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1. INTRODUCTION

Probably the ngt remaining application of log-periodic antenna principles
thal hus not been really satisfactorily developed consists of slot arrays,
There is a need for an efficient, frequency-independent, flush-mounted design
to be used in aircraft, missiles, and hardened-site siluations. A few designs
have been reported in the literaturel’2 but they suffer from either excessive
size, or a rather narrow bandwidth, Research oh a promising design is being
carried out at the present time and may, in the end, provide one solution to
the problem.3 The philosophies with which these investigators have approached
the problem are somewhat varied. Schomer and Isbell begin by considering the
strict electromagnetié dual of a LP dipole array but are forced to deviate when
faced with the problen 6f counstructing a satisfactory dual of the dipole array's
twisted feed line, Mitira and Wahl begin with a uniformly-periodic corrugated
surface antenna---~Lhen attempt to taper it iato a log-periodic device, Mikenas
and Mayes starl oul with a .1og=periodic array of slots with individual cavity
backings and study the prohlem of coupling to the cavity fields in a frequency-
independenl‘manner. None of thesc desigus has been able to reach the standards
of performance achicved by the free-space LP dipole array over large bandwidths.

Nor do the designs to be discussed in this report reach that dtandard of
performance in a cavily-backed form. However, 2 symmelrical slot design (i,e.,
one that radiates on both sides of Lhe ground plane) has shown excellent wide
band pattern performance for a range of physical paramelers. In addition, this
new slot design has an exact electlromagnetic dial in free space; and furfher,
the [ree spaco dual has image symmetry along .ts axis, thus allowing one half
of the struciurce to be operated over ground as a LP monopole array, No Other ~
known frequency-independent design possesses Lthis high degree of symmetry and
the resulting wide versatilily., All three forms of the ncw design have demon-

sirated similar wide band pattern and impedance characteristics,
2. MISCELLANBOUS AND PRELIMINARY LESIGNS

Many a designer of log-periodic antennas has expressed the wish for a

catalogue oi unsuccessfu: devizes since it is virtually impossible for the




enginesr to predict with certainty whether a given new design w1l be & success
or o Iztlure. And because authors seldom list their failures in technical papers,
sonc of these are apl 1o be repeated several limes, , Therefore, 2 few marginal
“designs and iailures»wlllybe reporied here.

- One ol the majuf tdeas which has pguided the present work on slol arrays is
‘ht'vgc#pﬁta! that the fc&cr the variables or parameticrs in a problom, the easier
the solution w:11 be, For this re#san all initial work was done on bilaterally
symmetiric slot arrays. 1t was felt rhat if ihese devices were successtul, the
addition of a cavity haékzng would be a second, iess'difficult‘steg. Anotlher
guiding principle, was the belief that approximately tﬁe same physical parameters
satisfactory for existiing LP designs would aiso be suitable for the slot arrays,
This Tatter principle has been found true for the new slot arrays and their velated
duals, The designs discussed below are nol taken up ir chronologieal order; although
11 might be meniioned ithal the sarliest of them was conceived in December 1981,

2.1 _Log-Periodic Zigzag Slut Antennas

The x:g?ag slel angenna shown ™ Figurc la was Inspired by Lhe successful
frec-spoce ILP zzgzag.d The new device did provide good backfire patierns over mosl
of its dusign band; however, 1t had two major defecls: 1, Serious pullern breskup
veeurred over narrow bands of frequency al one or iwo poinis in the design band;

2 Beam wagging was o persistoent prahlem.ﬁy The shorting siraps, whose eundpoints
ure 1adicated ﬁg‘dats 1 the drawing, were found necessary for back-fire eperation,
They essentiully are short lengths of conductor winich break the zigzag slot ianto

4¢ gments while forcing the opposite sides of the ground plane to Lhe sume potential.
En spite of the design's marginal perf{ormance, uan open sloping eavily was added to
une of the models, The distance {rom cach slot (o the hatggmvnf ihe cavitiy was
kadjustad tu A4 ur the stot resomances, Untortumately, the open cavily (i,e., uwo
inftrior partitions) almost cnmﬁleieiy desiroyed the backfire characterisiic of

the #igzag slot clewcol,

A sccomnd torm of the zigrap siuﬁ antenna, which was suggesled hy P, E, Mayes,
uscd a smuli‘suﬁp to eouple to the magoetic ficld of the slot as shown gn Figure 1h,
These devices oxhibired very similar patterns to the mutdels jusi discussed while not
sullering os much [rom the ceeasional pattern breakup, Beam wagging still remained

cien on the best models, and a cavity backing again obliterated the buckfire effect.
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‘2,2 Log-Periodic Simple Slot Arrays
11 18 possible to sumtlate the twisted feed line of the log-poriodis dipole
arruys by coupling to the magnetie fields of the slots with properly oviented
soups.  Figure Za 1llustirates one such design using alternately wound square loops.
Round lonps have ulso been tried, hut for loops of small area the dafference is

probahly elight. Ratber good backfire patterns were measured over parts of the

o

cgign haﬁéwaslh, Ba%, serious break-up dppeared in other portions., Although the
rosulls werce entouraging,‘study of these loop-coupled arrays was discontinued in
favor of more prouwising designs,

The only other log-periodic array of simple slols that will be discussed here
is the capaceiively cdupled array of Figure 2b. It is analogous {o lhe monopole
arrayé of ﬁ:ckﬁyzham.e 8351c§i1y 1t was hoped that sufficient voltuge differences
sould Le devesobed across the gaps in the log-periodically segmented outer conductlor
ol the coaxial feed line 1o excite the sluls, The line was moved of [ the uxis of

_pa( si01 avray ior 1mpedance matehing.,  All models of Llhis t?pe showed pevsistont
bidircetional patterns, indicating snsulficient coupling of energy [rvom the feed
line 1o the sior [1elds,  In addition the unsymmetrical feed sysiem caused beam
squint at pumcrous (requencies,

2,3 PreLiminary tog-Periodic Folded Slot Arrays

Past expersence 10 log-puriod:c antenna design 1ndicates thal the. impedance of
ihe rodting ciements aud the meeéancc of the Ieéd syster should nol deviale oo
widely of good ruﬁpifng and subsequent low VSWR sre to be achieved, This eriferion
v diffreult. at bes?, to satisiy when arrsys of simple slols are used hecause
their resenant mpedance 18 above 100 § without a cavity backing and 800 § with a
resonEnt &aéily hacking, {1t 1s well-known that the 1m§edancc,zs, of a two-

dimensional slot aaﬁyxd oi 1ls [rce spave dual bear the folluowing relulion

v @arn?
s a7 4
fhus, 1f tho iruc space dipoele has an impedunce of Zd = 72 SZ, the dual slotl impedance

will he Zu = 493 . On the other hand, i the eleclromagnetic dual ol a folded
dipole or @ folded trrpule 1s takes, impedances of 125 and 55 Slshaulﬂ,rgsuit,
Thuse values Enw been xperimentally verifzedyn ihe laboratory. A pair of dual
in!ﬂcé'sini dnﬁ tolded ﬁsbulc aﬁtténas are depiefed in Figure 5d, wheremn the dots

mdicate ther feed terminals,
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Figure 2b,

Log-periodic array of slots with loop coupling

Capacitively coupled log-periodic slot antenna




fnitial atrempts with models incorporating the folded eiemenié were encouraging.,
One of the early mnde}s;;s skelched in Figure 3a, Note that the segmented coaxial
feed line 1s greanﬁed along the eenrrailaXLS of the array, and that its center
conductor 1s,pér1uéiesily connected fo the center conductors of the slots. Here
another aﬁ§anlage of the folded slot eleme#ts over ordinary slot elements appear;
1t 18 possible to attach a whole series of elements with varying resonant fre-
guencies to a single feed line with no danger of shorting out the low frequency
euergy In :he'ﬁxgh irequencyypartion of the anlenna.

Radiation patterns of §evéral models like the one of Figure 3a were in general
good ~—— 1n Tact ihe best so far nﬁtained—«except‘fsr persistent inexplicable
anomalies, such as were found in the zigzag slot antennas. The models were also
rather i1nsensivive, making pattern measurement difficult suggesiing ihat impedance

problems may bhave st11l remained,

3. LOG-PFRIODIC FOLDED SIOT ARRAYS AND THETR RELIATIONS

31 Coaxisl Cable Phasing Lincs
The lurﬁtng point 1n the log-periodic slol array rescarch came with the testing
Cof an antenna of the type shown an Figure 3b, Twe points of difference from the
array of Figurce 3o should be noted: 1, The segmented outer conductor of the feed
[F3: 18 15 not graﬁﬁﬁﬁﬁ, 2, The individual segments have been lengthened in a log-
purtodic iashzon.ts'prnv;de 8 controlled amount of extra phase shift per period,
Ihe efiecss,ni 1kts exirz phase shift on the radislion patterns were much the same
g thnsc‘grev1uﬁsiy cxperienced with bent log-periodic ziguag anisanas. In any
casé, 4hé anqmai:es 1n the pattergs disappeared and and an average ol 20 db more
'S}gﬁél was available when %easa;amﬁn!s were cérr:edkoﬁt.

As 1a€f§af'erﬁs of Figure 4 show, something is st1ll 1o be desired in the
‘operation uf this fype of folded slot array, ln the aclual models, sections of
wicrotlot cuas provided the required phasing belween slows, and 1nacruraeiés in
these cables may have been vart ol the problem, Their lengths generally averaged

2-5 times the distance betweed Sinig,

3.2 Printed Civcund Log-Pcriodic Folded Slot Arrays
A considerable improvement 1n accuracy and samplification of constrdcilion was
made possible by adopring completely printed anfeuna construction, This IMProve~

ment was also reflected 1o the radiaf ton patierns, The method of reducing the
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phasing cable sections to a two-dimensional structure is illustrated in Figure S5a.
Antenna currents flowing on the ground plane on the array axis are parallel to a
line bisecting the elements (i.e,, the axis of the array), Thus, the ground
plané can be cut along the array axis and sections of printed circuit transmission
line inserted therein. An adjustable phasing mechanism is,provided by the smaller
slots which are symmetrically cut intu the center conductors of the outer slots,
It has been determined experimentally that the optimum length for thesc phasing
slots is in the neighborhood of ‘one half the length of the outer slots,
Appreciable deviations from the optimum length are accompanied by pattern aad
impedance disturbances.

The unique symmetry properties of the printed circuit version of the LP slot
array were not rccognized immediately since attention was principally directed
towards flush mounted designs. However, a fortuilous mistake in the specification
of the type of negative to be made from a folded slot drawing drew attcention to the
unusual symmetry of the new design, To this writer's knowledge fhcre is no other
single log-periodic antenna design thal will operate in all three basic modes:

1. As a sglol array, mounted flush with a ground plane and producing vertically
polarized radiation; 2., As a linearly polarized free space antenna; and 3, As a
vertically polarized monopole array ever ground, Figures 5a, b, and ¢ illustrate
how the various forms of the desigh are related, A family of folded element
antenna arrays which were all made from the same original drawing is shown in
Figure 6. Sincc this report is primarily concerned with flush-mounted antennas,
nothing more will be said of Lhe foldeQ dipele and folded monopole arrays except
to state that they have excellent impedance and pattern characteristics which are
implied by duality and-symmetry considerations,

A series of patte;ns measured on the first printed circuit folded slol array,
FSA-1, is shown in Figures 7 and 8. This design had.an average directivity of 7.5 dh/

isotropic with average beamwidihs of 58.8° and 58.5° for the K and H plane respectively.

" Kraus's relation was used to calculate the directivity valne.8 When specifying the

low frequency cutoff of a log-periodic anlenna, care must be taken to first choose a
reasonable criterion and second, to properly relate this critical wavelength to the
physical size of the antenna structure. In the present work, the frequency at which
ithe front~to—back ratio reached 10 db was chosen as the low frequency criterion.

This wavelength corresponding to the low frequency was then compared to the largest




i N

\w.-::. e

. RSO0
SRSRS BB
e

SRR

A
MBI

DSy

Lcc-Paried?c Fs!ded A

ISR . B . ‘ .
2R 4»3 T aix?: ~ . .
:ez(.\x\.\. o .
e RN

gt
,\. m,,, ::;~:

2 2
£
23 nfzfs’ SR
S z.ggsx; 2
j{,,,:. -» cv.~ 5 53
e v’

‘\
SERES

«f’;{- :ww x--‘;»ﬁ&"

.

,_._.&. ?«..

\2

‘,{&, R
S

3 S
_;,. SR B

-
= sv'-g‘ 9“

«;:,:v:-‘-:’:»:»:»: :3:

S
Somnane 255 Lo
S . i o

5¢- ch—?srisdicfstdeé Siot Array

Figure 5,

§ o

\.{.) ), = *:;}%g
5
*gﬁsl‘:’...w,;

10

%S¢ Log~-Perlodic Folded Monopolis
Array

o
TR

itk

s

A
P

R

o

5d Dual Folded Siaf ond
Folded Dipols

Log~periodic folded eloment arrays




Figure 6.

A family of log-periodic folded element arrays

11




12

PLANE

| sooMC

g

- 1000 MC

i

1000 MC s2*
H PLANE E PLANE
| 1500 Mc 89 |"is00¢ 580

Figure 7. Radiation patterns of FSA-1, T = .78, @_ = 25°,
= 12,5

T e

E

E




13

PLANE

1800 MC

=

54°¢

£ /////”’—— PLANE
1800 E:\<iii§_

M

PLANE

2

PLANE
48°

2000 MC 49°
H PLANE
2500 MC sl

3000 MC

55¢

3 PLANE
2500 MC 480

E el PLANE
3000 MC 45°

Figure 8. Radiation patterns of FSA-1, 7 = .78, o = 25

_ o
a, = 12,5

E

]
’




14

transverse dimension of the structure. It would be most desirable if Lhe antenna
bhad 2 10 db F-B ratio at tne frequency where the largest slolwas Ao/2 in length.
For FSA-1 o froquency of 593 Mc, was calculated Irom the structure size, while
pattern measurcments gave 700 Mc. Thus, che actunl cutofi (based on the 10 db
F-B criterion} s 18‘.’.3 higher than the structural cutoff, Other types of iag—
perindic antennas exhibit a similar behavior,

in any casc, the low freg&ency cutoff of a given structure is somewhat dependent
ot th& paramcters T und g . For slot -arrays al least, which are mosi likely 1o be
used 21 mierovwave f1vequencies, the small increase in phgéacal size over the A/2
dimension 18 of pu consequence,

Returning agsan to the patterss oif Figures 7 and 8, 1t iz woted that the
average dircetivity caloulated from the beamwidihs is just about the same ns would

Che expreted Trom o LP dipole array with the same T and a‘,9~ This i8 a reassuvring
aresult, - The pattern at 1B00 Me 15 1ncluded beeause 1t is the worsl one that was
measured, however, at both 1700 and 1800 Mc very clean and umidirectional patterns
were obtammed, ‘ . \

Au pmpedanes plor ol FSA- L s given o Fagure 8, A VEER of 2.3.1 with respect
1o 93 Qwas masuivd {1 FSA-1 uver thu range 600-2000 Me, 1t should be woted
that  wpedance messurcments 1n this frequency range are diflicult to do accn"ately,
s some of the scdttered poinls may be due to ihal cause. Blocks of Eccosorb
pluced underneath the provnd sereen served 1o absorb any downward radiation lron
the mias.crni'!v symime Ly 1o anlenng, o

All of the ;:z-usix.%i 1 ircult aaﬁen‘kgs were t'm;si.rgci.e(i of 1732 1n, teflon
1mp§hgn¢tua [ibreploss bowrd, with 2 o4, copper on one side, DBrowings werce
penerslly mode twe or thiee bimes Dife-size, then pholographically reduced so uas
1o provide a negat1ve ol the desired size  thus, gouod arcursey eould be obtained
econmieally '

Bolore concludiog this section, a lew other folded slot designs and modafi-
catinng will be d;sfuq§16 bricily. Although not a lot of work has been dune on the
new modols | They da serve 1o show that the choice of parameters 1s not gartzcuiaéiy
critieal | and thet ¢ wite grid oulline of the center conductor 18 a salisfactory
subst tiw e fia vhe prioted version, '

e sl loest HF At e Ihetween array axis ol ouler exivomity of slols) usced
st fol Jlas ikan ;3" .ss.nh 4 1 of .82, An &g 1] 9.5“ delined the leugth of 1he

phasing =fola.  Some ropis scnraiive pattornsg of model FSA-5 oro shown an Fipure 10,
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For this design the actual cutoff was about 17% above the structural cutoff of

590 Mc. Due to the lengith of the arrvay (because of the low aE angle) and the
limited size of the pattern aperture plate (14 in. x 14 in.,) the smallest slot
resonated at zhout 2010 Mc, At 1800 Mc effects of the front truncation were
beginning to appear, while at 2000 Mc the pattern began to split into Lwo distinct

lobes. Cross-polarized energy (horizontal) was measured al several frequencies

and found to be below -35 db, The average E and H plane beamwidlLhs were 53° and
600 respectively for the 700-1800 ﬁc range.

In the printed antennas discussed so far, the center conductor of each slot
element covered a rather large purtion of the area with copper, This causes no
problem when biiaterally symmetric arrays are considered; but, if atteﬁpLs are
made to eliminate radiation from one side of the ground plane by the use of
cavity backings, 11 would seem that the extensive surfuces of the slot center
conductors could hinder the exit of energy from the cavily volumes, For ihis
rcason, the slol center conductors were simply outlined with a ware grid ( so as
to reduce their blocking characteristics o a minimum) on modcl FSA-3E. s
patterns, shown in Figure 11, aic noticably befter than FSA-3C's which used the
printed circuit type conductor. However, 1n every casc when a cavity backing
was added, partial pattcrn breakup tvok place. More will be said of this in the
next section, The average buamwidlhs of FSA-3E were 58° and 64° for the E and ¥
planes respectively,

One last folded slot anteuna should be mentioned. Mode! SA-6B (original
numbcring scheme) cmployed an aE of 30U --the largest so far attempted, The other
significant parimcters were a, = 15U and v = ,71, Because of Lhe low value of 7
the antenna consisted ol only six widely spaced clements, Even so, Lhe pattern
variations werc not too great and the design can be considered practical for many
applications. Undoubledly, models with cven higher aE angles can be huilt, but
their dircetivity would probably suffer morc than (he additional size reduction
would be werth,  The particuian model tested here had average E and H plane beam-
widths of 66.1" and GS.QU respect tvely for the 700-2000 Mc range, i

3.3 Cavity Backued Slul Arrays :

Perhaps 1t 15 bhest to state at the outset that so far cavity backed designs
have been, for the most part, unsuccessltul, Two general approaches ave bheing

pursued 1n the present work 1. The simple addition of A/4 deep individual
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cavities 1o cach clement of a successful bilaterally symmetric fold:d slot array; ‘
2, The desrgnh of a single folded slut element plus cavity to sccure the desired
resonant frequency and impedance; then the combination of a number of these
elements to form a log-periodic array,
Thc wost promising approach so far is the first one mentioned--on the basis
of radiation patiern performance. Some typical examples of pattern degradation
are shown in Figure 12, Tundividual cavilies, Au/d_([ree space) deep werc added
1o one side of cach slot clement o5f a reasonahly well performing LP slot array,
1t should be stated that the phasing cables of SA-24 and SA-2D were considerably
different in length; Loth arrays represent the best phasing adjustment that was
found, AL 600 Mc thc action of cavities is to reduce the front-to-back ratioc from
B db to 2,06 db, Tiis effeet was present on all cavity-backed designs that have
been tesled wo date, Again at 900 Mc the front-to-back rutiv is réduced from
21.8 db to 8.2 db, Although Lhe‘pallern of SA-2A is not particulnrly good at
1300, the damaging effects ol the cavilies can be clearly seen in the pattern of
SA-2D. This is vepeated at 1800 Mc. Not shown in Figure 12 are some of the
better patteras of SA-3D which lend encouragement tov Lhis approach to unilaterat
flush-mounted LP anteanas,
The sccund upproach consisted of studyiug a single folded slot clement plus
covity and adjusting 1ts resonant {requeancy and impedance level before incorporation
into o log-periodic array, [ was 1ccognized that a bylateral folded slot element
can have one ressnant ‘ocquency sud 1mpedance level by 1fsell, and an altuvgether
. diffcrent resonant [rcquency and i1mpedance level alier the addstion of a cavity
backing. Frowm past cxpericnce 1t was decided that u reanl 1mpedance of 100 §2 |
would be sutasfactury. 1t was alsoe decided that the resonant. frequency (where the
impedance was 100 § rcal) of the slot plus cavily should be the same as that of
the slot alonz, Now 1f the cavity backiug 18 assumed lossless 3l can add only
pure reuyluncc to the slot ampedance--outside of doubling the radiulion resistance.,
Thus, the frequency at which the reactance of the cavily goes to zero is of primary
interest, s:nce 1t mus! cotneide with the slot resonant frequency. A cavily which

15 Ao/4 deep at the slot resonunce will not have zero reactance there because df the

wavegdaide effcct, That s, the cavity bhackings should be considered vs seclions of
wavegutde whieh are excited in the dominant mode by the slot, The guide wavelength

1 osuch a system cun be scveral 1imes the Iree space wavelength, implying that, for
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resonanca, the cavities must be Ag/d deep instead of do/4. By using a cavity
of adyustable depth, the ccrrect length wds casily determined.

The use of a folded slot clement rather than a simple sloil allows the
resonant ympedance te be widely varied without appreciably affecting the resorant
1requency, How this 1s achieved 1s illustrated in Figure 13a. By making the
clectyie current conductours of unequul size in Lhe fulded dipule or Lhe magnelic
current conductors in the folded slut a wide range of input impedances are avail-
able, 1In the actual slot plus cavily tested the center conductor of the folded
slotl radiator was of the wire grid type already described, and was considerably
displaced {from the cenler of the slol, After very tew adjustments the deéircd
tmpedance level and resonant frequency of the slot-cavity combinalion were
sccurced. [t was also gratifying that the depth of the cavity necessary for
resonunce turned cul to be almost exactly what was predicted theoretically
(ﬁbonl .45 Ao for the size wavegulde chosen).

Using similar proportions a whole scries of sloil-cavity combinations were
then incorporated into a single log-periodic array., The paramelers uscd were:

0 0 -
T o= .75, a_ = 26, und @, = 12.5 . However, the resulling radiation pilicrns and

E
mmpedunce were very poor,  In facl the antenna ternded more often Lo he endfive

then backlrre,  And, although the mean impedance of the array was 55 § as desired,

the accompanying VSWR yangod from 4:1 {o 8:1., Because of these discouraging resultls

and because of the large smount of work rceguired in the consbruction of a series
ol Jop-perivdic cavities, lurther work has cecased for the Lime being,

Before coneluding, a somewhat different line of atlack on the problem ol
converting o bilaterally radiating LP slol urray into a unilateral device will be
mentioned,  Thae ideu basically resulls upen the foet that the far [ield putierns of
a small loop and a slot (L - A/2) are identical., TIF, then. a loop and a slot could

be stmullanvously excited with the proper phase and magnitude relntions, it would

he pussibie to cancel the far f1cld of the slot everywhiere in the chesen hall-space,

Figure 13h shows an arrvangement thatl gives paerql cancellation in the halt-space

contaming the Loop, An arrvay of three sheet metal loops with mean circumferences

of .63 A «1 slot resonance pave 10 db average cancellation over a frequency range of

A00-1200 Me, Confagarations with fewer loops, or with loops of thin wire have, so

far, shown less cancellation, Unfortuuately the first attempt at combining a number

of such umilatcral slots anto a tog-period:c array farled,




LOW IMPEDANCE FOLDED SLOT LOW [MPEDANCE FOLDED DIPOLE

Figure 13a. Impedance reduction with Tolded clemoutis

Figure 13h. '33i§a{erai'far~ﬁicid cancellation of slol by loop

p——

j—
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4. CONCLUSIONS AND FUTURE PLANS

Although the ultimate goul has not yet Leen achieved, certainly the present
work 1s a substaniial step along the road to a satisfactory flush-mounted LY
antenpa.,  lndeed, 1f one were willing to accept a 2 4% lo3s in efiiciency, a
successful LP slot srray can already be built by providing vne of the folded slof
designs wi1th an absorbing cavilty. In addition, a valuable new family of log-
pérlodlc designs has been discovered us a result of this program,

~ Futurc plavs include a continuing study of the folded slot arrays and
associated work on cavity backings. Whether the piece-meal approach of du-
signing @ single cell, or modification of an operating bilateral antenna by
means of resonant cavilles or lvops will lead Lo sticcess, only further work éan

tells
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