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The present invention generally relates to
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radar/imagi ng systens. BACKGROUND ART Transmi ssion

l'i ne-to-wavegui de tramECHNICALFKELDSed extensively in
m crowave conmuni cati ons systens such as radar and
satellite systens. The systens may include a wavegui de
antennd Heoprephratsiederﬁionagerwn@lyi cateohs aorplification, generation,
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wavegui de- based spatially conbined anplifier is shown

in FIG 1(a). Mcrovvagﬂ $ tl;ldent fromthe
wavegui de structure WMS ener gy
illum nates a two-di nensional array of several

slotling 5%@% h%thgach @]uéé AohbiflEndBlhSed %(f@rﬁglesl in

col umm o arra otline nodule consists o
a mlcedveamer c@nwn@atlmayskmersuah aseragiar tand edteligi systems.
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‘éﬂ:?*@“?ﬁdﬂm ToroStrip |5 coupl ed to the tnput of
HEaR B Fiong dBilhe . The out pultos of the ci roui t

eI enments are coupled to the waveguide in a simlar

manner gg{ég;pﬁ%h}p‘fé‘%w aV\@MS\ﬁH' QIQVQQqE@edbg% s%l Jué(lly combined

conbi n Ier
amplifier is shown in FIG. 1(a). Microwave power is incident from the

waveguide structure on the left. This energy illuminates a two-dimensional
array of several slotline modules, with each slotline module forming a column
of the array. Each slotline module consists of a dielectric card, upon which
at least two circuit elements are mounted. The input energy is coupled to
these circuit elements through an antenna which tapers to a siotline
transmission line. Structures transform the microwave energy from the
slotline mode to a microsirip mode, with the microstrip conductor printed on
the side of the card opposite to the slotline. Energy on the microstrip is
coupled to the input of the circuit elements. The outputs of the circuit

elements are coupled to the waveguide in a similar manner.
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left. This energy illum nates a twodi nensi onal annul ar
array of _several slotline nodules, with each slotljne
modul e Anether ninawn auevaduidsthasad ofPatially apqralinegaamplifier is
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bilateral finline, and insulated finline. The use of
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as that of 1(a), field intensity int

t he
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In existing rectangular waveguide spatial power combiner
configurations such as that of FIG. 1(a), the field intensity in the rectangular
waveguide follows a sinusoidal distribution, with the result that the slotline
modules in the center of the structure receive more power than the slotline
modules along the edge. Similarly, the outputs of the ceniral modules
couple to the waveguide more effectively than the edge modules. This
imbatance in the sighal amplitude reduces the power-cambining efficiency of

the entire array.
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the entire array. Dl SCLOSURE OF | NVENTION I n one
enbodi ment, the present invention provides a power
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i nt'BRiYs, PRy Higveloding aedulepte exmbstantigly follow a

vvaemgmed@ ieldedon®ours stronger at a center of the
wavegui dengjr]:cl osure and weaker at edges of the

wavegui de encl osure, and varying characteristics of
The present invention also includes a method of increasing

performance in a power combining array comprising applying a microwave
signal to a waveguide enclosure having a plurality of slotline modules
positioned therein, each slotline module having at least one pair of slotline
antennas, wherein a field intensity of the microwave signal applied to the
waveguide enclosure is stronger at a center of the waveguide enclosure and
weaker at edges of the waveguide enclosure, and varying characteristics of
the slotline modules to cause an amplitude balance among the slotline
modules to substantially match a specified amplitude contour through each
slotline module.
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The foregoing and other aspects of the present invention will be
apparent from the following detailed description of the embodiments, which
makes reference to the several figures of the drawings as listed below.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1(a) is a perspective view of a prior art waveguide-based
spatially combined ampilifier;
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1(a) is a perspective view of a prior art

wavegui de- based spatial |y conbi ned anpl i,fi er; Fl El)é be)d
is a [rGspE)is apetEpednvss View g adiriopaft OgXIR| WRveguide-bas
wavegHi de- based ially conbined anplifier; FIG 2
i@)ﬂi‘gtﬂw%@@??\?@@ﬁ%@v of a wavegui de-based spatially
conbi ned anplifier array according to one enbodi nment
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FIG 4 are side views of different slotline nodul es

for a wavegui de encl osure _accordipng to t her .
enbodi Fnt3 efe side Yirws @ﬁld'f%ﬁ%ré?‘?tgﬁe, ”f—‘i%peosg‘q_‘?sa yaveguide
ggh@?ﬁ%g'a%soMir@Wonne%rﬂﬁmﬁéhtdﬂﬂktﬁpr@derstpa\termmy

anpli1fier array accordi ng to anot her
enbodi nent of the present invention; FIG 6 is a side

vi ew ofj@ £:p8 lsjdeeviewe W aliftarentr slbtiige toodutes frsra waveguide
enbodi nent of the present invention: l; . hS a
Cionoiastrecicagictis LrRTG SRRl LipaRpee opfon

mcrostrip transitions according to one enbodi nent of

the present inventiqgn. BEST i Y, mhbtred
| NVENTFERI 9 7 4 PRSP U, L AT e oo Phe f sant

| e OATALAQI0RNAE td snothetesrhioodimentaaf doerpeasgnhigvention;
draw ngs which forma part thereof, and in which is
shown, by way of illustration, exenplary enbqdi

nt s
i |1 ust FaGi Bist besidei viewpdfes siotlimenpt#lége@ﬁcor%%ggi%}?mr
and how it be practj . is to be understood
t HYPbeRIMERt gﬁﬁ%m%@ﬁf‘g“’%@@ﬂb@%u lized to practice the

present invention and structural and functi onal

change ; ; t & oWt d eiduitdaemehisnend & onictdstip
scope aﬁ"g%ég%r@%gﬁt&%bﬁé@nﬁooﬁ.d]The enbodi nents of the .
i Nyaitions dcooidingetooystesnodimentias theopreSeMdVERiRNpe

i npl emented to increase the perfornmance of

spati al | y-conbi ned
P Y BEST MODE FOR CARRYING OUT THE INVENTION

In the following description of the present invention reference is made
to the accompanying drawings which form a part thereof, and in which is
shown, by way of illustration, exemplary embodiments illustrating the
principles of the present invention and how it may be practiced. It is to be
understood that other embodiments may be utilized to practice the present
invention and structural and functional changes may be made thereto

without departing from the scope of the present invention.

The embadiments of the invention include systems and methods that
can be implemented to increase the performance of spatially-combined
arrays, a class of microwave devices. These devices compete with

conventional solid state and vacuum tube microwave amplifiers and sources
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The present invention increases performance of the power combining
array 100 by varying characteristics of the slotline modules 140 to cause the
signal amplitude applied to each module to substantially follow a specified
amplitude contour according to the modules position along the H-direction
within the waveguide enclosure 110. When a signal is applied, signal
intensity is strongest across a center 180 of the waveguide enclosure and
gets weaker at edges 190 of the waveguide enclosure. Therefore, signal
amplitudes across slotline modules 140 at the center of the waveguide

enclosure 110 are different from those across slotline modules 140 at the
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180 of the wavegui de encl osure and gets weaker at

edges 190 of the wavegui de enclosure. Therefor .
sédges! ofatiplavegaise res 1804 Y670IIRG diy o Bh A ULfforRy in
center wavegui de encl osure 110 are diff
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ﬁg?htﬁug Aieghe failredito gheovide badi sicwitta sigsalgenott m@;@pﬁ fo
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basser ey AV B8 RACSRE At moy
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i nvention, one nethod of causing the signal anplitude

to follow a specified anplitude contour is by varyin
a | ongilf ul prekemoiavdriton, ofie atethasnsf caysingohesignal alnplitde

slotline anter . I . . ' ,
Rdpcplavy soespeamanudn gofBG s HGeRAT 2 gy Tan| foskih of
Z Lézglite%%tfo@bftemmlggige amn'hrm arc ablegishgne sletling srqoviesd440-
al contour 200 af t I np: 0 i
eelgTnScodrEr s i Paat i rdth ot e Y afgored
Waé({c%i IERCLRIMA pHysRaresntoor a0hiat e fripat spdc12q elithe
anplitude contour. |n one enbodi ) h%va{ o] I E%i L;
posavdgideoendoriIre pBE Bf Hie 2P bqu"f} f erveﬁﬁ ide Enclslre
sl otdrisBe oAV EIh@ESecified amplitude contour. In one embodiment, the
longitudinal position of the slotline antennas in different slotline modules are

varied according each module’s position along the H-direction within the
waveguide enclosure 110 to achieve a specified amplitude contour.
Increasing the distance between the waveguide ends 120 and 130 and the
antennas of the slofline modules positioned nearer to the center of the
waveguide enclosure 110 along the H-direction relative to the antennas of
the modules positioned further from the center increases the relative amount
of power in the modules further from the center. In another embodiment,
varying the characteristics of the slotline modules includes varying the shape
of the input and output slotline antennas {0 adjust the amplitude balance

among individual slotline modules.
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ng reactive elements in
mw:dulanyoiechnquerfanaduwngnarpahthde Fb?é@@edéﬁwg the slotiine
gg |zat| on often has the advantage of small size and
? ‘adj ustment. The del ay equalization portion nmay
be configured for phase delay equalization for

nar r owhgad; apple|&ak 'a?é‘%lofs@'ﬂlﬂ Vids Besi6fné hiduRe disosed on

time delay equal 1zation br oadband applications, It
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! t%})lenllr{]geforrT%dSLfot?ﬁe ght%ﬂﬂg%o‘?& a slotline module 140 positioned near
an edge 190 of the waveguide enclosure 100.

FIG. 5 is a perspective view of a power combining array 100
according to another apparatus and method for performing the present
invention. Performance of the power combining array 100 is increased by
varying the physical thickness of the dielectric substrate 220 that the input
slotline antennas 150, the output slotline antennas 160, the microstrip-to-
slofline transition, and the circuit element 170 are printed on. Slotline
modules 140 disposed upon thicker dielectric substrates 220 couple to the
input and output fields more strongly than slotline modules 140 with thinner
dielectric substrates 220. Accordingly, slotline modules 140 with thicker
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160 taperi ng for a slotline nodule 140 positioned at
r. ear. the center. 180 of .t he wavegui de .encl osure 110
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a éﬂcﬁishf@ﬂ@ﬂﬁhﬂeeslétﬁﬂe mlﬂé@ﬂﬂﬂv\mﬁahmﬁér gideetrit9atrates
t he wavegui. de encl osure 100. FI G iS a perspective

vi4dl 8fe BosiiRned eearuihRi Rt %[r?%oﬁ@’!? wavegwde gnelgsure 110,
artﬁér%? | nven?ttHé @%Bnﬁgebh% U8hoReEIbBRE MEdtIBE 140 to the

presen ion. Performance of the power conbining

arifRyt argiooyteut firddsetps@atabya spggffiatyampliiuge genioar. A dielectric
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arheemaraasi meﬁewtﬁéemlwrabmphwdeosBat\rarwegtthartblpkm@ﬁ of the

arkﬁlelfa&ﬁc %ngtgét& f’ioegﬁd%r We H@T %trR:r g&H Q‘lt%o iﬁl 8|I|é 'oFmore

I Spose on t et
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nmrbmbémng46rrayt h0a.hi olkeﬁeiayel equidlizatisu xslctiot e31@2Magr also
D Toblenries B R dnRedeat o, el BaRe e Amifide’ St the

dlﬁgr@mﬂé]ey, substrat es 220 are positioned near the
center 180 of the wavegui de encl osure 110, thereby
adjusting the coupling of the various slotline nodul es
140 t 0 Anbther niechniguel fout grrfortingl dee tpresartt cinvention mvolves

oREHS il AP S S Righis &h Hisle B PEuE DD, .6 2he
ZEDGUHyaraleSdob@upaﬁievede mo?fcfuﬁgdlagrbm %iﬂjl?e?h\gﬁmﬂé sldéine

DYoo S Bl 1tRfetit, FERERT eMbopiatents MuGih e RURBE! b fimu
S|eﬂ>érherﬁt§ coRfHkiRg thd bitcuralamnest [ticH UrRon amdtlineidedule 140

glled across the Iurallt%/ of slotline nodul es can
bé d

nerersedd 'paYS sielinssptenaas JARendeoythut Hetlipy @etennas 150

CQF8I dinh@cRir &Y chBlt pdriisaY 760l the adibiiRe SBEQUIES RO by
may al so i nplenmented with this enbodi ment to further

b dﬂ'ﬁf?éé"prﬂ@es'%w frepgitonst 24Ghe Thpem alotligettaynicieghiphieansitions
fﬁ%@%g&*ﬁ\cﬂﬂé dRESrERY dBnAGuraliEnAE 858 IMMeNe &Y FIG. 7. For
example, a slotline-to-microstrip transition 240 may be a slotline-to-2 way
microstrip transition 250, or a slotline-to-4-way microstrip transition 260. It is
to be understood that the present invention contemplates that slotline-to-
microstrip transitions 240 can be implemented in any number of ways to

increase performance in a power combining array 100.

The present invention generally contemplates a slotline-to-microstrip
transition 240 that transforms energy in a slotline mode to a two-way
microstrip mode. In the embodiments of FIG. 6 and 7, the present invention
employs a more sophisticated slotline-to-4-way-microstrip transition 260.
Impedance matching structures may also be incorporated into these slotline-



10

15

20

25

30

varying the nunber of circuit elenents on a slotline
nmodul e 140. FIG 6 and FIG 7 are a close-up view and

wa 2006100671 di agram respectively, of a slotli necCmusoe/008247
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'h a power Ini'ng arra
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i nvention e

o1l adeiton, oy s EPeCHEr Bdth &0 ish s Wilkinsop paver

?nggiglegggtétdw qENur aivideay {)aﬂ@ d{cbﬁ eamho ofrerat diherefore, in this

Ineto-mcro

ereipE BedrdRRL s Blees ot SRigs maduidd o0 are

Bla?ec{;fr&w é%fchtdﬂ'léif By Ak e Svayoeicr st Power dimdbise'zm OThe

owt e circuit elenents to be physicall rr%%
suentlrers@atwlryecrqmmmcbartrgy APQ s,/ thelef eol§%s F‘&%ﬁ@b‘e o trosstalk
s pé e@ﬁ “th@ cbGH Ql%Hén% Lh@ st ik PRorddlablg] amdriess@nsitive to
osses and maxi m zi gqlomer conbi
t
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the input uses a slotline-to 2-way m crostrl p
transitjof2ahnd8fhent, at least one of the input slotiine antennas 150

and output slotline antennas 160 includes an associated slotline-to-
microstrip transition 240 having a slotline transmission line on one face of a.
dielectric layer upon which the slotline antenna is disposed. Also included
may be a conducting strip oriented substantially perpendicular to the slotline
antenna on an opposite face of the dielectric layer. The conducting strip
forms two or more pair of differentially driven microstrip lines coupling the
slotline antenna to an associated circuit element 170. The two or more pair
of differentially driven microstrip lines may be separated by a distance along
the slotline module 140 substantially equal to an integral number of quarter-
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at | east one two-way mcrostrip power divider 270.
M crostrip power dividers 270 are conmonly used

wdevietee77in t he field of power conbining arrayscmzoob/ﬂoszﬂ

addition, certain mcrostri owe i.Vi 270,
agvaafetmlngngbmhqmn@faﬂagvfr%fengvsoﬁgg BO‘B%)@( g'i‘%ut)ﬁ’ngru?"‘”e

p%ﬁﬁe?e@ﬂa‘ﬂp‘ d&%ﬁ RlchStrip Th@é ?rﬁé?f 8eparhtet Ai §grﬁm§vbh€@rtb the
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nodaveguidg4enciaserd 40 ath@@ghrqid?@%tctwo(ﬁqﬁ%rof wmmeents in the

thﬂ-‘ %’ﬁléﬂ]gﬁt‘)ﬁ%'ﬁ Qoglﬁﬁm% ﬁgb&{ﬁés’léﬁyo THO§ oW i difider 270

conbi n arra Is therefore | ess
S mapd:ts blhe $Iotllne{us~gnqb&trlbe1rw§éi¢nt e ac pemRPRend| @nangicuit

\a/m c?rtg? S}{}OS 8!5@ cfrffﬁgse%l tﬁqgﬂe | n@n@rﬁ%ﬂt# ln‘éfﬁ;af:cgrlcmt element

elfmpents. A del ay equalization section 210 may al so be
i mpl enmented to further increase the performance of the
power conbining array 100. Al so, as before, this

enbodi eiatuntiey Undetpirnst thpl tilécﬁm@dlm@@tﬁplbﬁérﬁt@d in FIG. 6 and
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haRHTBeTOf GirgHit @ L?E%%f\iyﬁgtﬁﬁqéﬁs :PCL ﬁrsfr{)hpa E(n@o%f]égbf#lg%‘ g?cgc:Qne .140
di Rdi(ﬂ’@drfally, drayeimhbepaf differart cirogt slboentsrandagitfeienhsiptine-to-

di sposed, Al so de . i .
orlﬁgyﬂyeraulcg%gye é@pﬁl&&@%@%@ﬁ% acL?frgonrg%bg [c{ ﬁ&’\lé? 'tlﬁa desired
ante8aIN & A8 p@ébéhl@ﬁﬂéhﬁcﬁ\ fmefofe ﬁHiEEpmsehtenVentmnllayelrllmlted
The conducting stri orns _two or _nore p

e G coanisralions, St 0t ot Bechmamu R dakitle, apgone of

sl gtill linananfi@nmg feRogilz RO Cdifiéredt Glotimg tmarludesertd0 1inOthe
The two or nore pair of dlfferent al |

SR Rid GRS A4 iRy B eaa! Be GhbydAtiens pesigned
the s gvks NG AR Gokhansdinshapbivel Eomsinkngl artay 00,

i ntegr nunber of quarterwavel engths at the operating
frequency. Additionally, the two or nore

g: f ; Z Ir eydti T?Hdt%erfkécptwgqum@rmtdrdmmgl 1h:ae;sremayc isegrdioat isvalves
g applie 0 e wav

ot VaraEg (PR TIR DL Speait 16 Al LT reanytd SRf -
17900he amsdné |140e [PME chffdue, T PR pRAWR! oftine! clmuitXléments,

connects the slotline-to-m.crostri anS|t| n.to
c ofyhan theypowechanding C@Péﬁ’é’marqyﬁ‘p% %%'ﬂﬁ”)jl'ﬁ‘%ﬁh the

L OgiyRQl AhBitGREP AIBRE Britbdiriénts brisisd bf ah %ﬂﬁmﬂer is varied in a
circuit element portion 170 of at least one slotline module 140 to increase
performance in the power combining array 100. It is understood that any
property of a circuit element on any number of slotline modules 140 may be
employed, which when varied substantially matches élement characteristics
to the signal amplitude contour. Additionally, any combination of varied
circuit elements on any number of slotline modules 140 are contemplated by
the present invention. As with other techniques and embodiments discussed
herein, a delay equalization section 210 may be employed to further

increase performance in the power combining array 100.

11



10

16

170. It is further understood that the enbodi nents
illustrated in FIG 6 and FIG 7 and described in the

wonre®der1y par agr aphs may be applied to spati aPCp@maenn6/008247

conbi ner arrays 100 using a coaxial architecture to
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nuer o] 20f FHEBhe ARrES e 08 e OO EP gt he
s| 66PRenet the-presentynvAntPostig foregeing deseiptions of pepobiments
Cogpe %v%ﬁq_ﬂﬁ: lﬂla?é/ $ebh eiﬁ“ggesdtéc? orr ﬁl@uéﬁrﬁ?&g Be ilﬂgﬁ%tﬁ:m and
i nvention. erefore, the present Invention IS no

| i sesaription. diis oai intendad tgbe akhaustive lootmlimit theniavention to the

w, PrORERAAS JREBRER IR oe AR08 Gl rickincasily a0E vtctiops are
t hposwhlegin dighternc| theuakovkl Geaniyndsav eFeli fekampi, varyiegi tiny

configuratiops designed to.achieve increased

o PrbP R O o o &Rl Kettris 7 S58e aptennas may
_anptdldeuce raecdrmma@eﬁorm@?gﬂn@r@‘?s@ mrwpctsw@swmﬁbiitmggﬁﬁaityﬂrmo.
i nyal.yv.es varyin roperties o ircuit elenmepts i e
oi POuERa Sl Al RGN 3ofes elePnisache b e Hlsghay
| naksbi ipcteasBpetiEmatOPerd ipbwePfcohinifd rrtHyt 160 eNRRLS the
such a _th? pOﬁE%-handllng capacity, are varied to
suBTPeAIMents \of niliec Rrasgat divgnlen JnpY i haudiilized, teneubstantially

embQehIB Hgnaf aRipfRidefasamBERs bf In%Fea'sﬁgVﬁé'rfo?ﬂarEb f?1 a power
circuit element portion 170 of at |east one sl ot |ng
noBeMBiningoartay. i iy teseforseiniandad bat the schee pbilaer invention be
cofhitad RSt B thRYyetaRd descrigtioynder st ood that any

property of a circuit eFenent on any nunber of

slotline nodul es 140 nmay be enpl oyed, which when

vari ed substantially matches el ement characteristics

to the signal anplitude contour. Additionally, any

conmbi nation of varied circuit elenments on any nunber

of slotline nodules 140 are contenpl ated by the

present invention. As wth other techniques and

enbodi nents di scussed herein, a delay equalization
section 210 nay be enployed to further increase
performance in the power conbining array 100.1t is to
be understood that other enbodi ments may be utilized
and structural and functional changes may be nade

wi t hout departing fromthe
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scope of the present invention. The foregoing
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presented for the purposes of illustration and

description. It is not intended to be exhaustive or to

l[imt the invention to th&Lﬁﬂﬁﬁ se forns disclosed.

Accordi ngly, many nodifications and variations are

possible in |light of the abov teachiq&;. For exanpl e,
‘'CS

varyi nd- any® F ATPIBET PP ALSACQMRPiE of circuit

el ements and slotline antennas may produce acceptabl e
per formance ingreases in ower. C LI ng_.aLr

Addi t i Ghdfgygaul ﬁrﬁPﬁaﬂﬁﬁ Qe oo %518 Wt it 8, éle'ggﬂp”t
shedldgorienssbiibe suBgorihg@n inpuefisld, ped foor amoatpt side by an
power conbi nj n% ar,ra%J 108, Al SO ttgebde_nbgdi ment s of

t ATt NAYGOUIR FERYILTHARRTHNG AN RYIPYLIEN: A8%S ubst ant i al | y
equal i ze signal anplitude as a nmeans of increasing

per f or man ' ower ini ; s .
t her ef ea%FeH}t %nsi%ﬂgqetmﬁgg '91?' E@‘S ¢ g%de@/gt@ﬂ%‘tﬂ% lAllar\{ \%é%‘? ? 8 H clggure
I i yativeen od itpyutt Waeegiiedea séatibndaisd rthe tautput GavegBide. séction

ErPs B BT R HeDnh A i (RERG BePBpolylef JE Bt E directon
weofegubél@(;mcmdaa @iteepon of 2@ @sctriofleld i el dndameniah ranle
out put si de an oyt put wavegul ge section u rtin
v ppre DY 188 WavagHIoB AhaPsurs. Brctepipting meon e 't of
di §ONEE thoduldd iRclubmgRraLl slemeREt hadhg anbigpuesdttiérand an
I nput wavegui de section and the ouéigut way e

; ui de .
se4tPein PArtoRg aih IRRi P'QE'f‘Poﬁm&EF? neaPeRedy &g’l’%ﬁﬂ ity input
Pef BRI dedertioh Bnd A inButhdrBé bOthe Urciit BRARAL, I 1 ANSuUtBut

direction of an electric field in a fundanental node

sugpitine eataspar epawercbrivaen dhe |kt evavegidesetion Rnd the
ﬁp&ﬂ{h@t ddgiéﬂqﬁftﬁéﬁﬁ‘é/uipélerﬁleﬁﬁl i ne nodul es including a

circurt enent having an I nput portion and an out put
portion, an input slotline antenna di sposed between

the i NRyterRVAERILAESISHSS hauRRvitHReE tHe@idy BOSIbIIAG neddules
the circuit elenent, and an output slot]ine. antenna

di dgosiigwed e dyave Nenbig piaraciaUingi arsowking (R PRRHOR iy the
OULRitecioH b &niothiemdlitiieth theeh @&t slotline modules within the

waveguide enclosure to cause a signal amplitude balance among the slotline

modules to substantially follow a specified amplitude contour.

2. The power combiner apparatus of claim 1, wherein a
longitudinal position along the direction between the input waveguide section
and the output waveguide section of at least one of the input slotline antenna
and the output slotline antenna in each slotline module is varied according to
each slotline module’s position along the H-direction within the waveguide

enclosure.

3. The power combiner apparatus of claim 2, wherein the

longitudinal position of the input slotline antenna is farther from the input
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wherein different slotline nodules within the array of
slotline nmodul es are configured to have varying

wohere®eéBi stics according to a position | n theCT/U82006/008247

H di rect-i-on- of- each slotlipne mdule.in t arr
- sMRVPOWEe nRRiiRS a0 t A\ nlopERY e BesTiRn éﬂc g[y%t slotline

C%ﬁﬁa?m@ B @?@Jgr%'tﬁéd&ﬂ?@ﬂ AROEg RIS NeBclibe 1B @lalch nslotline
ules to substantially follow a specified a I|tude
comcle near.a qedersBRs WaktaM drepnadiEe 81one s Hed! rr%

wherein a | ongitudi nal position along the di rect| on

bet ween t he_i nput waveguj de secti.on d,the out
waveguftde sERQ i RAVESE C‘a‘?‘gingés?p%@uﬁf a{]r?éaﬂ nr?utw Sein the

S'I&{dlthaﬁaﬁ'bb&‘ﬂaﬁ Gnthet RBUOEIdBIHe sh@hhanie dBQeﬁnfdﬁtmm input
each slotline nodule is varied accoggrlpf% &o ea
[

swaveppige nbertica angodiet japeitugindlg Pe# R QU ot slotine
Wit IQ%IMY%%@'Sm%UPWQ%ﬁLﬁde dectibR€roPe¥EH sl medule
apparatus of claim 2, wherein the |ongitudinal

paosat ApRdos ofthuewav&gwdglamosh@ antenna is farther from
t he i nputwavegui de section and the | ongitudi nal
position of _the output slotline antenna

from t Re oulf PRIPOWAY EQIPIET SRR ABIS ‘?foqla‘%%'hwg?r&ﬂ ﬁ];.?ec:rcunt
W@&h@mﬂﬁ%@ le’és@slﬁ'é %tl% rhERINVHR s Ged A é@@alrzat.@{ @étglon

di rection. . power conbi ner appPs

clogntroliing mabdﬂay ﬁ"@fﬂ ﬂs\ﬁgnwd‘l% fﬁ‘@s‘?”ctf?‘grf'e%? ’leég% the at

e o?lg%qcl)tllﬁléarr@ﬁh% t%o?\ﬂ?hr‘é%{etb stuBsttahﬁ‘all lize the st nal

wavegul de secti1on an i tudi nal position of
outetayt fradhe iimaut dietdetortheasitrit g@& thiughnibeo gtysaltty of slofline
mﬁ¥§&H¢ e section for each slotline nodul e near an

‘'t he wavegui de encl osure. 5. The power conbi ner
apparatus of claim2, wherein the circuit elenent in

at |eagl ongnpg g%We‘r REMBREY 9 Fbr%@uéigﬁ&aim @ehérein the delay

equal i zation section controlling mgnal del ay from t he
i raswelizatiengecion neludes pwhase delay errirghon Retwork | east
one slotline nodule and configured to substantiall y

equal i ze t he signal dela from ut fiel

out put %i el dh ?WWQWOWJ%I%PQT ‘ﬁ/‘){ﬁgg‘i‘& Iv‘ﬁ'}? eih Iné WBray
MOlafatiof- seH‘@n PeNBEs 6 IR A4y equaizalidsnativold. ai m 5,
wherei n the del ay

8. The power combiner apparatus of claim 1, wherein a shape of
at least one of the input slotline antenna and the output slotline antenna in
each slotline module is varied according to each slotline module’s position

along the H-direction within the waveguide enclosure.

9. The power combiner apparatus of claim 8, wherein the circuit
element in at least one slotline module includes a delay equalization section
controlling signal delay from the input field to the output field through the at
least one slotline module and configured to substantially equalize the signal
delay from the input field to the output field through the plurality of slotiine

modules.
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equal i zation section includes a phase del ay
equal i zati on network. 7. The power conbi ner apparatus

wofomleaérm 5, wherein the del ay equalization seeCTws2006/008247

includes a tinme delay equalization network. 8. The

pover cofi nefheappueracanbioer apraratus, of wtimimed nwhehafie delay
of dtuhieagd f; neyantenn and the

out th srotl ?%glogr'}rt]cg%g Jl]ﬁlrgesaegie?%{% Uiz q?tﬂi%‘f"% ki s

varied according to each slotline nodule's position
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9. The power conbi ner appar at

t he®8%g @@f'?” edding ficlydesaa time delay enealidation navardul e
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si gnal dlenay romthe input field to the output field
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fromthe inpput field to the out u fle
pl u?%ﬁqcﬁbe%?'oﬁlﬂétf%mi@mﬁfiﬁadra@§ltlpn havingea plotiiee ttamus‘mmm line

appa atfdge of acdhélbe‘ﬂn@ Ia?’@?qggr\ i a?tr% 53 8 izt Iq‘isposed

secti on i ncl udes p ase ay equall Za
11. a7th8aypges C@aﬁmtwmstapgmeatamswstmm-umpmrpmmmrnto the

t hegigtheynemmal 47 ah 'O%ng?ecfﬁggrbf taéldlljej%ciﬁg Iléylﬁgethe con)éuctlng

equal | zati on networ K
ap pfiRfarging a @Elapﬁdlﬂferamhelhairrvealmlbmtrtp limee colipliriethe slotline

lnc d“:’%aoiblérpgss%%fé{?j”@%g,l Ealn? put slotline antennas

an assocl ate -to-mcrostrip
transition having a slotline transrn'ssi on Iine on a

face of di c P he. line
ant enna1|%s d?b%oé@é& 'g%ﬁﬁg\}j ér)fg)am% ugﬁ' é’t Mhgrein the
or i EReeelingusigp inioined o the lppmruﬂlduﬁdrmtlailp dhh@w phiplof Ini€rostrip

amlﬁ@&‘@é%’ﬂle‘%@t Wﬂ?detd?nééaﬁg (f%lm%%;eFd%el ectric layer,

he conducting stri ormn Irodlfferentlally
driven mcrostrip Ilnes coupling the slotline antenna

to an aggoci phe&dowbf E'é’rh inB! Sq%é?éwﬁjﬁ cJaTM?kéj\?/}é\lgrﬁaHbme (Ha:wt

corrbl ner apparatus of clarm erein
st E'§IneRt in &t [eagt ere ﬁ'ﬁ’é‘lnpaﬂtvdwﬁ indiudbe medtlayabdyalidaiioresection

pa'cbnf?&‘)lhr‘?@ Qﬁggﬁélt <§él£’y l‘rbﬁ]lelﬁe t?F(plﬁtﬁeldet%sthe ?put rng‘%df%rough the at

transformn
least one slotline module ‘and configured to substantially equalize the signal

delay from the input field to the output field through the plurality of slotline
modules.

15. The power combiner apparatus of claim 14, wherein the delay
equalization section includes a phase delay equalization network.

16.  The power combiner apparatus of claim 1 4, wherein the delay
equalization section includes a time delay equalization network.

17.  The power combiner apparatus of claim 1, wherein at least one
of the input slotline antennas and output slotline antennas includes an
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14. The power conbi ner apparatus of claim 12 wherein
the circuit elenent in at | east one slotline nmodul e

wonalewdesia del ay equal i zati on section control PCIES2006/008247

si.gnal delay.fromthe input field to the output field

t hrasageiater leiting-teamicresii ﬁamiliwmba\fm gl sbothipgytransmission line

% S0 2 RUBGRE L SRR e S1000h 1 Blptent
pl wndl hawyngfa somducting sﬂmd@helsted1®bstE1nQalpowerpe@di¢blau1éo the
PR Sn@hng B 4 BlaodlBTee Br 1 afiflclie BRI Rbh@king

section rncltaés 4 ay equalza
16 .strTmbrmngH pwoofcﬂﬁfmen’aqﬂgainaerm miobsicipdines d:duplm é¢neslotline

t he ela aliza ction . includes.a ti
cdfd R G oehBiad Derhf Sarddhy s VBT A g & e
of aphmitutet, arbrey Eheﬂslaﬂlhné t’ﬁaﬁul Issnlte indredderi b)lﬂ pﬁﬁylr@ atihicleess
ant a t. slotli ant ennas cl udes

AL U5 e FRlie B rantg i Bt Mot siofiGe ENshnn apqytout
a sidlind Q@tehh@@fﬁrméd Qitchiditg ©Ntha dicthee Alodale oSG hiong
| ayer ich the slotlinpe antgpna i s di sposed, and

ha\}'i“ﬁb' @lfe&B%lﬂi’i'P%H‘es'{‘PH‘tp%S?'?réﬂf% eQuiRYtFREHCN | y
per pendi cuI ar to the slotline antenna on an opposite
face of .?‘JI electric

er UCt L n tri N
for i ng T pal B BRVEH TRbBLE frnarg e B ST i c Bt fhe oireut
i Wn?ﬁUnF)bt m@tst bige slbﬂhblnﬁwmmmas faodéwy é?li@lea@drr%@bctlon
circujt, el emen rein n na
st aiEs SKinhieien ol Gernae Tebbia Ge Gy e hddinpe
Vaﬂyééﬂ @na slchhrié‘ﬂm%@@le%fndt Jlﬁﬁﬁgbr‘éh&étshbﬁaﬁh&]l@*écﬁiaﬁzémfén&gnal

ch each input i ne antenna and out put

tl]
antd@iﬁa/afrcprﬁ the) inRsd fla@ctertae ﬁgt% flszethgm{gm thﬂePWﬁdw ef §loﬂme

Poshddumss. al ong the H-direction joining the input
section and the output section. 18. The power conbi ner
apparatus of claim 17, wherein the circuit element in

at | eastigoneTisd pbweneornmielen @ppdﬁ@tbydﬁ%laanm @herein the delay
equal i zation section controlli ng %al del aélpfrom t he
[ n;?lﬁltlalﬁaé'%l SP%;'C{”HEC'BQE%%P“??%@‘?J ¥ RRligAtiIQmeet - east

one slotline m)dul e and configured to substantiall y

out put - £Pe! oI PBUERETHENE SRtATES o RN e freréit the'delay

nmodgliglization section includes a time delay equalization network.

21.  The power combiner apparatus of claim 1, wherein at least one
of the input slotline antennas and output siotline antennas includes an
associated slotline-to-microstrip transition having a slotline transmission line
on a face of a dielectric layer upon which the slotline antenna is disposed,
and having a conducting strip oriented substantially perpendicular to the
slotline antenna on an opposite face of the dielectric layer, the conducting
strip forming a pair of‘differentially driven microstrip lines coupling the slotline
antenna to an associated circuit element, and wherein a uniformity of signal
amplitudes among the slotline modules is increased by varying a permittivity

of the dielectric substrate upon which each input slotline antenna and output
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19. The power conbi ner apparatus of claim 18, wherein
the del ay equalization section includes a phase del ay

weqgomlweati on network. 20. The power conbiner appasaioss08247

of claim 18, wherein the delay equalization section

i ndlaiinesaniepnanis trsmay asgeraling &t the elofinargiodule’s positionealong
0 whessin at | east

gn\gﬁéopcd}{?&'aﬁ{) rﬁﬁ@ﬁ%ﬁf‘ﬁﬁ?ﬁ@eﬁ?}d&d{%d oults?)ut slotline

antennas includes an associated slotline-to-mcrostrip

transitbon hayd pBewer %@Eihéﬁ@pda’ré’tﬂ@&%%irﬁ@ﬂ WRBreMtHR circuit
face of a dielectric |ayer whi ch the slotline

anteisipentiig ay I@ﬁb@%slot&'ﬁa W'%@Cb‘dé‘é @onﬁi@y pgualizatign section
ori r
antaneating SRRBAIa o PEUARTIER e RubIoR) fhoidhine a
t hdeasp goa@lating @pdulp amquﬂnﬁguradﬁausubeianmwyf@t@hm ttel signal
dr| I t [

o 05 A6 P bloBInE BB AP Hiorhe BierdfY BPGBuine
unlnﬂqﬁwﬁay of signal anplitudes anpbng the slotline
nmodul es is increased by varying a permttivity of the
di el ectric substrate upon which each input slotline
ant enna2énd big powen eambiner appasaing of slaip e wheseio the delay
to

SOV SpaenTRA MG pRAT A pomid e tvort
section. 22. The power conbi ner apparatus of cI al m 2

1, whergin tiig SbWQNédmlﬁh@f"%fﬂarétﬂs@f clafa$t2, WHrein the delay
slotllne nodul e i ncl udes a equal | zati on secti on

cofdlizafiag sg@ggwanclu@%a@/tlﬂne&@iwwahmonm%w to the
output field thr ough the at |east one slotline nodule
and con%ggur to substantiall equ lize the sig

ol s T Rhon ife bt PNy aPpatales oL RB 1 (W araIncH fens Ane

t her pharinpitt Ylofhe Shtbhhaie aRB USSR sidine TAReRRAEincludes an
conbi ner apﬁ)ar atus of claim 22, wherein the del ay

eq@8PeGAeY SIPIHECIOrBIFTas tiresdtion haviaga dlgtlip transmission line
eqignld ZRll & G%ﬁé’&i&ay@ﬂupd‘?hﬁhféﬁ%é SRR BSenRPRAGRbYS:d,

of claim22, wherein ay equal i zation section

i néndoaying ei eandueting sktpuarieniad syhsiatislbr rerpeadicriae to the
PORAIIHECHRERSS oft B@déﬁqucéb@tf{@ dielthRr 8U&Y, Me bEARIcting

one of the I nput I ne ant ennas and outpuf slotline
anstipfagmingdwa @@gncaﬁ pair of differentially driven microstrip lines coupling

the slotline antenna to an associated circuit element.

26. The power combiner apparatus of claim 25, wherein the two or
more pair of differentially driven microstrip lines are separated by a distance
along the slotline module substantially equal to an integral number of
quarter-wavelengths at the operating frequency.

27.  The power combiner apparatus of claim 25, wherein the two or
more differentially driven microstrip lines separate a signal applied to the
waveguide enclosure through at least two sets of components in the circuit
element of a slotline module.

17



10

15

20

25

associ ated slotline-to-mcrostrip transition having a
slotline transm ssion line on a face of a dielectric

woOaywrosemaon whi ch the slotline antenna is di speeeasS2@rd08247

having a conducting strip oriented substantially
per pendi 88l arTheopewe ednohinémappamtes oaclam a1, ﬂzpmes tdm®prising

facg ﬁw&%n@éreéo%ﬁééﬁn; 4 Q%ﬁfng-téggprgﬁﬁp Fe%ri?qg;ln @ngomponent

formn

m cpbétcrrctpt ¢lemest. coupl ing the slotline antenna to an
associated circuit elenment. 26. The power conbi ner
apparatus of claim25, wherein the two or nore pair of

di f f er eng9-al I'{hedppwen cmhdmmsg rappafatue sofacleins e2Br whedin the

by Boxﬁéﬁén%eﬁcﬂfgﬂﬁﬁdﬂﬁ? 6 o@%[}%’ﬁdu'%& At Y

qual to an inte
the operating frequency. 27. The power corrbl ner

appar at ugo.of A£hakén dmbidhg ek . or nore
differentiall ybdrl ven rln c?ostylc ﬁp%{e separ ate a

signal applied to the wavegui de encl osure through at

| east tvmv\mbgwdé SHRMRORCRbVNG M Fike dhldl &otlp 'ieoe'tc?%e\%v%wde
| e.28. The power conbi ner apparatus o

a slot]lin

cl ai"ft! de? H@PdGSHB'PFigP Adrayepdde putivti der

connecting a slotline-to-mcrostrip transition to a
conmponent of circyit ele t. 29..The power

conbi ni nrgg pglbrsﬁt'y tsslf%tim%l'ﬁg&ﬂ?% p%‘f@“@ﬂn“@th@ psewaveguide
di vemtﬁrsuc@néa@u@mﬂlrieomo‘agleab@msﬁﬁﬁ@%%%t‘ Bné N&ir of slotline
cireyit el povier conbi ni ng array

corfiiPAIRy: eaa{/\}&\?ébﬁn‘?jg £9E FlsdlnecnieRtasgneiufingsa fisshalotine
coupitethd near avamgwdd@f 4 B@Hhe@ﬂgdlﬁ@c&w s@é%océ’lgﬂ’ibggantt&na

a wavequi de ut; a plurality of slotiine no
posneﬂrgnséaﬁo ?ﬁ Hf?ﬁ@t'lﬂﬁ\f@@%'@@n@ncl osure, each
slotline nodul e corrprl sing at | east one pair of
slotline ant ennas east one pair of slotline

ant enna$' {11! &é‘?’ﬁ%”ta"?r '?%ttL%ICB?LI“ ﬁ'@”‘@ﬁ‘f eArigneabled to each

f i thllmdntGﬁn@IrSﬂh@tdalrrtﬂ‘ sTBHY Shte @S, %EFHWH% st éﬁ@second
Si‘ﬂ a near a second end of a slotline nodul e:
cir

© BiSRRAR ASoPeitipned mglative fe the first ang secqnst emdmof the
cowveduide @adlbsure to cause an amplitude balance among the slotline

modules to substantially match a specified amplitude contour.

31. The power combiner apparatus of claim 30, wherein the circuit
element in at least one slotline module includes a delay equalization section
controlling signal delay from the input field to the output field through the at
least one slotline module and configured to substantially equalize the signal

delay from the input field to the output field through the plurality of slotline
modules.

32. The power combining array of claim 31, wherein the delay
equalization section includes a time delay equalization network.
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positioned relative to the first and second ends of
t he wavegui de encl osure to cause an anplitude bal ance

anong t39e siTHEIRAVETnSRIUPIRIEgt FTRYBE Chaimi &l Yhapitt fhe delay
S REulalizSdn s ?ﬁ M@%d@@ Etp%lﬁe d§la§- cqlBEaReNREtRkDI ner
apparatus of claim3 wherein the circuit elenent in

at | east one slotllne nodul e includes a del ay

equal i zat i 0The @eivie BordBiIRingrtayns cldig g, mer@ycﬁaﬁremehbwcs
input field to the output field t d{r)fg h th _at qua

ortd GJirel Ard SEaAN SlodtpecyHEM RS &

eOkedZ §uéH"ﬁ13‘E 'agﬁaillné%in@éhnfaréﬁﬁflbﬂ:%tlblﬁ‘ F@iﬂtonEl sﬁd)tﬁné ehdde is
output field through the plurality of slotline

moditierest thap thautwé aa@m@f S'@ﬂiﬁ% mackle Wihiaghewarqeuiga enclosure.
wherein the del ay equalization section includes a tine
del ay e uaI [ zat| on network. 33. The power conbining
arr ay ST POMPHUGRREY FRMBEIE equal | zat i o

section |ncludes a phase del ay equali zation network.

34. The pawer .conbinin [r of; erej ;
char act® |a¥?$‘ﬂ§e g?m{éﬁ‘é'%f ﬁ?‘é@gnfﬂrsgg gng(?%gl dt Ee\hé\/egwde
anhpuiragl seicond Ehe cemples ot Waneguidelatpst;ar e vari ed,

such that a slotline antenna configuration of one

slotline nodule is different than that of another _
sl ot | i ree phwdlitye ofvi dotiime theduley eppsitwednitbisutike \8a/eguide

CrofietiE Se R G oERRe AUl AR e o gt ome
I ryait ofasidthas@anmhnemob it pﬂoﬁldetamtemnaanelgm pelie stnjlltrmmntemas
pl ural i of /s ne nodyl es positi,o

el it 75t Gk P8 Bl oR et S S nCepphfa I fre pair
S UdfsdidtivieesntaniohsCriddp izl sicb@d 8hd beasiotlimeengdile; anfd
slotline antennas, a first slotline antenna in the
pair slotline antennas near a first end of a slotline
modul e,a einulitselemadt gdrtion,i the cﬁnuiéaimdnh pohinpeduplesf to each

N T e T K
el tarrnésspor éacbﬂslothue Iaatérina ieyahied lt@tialuseearatrahmhhwel alance

the gal rthé) fslosdme mlorc]i%leasn 0 su sféntwﬂy(? rn%tgh aa %pgln?gé ra'rﬁ:plitude

S are

contour across the plurality of slotline modules.

36. The power combining array of claim 35, wherein the dielectric
thickness is varied so that the dielectric substrate for slotline modules
positioned near the center of the waveguide enclosure is thinner than the
dielectric substrate for slotline modules positioned near edges of the

waveguide enclosure.

37. The power combining array of claim 36, wherein a dielectric
constant of a material from which selected slotline modules are constructed

is varied to further cause the amplitude balance among the slotline modules
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t hi ckness of each slotline antenna is varied to cause
an anplitude bal ance anong the slotline nodules to

weubstiaet7ial | y match a specified anplitude conPOWUS2006/008247

across the plurality of slotline nodules. 36. The

powie sukBamialy matef iheysraciied Armiitele eansewi acregscthe plurality of
di @\ fffd hEgdibé ckness is varied so that the dielectric
substrate ?or slotline nodul es positioned near the
center of the wavegui de enclosure is thinner than the

di el ect ggc snkésﬁéﬁéxecan%méﬂ &dakdtBs @QIHIn@%SP@ﬁéFa‘anﬁ%dcwcuut

near edges of the wavegui de encl osure. ) power

coimedn at least ere ﬂpwnmrwulwewée'ﬁ aaﬂ%ﬁ)@@@tﬁ“lat@n section
Co%rﬁ&ﬁngj)glgﬁaln@élﬁi }rBin dﬁﬁé %d@@lblﬂhtostﬁ!a %‘Eﬁﬁﬁ fielcChkd the at

es are constructed 1s varied to further caus .
amgast gae stpdlingnpeddesing congyedtto isnestaniéhlly espielize the signal

I t k; t
SRR P PR e A (TR SR bt soin
poweodutasbi ner appar atus of cl ai m 35, vvher ein the
circuit elenent in at | east one slotline nodul e

includes a delay equalization section controlling
si gnal 8@l ayThe eaweheoMbiNg farmal doft gainh 8o uiieinf thel delay

thig H&Eaﬁgﬁ s@&tloh‘?ﬁtﬁ&dé%r? le%l Qﬁugﬁf%f hﬁ ri@ffhrk

con Igured to substantla y eq e S|gnal del ay
fromthe input field to the output field through the

pluraligy ofrisd gb{/vbﬂ%ombﬂ%gf%rra§9of dl Qﬁ"n RRVEIhFORDINRT B8lay

array of claim wherein ual i zati on

se@w@iﬁat'% peRiien inclyudases a@aweé@u%qqaba@ jasmetweskor k.

40. The power conbining array of claim 38, wherein the
ation section includes a phase del ay

del ay equal i
equal)ll z‘g\iJ H@W%‘F‘?{“b'ﬂmﬂ angy 58WeFIsSBEbi ni ng arr ay

conprising: a wavegui de encl osure haV|ng a first end

coupl ed_t vequi de put an ecaon ou

= eveqdi Rl e Mot Y RO Eryilee T lpBleddive
posiput anédesdnidrénd ddupleday @aovavdguiiedugsuly e, each

printed on dielectric substrates and conprising at

| east one
a plurality of slotline modules positioned within the waveguide

enclosure, each printed on dielectric substrates and comprising at least one
pair of slotline antennas, a first slotline antenna in the pair slotline antennas
near a first end of a slotline module, and second slotline antenna in the pair

of slotline antennas near a second end of a slotline module; and

a circuit element portion, the circuit element portion coupled to each
slotline antenna in the pair of slotline antennas, wherein a dielectric constant
of a material from which selected slotline modules are constructed is varied
to cause an amplitude balance among the slotline modules to substantially

match a specified amplitude contour.
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weaislovera1 nodul e,

pair of slotline antennas, a first slotline antenna in
the pair slotline antennas near a first end of a

pair of slotline antennas near a second end of a
sl ot | i né2nodlhepowgicankining grmay &f slend 1pyheieima thinkness of

Ci liggl 'dﬁel@&tﬁ&%ﬂbsﬁié%ét:b %r@el@' RENEP Basd 15d %ﬁeﬁlﬁ\&je balance
antenna I n pair I ne ant ennas,

di @énedorthe Si@thm ardulgs t9 swbstantially fateh Wie speaifisideamptifude
sl %HOUF‘ Gj#la%?e alﬁt?ral?tg ?11 i r%d n’]chuY%r 'dseif etégtt gr?eu%‘?elg&nc

anpl 1 tude nce ‘anon he s ot i
sulssbsirate o1 slotline ehoduleppasitianed rafrqvlthe wdrtec @ tiioel wad@guide

Th onbi. N r f

IEpREE SRR DALY, bR, e BLo By rocues
fupbkr&onezmm edhes afpeivwavdguidaleadioeu@iong t he sl otline
nodul es to substantially match the specified anplitude

contour across the plurality of slotline nodules, so
t hat t h#3.di elhecpower conii¥nerappafaius of dallm rré wietelretie circuit

POSCRARSHCRRE SMEGAE Bicfle HEGIEY S B BIEL R i Bron
mo dantesilingosignal aleday frn@arthedgned; fieltd tbhlee watpelg tieldethrough the at
ORGP UAE s TR R cgRRIBRE S AOSREN B 2o o Bene
sI dellay rimmrrmhrinput fielti tol¢ise autpat Asid elroabh iad | slorafigCofi hotline
contro ling signal delay fromthe input field to the

ou{T}S’SfJ ield through the at | east one slotline nodule
and configured to substantially equalize the signal

delay fxpmt ' t e .oytput field.throu
t he pl uirégll i tth%ob 8@{&%? %%ﬁb%@ogﬂ%gsqf Qjﬁ'% e \V\%Phtlhe &Hlay
coehualizatipraseddipn dicluleaiantir@ dela @veaalizatioe ndaary.

equal i zati on section includes a tine delay

equal i zation network. 45. The power conbining array of

cl ai m 45. whdeepoweheombining efawldf zakaimo i 3s edierein the delay
L 4
mehiieguch SUABE MRl AAL R AlfEMR SR A

I 'ncreasing per rmanc
array, conprising: applylng a microwave signal to a

waveguigle enclnesHé® diaNéBSsiflg performance in a power combining

array, comprising:

applying a microwave signal to a waveguide enclosure having a
plurality of slotline modules positioned therein, each slotline module having
at least one pair of slotline antennas, wherein a field intensity of the
microwave signal applied to the waveguide enclosure is stronger at a center
of the waveguide enclosure and weaker at edges of the waveguide
enclosure; and

varying characteristics of the slotline modules to cause an amplitude
balance among the slotline modules to substantially match a specified
amplitude contour through each slotline module.
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plurality of slotline nodules positioned therein, each
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antennas, wherein a field intensity of the m crowave
si gnal applled to the mavegélde encl osure i s stronger

at a cédter 1B MeiRodal egin at whersstieeaaig gharestergtics of

edgesidifind MR duRY Qﬁ%éi‘%o@rﬂﬁﬂs% %l%/mgaﬁ %ﬁ@%ﬁin@gposmon of the
characteristics of the slotl|ine nodules to cause an

arilieast gee palr aheletiamsntennas insthetlyralty e algilies neesules.
substantially match a specified anplitude contour

t hrough each slotline dul 4 The net hod of claim
46, whéfei n%ﬁé”% P?l‘?f 290?%%&0833”&”& iraplementing a

sl gy él@.lem@é‘ﬁdrﬁ%cfhéﬁ ihe rcw@@lt"’éfehfé?ﬁ pYRIoWi g @it feast one slotline
| ongi tudi nal posijition of th | east one pair of

S TB6HHIAdn dhe SHTELY 1o Song Mipdas Jiodefyoediaeaton section
”%i')‘rh'ﬂ&l?red"t@ sugaﬁnmlyl o aﬁ’fe §|s@n€l &éaY frahd th@finput field to the

nprisin emen I zat1on section
[ mt&pl&ft%&thm@gbrﬁm cwﬂt@l@mea pattiondastheopleradifyoef siedine
rmrq&:, dn the plurality of slotline nodules, the delay
equali zation section configured to substantially
equalize a signal delay fromthe input field to the

out put 4bi el ¢thé FemsthofdimCas, %Hetrelﬁkl%'f&él%% Baﬂéllz@ﬂoh Qectlon
t he plurallty of slotline nodul es e net hod

cliBgiderss iR rausizafionaiptweiial i zati on section
i ncludes a ti ms deI ay equalization network. 50. The

t hod _gf the del.a |
Sect | o0l nl TG ALa e, A esciids 958 BRUAREUEH Rectn
1.indibges®phask &ma@b@a\méﬁm w&gbAd N the varying

characteristics of the slotline nodules further
conprises varying a thickness of a dielectric
substr gtie uPhe nvédthadhot tiginal6 | wiasrkinohe @iy ofaratietibiidseof

a nn in t allt of slotline ules are . .
AhS e modifshrithd stphtes yingns oktess of & dielectric
C aiupsiratengoh WHichBRtdt Nhst ofke baly of Slugihe ZatdrPas fetiel PMivality
in a cjrcui el ement rtlon of at |east one slotline

ndi Sl nednefides pig APRASPdof sl otli ne nodul es, the del ay

equal i zati on section

52. The method of claim 51, further comprising implementing a
delay equalization section in a circuit element portion of at least one slotline
module in the plurality of slotline modules, the delay equalization section
controlling signal delay from the input field to the output field through the at
least one slotline module and configured to substantially equalize the signal
delay from the input field to the output field through the plurality of slotline
modules.

53.  The method of claim 52, wherein the delay equalization section

includes a time delay equalization network.
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and configured to substantially equalize the signal
delay fromthe input field to the output field throu%gn

the pl 8¢al i THe Bethoddficiaa Sep PN theLlelayeaualizalinn $Hc
clith 3% ph8TEIdY duaisiRlomnenml i zat i on sect i on

includes a tinme del ay equalization network.54. The
met hod of claim52, wherein the delay equalization

sect i 0gsi ncThlgRtiodpdiassimied, ayhepeiiahé vatyirgncieehatoridtics of
55. The nethod of claim46, wherein the varyin
\eg{reéh%cg-nstant of a

chg &latie sraduiesoiuriple COMBEISeSh ¥aryig Pede

C ORERE i O WREHY iHeChtdebt BhE BhF bEsI6MAS bARINGS afe E&istULRY.
on which the at |east one pair of slotline antennas

are constructed. 56. The nethod of claimb55, further
conpri §6ng Tm@:neamu idﬂg:lmdﬁfb,a?urtﬁqui&bhwpﬁ‘sihgﬁrrm;@‘h?mmg a
in circyit elengnt portion of a ast _.one sl otlin
ndatveq-aieation seanal it chenorigmenhaofionof Bbeastemplipe
eqy@lule 3t RN pRESITHY O st AldduRe, Feg Balay dejualizdtiopnzddien
input field to the output field through tge a% | e s%
ofeNspling pigaakkiiely Bomnige dentitifigld odhe Sl iekh reufehythe at
eqaidh oA siditheSingBak il &Mﬁ{;lﬁﬁémtb h@bétaRtkIlyfdRhfzd thet dignal
output field through the p

) . t urality of slotline )
msigtayefsom dire inpyié figlet tadbe optpett Apleh %@ugﬁﬁae ePiyralifeotigptipe
eq@dlgg’;\ti on section includes a tinme del ay
equal 1 zati on network. 58. The nethod of claim 56,
wherein the delay equalization section includes a

phase ggl ayTRsIHRkHoHRSH ImBY, Whkkein B défé‘)eeq@éliﬁaﬁbrpéec’tbn

claim 46, wherein the varying characteristics of the
slirslyqase fipa ey qayplizadien A§RKses varying a thi ckness
of a dielectric substrate upon which the at | east one

pai r of slotl]ine, antennas | he plurality of. slotline
nodul etégar _ehaﬁ g}?&‘@o‘%aﬁlﬁimvéﬁj )Wt"'ﬁ@e”gthﬁ @?'@\5%9‘?%'28 YLPeHPn
OfindudEdt £phale tlaybdidizatlm twb&ast one pair of
slotline antennas are constructed. 60. The met hod of

claimb9, further conprising inplenenting a
59. The method of claim 46, wherein the varying characteristics of

the slotline modules further comprises varying a thickness of a dielectric
substrate upon which the at least one pair of slotline antennas in the plurality
of slotline modules are disposed and varying a dielectric constant of a

material on which the at least one pair of slotline antennas are constructed.

80. The method of claim 59, further comprising implementing a
delay equalization section in a circuit element portion of at least one slotline
module in the plurality of slotline modules, the delay equalization section
controlling signal delay from the input field to the output field through the at
least one slotline module and configured to substantially equalize the signal
delay from the input field to the output field through the plurality of slotline

modules.
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plurality of slotline nodules, the delay equalization

section_controlling sjgnal _delay fromthe input field,
tot he%AUt pturE\e mether ?%f?@ubwtvvr@r%w the.delay saualizatipn spgion

MR LGePa It dyoty RllzatRnSiehRéRNt i al |y equalize the
signal delay fromthe input field to the output field

through the plurality of slotline nodules.6 1. The

et hod gof ciraé mdilod vhainl 60, Wirrélaliny deiay@luaiatation section
section ingludgg a tiqp del a qualization net wor k.
62NClydes ARDARRIIGRY EAUAIKAEY N&IWEFei n t he del ay
equal i zation section includes a phase del ay

equal i zation network, .63. A method of increasing -
par for fancel MELB, fe et PRESEFisy. MeB My Rbining
apptayi, ogmpristhgr onave signal to a wavegui de encl osure
having a plurality of slotline nodules positioned

therein, each slotline nodul e having at | east one pair
of sl otEpplyngant miniawavarsegneal o e wasleduidat emdosuye dfavirige a

m Gr v ' Lied.. v ' C [
T AL SO oS s kel At B SN BRBE R Gl e
westkleastabnedgas abf slvttiee venmtegiasdevieneihoaufigd iateshsity of the
varying a l.on ituldi taI ositian of It he at {east ne
paliErreE 91 Rerld B $amovie Sprigpdei e serosi A santer
mogfuttes iayegaius eeadlosn®| atdideedi@l asic @dgedngf e waveguide
sl ot’ine.rm ules to substantially match a specified
arfPIGBHEe 88nt our t hrough each slotline nodul e. 64.

The nethod of claim63, wherein the varying a
| ongi tudi nal _p the a

sition_ of | east, one pair.. of .
sTotl i Y ahRRetedibaResitti, B et afsl gl pair’of siotine
c het@atagrih she @ﬁJra‘lﬂy bh lelo&flﬁwgl raecdile® fecager efupémplitmﬂbi bagance
ant enna sp .t hat otl1ne, ant enna .confi gur.at| on
e i RtigaeBuls % s e RBEE R oPeafed, Seliuce
sl @htdunehronghibschéibiihe niddalaravegui de encl osure. 65
The method of claim63, further conprising
i mpl enenting a

64. The method of claim 63, wherein the varying a longitudinal

position of the at least one pair of slotline antennas further comprises varying
characteristics of the at least one pair of slotline antennas, so that a slotline
antenna configuration of one slotline module is different than that of another

slotline module within the waveguide enclosure.

65. The method of claim 63, further comprising implementing a
delay equalization section in a circuit portion of at least one slotline module
in the plurality of slotline modules, the delay equalization section controlling
signal delay from the input field to the output field through the at least one
slotline module and configured to substantially equalize the signal delay from
the input field to the output field through the plurality of slotline modules.
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nodul es, the delay equalization section controlllng

si gnal ela fromteln field to the output fie
t hr oug Rt he Ofo‘i'@#%é%t"‘meﬁeé“ fute'ay 5%5)“23’“0” Section

CQﬁélUM@ﬁm’éQi bsduaiidtdhlnetesidal i ze the signal del ay
fromthe input field to the output field through the

plurality of slotline nodul es.66. The nethod of claim
65, wherei nThéenedieddhof caltneds, Zdicraln tiseaélng equaiiatiole sedion

ti, el a ual i zati on network. 67. The met hod of
cl'gﬁ‘ﬁ\‘ﬁl ‘\;Wﬁ%’&'ﬁy Ealigay WV%WBEH i zation section

i ncl udes a phase del ay equalization network. 68. A

nmet hod .@f i Rcreasin erforrran a_po

oy Bomp BB B Ba e Gue SR LR el esthfifing

wearesyy colaprsieg:osur e haV|ng a plurality of slotline
nodul es positioned therein, each slotline nodule

having at |east one pair of slotline antennas, wherein
a fi el @pplyingnsi micrafavehsignat to e veaveggreal ermigiurehaving a

Yl RELARL Bl 5088 HRABR! cBin Bcff! A6l Hhlifg
y(](g enﬁT T‘P Weaéer a?' 8 ﬁ ?

osure a
vvaatelgastd ene nedio fi r otlisen caniemgasn gvhzelnanaat ferld smiemsntpfof the
the at |east one i .of slotline antennas, so th
e nel A B b B v B PO B SRR S Brrp R s el
| ofditef evawppuitibaendidalre odncdaneddier &l etibés eofmtrtbulveaveguide
within the wavegw de enclosure to cause an anplitude
baqngl?ég e B g the slotline nodules to substantially
mat ch a specified anplitude contour through each

slotli d f cI ' h
oot U@t OF A8 e o 8 R BB <
I that @ slodimet areérerae adnfigardtion rof (mi”teaélotllr&aemduhﬂs&ilﬁﬁérbnh’&lan
I i n,.the ural it sl,ot | dul es, the dela
el At Sl Bl it 15, ole iy Sudoayrerb crfeqin
i rammlltddﬁlbdlaheethﬁorﬁgJ&lﬁwtsldtlir@ ehddufesugh stibstaatiallyemstch a
one sl ﬁugoueadcnf urleg'_l 0 substantially
eqﬁﬁ’ﬁ?'f'? afr\ﬁ’t P FRAICUEEIr Yoy & g medtes i el d to the
output field through the plurality of slotline
69. The method of claim 68, further comprising implementing a
delay equalization section in a circuit element portion of at least one slotline
module in the plurality of slotline modules, the delay equalization section
controlling signal delay from the input field to the output field through the at
least one slotline module and configured to substantially equalize the signal
delay from the input field to the output field through the plurality of slotline

modules.

70.  The method of claim 69, wherein the delay equalization section

includes a time delay equalization network.
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equal i zati on network.7 1. The nmethod of claim 69,
wherei n t he_del ay equallzatlon section includes a

phase déi ayTEQ mathodhef GHM@R. wdtekein 2 delayeaualizatipn section
| NREIGES & hRSd 5%@&(%12&%%&@/%( combi ni ng array,

conpri sin app ylng a mcrowave signal to a wavegui de
encl osure haV|ng a plurality of slotline nodul es

posi ti geed pheedidd of #thedsiny el @ Baydwer édmbining
| east one pair of slotline antennas, wherein a field

i rAfTEYs COPPB$NG'he ni crowave si gnal appl ied to the
wavegui de enclosure is stronger at a center of the
wavegui de encl osure and wea r r at edae@ of %tlhe ,
v equ BV Po YR WV SIENAL P rf) WEVEHIBRRRLORYe fraving @
di liftyr dfGs|Stines hioaLRs yR@Nionbd ierbine eath ke rﬂﬁ@uléaialwng
sl ot]ine antennas gpfgadl sposed to cause

a
baAtalf@et QRBNRAIE 1 CHRFSul EErely §u@%g a'HPqnéltY )P? the
MehichoviaaRsgndl 'aﬁﬁheﬂﬂé' thé Wﬂﬁeﬁlﬁﬂﬂé %Hbloblhﬁéqg @ﬁoﬁ?é?hat a center

sl otline nodul e. . The met claim72 rther

c fphesivRyegHiegi ﬁ@clgswe ea%twweéowstegaﬁs off sherawaeoyide
framositsingt | east one slotline nodule in the
plurality of slotline nodules is constructed. 74. The
met hod of claim 72, further conprising inplenenting a

del ay e@Hmd aahicRiessesitd arelddiricds@bstetd Up@ﬂ\ wmn the at least
portion of at |l east one slotline nodule

pl QeaPAlr \slefiine |a3{annae FreddiRsed: e Ca@%@neaualltpg%ttia@nce
Sefhdiy tRORIJIM hdAufkidabusiedrisily meareh he sp@@ﬁ@d fahgiumde

to the output field through the at | east one slotline
nPntQur Agugly ey Slpdine MPdibst anti al |y equal i ze the
signal delay fromthe input field to the output field

t hr ough the | ura of  sLotline nodul es. .
ot nodTat "ohe mihod thShist 2t HEPGr g sty Yiag Aelectic
S espnks @t of a material from which at least one slotline module in the plurality

of slotline modules is constructed.

74.  The method of claim 72, further comprising implementing a
delay equalization section in a circuit element portion of at least one slotline
module in the plurality of slotline modules, the delay equalization section
controlling signal delay from the input field to the output field through the at
least one slotline module and configured to substantially equalize the signal
delay from the input field to the output field through the plurality of slotline

modules.

75.  The method of claim 74, wherein the delay equalization section

includes a time delay equalization network.
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section includes a phase del ay equalization net wor k.

77. A nethod of increa f
conb| nf Gig a‘Fhealgme{r@grﬁﬁplSa;qq p\?vrgﬁ%w?qggde M&% section

eslelpiit waled i figlistoheruérihaving a plurality of
sI ot | ne m)(?ul es "positioned therein, each slotline

nodul e having at | east one pair of sI otline antennas,

wher ei p7a fAahéihbat sMpicteksing péiformaptoviave F@M@ﬁadombmmg
applied to the wavegui de enclosure is stronger at a

c EHE¥r CHRPTSNY: wavegui de encl osure and weaker at edges
of the wavegui de encl osure; and varying a thickness of

a dielectric substrate upon ich th

pai r ofPRYIBE| 3 JBICEWYGSENg), © Eh@i &’6}5@ 1&5‘% A“?E’?}@‘ée gﬁvmg a
anmplrafity &8 shﬂlr@%@d@ﬁ@rp@sftlbmtﬁtmémneamduﬂlas nhadule having
substantial |y mat ch a specifi ed | tu%belézlont ou

CREJeaT RaRIpal 61 1901l satAneaS 2 ket f e
ComeloaRle &fgral BpbIRGIt8lthd WalRgids Bnéibsurats b@@@er@ne center

pair of slotline antennas are constru ted. 7

nef hbe vRveguden gnclosug + st égf?smﬂf ﬁ’@ntwaﬁ(ag‘é'de
de,,lnepbsg,%u?ha zation section i n a CI rcw t el ement

portion of at |east one slotline nodule in the
plurality of slotline nodules, the delay equalization

sect | OOatfyﬁfgté@lﬁlbkﬁ&S%f%aﬂeleéﬁloayuﬁstmm tyben wnmh\tthfalallelast
to the output fleldthrous(gthe t | east one 8 n
el @leﬁasewﬁn@m@wa%@ $RASEA P fause @auampita ‘?ﬁ’@ ance

f'ﬁ?rgkﬁ{%dfé @béﬂinb%bahl@sltapwbsfdrﬁb@ eatéhe epddmisd fammbde

the plurality of slotline nodules. 79. The
naonwrékfrowaeaﬁhmothmmo@uw BA? del ay equalization
section includes a tinme delay equali zatl on network.

80. The net hod of cl wh
oqual | AR GGt SO 968 RO HAEOT At the at east one

eqPHH df BftlirRNar&inRr dfe GoAstrudtaapver conbl ner apparat us,
conpri si ng:

78. The method of claim 77, further comprising implementing a
delay equalization section in a circuit element portion of at least one slotline
module in the plurality of slotline modules, the delay equalization section
controlling signal delay from the input field to the output field through the at
least one slotline module and configured to substantially equalize the signal
delay from the input field to the output field through the plurality of siotline

modules.

79. The method of claim 78, wherein the delay equalization section

includes a time delay equalization network.

80. The method of claim 78, wherein the delay equalization section

includes a phase delay equalization network.
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on an output side by an output wavegui de section
supportlng an output field; and an array of slotline
nodul e$1di sﬁd@é@rwmﬁlwrﬁﬂ@rﬁé@ewa@' icl osur e

bet ween t he i nput vvavegw de section and the out put
wavegui de section al o%{-%e ae d| rection d(g

di r ect PorayERYdRqPREIP it o8 A opiAg o %arf input

ProRrgaldeoseclibl supgdbitiagtdroimpaf field, ahe o ae otk didenby an
fundanent al node sup gorted by the t\gay %gl de encl osure,
e AP WAVEDHE e $68HATESHAROFNG 3y QURUISR!EBBE | i ne nodul es

including a circuit elenent having an input portion
and an out

t [ t
el udiRgT N SRR TsERR sRaReeh NN aR e Oy R GBEREe
th@t\iva@utth?vamlﬁgu\ivd@mds@aloan?nd ?ﬁe :ammt | it wavdguitie eéction
circ el ene nd an ut s n ntenna .
1 oo 80 M SRien deribed B A fraroR gemipadioulat o RO A Cppgtion
OUWdfPdtop BGtiohOahdPh difeR:ti6h 1of Wnt eleb@BERId m/\/eerruauamahtal mode
| east one of the input antennas and out put K antepnas

| rIPRBEed ki the YEvPaHIRe COFIGRYEn gL SIAllaR cs@,QCN in the array of

tr ghtihd nRIHURAVINBEdRgSE eirddinEembANRSYIRS 'aﬁrlnbutrkﬁ)r%h AR& an
face of a dielectriC |ayer upon which the slotline

arfupiaperion amnb Sepair £ bloilng ﬁgte@ne% nmiwﬂm% @Ns fnpp slotline
or Lo £0qiS Y&t %eﬁﬁﬁ&%’e?ﬁnh@ 3951%ﬁ AN §1|eQIt1[5dt"ﬂ>%dlon

antenna on an opposite face lelectric

t hef the sitcwt elegest.rand amﬂuﬁongslaﬂlpa|antafmacm$m§|eérheit\&wythe
r nna

ARl T S e

conbining array of claim@81, further conprising a

del ay %ﬂ%r ét]‘ |28t a6t biofhe' thott Griditial. ShEBRMut Gdnt8inas

| east one s Ine module 1n the plurality of 'slotline
nodduees arhasaesialpdeglolinpiemioasiiectrpasitieniaving ianglotline

I

f"ht?%%nhgﬁ%g]ﬁ}‘n% ggri{ ?aodr?g@f:% oﬁ%l%}tgc ?ﬁ/g& Qg)oﬂ UlReh the eldline

comﬂergwr @ddtspos&;bsarwnha\amq ¥ eenshicting: strive osergﬁdl suppelaaijally
t

1 PRI b bt B o A0 01 b

arlaw d)rﬁe a:baduntlag striyh doreiimg ahmldef differentially driven microstrip

lines coupling the slotline antenna to an associated circuit element.

82. The power combining array of claim 81, further comprising a
delay equalization section in a circuit element of at least one slotline module
in the plurality of slotline modules, the delay equalization section controlling
signal delay from the input field to the output field through the at least one
slotline module and configured to substantially equalize the signal delay from

the input field to the output field through the plurality of slotline modules.

83. The power combining array of claim 82, wherein the delay

equalization section includes a time delay equalization network.
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equal i zation section includes a tine del ay
equal i zati on network. 84. The power conbining array of

wobheiermw82]1 wherein the del ay equalization sect 'P011/U82006/008247

i ncludes a Ehase del ay equali zation network,

power &4nbi hee ReeareIMpNng Gy of ﬁ@‘maa%va‘(y@%fﬁfrug‘e delay
\iﬂ%gﬁ%%n %@Eﬂt&? flcffes Ith&JHelﬁj/ d8uRzafiéhn heerk.

€ section supporting an input field, and on an
out put side by an out put wavegui de section supporting

an out Ryt fiaglder@Bphbier appautuef compiidingte modul es
di sposed wthin the wavegui de encl osure between the

i nput wavegui de section and the output wavegui de
secti om lavaguids bh@lbmet 'deﬂhediefoinnad apuh side ey i @m input

per pendj cul ar, to both irec L of ,propagati on.an
W GRtish wctgh PBeRPd a1t PBRteR: 8hd SRl oRin Sihey 2
S URRSUthvRs cBMide R_ @V agporimoetconsutiiRld; @adh sl otline
nodul e in the array of sl otI i ne nodul es including a

circuit elenment having an input portion and an out put
por t i oran @rdy ¢f stlie mbdslesidisppeedinitbinribe wavepuide egcleaure

ut slotli,ne antenna, di sposed

Westahe dupstaneua e sSgtene end b o ey ditlle. section
el femdbn HEFedBNULIPEE a§|a0(ﬂ|feoﬂen petpendivutir $p dstda direction
bet ween t he out e ,out

ut ui.de sect.i o nd t
po?it PrgRagat tionrand. A diigctio |°ér?@n?'ecmﬁeffeé?a i & “PSQ@FH%&“O"G
Of sudpBribd thhé‘Wa%Q@ée 2ndlosirepehctaBloging afodue hmdwsamy of
associated’slotline-to-mcrostrip transitio
s| getling aaduigssinPyiginga cirgHit @Jﬁm@ﬁg haype %f'”andNY %Pa @n
| a&ﬁguﬂjg%oﬂhéﬁ@ 4 B&ir drodibtiime aﬂfétrﬁﬁé‘and:@dlﬁ?sdw&ﬁﬁlt siithe

conducting strip oriented substan
pearﬂemﬁ digbeged ketwhen Hledoputivavaegtidasgcinn and tﬂ@piaeh‘ttpé’mon

f a&fethg FB’ 1% e%h%n?cérfd é?n B@%}?f slo%hb@ drPEHeChib Pk edt Bdteen the

nmor e erentially driven
m cwtplsitwa\;eglwmctjmj pnd g auieutgiogtian Qféh%nﬁ'tf@hfr%ieﬁﬂ@ntan
associated circuit elenent. 86. The pomer conblner
apparatus of claim85, wherein the t

di f f er edrarain gt daast amenpt thes iRy qntﬁwsa?@d s‘?é’ﬁ%‘taf”ét&nnas
bym@llu%sc‘t a0 %s@&@%@ tsi?a%n%'—t@-trﬁlb%%trf@%h@ihéh’ bﬁé\ﬁﬁ% il diotiine
0 an I ntegral nunb uarterwavel en
transmlssmn line on one face of a dlelec ric layer upon Wthh the slotline
antenna is disposed, and having a conducting strip orlented substantially
perpendicular to the slotline antenna on an opposite face of the dielectric
layer, the conducting strip forming two or more pair of differentially driven
microstrip lines coupling the slotline antenna to an associated circuit

element.

86. The power combiner apparatus of claim 85, wherein the two or
more differentially driven microstrip lines are separated by a distance along
the slotline module substantially equal to an integral number of quarter-

wavelengths at the operating frequency.
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at the operating frequency.87. The power conbi ner

wo 28@pesatus of claim85, wherein the two or nMpee/Us2006/008247
differentially driven mcrostrip |lines separate a

signal applied to the wavegui de encl osure through at
least o sEhePONCLHHRRErARDarauE RECEIM B WheREndR WBror

a 5ot @f;&%{lﬁ&@ubﬁ/e@ﬁﬁcra—ﬁﬁp MAYE 'scparEid !&eéigﬁﬂp@@ﬁbé&o%e
clarm 87, turther conprising a power divider o
covavegtidagerelashite threioht & lapgirtyet et of FARBPRGNSR I theqcircuit

Co%ﬂ@rﬁ%aoglot%ecﬁwroﬁ%t el enent. 89. The power
conbi

ni Ng apparatus of claim88, wherein the power
divider is configured to isolate conponents in the

5  Circuiiggel efRdbower combiner apparatus of claim 87, further comprising
a power divider connecting a slotline-to-microstrip transition to a component

of a circuit element.

89. The power combining apparatus of claim 88, wherein the

power divider is configured to isolate components in the circuit element.
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