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Thisinvention relatesto antennaarraysandassociated 
circuitryand more particularlyto a dpole antennaarray 
of printed transmission line construction and associated 
refector which formsa part of the associated circuitry. 
Antenna aTraysandparticularly dipole antennaarrays 

have heretofore required a substantialamount of space 
and cumbersome and bulky mounting equipment,such 
asthe dipoleelementsthemselvesandthe maststomount 
then?The demand hasincreased forsmaler,compact 
and more portable units,and in regard to radio trans 
mittersandreceiversthis demand has beenmetespecialy 
bytheuse ofmicrostriptechniqueand printedcircuitry, 
By using the microstrip technique it has been possible 
to substitute forexpensive and bulky microwave piumb 
ingineXpensive and compact microstrip components?It 
hasalso been possibleto design completereceivers using 
microstrip technique as is more fuly Set forth in the 
co-pendingapplication of D.D.Grieg,H.F. Engelmann, 
and J.A. Kostriza,Serial No.317206,fled October28, 
1952,now abandoned,and the continuation-in-part of 
saidapplication,Serial No.2.321,filed January4,1960? 
The microstrip microwave tranSmission system employs 
usualytwo conductors,oneaground conductorand the 
otheraline conductor spaced close togetherin substan 
tialy paralelrelation?The so-caled ground conductor 
which may beground potentialor Some othergiven po 
tentialis considerably wider than the line conductor so 
thatthe surface thereof providesin efectan image re 
fection of the ine conductor whereby the distribution 
ofthe electricand magneticfelds betweenthe conductors 
issubstantialythe same asthe distribution between one 
conductor and the neutral plane of a theoretically per 
fect,two conductor paralel system?By this system, 
nicrowavescan beeasiy propagated bya modeapproxi 
natingthe TEM mode alongthe line-ground conductor 
system since the microwaves fow in the regions of the 
concentrated electromagnetic feld bounded substantialy 
bythe opposed surfaces of the line and ground con 
ductors,Itis clearthatifan antennaarray can be de 
visedalongthelines ofprintedtransmissionlinetechnique 
to be utized with a microstrip transmitter or receiver 
or both,thatagreatsavingin costand Space could be 
obtained and portabity of the equipment greatly in 
creased? 

Itisthereforean objectofthisinventionto providea 
microwave antennaarray such asis ready adaptedfor 
use of printed circuittechniques? 

?tis another object to provide a microwave antenna 
array thatutizes as a refector for the antenna array 
the ground plane of a microstrip electronic circuitas 
Sociatedwith thearray? 
Afeature of this invention is an antenna array dis 

posedin afrst plane,a planar conductorin a Second 
plane paralelto the frst plane,the planer conductor 
servingasarefectorforthe antennnaarrayandaground 
Planeforanelectroniccircuittowhichtheantennaarray 
iscoupled? 
Afurtherfeatureisa dipole antenna array of printed 

circuitconstruction disposed on both sides of afirst di 
electricsheetinafrstplane andaplanarconductor dis 
Posed onasecond dielectricsheetina Second plane par 
aleltothe firstplane?The oppositeside ofthe Second 
sheethasdisposedthereon anelectronic circuitmadeac 
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2 
cordingtomicrostriptechnique,andwhichiscoupledto 
theantennaarray? 
The above-mentioned andotherfeaturesand objects 

ofthisinvention wilbecomemoreapparentbyreference 
to the folowing description taken in conjunctionwith 
theaccompanyingdrawings,in which: 
Fig,1isa planview oftheantennaarraymountedon 

awalofradioreceiver; 
Fig,2isa side elevationview ofthe embodiment of Fig?1;and 
Fig,3isa planview oftheradioreceiverasviewed alongline3?3of Fig.2? 
Referring now to Figs,1 and 2,thereis shown a 

paralelfeed printeddpoleantennaarray1dsposed on 
sides2and3ofadielectric sheetorpanel4,Atypical 
dpole antenna5consists ofafrstsection 6onside2, 
One-quarter Wave length long,and a second section 7 
On Side3 also one-quarterwavelength longandextended 
directy opposite Section 6,Asecond dipoleantenna8 
with Sections?and10isspacedthree-quarterswavelength 
away from and paralelto antenna 5,Sections6 and 
?On Side2arefed by meansof connectinglead11and 
Sections 7 and G on side3 are connected bylead12 
Shown in partial cut-away view,Inthe antennaarray 
? thereare shown 16dpole antennas,though itisto 
be understoodthatmore orlessthan16dipolesmay be 
used depending on the bandwidth desired,Dipolean 
tenna13is disposedadjacentdipoleantenna5,thecenter 
of antenna 13 being one-half wave length distantfrom 
the center of antenna 5,Antenna 13is connected to 
dpole antenna14adjacentantenna8 and opposite and 
paralelto antenna 13 by means ofleads15 on side2 
and16onside3,Leads11and15onside2arecenter 
fed bylead17 andleads ?2and16 on side3are center 
fed by lead 18 directiy underneath lead17,Leads17 
and ?8 are transformer Sections and are made wider 
than leads??,?2,?5and16to match theirimpedance 
and to minimize powerlosses,Dipole antennas19,20, 
21and22areconstructedinsimilarfashion,The quad 
ruple dipole elementgroup consisting ofantennas 5,8, 
?3 and i4 and the quadruple elementgroup consisting 
of antennas19,29,21and22are centerfed by lead 
23on side2 which hastransformerterminations ofone 
quarterwave ength longforimpedance matching ofthe 
feed inestothe dpole elements,and conductorstrip26 
on side3 which feeds the portions of the same dpole 
elements on side3 and has liketransformerterminations 
atits connection points?The other quadruple dpole 
elementgroups27and28embodythesame construction. 
Ingroup28onlythedipolesectionson side3areshown, 
the side2dpole Sectionsand the dielectric plate4 hay 
ing beenremoved to show more clearlythe side 3 con 
struction,Conductor strip29on side2and conductor 
strip 3@ on side3 feedthe 16dipole antennas and have 
the Same transformer coupling Sections at the junctions 
of the feed lines?Conductor strip 29 and conductor 
strip 3?are connected to a balun 31 or balancing unit 
which consists of an outer conductor32fastened to the 
dielectric panel4 by means offange 33?atransformer 
section 34 disposed on the outer conductor32 forim 
pedance matchingpurposes and an inner conductor35? 
The conductor strip 29 on side2is connected to the 
innerconductor35 of the balun31 bylead36and con 
ductorstrip3?is coupled to the outer conductor32 by 
lead37,shown ofset,onside3 ofthe panel4? 
Withreferenceto Figs.2and 3,areceiver38is shown 

disposed on both sides of a Second dielectric panel39, 
which lies in a plane paralelto the plane of panel4, 
andatadistance from panel4 of 
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oranyoddmultiplethereofas 

4 4 
etc.at the desired frequency?Two side plates49 sup 
portthe panel4 paraleltothe panel39in the position 
described?On the bottom side of panel39isa planar 
conductor41 whichunderliessubstantialythe entirearea 
of panel39and serves both asa ground plane for the 
receiver circuitry38 andasarefectorforthe antenna 
array1,Side plates 49 may be made of conductive 
naterialand physicaly connected to ground plane 41, 
as by soldering,sothata continuous refectingshieldis 
formed bythetwo sides40 andgronnd plane41to fur 
ther minimize radiation losses from the anteana array 
1?A high frequency microstrip section 42a of the re 
ceiver38is disposed onthe surface of panel39opposite 
the planarconductor41,andalowfrequencySection42b 
isasSembled ontheplanarconductor41? 
One of the preferred printed circuittechniques that 

may be employedforboth the antenna array ? and the 
high frequency microstrip section 42a comprises coating 
both sides ofadielectric strip with layers of conductive 
material,Such as copper,printingon the conductorsthe 
desired circuitry,dipole elements and interconnecting 
leads,the printingprocessutilizingamaterial which pro 
tects the covered conductor parts from the action of 
the etching bath to which the panelis thereafter sub 
jected?The uncovered conductor portions are etched 
awayleavingthe desired printed circuitry ofthereceiver 
and the antenna Sections of the antenna array ? with 
the Connectingcircuitsand planarconductingareas,The 
covering materialis then removed and necessary com 
ponentsareappliedas desired? 

Referring more particulary to the circuitry disciosed 
in Fig,2,itwilbe observedthatthe high frequencysec 
tion 42a is provided with the planar conductor41 with 
respect to which line conductors printed on the di 
electric sheet39cooperatetoform high frequencytrans 
mission paths. While the planar conductorarea4?is 
Shown to underlie the entire area of plate 39this,of 
Course,isnot eSSential Solongas sufcient planar con 
ductoris provided to fully underliethe high frequency 
circuitry42a and to provide an adequaterefectingsur 
faceforthe antennaarray1,Oneadvantage,however, 
of havingthe planar conductor41 underlie al or sub 
Stantialy al of the high frequency section is thatit 
provides an efective shield between the high frequency 
circuitry and the components ofthe low frequencysec 
tions42b mounted on the planar conductorside of the 
panel,The planar conductor41 also servesasa con 
ductorfor heat dissipation,The highfrequencycircuitry 
whereshown comprisestwostrip conductors,43and44? 
The two stripsare Soassociated asto provide a hybrid 
couping wherebyincomingradio frequencysignals may 
be mixed with the outputofalocaloscilator45forap 
plicationtoacrystaldetector46from whichis obtained 
an intermediate frequency for couplingto the low fre 
quency Section 42b?The strip43interconnects ajunc 
tion47 with the crystal46,the junction 47 beinga co 
axialcouplingforthe coaxiallead48oftheantennaarray 
1,The crystal46iscoupledtothetransmission path of 
Strip43,Thestrip43isterminted beyondthetwojunc 
tions45and47by meansofextended conductiveareas 
49 and 50,which form capacitive susceptances forim 
pedance matching oftheadjacentjunctions. 
Thejunction couplingthe localoscilator 45to the 

Strip44is ofthecoaxialtype which maybereadycon 
Stucted by oneskiledintheart,Theoscilator45may 
beaklystronoranyothersuitable highfrequencyosci 
latormaybeemployed,ASusceptance51isprovidedon 
an extension ofthe Strip44forimpedance matching of 
thejunctiontothe localoscilator45,The strip 44is 
provided withaportion52disposedin closeparalielre 
lation to the Strip 43 for a distance of approximately 
9ne-half wave length ormultiplethereof to functionas 
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4 
a directionalcouplerandinthisillustration asa hybrid 
mixer?The otherend ofthestrip44is providedwitha 
terminalload53? 
Inthe operation ofthecircuitry ofthe hig?frequency 

Section 42a the incoming radio frequency Signals are 
coupled over coaxial line 43 to the transmission path 
formed bythe line 43 and the adjacentsurface of the 
planar conductor4?,The output ofthe localoscillator 
45is applied to the transmission path formed by the 
Strip44andtheadjacentplanarsurface of conductor4?? 
The two frequency wavesare mixed in the directional 
coupling portion ofthe circuitry,the resultingwayes di 
viding between the terminalload53 and the crystal46, 
Thecrystal46detectsthe waves oflowerfrequency for 
transmissionto theintermediate frequencystages of the 
lowfrequencySection 42b. 
The planarconductor4?is provided with an opening 

54through which aconnector55 couplesthe ine con 
ductor43tothe crystal46,The output of the crystal 
is coupled over conductor 56to coupling coi 57 and 
fromtherethroughresistor58to aground connection 59 
madewiththe planarconductor4?,Anygroundconnec 
tion in the high frequency circuitry may be used as a 
D.-C,lead path forthe crystal,An R-F,by-pass con 
denser 6?is also coupled from the coi57to the con 
ductor41. Forfurtherdetailsof crystalioldersadapted 
to line-above-ground circuits,reference may be had to 
Patent No,2734,170 of H,F,Engelmann and J,A… 
Kostriza? 
Coupledwith the coi157iscoil61 whichisconnected 

in paralel,one Side beingconnected toground and the 
otherto a controlgrid of the frststage 62 ofthe I-F, 
Section63,asindicated by conductoré4?The I.-F.sec 
tion may comprise Several stages in which the vacuum 
tubesare Supportedonthe panel39substantiallyasindi 
Cated by mounting bracket65carried bythegroundcon 
ductor41?The tube66isshown to beintheform of 
the miniature orsubminiaturetypereceivablein brackets 
Suchasindicatedat65,Largertubeseitherinthe L-F, 
audio or power Sections may be supported on panel39 
by conventionalsockets,The conductor41maybecut 
awaywhere desiredintheloworintermediate frequency 
Section without,however,diminishingtherefectingsur 
face necessary forthe antenna array ??The output of 
the I-F?Section 63is applied to the usual imiter 67 
whichisconnectedtoadiscriminator68towhichiscon 
nectedtoavideo amplifierstage69alof whichmaybe 
carried by panel1orchassiswalsassociatedtherewith, 

Forotherilustration of printed circuit microstrpre 
ceiversreference may be hadtothevariousembodiments 
disclosed in the aforementioned patent application of 
Griegetal?The low frequency section ofthe receiver 
may be of the printed circuittype and located on the 
Same side of panel4?asthe highfrequencysectionand 
adjacentthereto? 

Itisalsofeasibletoutilizetheantennaarraydescribed 
above with areceiver of the conventional chassistype 
whereinthechassissurfacewouldserveasarefectorfor 
the antenna array. - - 
The antenna array described above has beenreduced 

to practice using printedcircuittechniqueandithasbeen 
found thatthe most satisfactory parameters for afre 
quency of 2500 megacyclesindicate alength foreach 
dpole Section ofone-quarterwave length,thewidth of 
the dpole Section being.2inch?The 1eadsconnecting 
each dipolesectionare.2inchwide?Thespacebetween 
the dipole Sectionsis three-quarters of a wave ength? 
The distance between each pair of dipole elementsis 
three-quartersofawavelength andthetransformersec 
tionsattheends oftheleadconductorsare one-quarter 
Wave ength longand.28inch wide,The distance be 
tweenthe centersofadjacentdpole elementsisone-half 
wave length,The thickness ofthe dielectric panelis 
preferabya fraction of a quarter wave length of the 
Operatingfrequency. 
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- Whie I have described above the principles of my 
invention in connection with specific apparatus,itisto 
be clearlyunderstoodthat?is descriptionismade only 
by way of exampleand notasa limitation to the scope 
of myinvention assetforth in the objects thereof and intheaccompanyingclaims, 

?claim: 
1?In combination,an antennaarraydisposed substan 

tialyinafirst plane,a dielectric sheet,means disposing 
Saiddielectricsheetinasecond plane paraleltosaidfrst 
?lane,a planar conductordisposed on one side of said 
dielectric sheetwherebysaid planar conductorservesas 
a refectorfor said antenna array,an electronic circuit 
confguration ofatleastone conductordisposed on said 
dielectric sheetin closelyspaced paralelrelation to Said 
planarconductortoform therewithawaveguide path for 
radio frequencyenergyand means couplingsaidantenna 
array to said one conductor and Said planar conductor 
for radio frequency circuit coupling for said antenna 
array? 
2?In combination,an antennaarray comprisingafrst 

sheetof dielectric materialinafirstplaneandaplurality 
ofantennas disposedon both sides of saidsheet,asecond 
sheet of dielectric material,means disposing Said Second 
sheetin a second plane parallel to Said frst plane,a 
Planar conductor disposed on one side of Said second 
sheetwhereby saidplanarconductorservesasarefector 
forsaidantennaarray,anelectronic circuitconfguration 
of at least one conductor disposed on Said Second di 
electric sheetin closely spaced parallel relation to Said 
planarconductortoform therewithawaveguide pathfor 
radiofrequencyenergyand meanscoupingsaidantenna 
array to said one conductor and Said planar conductor 
for radio frequency circuit coupling for Said antenna 
array. 

3. In combination,anantennaarraycomprisingafirst 
sheetofdielectric materialinafirstplaneanda plurality 
ofantennaradiators disposedon bothsidesof Saidsheet, 
the antenna radiators on one side being disposed with 
respect to correspondingantenna radiatorson the other 
side to presentan array of dipole antennas,a Second 
sheet of dielectric material,means disposingsaid Second 
sheetin a second plane parallel to said first plane,a 
?lanar conductor disposed on one side of Said Second 
sheetwherebysaid planarconductor Servesasarefector 
forsaidantennaarray,anelectronic circuitconfguration 
ofat eastone conductordsposedon Said Second dielec 
tric sheet in closely spaced paralel relation to Said 
planarconductortoform therewithawaveguide path for 
radio frequencyenergy,and meanscouplingSaidantenna 
arrayto said one conductorand said planar conductor 
forradio frequencycouplingfor Said antenna array. 
4,Incombination,anantennaarray ofdpoleantennas 

adapted toreceive electromagnetic energy comprisinga 
firstsheet of dielectric material,a plurality offirstStrip 
like conductors disposed on afirst side of Said sheet,a 
plurality ofsecondstrip-like conductors disposedon the 
second side of said sheet,each of said first conductors 
beingina dipole antennarelation to an adjacent One of 
saidsecond conductors,andmeanscouplingtogetherSaid 
dipole antennas;a radio receiver comprising a Second 
sheet of delectric material,aplanar conductordisposed 
on afrstside of said second sheet,receiver elements disposedonsaidsecondsheetwithconductorpartsthereof 
disposed on theside ofsaid Secondsheetoppositefrom 
that ofsaid planar conductor for coaction with Said 
planar conductor to form high frequency waveguide 
paths,meansdisposingsaid Secondsheetin paralelrela 
tion withsaid firstsheetwhereby Said planar conductor 
servesasa refectorfor Said antenna array,and meanS 
couplingsaidantennaarraytoone ofthe highfrequency 
waveguidepathsofsaidradioreceiver? 
5?Incombination,anantennaarraydisposed Substan 

tialyinafrstplane,meanstosupportSaidantennaarray 
comprisingafrstsheet of dielectric materialcoincident 
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6 
with Saidfirst plane,areceiverofradio frequencyenergy 
comprisingatleastafrstgroup ofradio frequencyele 
ments and a Second group of otherfrequencyelements, 
coupling means between said receiverand said antenna 
array,meansto provide commonlyasarefiectorforsaid 
antenna array,asasupportforand shield between said 
first and Secondgroupsand as part ofawaveguide for 
radio frequency energy,Said latter means comprisinga 
Second sheet of dielectric material havingsaidfirstgroup 
disposed on afirstside ofsaidsecondsheetandsaidsec 
Gnd group disposed on a Second side thereof,a planar 
Conductordisposed on Said second side?Said frstgroup 
comprisingatleast one conductordisposed on Said frst 
side andin closely spaced parallelrelationship with said 
planar conductorto form therewith the Said waveguide, 
and means to maintain the planar conductor of Said 
Second sheetina predetermined paraleispacedrelation 
ship with Saidfirstsheettoserveasthesaid refector, 

6?Incombination,anantennaarray,meansSupporting 
Saidarrayin afirst plane,aradio circuit comprisingat 
least one group of rado frequency circuit elements, 
meansto provide commonly asa refectorfor Said an 
tenna array,asa supportfor Saidgroup of circuitele 
ments andas part of a waveguide forradio frequency 
energy,saidlattermeanscomprisingasheet of dielectric 
material disposed parailelto saidfrstpiane and having 
saidgroup ofelements disposed on oneside ofsaidsheet, 
a planar conductor disposed on said opposite side,Said 
group comprisingatleastoneconductordisposed on Said 
one side andin closely spaced paralel relationship with 
said planar conductorto form therewith the said waye 
guide,meanstomaintainsaidplanar conductorina pre 
determined paraHelspaced relationship with said array 
toserve asthe said refector,andawaveguidecoupling 
saidarraytothe waveguide formed bysaid one conduc 
torand Said planarconductor? 

7.Incombination,anantennaarraydisposedsubstan 
tialyinafirstplane,meanstosupportSaidantennaarray 
comprisinga frstsheet of dielectric materialcoincident 
withsaid frst plane,aradio circuit comprisingat least 
afirstgroup ofradio frequency elements and a Second 
group of otherradio elements,meansto provide com 
monlyasarefectorfor Saidantennaarray,asa Support 
forand shield betweensaidfrstand Second groupsand 
aspart ofawayeguide forradio frequencyenergy,Said 
1attermeanscomprisingasecondsheetofdielectric mate 
rial havingsaidfrstgroup disposedonafirstside of Said 
secondsheetandsaid Secondgroup disposed ona Second 
sidethereof,a planarconductor disposed on Saidsecond 
side,said frstgroup comprisingatleast One conductor 
disposed on saidfrstsideandin closeyspaced paralek 
relationship with Said planar conductorto form there 
with thesaidwaveguide,meanstomaintainSaidfrstand 
second sheets in a predetermined paralel spaced rela 
tionship,whereby said planar conductor Serves as the 
said refector,acoaxialcouplinghavinginnerand outer 
conductorscouplingsaidantenna arraytothe SaidWave 
guide ofsaidradiofrequencygroup,Saidinnerconductor 
beingcoupledtosaidone conductorandsaid outer con 
ductorbeingcoupledto Said planar conductor 
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