meizl

surfzoe of 122 Ixims ¢issSe o 15 =nteome: The 22l offest ¥ 1xis

=
=
=

:oCTeSSe In TSER i IoSs of sysism samsilivilv. STiecanse more of the

B

il

Sxeal w0 BUE35 imck {=miemss cives

Reimn wmickoess. 6.373 inchi.
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signal received by the antenna is reflected back inte free space.

In
addition, tke pins needed to extend the balun balanced-port microstrip
transepission line for connection directly <o the antenna sould have to
e moumi>d 22 right angles to the zicrostrip conductors. This would
resuii in significant reflections =t the pin-microstrip connections.
thus contributing an additicnal loss in systen sensitivity
sufficient physical support for the balun sould be Giffizult to achievw
in eitber cag= =hen tbe belun is connected directly to the antenna
center.

Toe 23tersative of resctely coanecting the Xeiun to the antenna
throurh use of 3 transwission line z2lle--iates the prodlex of Ioss of
SysSicn sensitivity due to tuie icse proxizity of "“he Lxiun to the
snienna. EHowerer. as discussed in 3ection IV, the iranszission lirne
causes its oxm prodlems. depending on its position relative to the
Tntemma. The least mount of interaction betseen the radialting fieids
and transkission lioe occurs shen the itransmission line extends per-
pendiceiariy frox the cealter of tke 2mtenna. This is the case tf
spplied 10 Fizure IV-2(2). Eere, the balua is positioned far

=vay froes the sutemma 2o limid its ef

oy

ecis o3 the driving-poiat izpedance

af the antennz are megliginple. Homepver.

wfantcenna configu-

practical standpoint the ideal pilace

g
E
-
i
!
§
2 &
]

Ege of ihe =ntenna. Eere, the eies

POS
Ex sit=aled Iin tEe ziame Of 1he aniesmm uhers radiztion {ieics o no:
isz.

soter seial ring of ihc znlenna for solig suppori. ITn b
reguires, of comrse. thal the iramsnission line. oo

2c 13 Ixium, Be Tery cicse 1o ithe =nteonz. shich causes sigmificasn

b
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interaction between the radiating fields and the transmission line, with
a resulting loss in system sensitivity. As will be seen subsequently,

however, this loss in system sensitivity amounts to only ahbout 0.5 dB

more than for the case when the transmission line extends perpendicularly

from the antenna.

The two configurations used for the impedance and rzflection
measurements discussed in this section were the ones incorporating the
remote balun arrangement. The twin-lead transmission line was connected
directly to the bzlun balanced-port-microstrip conductors at one end
and to the non-conducter side of the antenna at the othexr end. In the
first configuration the transmissiosn line extended perpendicularly from
the center of the antenna. Its length, as previously indicated,
appreximately equaled the radius of the anterna used in the configura-
tion. The purpose of the measurcments for t..s configuration is to
show how well the balun matches the specificd 50-ohm system impedance
to the antenna-driving-point impedance over the radiating frequency
band. Because the antennas were appropriately terminated, improvement
in the antenaa match at frequencies below the radiating frequen- ; band
was expected. A second purpcse of these measurements is to o .ive
this improvement. For the first configuration both the balun and
transmission line influence the driving-point impedance of the antenuz
very little. 1In the secoad configuration the balun was attached to the
outer metal ring of the antenna. The transmission line ran parallel
to the antenna and was separated from the metal spiral conductors by
the dielectric circuit board. This corresponds to a distance, d, of
0.078 inch im Figure IV-1l. The arrangement of the second configuration
is shown in Figure VI-1. The purpose of the measurements for this con-
figuration was to show the overall effect on the impedance of the Laiun/
antenna configuration as well as the effect on system sensitivity when
the transmission line is close to the antenna. It is this configuration

that achieves the lowest profile.
74
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C. Termination for the Antenna Outer Ends

Terminating networks were placad at the outer ends of the antenna
spiral conductors in order to improve the ieput VSWR for frequencies
below the radiation band. At these frequencies, current reaches the
spiral ends, is reilected from the ends, and emerges again from the
drive terminals at the antenna center. This prcduces high input VEWR
if the outer ends are not terminated properly.* Data were measured on
a previous contract1 to determine what type of terminating network
should bhe used between the spiral outer ends and the metal ring that
erists around the periphery of the circuit board on which each antenna
is printed. It was concluded that lumped-element terminations could be
used to reduce the reflaction at frequencies well below the radiation
cutoff frequency. However, at and just below raciation cutoff, dis-
tributed loss is required in order to damp out a resonance that is
related to the path length around the metal-ring circumference, and is
discussed in Section III-B of Ref. 1. Each termination finally used on
the spiral outer ends consists of a combination of a lumped resistor

and distributed-resistance cloth material.

In tracing the development of the final terminations, the use of
lumped R-L-C networks without distributed loss will first be discussed.
The impedance measured at the outer spiral ends is shown in Figures 5
and £ of Ref. 1 for the 12- and 24-inch antennas, respectively. Averaging

>
out the ripples in the curves in those figures, it is found that the

*
Within the radiation frequency band, on *ue other hand, most of the
power is radiated and very little current rz2aches the spiral ends.

The terminations on the spiral end then have negligible effect on the
input VSWR.
+
These ripples are not a property of the antenna, but are a result of
the conditions under which the measurements were made. See Ref. 1,
p. 30, for a discussicn c¢f this subject.
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outer-end impedance can be represented at low {requenciss as a 180-ohm

resistor in series with an inductor. This representatijon is valid up

to about 200 MHz for the 12-inch antenuna, and up to abou: 100 MHz for

the 24-inch antenna. At higher frequencies, a transmission-line stub

3
must be uvsed in the equivalent circuit instead of a lumped inductor.

Considering, for now, only the lower frequencies, the equivalent series

inductances are 160 and 320 nH for the 12- and 24-inch antennas, respec-

tively. The design of impedance-matching networks for series R-L loads

9
is discussed by Matthaei, Young, and Jones. Using their procedure,

networks of varying degrees of complexities were designed to temminate

the 12-inch-antenna ends with minimum reflection up to 200 MHiz. These

E
% networks and their calculated performances are shown in Figure VI-2,

This figure shows that the n = 2 and n = 4 networks reduce the reflec-

tion by a factor of between 2 and 1.5 as compared to a simple resistor

(n = 1) for fregquencies below 200 MHz. As is typical of inpedance-

S

matching networks, going from n =3 ton = 4 gives only slight improve-

ment in performance.

2

iy

m

T A

m

*As is discusse¢ in Section IiiI-B of Ref. i, the equivaient transmission-
line stub, or the series inductance, is due to the length around the
circumference »f the metal ring at the edge of the antenna. Each
matching network is to have one terminal connected to an end of the
spiral, and the other terminal connected to the metal »ring. The
resistive comp,nent is the antenna radiation resistance.

G A

AR

A separate network is required at each of the twe spiral ends of the
antenna. Since the spiral is driven in a mode balanced with respect
to ground (equal but opposite currents), half of the 180-ohm and 160-
nH values mentioned before can be associatc.d with each spiral end.
Thus the 90-ohm and 80-nH values appearing on Figure VI-2.
;S
The value of n refers to the number of reactive elements, including
that in the load to be matched. This follows the notation of Ref. 9.

i o
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The schepatics on Figure VI-2 are drawn as if a generator at each
E-4 Z»

spiral outer end were driving the antenna. {(Indezd, this was the way

the networks were designed.) In actual use, however, the generator

resistance shown is to absorb power from the spiral .onductor when the

antenna is excited from its center. The networks will still perform

properl: when driven this way. It is & fundasental properiy of reci-
*
procal, lossless networks that the reflection-coefficiznt magnitude is

the same when the network is driven Jrom either end. £ the voltage of

the generator shown in Figure VI-2 were set to zero, and another
generator inserted in series with the 90-ohm resistor, the reflection
coefficient then calculated looking toward the left from the junction

of the 90-ohm resistor and the 80-nH inductor would be the same as
plotted in Figure VI-2.
Figure VI-2 apulies to the 12-inch~diameter spiral. The 2i-inch

spiral is essentially a 2:1 scaled-up version of the smaller antenna.
Thus, Figure VI-2 can be applied to the 2d4-inch antenna by rultiplying

all inductances and capacitances by 2, and dividing the number along

the frequency axis by 2. The reflection and VSWR scales and the curves

remain unchanged.

A pair of the n = 1 networks were built for the 12-inch antenna.

The resistors were 110-ohm, 1/.-watt carbon, the capacitors were 10-

and 5-pF mica, and the inductors werg 7.5 turns of AWG-30 enamel wire

close-wound on the resistor. These networks were soldered from the

outer end of each spiral to the metal ring around the periphery of the

antenna. The impedance measured at the center drive points of the

spiral is shown in Figure V1-3(a). Only the frequencies below the

*
The only dissipation loss shown in Figure VI-2 is in the load and
generator resistances.
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— NETWORKS

S radiation cutaff of about 300 MHz are of interest here. Comparing

_= Figures 1I1-7(a) and VI-3{a), it is seen that the terminating networks

; do reduce the fluctuations in impedance significantly. The impedance

- is nearly consiant near 100 MHz, and presumably improves even more at E
= lower freguencies. The impedance fluctuates more just below 200 Xz ;%
than was expected based on Figure VI-2. This is presumably due to the E
r approximation made in representing the measured antenna impedance as a §
simple R-L load. As expected, there is still appreciable impedance %
B variation at frequencies just beiow radiation cutoff. z
E 80 E
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In order to damp out the impedance fluctuations near the radiation
cutoff frequency, distributed loss was added to the spiral outer ends.
This loss is in the form of a ring of carbon-iz=pregnaied fabric$ that
is 11.25 inches inside diareter so as to cozmpletely cover the last half
turn of the gap between each spiral arm and the outer metai rirg. The
lossy cloth partially fills the preceding quarter turn of the gap in
the forn of a scooth taper. The lossy cloth is cemented te the opposite
side of the circuit board {ron the copper conductors. Tke coupling to
the antenna is thus by means of its electric field. Ohmic contact was

avoided so that the lunmped networks could act as the termination at

low frequencies.

The antenna inpedance measured after adding the distribtuted loss
is plotted in Figure VI-3(b). The distributed loss was very effect.ve
in smoothing the impedance between 200 and 300 3XHz. Near 100 MHz,
however, the distributed loss degraded the match of the lumped network.
The distributed 1oss was left on the antenna on the assumption that
gond inmpedance match just below the radiaticn band is rore inportant

than at lower f{requencies.

After the data ol Figure VI-3 were taken, the n = 4 lurped networks
were replaced by simple 110-ohm resistors. The 100-3Hz match was only
slightly degraded, so it was not considered worthwhile to use the nore
conplex networks. The distributed loss bhy itseif is not as gcod a
termination as the combination of distributed and lumped losses. It
was found that the impedance match degraded slightly at 2ll {requencaes

below 300 Mz if no network was connected from the spiral ends to the

outer metal ring.

The lossy cloth has a resistunce of 200 ohms per square.
SC-200 manufactured by Emerson and Cumming., Canton. Mass.

It is E-cosordb
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Further izmproveszent in the loz-fregquency =atch could be obtained
by measuring again the irpedance existing at the spiral outer ends nox
that the distributed loss has been added to the antenna. A ne¥ netwsork

cculd then be desigmed. Use of cloth with different resistivity, and

using slightly different geoxzetry nmight also give iz=provezents. The

tize schedule did not permit trying these refinezents.

A parazeter that was not reasured is the aatenra gain. At fre-
quencies just above 300 33z, the distrihtuted loss probably reduces the
gain slightly. because some of the power at these frequencies that would
othervise be radiated is absorbed. The inside diameter of the lossy
cloth was pade as large as possible, consistent with good damping of the
inpedance from 200 to 300 MHz. At frequencies well above the radiation

cutoff, the presence of the lossy cloth would have no infiuence on the

antenna gain or pattern.

D. Measured Data for the Balun/Antenna Configurations

The results of the impedance arnd reflection measurements obtained
for the two balun/antenna configurations described in Section VI-B are
presented here. The purpose of these measurements is to show the

overall impedance characteristics, at frequencies f{rom 109 to 2000 3Hz,

for both the 12-inch and the 2.J-inch spiral antennas. The improvement

in the impedance match between a 50-ohm system and the antenna o\ :r the

LR R

radiating frequency band is shown when the compact balun is ussd to
transform the driving-point inpedance of the antennz to the systen
inpedance. An improvement is also observed in the impedance nmatch at
frequercies below the radiating f{requency band due to appropriately

terminating the antennas, as discussed in the preceding subsection.

Finally. the effects on impedance and system seusitivity are shown when

the balun is attached to the outer petal ring of the antenna wheve the
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transzission line connectiing the antenna to ithe baiun

the spiral conduciors. As mentioned previously. this latier confi

is the one that gives the lowest profile characteristic. E

I A

in Figures VI—{ through VI-7 for the 2i-inch antenna. and Figures Vi-§

o A

through V1-11 for the 12-inch antenna. The data are shosn plottec 35 2

function of the log of freguency and are also sho=n plotted on Szith
charts.

L

The reflection coefficient (froz shich i=pedance is derived)

®=as measured at the unbalanced port of each cozpact balun. The measurasd

reflection data are relztive to che specified impedznce of 50 ohss.

The Szith-chart plots are shown normalized to this saze impedance and
cover the radiatiag frequency band of their respective antennas. The ?
Szmith-chart plots for the coenfiguration where the traanssmiscion line {

is close te the spiral conductors (Figures YI-7 znd VI-11) are not 2

continuous plots but rather point plots. This is because the rapid

tl R

fluctuations of antenna .mpedance with frequency, due to the close

0 i
L

proximity ¢f the transmission line to the antenna, cause nuzerous loops

on the Smith chart. The loops are so numerous that, over the radiating

Moy A

frequency band, they overlap; and coincide at various frequencies. E

making a continuous plot verv difficult, if aot impossible. to follow. :
Thus, for this configuration, 2 number of impedance pcints at discrete i
frequencies are plotted to show the impedance spread over the radiating-

freguency range of the antenna rather than a continuous curve over the

saze frequency range.

As mentioned previously. significant improvecent occurs in the

impedance nztch between 2 50-ohm system and both the 24-inch and the

12-inch antenna when the compact baluns are used to transform the

antenna diiving-point inmpedances to the systen inpedance. This is
evident when comparing Figures VI-4(a) and 111-1{(a) for the 2.J-iach
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FIGURc VI-8

IMPEDANCE AND REFLECTION DATA AT THE UNBALANCED TERMINAL

OF THE CCMPACT BALUN CONNECTED TO THE 12-inch SPIRAL AATENNA
BY MEANS OF A TRANSKMISSION LINE PERPENDICULAR TO THE ANTENNA.
The antenna situatinn and transmission-line type are the same as indicated for
Figure Vi-4.
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antennz and Figures VI-8(a) and 111-7(2) fos, the 12-inch antenna. It

is <een from these figures that the average driving-noint impedances
{alanced) are bHrought dowmn to around an average 30-ohm impedance

{uubalanced) over the radiating {reguency range of the antennas. ver
this range the :mpedances do vary w¥ith frequency about the 30-ohm

irpedance line (or the center of the Szmith charts shown in Figures VI-5

[¥Y

and VI-8). Cemparing Figures Vi-i(a) and VI-S$(a) =ith Figure V-4. it

is seen that these variations for each antenna follow closely the iape-
dance cnaracieristic of their respective balun (Balun A with the 12-
inch antenna. and Balun B wxith the 2i-inch antenna). The effect of
appropriately toerminating the antenn2s is also seen when coaparing
Figures VI-1(2) 2. vi-8(2) #ith 111-1(a) and 11i-7{a). Here it is

noted :ihat the izpedance of both bzlun/antenna configurations is =ai:

iaincd close to 50 ohms atl fregquencies belos the radiating {regquency
band. For the 2i-inch-antenna configuration. a zatch to a 50-ohn
sysien with VS¥Rs less than 1.4 is achieved at fregquencies down io 100
3z. This is to be com=pared to 140 3¥iz, which is ithe loew-frequency

1i1=it of the radiating frequency band o

L}

the 2i-inch antenna. For the
12-inch antenna, 2 =atch with USWHs less than 1.3 is achieved at fre-
aquencies down to 175 3Biz. This is cozpared to the low-{reguency.
radiating-freqguency-band lizmit of 300 XHz. 1If the antennas had not been

tercinated. the matcn 2t freguencies belox the radiating-frejuency band

of each antenna would have been dezraded significantly. In both cases,

VSE¥Rs on ithe order of 53:1 wcould be observed even after accouniting for

s - =
the dalun impedance transformotion. E
E

Fizures VI-6 and VI-7 for the Zi-inch antennz and Figures VI-10 E

E

and Vi-11 for the 12-inch antenna shox the effect on the impedance of E
ithe balun/antenna configurations when the transmission linres connectiing E

the baluns to their respective antennas are broughi in close contact

with the antennas. As would be expected fron the results discussed in

3
=
2
=
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Section 1V, significant ippedance fluctuations occur with {requency.
The average impedance characteristic exhibited in this case is essen-
tizlly the same as for the case in which the transmission line is per-

pendicular to the antenna except that the inmpedance fiuctuates rapidly

with freguency in a log-periodic manner. This, as explained in Section

IV, is because the fields excited by the antenna interact with the

transmission line. Over the freguency range that includes the radiatinug-

frequency band and the frequency range in which the antenna terminziions

are effective in preventing reflections froa the outer ends of the

antenna, VSWRs as high as 2.3 are observed relative to 50 ohas. As

discussed below, however. the paximun 1oss in system sensitivity of

”
w
™
n

low-profile balun-antenna configuraticn is snmall =pared to the per~

pendicular-transnission-line vonfigurztion. azounting to only about

0.7 é¢5 for both antennas.

tr

The atove resultls are su=marized guantitatively in Table Vi-l for

the 2i-inch-antenna configurations and Table VI-2 for the 12-inch-

antenna configurations. The peak VSHR and the svsiex sensitiv.ty loss

caused by reflections are shoxn for both the balun/antenna configurations

and for the antennz alone. driven by 2 hypothetical. 50-ofzz. balanced
gencrator at the spiral center. Peak VSER was deiermined over the {re-

guency rauge for shich 2 reasonzolyv good system-~to-zntenna izpedance

match =35 =aintalned. For the t=o salun/antenna configurations. ihi

)

th

frequency range extended belox the radiating band because the antennas
Tere terzinated. Systexz sensitiviiyv loss is based on the peak YSHR
occurring over the rzdiation band of the antenmas: it reflecis onrly the

loss resulting froz the sysiez-to-antenna nismatch and does noi acoount

for the loss {about 0.6 dB) introduced by the cozpact bzluns used in

the balun/antenna configurations. The upper frequency limit for which

peak VSWR and systez sensitivity

(™3

0ss sas deterzined is 300 X3z abov
the specified operating freguency of the two antennas. Fron the tables
be g 3
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Table VI-1

PEAR VS¥K AND SYSTEM SENSITIVITY LOSS
FOR SEVERAL 24-INCH ANTENXA COXFIGURATIONS

| Peak YSER Over
the Freguency vstex Sensi-
: Renge for tivity Loss Due
¥hich the to Reiflection
Antenna Izpe- Over the Radia-
! dance is ting Freguency
Corresponding | XNatched to th Band of the
Configuration ! Figures Systex Antenna
! iopedance (B)
: 2 H
! Balun connected 1o
: antenra by zeans of | :
2 transsissiou line
A perpendiculzar to i
= antenna vi-3. Vi-5 1.7 0.3
.: Bziun connecled io
3 anienna by z=eans of
trans=iss:on line
j parallel to z=nd
e touching anteanz vi-6. Vi-7 2.3 0.7
Antenna2 driven by 2
2 hypothetical.
: 50-otz:. balances
zenerator at the
spiral ceater I11-1, 11i-2 i 3.1 1.3

1SER i

h
th

hoxnt reiative 1o a sSysten inpedance of 38 okms.

m

paly

>

100 to 2000 38iz =hen the 2ntennx Tas ilerminated. 130 to 2000 13z zhen the
= anieana ¥3s ol lerz=inated.
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Table ¥I-2

PEAZ VS¥R AND SYSTEX SENSITIVITY LOSS
INCH ANTEXNA Q0XFIGGRATIONS

x

Peak Y5ER Over
the Freguency
Range for
Which the

Syvsien Sensi-
tiviiy Loss Due
1o Reflectiion
Over the Hadia-
tinz Freguency
Banc of the

Corresgonding Sysiex . Antenna
Ceonfiguration Figures . Izpedance {a1)
H
- .
Salun connecled :
3 1
anienna 3y =eans of
irans=issio
perpendicular
anienns 1i-9 1.3 0.2

Baiun connecsied o
e 3

¥i-11

1
([

-

ii1-7. 1i1-8 2

=
YS¥R is shown relative 10 2 systes izpedance of

i

s

73 to 2000 ¥EHz when the anlennz was lerminated.
tennz ¥2s Dot lerminaied.

35 obms.

a5

300 10 2000 1Ez xhen 1ke

(D T S

T e
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nd the previcus cata presented in this section, it is

freguencies as high as 2000 18iz Hoi1h antennas Siili rad

nie
sio
- Sizxmal pghase a2nd amplitode disiortio

1221 the Daxizms refliocicd Sigmal sirengih thas
reralliel-irznspizsion-lime
incident sirma® strength, a2k for the perpondicular-
configuratlicn., =bomt 13 &3 Soun.
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10 e seriocus depends on the environzment

- r sh:ich the anienna Sysiezm ¥ill have 10 operate. The {regquency of

ihe received signal,. 115 bendw:idih. anc ihe Xincd of information desired
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frcs the signal nmust: be considered. The low—prof
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Vil sUsiany AXD CONCLUSICNS

The input impedance at ‘he center terminzls has ben seasured fer

iwo planar equisnzular spirals printed on a dielectiric sheet. The

Spirals are seli-cozplementary ¢xcept near their ceénters ané over the

outside quarter turn, and arc free to radiaie on Hoil sides of the plane

of ithe spiral. WHhen making =osi of the =easurements. the antennas zTere

placed 2gainst various dbuilding materials. Based on the average input

i=pedance within the fregquency band for good radiation from each

anienaa. (%0 baluns have been designed and corstructed io provide a

goot =aich beiween the antennas and 530-Oh= coaxial transsission iines.

These baluns have be=n cozbined wTith the spiral antennas (o fors a
thin package. 2nd izmpedance peasuresenis have been made 51 the baiuns

anienna cozbination.

The datiz presenied in this report show that the input

the spiral center is hadly zffected by

the 2ntenna Rgainsi 4i

0
ol
Ird
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P
a
s
e
i
=)
ol
9
(L 1]
)
kil

saterials. {Solid zetzl and

naterials containing large azounis of zetal

T = were specifically excluded
fron the choice of buildinz smaterizls.) This insensiiiviiv ot inpe-

dance 10 the environuent

sheetl supporting each spiral is sufficiently thick that the local fields

near ihe center feed poinis do not

P
B
o
|
e
o
"
(v

mificantly thsough the

éicleciric sheet. The resistive port of the input inpedance. averaged

ver the radiating frejuency anc, is 125 ohes for tie 2i-inch~diazeter

spirmai. and 137 okes for the 12-inc

Tas

Theze are lower

than the theorctical value of T77/2 - 188 ohms becarse of the presence

of the adiclectiic sheet on shich coach

ach sSpiral is printed and Secruase of
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the finite conductor thickness to-spacing ratio. The reactive part of

eachi input impedance is lcow over the radiating-f{requency band.

The lcow-{reguency cutoff of the frequency band for efficient
radiation was found to be affected by the materials placed near the
antemnas. The low-~frequency cutoff is determined by the circumference
of the outside of the antenna being about a wavelength for the currents
propagating along the spirals. The fields in the radiating region of

the antenna do, of course, extend through the support dielectric into

the building materials.

The building materials thus change the effec-

tive wavelength on the spiral. The largest measured change occurred

when the 24-inch spiral was moved from free space to a position against
a plastered brick wall, which lowered the cutoff frequency from 140 to

110 MHz. The corresponding frequencies for the 12-inch spiral are 300

and 230 MHz.

A unique feature of tie compact baluns designed and built for these
spirai antennas is that the impedance transforma.ion ratic is other
than 4:1 or 1:1. These baluns have peak VSWRs very close to the limit

set by the miniature ferrite cores. The ferrite material used is the

best suited to the application., Some improvement might be possible by

using larger toroids, but at the expense of increasing the kalun size.
When terminated with a 132-ohm balaaced resistive load (which is the
average of the two antenna impedances), the compact baluns have VSWR -l

1.35 over the 100-to-2000 MHz band over which measurements were made.

The compact baluns constructed are as thin as is consistent with

the SMaA {OSM) coaxial connector used. he clearance to a mounting

surface is just adequate to clear the coupling nut as a conneator is

screwad onto the balun. If no conrectoy was used om (he balun, but a

miniature coaxial cable was permanently soldered tc the balun. then the

balun thickness could be reduced further to on the order of 1/8 inch.

100




The outside ends of the spiral conductors must be terminated if
there is to be low VSWR at the cencer input terminals when the drive
frequency is below the low-frequency-radiation cutoff. Distributed loss
is necessary to give good VSWR immediately below cutoff, and a lump~d
network is required to give good VSWR far below cutoff. For example,
the input match of the unterminated 12-inch spiral quickly degraded
to VSWR = 10 as the frequency was reduced below 300 MHz. With the
termination in place, that antenna has VSWR < 1.5 down to 165 Mlz, and

VSWR « 3 at 100 MHz. Fusrther improvement is probably possible.

Making the combination of each antenna and balun acs flat as possible
required some compromise of the electrical performance. From the
electrical viewpoint, the transmission line that feeds the antenna
center should be placed so that it interacts very little with the
antenna fields. It is not practical to route the feeding transmission
line along the spiral conductors of these antennas because the width of
the conductors near each antenna center is very narrow, and because the
length of line required would have singificant dissipation loss. Keeping
the feed line several inches from the antenna surface gives gnod input
VSWR, but is inconsistent with the desire for a flat structure. The
configuration finally adopted has the balun mounted at the antenna
periphery, with a miniature two-wire line running from the balun tc the
antenna center terminals. The interaction between the antenna fields
and the two-wire line produces many peaks of up to VSWR = 2.3 for the
antenna and balun combinations. This represents a maximum power loss of
0.7 dB due to mismaich when the antenna is used with a 50-ohm system.

which is only 0.5 dB greater mismatch loss than if the balun-to-antenna

ot A

twe~wire line were mounted far from ithe anteana surface.

B

E
%
2
=

ittt




1.

REFERENCES

L.A. Robinson, "Impedance Measurement and Matching for Spiral
Antennas,” Final Report, Contract 1083-100623-SCC-09824, SRI
Project 1081, Stanford Research Institute, Menlo Park, California
(June 1971).

Ibid., Sec. II-B.
Ibid., Sec. II-C.

Hewlett-Packard 8540 Series Programmer's Software Manual, HP
Publication 08542~90015, Section 3-6 (August 1969).

F.L. ReQra, "Resistance and Capacitance Relations Between Short
Cvlindrical Conductors,” Trans. AIEE, Vol. 64 (October 1945).

R. Sivan-Sussman, "'Various Modes of the Equiangular Spiral Antenna,”
IEEE Trans. on Antennas and Propagation, Vol. AP-11, pp. 533-539
(Septemver 1963).

L.A. Robinson, op. cit., Sec. I.

V.H. Rutiseyv, Frequency Independent Antenras, Sections 3.2 and 4.3.
(Academic Press, New York, N.Y., 1966).

G.L. Matthaei, Leoc Young, and E.M.T. Jones, Microwave Filters,
Impedance-Matching Networks, and Coupling Structures, Section .09

(McGraw-Hill Book Co., New York. N.Y., 1964).

Preceding page blank

103

G

Qi

i

[k N LT

it

i

e

Ahy
b

s

Lot i

AT

k|
e
=2
=2




