VD 2006/ 096771 PCT/ US2006/ 008247 NMETHOD AND APPARATUS
£ASI NG PERFCRVANCE | N A WAVEGUI DE- BA
SPATI AL 'POAER COVBI NER TECHNI CAL FI ELD The prggpmtm“’""sm

gener o METHOD BB APARATUR T IR A OGS bR oRmANcE 1 4

Speci fi cal | y WAVEGPIDSBASEDNSPATIALPORIER €OMBINER
i ncreasing performance of spatially-conbined arrays

for mcrowave signals used in tel ecomunications and
radar/imaging systems. B RANDFERD Tr ansm ssi on

i ne-to-wavegui de transitions are used extensively in

10 mcro e comuni cati ons systens such as_radar and
satellite i’ﬁsﬁrﬁ?ﬁﬁ‘t inveRtion; geRiRlY fRigfes iR priplification, generation,
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convent i onal , wavequi de of arbit cross-section. In

these SRasing PRECTMARPR Ry 8PRY ¥15 miypgd pRirays for microwave

- di gigretis osvallih Yelepupheicdiohyeeradar/WRige@HydRnand a
transrri ssion line wth mninml power (insertion) |oss
and 15 maximum signal clarity. One exanple of a known
wavegui de- based spati al BAGKSHROUND ARFpl i fier is shown
in FIG 1(a). Mcrowave power is incident fromthe
wavegui de itruct ur e on the left. This energy

i || umi nat ed"235P{E810H; weﬁe1“a\{agwd%.trﬁa§ﬂw %@v‘éﬁ% extensively in

10s! ot Imioowawd Ldoﬁﬁmurﬂ%a‘tahn@@?éierﬁb Gubh 2@ rABsUbed satelitd @ystems.
colu 20 of the arra Each sl otl ne m)duI? consi sts

of a §felSYEPMSc MaY, dn LEﬂforf"’ V\)ﬁ?‘@rg”' 2t Flengs PERPRA| §ray
el enmepphicatives ommménttoTiEEwanuﬁde&ﬂ%ﬂgwaW%rm%bﬁ& t1a these
t hese Ctl rcut:qt el enent s, thL % % 33] whi ¢ ers
to a ¥FIEITS e MR, sidna |!FF‘e -SrERURRRY PP é’n@ typan @
t he waveguidy ene reirgnsnfission ieewitls tikiah pow@dgndedtion) loss and
m crggtrl node | tth the microstrip conductor printed
on 2 .Sb@é'%?arihe card opposite to the slotline.
Energy on the microstrip is coupled to the input of

the circuj C&BRIK S h el [

el ement s gb% Jéoupl ed Oftg 1‘::( %(Se*mvvaw\}éevg%g&ge bltéﬁe(g %;fa‘ﬂhl?y combined
mann@&mplifier 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
20 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 fo

these circuit elements through an antenna which tapers to a slotline

transmission line. Structures transform the microwave energy from the

slofline mode to a microstrip mode, with the microstrip conductor printed on
25 the side of the card opposite to the slofline. Energy on the microstrip is
caupled 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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wavegul de- based spatially conbined anplifier i
in FIG 1(b). In FIG 1(b) m crowave power is
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left. This energy nsi on
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sl ot | infierowalrd &ihgyoorh Nifie mt&xr@s&bue tbSa ffetphtag x’h@dé haith the
ut of the circuit elene ;Ij' t puts of e

i 1 cu.mrc@ﬁ@wgug?rem&ﬁ%%@q Yde F?Eﬂ'@tﬁab‘ﬂf’?%%%t%l he slotiine.
vvlav telgtan@ﬁgy drithe rﬁlgmgfr?r:s ﬁaur}:lm(rj to thé wwsgr 9k drbeit weménts The
slotline | ended to i ude al

Fani | PUBDa B GUEThPERSTRAS COUEH S B Py el walsguide
st r uctiws epniahaiadnéihe signal power is concentrated in

a gap between two substantially symretric conductors

printed on one or both sides of a dielectric
subst r at e. Ti@He®Af theavord slajlinetiad¥endaddndngleds amy pngell of the

?t rUCTUE @S 4 l}iﬁi%ﬁé@a rﬁ[*; e{v@?ran%dqi%i'oﬂ%n 3 bbtpﬂéé%here éhe signal

i nline, uni eral I'nl ne, atera I ne
i nsul ower fis ntangentrated inse @Ip tisbVED fwo rsubsiaptialiynsymmetric

in thig,ardk %ﬂhﬁeﬂrbd @1 %er%cﬁlfu Qs o?‘taecr@@gn% Qut%ﬁrate Common

consi st ent er m nol ogy own i n
t he adtermsifar @ﬁﬁ@s repgnipgien Himysirustureairelyde &@ﬂwafmlme antipodal

pover faHED bﬂﬁterapﬂﬂiﬁé %ifa@réi(?ﬂﬁnes Weh iRsldiefiniRb. Th&use of the

1(a), the“ |ed|nten3| ty 1nt hé rectangul ar
20av e glerie siadined s this appiigatianyis theretare |"E%ﬁqe€nt° B eonsigient with

r eSUl Bt (bRRnbS) WidRs IBBwATdieast, i n the center of

the structure recef’ve nore power than the slotline
nodul es along the edge. Simlarly, the outputs of the
central nolul edsting rectangular waveguide spatial power combiner

configurations such as that of FIG. 1(a), the field intensity in the rectangular
waveguide follows a sinusoidal distribufion, with the result that the slotline
25 modules in the center of the structure receive more power than the slotline
modules along the edge. Similarly, the outputs of the ceniral modules
-éouple fo the waveguide more effectively than the edge modules. This
imbalance in the signal amplifude reduces the power-combining efficiency of

the entire array.
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coupl e to the waveguide nore effectively than the edge
nodul es. This inbalance in the signal a?pllhude t

reduces the power-conbining efficiency o the entire
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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
slotiine module.
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signal to a wavegui de enclosure having a plurality of
slotline nodules positioned therein, each slotline

nodul e haV| ng at | east one pair of slotline 25
W€ I wherein a field intensity of the mE@HWEWOOsz‘”
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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 perspeciive view of a prior art waveguide-based
spatially combined amplifier;
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el ement. The foregoing and ot her aspects of the
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enbodi nent of the present invention; FIG 5 is a

per spective view of a wavegui de-hased spat i A

combi ned Y- s o SigR UpY %@&%@Eﬁ Hﬁjdg% Sﬁ%{“ﬁg? to another
embodighpakinfint bitee preseatihvérivedridon; FIG 6 is a side
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enbodi ment. of the present invention; and Fl G 7&3 a .
circuit di B, antsshaimutgiagran shewiseswt slegipais;and a microstrip

mcrostri.p transti ' Pe R cahoshtizaNt  Of
the p rgggﬁ?nﬁ C\%Sﬁ‘ﬁdotﬁ?’ﬁ‘i%ﬁ@%g@% E%R CARRYI NG OUT
THE | NVENTI ON
15 BEST MODE FOR CARRYING OUT THE INVENTION

In the following description of the present invention reference is made
fo 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

20 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 embodiments of the invention include systems and methods that

can be implemented to increase thé performance of spatially-combined

25 atrays, a class of microwave devices. These devices compete with
conventional solid state and vacuum fube microwave amplifiers and sources



IW%EJ&@/OJGQ’J’I' ow ng description of the present i %‘f"@%%@ﬁmoszn

reference is made to the acconpanying draw n
forma part thereof, and in which is shown, by way of

i ush{sl@ﬁ ét%g%) eﬁ'ﬁ r8dehit qm?éi’lqu&osleﬂmbfﬁtamgtebhmes that

pr| Nncrpl es resent t
pr act inveshse fthe p@fqrmaw cidhéﬁg\@gﬁ'@g&%%ﬁg%\g‘iﬂk% Py JauSfhng tne

enbodi Fﬁ@%ﬁe ”BXI D& Wl g‘lez Qfhre® RinwsHg! Wl\ftﬁlﬁ!peleﬂlﬁet modules

i nvenf and s ructur d f t I
e therding o gk apcticd EPAREP EMPEb A HED ELBR LY oY Some

? rese @Pop’eﬂg oF EHeOQcJtIsH—J‘ Bro8iiBe.d FORRGrS tf@ferﬁﬂit&llmwe rof theninvention
ncl u ens and net hods t hat

to i nmw@eSlﬂﬁ@eﬁéW%?ﬁ%éré‘“ﬁ’f'o@pé'Paaqq | ne%] g"g%"t”res

ar 1 ay $pat FuGhed Shhahcd TiHR! SuvRt ecofiting afficith er:h 6 tectures
Corrpet ea Wlut h conve%t | Oha m\@ icTenes © @5‘3’"

i cr oNgee nahps P??%?’@'%W&Iys 3'8‘:3 bg@%%egg%agg%%‘?}%gg%gﬁ% used

PCT/ Ugg {36400 Bistdve hepeiibintdree of the Bpetigyesmbined amplifier.
i nvention di scloses several architectures that

i ncrease the performance of these spatially conbi ned
1@rrays by At} Wsisi agetshectivangigw pﬁagwgraq:cgﬁl@@ngfarweaccordmg to
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20ut putersiosyigd! %dggg?c%bg%e}fge%? boéxf glatl%? %H?e'ﬁna 160 is

Hdi r el RBy beRtEnIHODLRRE A MO0 o tl'wwa\f ide emlosure 110 and
E- di rec%é on and a |ongi tﬂﬂdl nal directi or?gnljS ext endi ng

bet weethe elieuit posin ¥i% 120 and the output end 130, are
a plurality

The present invention increases performance of the power combining

array 100 by varying characteristics of the slotline modules 140 to cause the

25 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

30 amplitudes across siotline modules 140 at the center of the waveguide
enclosure 110 are different from those across slotline modules 140 at the



gJ | ot ine nodul es 140. Each slotli i

0 o Qldsh )¢ ( ach slotline nodule_140 in
the™p ’urf'flql ty of slotline nodules 140 incl udBSTESI4p/p08247
of slotline antennas conprising an input slotline

b i e el Lty Rsaog s, 480t iy
i nput ampitudebalafcet he wavegui de 20 encl osure 110 and a

_ci,rcgi t porgi gn 170. Each output slotline antenna 160
'S I sposed between the aquf put d 130 of ¢ .
wavegui de |é@6lﬁ5&9]'f3@791§r(§aiérﬁ'3| bifiaten qutﬁ? nggni-ﬁ%\grl{nqyas?ablllty
Tgaefbﬁgﬁg?irnduﬁ\@éﬁérﬂﬁ ré%ﬂgegﬁ@lsemr Simuitenieraenifistdiyen at the
ing .arra [ j j i
57T hees drating ohgiuMesm Jb Rhu” REBE S, Blq Shse of
?21'0: 'OWFdégﬁle@pﬁé\%h@déws%?ﬁéﬂygmﬂtiealt oircuitb steamerita| ftye specified
_speci fied anplitude cont '
rodul BEPBO (SO BROTEHE R drpiecy e iy fabicve @
\é\’?\éﬁglglht%‘?ar?aw egudl edidtiibutionheinarapididpsaémong dpphasigles. 1f the
al __intens s strongest ; i
he. el Gl bver aEas ShefCoRRtng, Y Sabutel sfpiuae
10f It h t@or(ij@MG@w e tai!blcddotsmreuidél'hmrecﬁmué a2 signgh airergh matched to
anpl i fudes across slotlin u
of thés RBW%TQJT"@@”Q Sﬁﬁc&%-u@qqgrogg‘?‘é‘l’g‘?? e?eﬁ?ﬁ u??%&nﬁtﬁur may
t hosebagpedBed fortd seteofratiuieshavity aither hidentigalygn differing circuit
2006/ 996 7.7 PCT/{%E&?)O%{%QQA&? plegfgr%?ag%pgfm ?@ HRNe Wi Bower- -

encl o§GE"F1E) © tPAg 1n ‘a uniformty in
anpl i hesttinhabpadiy, such aaspedt! rdgydwiy perfeayanceyl |
utilization of the power-handling capability of the

circuit elenents requires that e [ it i
1811 von at I1Bs bERsSRHEVITERL P mEMONE RSk 53@%“*’%‘““3

pover & aRaRial dpk¥ified Bmbadé aeRo@fis bPdadyig amgitugiinal position of
substantially identical circuit el nt.s, the.
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23‘3’2{ ﬁ(}fégﬁrlr)dl %flﬁ%%@@t}é hﬁn@iiﬂ}dirdal lpesition stiletiineentehhgs are varled

el e aromsed TRbELL ool % g IR o120 bt e
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mat ch @yorldg? topegc%\igve ?heesage%iﬁ%ld ra%%ii’iudae c%h%ﬂﬁl Insc}nreeé}%éhiment, the

longitudinal position of the slotline antennas in different slotiine modules are

varied according each module’s position along the H-direction within the

waveguidé enclosure 110 to achieve a specified amplitude contour.

25 increasing the distance between the waveguide ends 120 and 130 and the

_antennas of the sloffine 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,

30 varying the characteristics of the slotline modules includes varying the shape

- of the input and output slotline antennas to adjust the amplitude balance

among individual slotline modutes.
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met hody e@J&l Wéﬁéneg atnliH?l Sﬂh@%thr@"'ﬁioti&i@ge Ddigy kalidigutich may be

specifie [1tude contour IS

bng! ATz Tediondn Fealmedamofr tireguey dgman
gnt ennas ;Ofhaak h8ap! PRR aéI@WécﬂﬁhﬁﬁdM@nlé@ accompl;shed for
Referring to FIG 2, thelogﬂnéjc nal .pqsi

sl ot | ig¥8MRIR BHiNSErtig&xTa feng 2 BT S*%h%e B?}EafPV glierng
physi apé (reptigatién 46Rstatt Albey lan@msnﬂs@orsl@atmby tuaeyidd dielectric

wavegui de eng] osyre and at_the out

navegUpaEncrs ey SiirBRiaT SergralifiasBe eflen s bf Frgretng

Ianpl i tcwgﬁ aliﬁfﬁaﬂufangbnofOPeqmmaldl n}lﬂhbs:—;- tdefmy equalization can be
ongi t udi n tion of t ot line.,ant o

1071 T erabrpmatBe Bt Rt leati SoRohs MEKRIEIP A Hle wanspission

modul ejagh. peaase dﬂafﬂleqmglzhhm bati hasthecadvanipbe f shalt size and

wavegui de

anpl i 9558 Oggﬁ Q%Fn(gzﬁ?aé’ %‘i“ﬁ’ﬁzﬁ%ﬁ’@ pfij?t& ancg%b S §3Rldyred for

the waphagel dﬁaﬁnet:pualx%iuoandorlsﬂrrawuanmeappamtwnn,aardf may be

the slotline ul e 0Si ti.0o

of 1 e g BR St R A0 R0 Ebph 2P afgH, Mis noted

16el at ithat the delag exptixatias poftiontHé may be évpleosintadonewnjunction

further. . from.the.center_i. a : | t

of " podtit” PRV RATEL B oo BEARPIIY Heferdt foddThEsiotine

anot henodadsodi nent, 30 varying the characteri stl cs of

the slotline nodul es includes varying the shape of
t he |nput and out put slotline antenq&§ t o adj

anpl i tude BEF- Flgmg-nqje CIOSE WP YipYYS |sgﬁt\¢qenrg{>§@a%p@gosed on
7 WO w@@&ﬂéwﬁst@gém%@%%ﬁe didlecaitabyss. FIG. 3 shows a

enbodi nent, a delay equalization ort|o

2Pnpl erv@HedRn 'wsioﬁmfeﬁ@teanﬁaﬁpttawﬂs Sﬁ@"%@ﬂﬂ'@yﬂ% positioned
S: 0: : i ®r rﬂi@gw{lh@ d&gﬁ@@w th&@aaugtula&)ahmﬁe anong ddnepared to
sl otline nodul es a ation m

ohar acBRR B § HOURE A 1eAB B 7 38088 Flagdia;iqo.gpsiipped near
t he f rdRBaY0 @R MRIWaveguide enciosure 100.

FIG. 5 is a perspective view of a power combining array 100

25 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 anfennas 150, the output slotline antennas 160, the microstrip-to-

slofline transition, and the circuit element 170 are printed on. Slotline

30 modules 140 disposed upon thicker dietectric subsirates 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



5 as a phase delay. Tinme delay equalization can be
{LAPospiped, for exanple, by inserting ext rﬁgtfﬁgﬂlﬁg}ooszw
e

into a transmission |line path or by altering o

ro ti,gn co an on transm ssi on pat y )
D B6enE R oaf ot Heionpfdens pageA0A T £ wareavide
generaiclfoislfjﬂearma Imna@mmbag@més WAk iﬂlﬂmer?i(@éctﬁc Eﬁl@s’ﬂ!f%tes
ran requenci es. ase ual i zat { on can
10 g?@@ﬁﬁ%ﬂ%@’&ﬂ%@ AgAE Eifﬁ FrieTe J&@f ot hecyarraide ?@P'q%e 10,
Ci rcdhéreby atljueting drsodupiingdf A tiioushasiingl elativiles 140 to the

casc B 2 Sulbih oS R elkh S35 S0ieR ol ostad oh e

be ceehstguirase df dre mpleaalecotedrigyng ditpidibiezwit isObstf=ds 220 may also

11 e SRR AR e EE e B gl o B SR e Foshese oy e

i s naolisdettibsylsiraie A20 det/ay trmdlaleicmatdonﬁtapb 280 am ﬁﬁé(br more
{
7Y S BPSTREL B, AR Sl B 6 Ry

10 moduloé slotlife ®0®l@1mmbaadmsmaoch@em periormanc®in the power

sl ot | d posgd tr |

220 (OHGMERCHED, 108POETAAR, QBB Sodiah 3% B g0

20 vﬁﬁmlﬂmﬁdﬁdlmﬂ‘slh@t emhed!mﬁntehrfartu@(balmr fhegarigitude of the

slotly |l e 140 positioned at or near the center

180 ofg t he Wavegui de encl osure 110 as conpared to

tapering for a slotline antenna 160 for a slotline

modul e é%dﬁﬁtlﬁ‘l tecﬁﬁqde neAr erf@ﬂmﬁ@gﬂe 19@seht Hti}éntion involves

wavegui de encl osur erspec ive view
15 o VR RE A BBRe ot Tt lometts o ZESIRUE MIRHG 1D: FI. B and

anot AiS. 7apead albUé-upﬁﬁbvﬂEh@GCbu%Qi[ di@gfa‘n@rreh;s&ntfé]? of a slotline

e rfo wer conbi nj ng
o oot 8 Tislepthia dfersfl Smhrdmagionn wrshyiar admoer o ortu
t hi cklameetsafomphemg mi et lelénﬁ:imbﬁt)maﬁ e7@3R atéltﬂﬁnet rh&dute 140

Iy | ot nas 150
ot oidadedies: "Fnd SRl Sue s LY et bl Sofis anteners 150
20 and arbecminecisiit toelcea:amoofﬁsﬁsam ar(. Imég@loﬂ]ﬁe mb@lied NE0 by

thi cke ielectr

sube PSR- i BB oo S A0, el Slosins it stip teangiions
nor eztglmaylgicwdehﬁfermtmbhﬁ'g‘umtmd ab ehovid th MG, 16 dnidi IGEeY. For
gggh?%&mpi 515 %‘(ﬂl%ﬁh%%«ﬁﬁ(ﬁggtnp té%(s:i?r d'228 rXéy %L‘:oé sfoﬂme—to-z way
microstrip transition 250, or a sloffine-to-4-way microstrip transition 260. ltis

[41]

25 to be understood that the present invention contemplates that slotline-to-
' microsirip 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 slottine-to-microsirip

transition 240 that fransforms energy in a slotline mode to a two-way

30 microstrip mode. In the embodiments of FIG. 6 and 7, the present invention
employs a more sophisticated slofline-to-4-way-microstrip transition 260.
Impedance matching structures may also be incorporated into these slotline-
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8 WD 2006/ 096771 PCT/ US2006/ 008247 dielectric
substrates 220 are positioned near edges 190 of the
mavegU|de encl osure 110, while slotline nodul es 140

W 304
neay t he 180 t v vt 1

¢ holoaBgrostie, ﬁ?“ﬁ%%”"ﬁhg‘focog'&t&%g&g&‘ﬁﬁ%ﬁnv I 3diel ¥ circuit
o detk@ents4Rattcan ichepld fromparto astbtimetpeduld 140 goioubledde sltpw

a specifi. | i

230t gL RERH G B BB Hfandiof Eh BNl RS ey
s ubslbseatiodh@ etlineyo- Hi[csmtnpbﬁatwmne'&iot oiramizingt Olﬁwé lagsghand
anpl i k fe

b e, B oo Mictlof (€ W81e] el TBf o0
onemay airor e u@dowiﬂn thés emdodiment tohiarthen '&ﬁ@éS%Peg@@W@F‘a in
arrph galdgv%r ﬂnhﬁg oss the plurality 10 of slotline
modul s ca jus ed to i ncrease performance in the
power conbining array 100. A delay equalization

section m&%wmérﬁ @f Fi@m:rl garesdcAbedabdvel bh(&wﬂfnb@dfpmemta

tofurther bal |itude of t S| a
Anot!Ape mogHlsi @‘3 'B@ngg? ey 'P'HE’SEPe‘% r?\?ght i %h‘ls
I NVehb&EmeAD theahyum&eﬁ h&slcﬂhﬂ&terz-wéy mld:rost'np trahsitien2350 amd
a Sltjtl i.ne nodul

2 cadbas: 8o o iy micgstra power a0, Miohslle rllye divers
a s dreremmariylisedldeVideb linuierfield ofigpatie feembirtng arrays 100.

conprarBY s ML G AN opbrf shEY ob 2 YIGHSH power
S| ofliliee issldiel enédltii)ndeds porie rfecas exhich| ojpet. sTl'erlefOIm in this
t 140
cor FBRe e 1R bt SptreloDlre g fbds 346 are
nodigbled¥4tn bych ather mstheitwo-mayshiotostripepowea dbidereR&0. The
et S PhbREd affal 66 RobEicRork RS bAR R i HodtRik

urati ons as
andbdfivéen the dhauit ebsmzants end thus|is mdre stabis, mndriesst sangitive to

: : gﬂiﬁai ey oéé@ur@?}/n e :ﬁdi {jﬁ’él cBge %Jgn%ni’@yA ks ?reﬁﬁélfzjaﬁon

ne-1o0- wa mecrostrip
t r asestion amo 28ay also besma:a‘am@t@iatmwb@smmse g perfpsmance

gﬁlg% Pb\pé’re&?)'iﬂb?rﬂn Qﬂé)?g@lﬂoaﬁigé %rbg‘orél @id & cP‘lrﬁent may be

mcro |ptranst | enente
nungemeralizedvbojiscarporate slotline-to N-way mtcrostnp transitions 240.

In this embodiment, at least one of the input slotline antennas 150
~and output slofline antennas 160 includes an associated slotline-to-
_microstrip transition 240 having a slotline fransmission line on one face of a.

dielectric layer upon which the slotiine 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 differentialty driven microstrip lines may be separated by a distance along
~ the slotline module 140 substantially equal to an integral number of quarter-

10
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i ncrease performance in a power conbining array 100.
The present invention generally contenpl at es a
slotline-to-mcrostrip transition 240 that transforns

W@ﬁm%ﬁ"la slotline node to a two-way 30 ni EE€TABR00§/008247

{rgs&gﬂ\{ql Fg@eg%'gm%ﬂbé fléé]éblglflc s c@ﬁgngﬂy, {RE tRbCESEHore

sl odilffereeadliy dhvaaynmastrmslineispmay aepatio@ sigal applied to the

| G e SRR Bt BEIPBL, §6 1 CoiRhBRS3h o

PCT¢itdB82 0816meni5 247 of t @-stitineostodule f4@&nsThe dmewep Alividern270

LD ol tlgdfthQBﬂmé RIS vahoifdd Glld coffpBRER1S & Reut

can'tc rom of 10 a I ne nodu

to eibllnemi 1Tthend isr eufiguref @mqwtaée rempengstis i1 g girpuit element:
arr ed such that their outputs are very close to

the slotline-to-mcrostrip transition 240, mnim zing
out put | osses and 5 maxi m zi ng power conbi ni ng

ef fi ci enci¥ furthed @hadrsad 4t IR émbod@ehisaiusBafed inkyG.a8 sod

per o HeELLBEHE DO RPo eIy 7 P Faed t spatil

enbptdmérec:;ﬁmtﬂiﬁerFé@ysnomsjsdgsmrcbbxaau a:imhlfa:turehmv\mcnelaee the
out t o

h, I
vt Gued e SPEPEN 286 ol frfie igfhd b 140
errbm@tllmfaﬂy, driyewinbpridf diff@entairslibélemeatstand2diffeent slotline-to-
m c giat : : qu&r\?gg ld%f%li&%ﬁ@%ﬁg? b%ltccolnfpﬁéd % % ht|é’¥% 8 ¥desired
dl vieggalt i the ﬁﬁbsantﬂnmﬁnmnwweram tioepliesest mventtme isfricé fintited
ower I o )

o PO SRR e FrhEN 3o 150 coud el EPngS i bl of
povekill irdithe cet will sedoghizet e differiede sligiinet mofipiem 'éﬁﬁblm the
o st BE e e PERREL AR s opone
140toachieve atassed perfomasee it tbe hewebsorabieing aaawd §0.

mcrostrip power dividers 270. The entire spatially
conbi ned arra% 100 is therefore | ess suscept

cr osst alYfet apet@e tashpigde dor pesfarminghe mresenh élwteﬁ{@" |n§oives

DI\, F@Blrd?aert%@%f RS Semehtsiiry el @rcuM aldnadnit Qﬁﬁ[oﬁ M70 for a
fallures in the individual circuit e

e qURIPIoe, MaSHIoo 61 o 1 15000 oHgy PIRPEdeB & ip cEAh T BTerS

f urd RRrad he'RABRhEAEInG &fabatityRBfLvaried to substantially match the
signal amplitude. In one embodiment, a bias of an amplifier 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 étement characteristics
to the signal amplitude contour. Additionally, any combination of varied
“circuit elements on any number of slotiine modules 140 are contemplated by
the present invention. As with other technigues and embodimentis discussed
herein, a delay equalization section 210 may be employed to further
increase pérformance in the power combining array 100.

1



10

16

of the power conbining array 100. Al so, as before,
this enbodi nrent may be generalized to incorporate
slotline-to NNway microstrip transitions 240. In this

YW ETH, at | east one of the input slotlinBCT/US2006/008247

o0t e )8 AR ) B RSO B By iz nc

t r arsfiucivont apdGuirdivhal ghangdsomby he mamwﬁmmﬁldepadtmg @ropNihe

L
o1 o oRethre it | Rahdrt ThESTRaRE detiiniEnd OF apbpgments
cond?udh@ m*g'estqn ba\cer besrt etessnﬂadtfantheabmrpow p[emdmaﬂbarand

t | he

o el Seq ik UiEno kAR 4R SRRIRREDY ISR eroF o the

mor @resisefors diselpsade ridcaldinglyd niangmoniiinatisns amd Variaéisns are
t ted

ci'r SoriBe) Boidit gt e ‘dRevE ieadifeg, ” A, 38RGT\BRing any

di f cembinetien picharaciesistied @fr@@mt B@mantseand'rdytllbe antennas may

23@?@#&8? apherute BrRRfEnc: Abast i bl BRI HFay 160
W*ﬂe%yo%m ap@mouam‘omeg@@@mmenmo@ |s@ﬁgreheocmle may
t hea@@e,hgtebggg PleFBMMREE Yin g%t\nfre}‘ %ﬁ'lﬂlﬁfng tan%yt‘}’% 0 Pt[@rtﬁe

dlfferentlally driven mcr nes separa
si gREPOdipisNise 8f e tnﬁ%ser%am@upuenambeoyuhz@dlm stbstaniigly
at bgafie ts%ﬁatsé?ﬁpﬁltﬁe Mﬁ%ﬁ@bﬁld&éﬁ%ﬂﬂﬁﬁ%m&%‘e in a power

element. 170 of a slotiine

di vFYBRINBg @rayc divis dlqrafore intended thaidbe §C¢ﬁec®fd§© dnvention be
t 1 apdidd @t bl Ehid dRIOARBEpRIMx. @ circuit el ement 170
and is configured to isolate conponents in the circuit
element 170. It is further understood that the

enbodi nents illustrated in FIG 6 and FIG 7 and
described in the precedi ng paragraphs may be applied
to spatial 10 power conbiner arrays 100 using a
coaxi al architecture to increase the nunber of circuit
el ements coupled to or froma single slotline nodule
140. Additionally, any nunber of different circuit

el enents and different slotiine-to- N-way mcrostrip
transitions 240 may be conbined to achi eve the desired
result in the present invention. Therefore, the
present invention is not limted

12



15 to circuit configurations shown in the acconpanying
draw ngs, and one of skill in the art will recognize

the different slotline nodules 140 in the wavegui de

encl osure 110 may have different circuit

configurations designed to achieve increased .
performance in the power conbining array 100. Yet 21216-81220
anot her technique for performng the present invention

i nvol ves 20 varying prop of circuit elements in
the circuit el ement portlmmr a slotline nodule

140. In this technique, properties of the circuit
el enents, such as the power-handling capacity, are

1. V@ﬁéﬁ&cbﬁgﬁgpééﬁpéth@ch%gﬁ&ﬁ h the signal anplitude.

In one e an anplifier is varied in

% w&)ebﬁlldé bngbSiE Héf‘ rQ 'ohi Ainpuf Qidgfbg ah Mp%?ﬁévé@ﬂ%e sectlon supporting
tl1ne nmodul e 140 to i ncrease formance in the

an mptﬁéﬁ!@r @o??o%?tﬁ@utéfqeaty AR P Ut ey a0 A REFIAN S BPETiE apAytput field; and
Do) e e b o R AT petyeon the
waveguias bedtios ub@tmrdut;&it lm}&v%@idéf%ﬁtuﬁi éimmi(ijn Hhﬂ&éﬁﬁ)h@bﬂﬁéd #55a direction
t onto
* permerliBybr b AEER S ToR Pl oo ot = dreten b gealy M ysundamental

mode subpertat byl the wavatuidesntbural eacharh trm'qktheedodlyeﬁﬁ tHharray of slotline

m‘odulé%r r?(ﬁtgmrgeé ﬁ}[c‘agte!c’eg%gg @%" ﬁlaj%rh in %thp%hlotagq%g)?ng)aﬁag} ﬁ)tyﬂ?r’ &R input slotline
antenng disppsnad teideandhe Inpuewplegyidd seatiohant! Ili'er!npwt rportleaséthe circuit element,

et AP ) RRSABSAI e o

portionoh the cieyibelersamodi nents nay be util | zed and structural
and functional changes may be nmade w t hout departin

mwherein cﬂgeregt&yﬁ@edpo Ules \mrgs@ﬁtarrahg’éﬂpﬂlmmoqlﬂgs are com‘g igured to have

varylngfdhé%@i@n@lﬂ:s%é&ﬂinaftd 2p6sifidn it WROHITBRIR of 8icH dMlline module in the array
ave been presented for the_ purposes of

of slotip TGRSR (3 HPS0HBE SRR I CAuee ASicRB Amriiechelanes among the

slotline eodalds asibstemtiay foow 4 Bpdcifielanipivasicbsburt o t he
- precise forns disclosed. Accordingly, many
nodi fications and variations are possible in [ight of
t he above teachings, For exanple, varying any
2. cherbowertdombinef apiraatas bkdlaigt 1, adeiin g langitudinab pesitiomtgorgytbe direction

of propSdtibh b\t 1t 6RNGShdMYut slotline antenna and the output slotline antenna in each of
the slotline modules is varied according to each of the slotline modules’ 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 waveguide section and the longitudinal position of the
output slotline antenna is farther from the output waveguide section for each of the slotline modules

near a center of the waveguide enclosure along the H-direction.

4. The power combiner apparatus of claim 2, wherein the longitudinal position of the input
slotline antenna is closer to the input waveguide section and the longitudinal position of the output

13



produce acceptabl e performance increases in a power

conbi ning array 100. 10 Additionally, varying an

anount of space between each slotline nodule may al so

i ncrease performance in a power conbining array 100.

Al so, the enbodinents of the present invention rrag1£11%_81220
utilized to substantially equalize signal anplitude

as a neans of increasi ng perfor mance in a power

slothne mﬁn% gglfaﬁér t(lg% o qu&ﬁla%eggel.lrl F cmf?; cﬁuds?otit hat(ﬁf Ee near an edge of

themmdegwﬂdem¢b§esxrl;nl on. 12 21216-81220 CLAINB 1. A

power combi ner apparatus, conprising: a wavegui de

encl osure defined on an input side by an input

wavegui de section supportin an input field, and on
5. aiheawgleorshinrr apparatisaicigim weﬂwgmﬂmm@mteiement in at least one of the
slotllneSrH@dﬂQést ih&lGdedh @t uaflia%bﬁ’ se@idf coﬁFbll%rs@ﬁapéela?) fR3nh {H38nput field to

| es di sposed wthin the wavegul de encl osur

the Outﬁléftﬂﬁé’eﬁhrftuﬁa th%ﬁﬁ%%ﬂaﬂ'@%mgé@@ Ao cenfauierdo élahsmtally equalize the
signal ¥eXelsHh tf: ife@ iAo ﬂ*eﬂﬁ&nﬁ'ﬂe]b"tﬂbﬁ@?&é Afta@6f éhﬂ% edides.

direction perpendicular to both di rection of
propagati on and a direction of an electrlc fieldin a
fundanental node supported by the wavegui de

6. aihe lpowar eymiseermppératusef shint b, wiesrein thd detayi squbhation s@ion includes a

phase ﬁél@?gfgjahhﬂ%"" HJIL es including a circuit el enment

nput portion and an out put portion, an
i nput slotline antenna disposed between the input
wavegui de section and the input portion-of the circuit

7. q{hﬁ WBREr conhthraPpeiuR F clﬁinpﬁ I aPeiR B an ééfrl{ﬁ%ﬁ&qsectlon includes a

bet ween the out put wavegul de section e out
time delRyrqquBl¥Zagen PO rcuit el ement; wherein differ ent
slotline nodules within the array of slotline nodul es
are configured to have varying characteristics

cording to a OSI he H. directian
8 JREBPPHehmher ePraobh 87 b, Whereitpsnia g ah et &6 of the npu
slotlinewintenna ahdh thevased Eﬂoﬂnﬁe emehna; lmr@ch of hagktina nﬁc@l%ahs varied according

to acrTRid e FBUTRE oL el 1Pl FebBine Esblige oncgosure

The povver conbl ner appar at us of claim1, wherein a
| ongi tudi nal position along the direction of

9. he B&Q&Ido%ir%? aﬁﬁar&t@@%? cl@ﬁte? Whetditre bt ecﬂar%ll\t' in Etfleast one of the

ant enna and I ne antenna I n
slotlinempdules fgydgs ar?@!ﬂmeagaﬂzahwqcéw etreling ﬁlgn@léie@aéwrrbthe input field to

the outpil Gefd tRbligH B e B0 fdbieshe dP B didtiie RbAUKS dddtcoffigured to substantially

equalize the signal delay from the input field to the output field through the array of slotline modules.

10. The power combiner apparatus of claim 9, wherein the delay equalization section includes a
phase delay equalization network.

-11. - The power combiner apparatus of claim 9, wherein the delay equalization section includes a

- time del_ay equalization network,

14



direction wthin the wavegui de encl osure. 3. The power

conbi ner apparatus of claim2, wherein the

| ongi tudi nal position of the input slotline antenna

is farther fromthe input wavegui de section and the

| ongi tudinal position of the output slotline ante

IS fgart her frgm t he out put wavegui de section for 2@%‘6 81220
of the slotline nodul es near a center of the

egui closure al o di Lree
12 R SRR SRR Sai S 3 ia e o padout sioine
antenhasragidtouttiuhsibtliipe antenmas indludes aniaspadated sloflihe- tmanml‘iis&i)nmnsmon having

s s G o e FU R 05 440 8 s o e o
slotling higtehhaseand routpuh sloflige ahtesrEs is dispdsedmrtqjlavmgmmgdmcdiﬂg strip oriented
substa?ﬁglg/'é%ﬂ)@mgﬁgﬁfggﬂ? éﬂfeéét %ﬁﬁ Hptﬂg V@u{‘aéﬁ (—?ﬁrg}gﬂ%g aga oPlenFsiotllne
antennsfs of| 2 apPositeipes efithe diplecisic iayer. theectoen‘ewngusmpéorrmmpalr of
differefiidhy Qflvérnﬁlcro% rRliinkS @odﬁﬁﬁ%‘ %t !e%gtl RS t gﬁ{t @Pétllpe antennas and

eq ual i zation section con

output; 5}95'1519 anfepngs taghe eiriitelanant assogla Mh of e Sigtinp @2%1#195
one slotline nodule and confi gured to substantially
equal ize the signal delay fromthe input field to the

e nodu

ut f|eI throu a y of slotli
5. THeeE PO BREA Her ksl Sl d B eEs e oorOLgHBR SR & et to the pair
of dlffed@ﬁlaljy driyan paiz af inizrostripdines by krlekdi dAS irpedah@sitardfiminig section.
equal i zati on network. 7. The power conbi ner apparatus
of claim5, wherein the delay equalization section
includes a tinme delay equalization network. 8. The
14.  phwgrowsoadnbieer apppratustai slain 12 wheneinithe wineviteslamant ihat femast one of the

slotlmé%oéﬂleé |ﬁé\§(§esoi‘§elév edu3fzdtiBR Qectloﬁ lcglﬁtbdllﬁg sﬂﬁ%?@% A Wput field to

ut slotline antenna in
the OU‘iF?B IGthrqugh ihe atdepshenaeidhagotingmedelas and eondgeedta substantially

equaliZBafe bigRal dBRFlohPie HpRDARIY fbethé’bgtbﬁﬁﬁaid Pbugh Y é?ra&r&?slotime modules.

wavegui de enclosure. 9. The power conbiner apparatus
of claim8, wherein the circuit elenent in at | east
one of the slotline nodules includes a del ay
15.  elhegoweatintinarapbaatused blamoh 4, iwigreih thealelayelqaxizblienadctien includes

aphasigﬁe*égpﬁﬁjzgh "oqth,VQ{E- output field through'the at |east

nmodul es and configured to
substantially equalize the signal delay fromthe
input field to the output field through the array of

16. ﬁ*h@%h@ﬁcdﬁﬂﬁﬁgr%ﬁparﬁ&g é’ef‘r 1B P2 qugﬁbr&mﬁ%‘o‘é eﬁgﬁ%ﬁ&n%%cﬁén includes

claim9, where I zat1on
'atlmege{gy%@gzaglonﬁﬁmk del ay equal i zati on network.

17. The power combiner apparatus of claim 1, wherein at least one of the input slotline

. antennas and output elotiine antennas includes an associated slotline-to-microstrip transition having
a slotline transmission line on a face of a dielectric layer upon which the at least one of the input
slotline antennas and output slotline antennas is disposed, and having a conducting strip oriented
substantially perpendicular to the at ieast one of the input slotline antennas and output slotline
antennas on an opposite face of the dielectric layer, the conducting strip forming a pair of

_differentially driven microstrip lines ceupling the slotline antenna to the circuit element associated

with each of the slotline modules, and wherein a uniformity of signal amplitudes among the slotline

15



11. The power conbi ner apparatus of claim9, wherein

the del ay equalization section includes a tine delay

equal i zati on network. 14 21216-81220 12. The power

conmbi ni ng apparatus of claim1l, wherein at |east one

of the input slotline antennas and output slotlin )
antennas includes an associated slotline-to-m cros? ﬂ)ﬁ 81220

transition having a slotline transmssion line on a
| east

h th .
modulg & ficfEasia B S sk R LR 2 B ol PRin AR siotine
antenrarandmmaajt Bbtllge apiesealis famed Immrgggarl) thestdinei lrr]mtgiu&tylpqmt:on along the

-dlre&foh%ﬁ HGM %{J@g%n%olsgmperpen icular to the at |east

I'ne antennas and out put slotline
antennas on an opposite face of the dielectric |ayer,
the conducting strip formng a pair of differentially

18.  OfHe\RWePL&h AL AdpaldtREsT caith Y] \M‘garélh %ﬂlrchl?élénﬁemﬁ aPibast one of the

the input slotline antennas and t put
510“'"%?%‘?%@0'9%9% hdelgy p@iglization spetien caats%mgﬂwl dglayrasathe input field to

the outdhit ﬂdltﬁthﬁdt.@h'thé]& |6 U:'\é?éif thd Slotlind ﬁ]O@QM@ En@@dﬁﬁb@r@& to substantlally
f cla he_ conducting strip

equa'*ﬁﬁﬁﬁ% @8”%16‘9%&(&0&%“? v 1ol R BHENEH 99 NEG0) 1 955 of Bptine modules.

mcrostrip lines by at |east one inpedance
transform ng section. 14. The power conbi ner appar at us

19. %eecpg@e%%rgbié\@gr ﬁ%\lﬁg}s r?;i al% ié‘ 'vh}ﬁ?%rgggenéflag qg§,||zate on sectlon lncludes
a phase gelaly iegualizetipremtwdrbn control ling signal delay fromthe

input field to the output field through the at | east

one of the slotline nodules and configured to

substantially equalize the signal delay fromthe
20.  {Thewewer erebingy apRaraligtopalein 1B viherein Bedgislayiegualizatign ssction includes

a time 818§ bdudBzatRAWeRyork. 15. The power conbi ner apparatus of
claim 14, wherein the delay equalization section

i ncludes a phase del ay equalization network. 16. The
power conbi ner apparatus of claim 14, wherein the
21. dabapweqmmhbizatapparage of claim 1, vHeusle at leastiohaef e |ir@7)ﬂt sIotlme

antenngggﬁc, J)tﬁ%ﬁtf?ortll \/Q%e i@lrng%{n%l@g%%%}? %gmsgedfsr?gpr\kaﬁ?) lIRIC 8& fa ??Fétlon having
a slotiirgritamsmissioaride ontegate oflacti¢leciic aptrapoasvhichdheiatdsastione of the input
sotne FEAFAS B0 SLNG 4 LSRR AT LBl B Sorenes
substamt?@iheperggm\cumit@ thetah deagt onecaf the ippuet sigitlinelastennauiand output slotline

antenna% & b 8%}&% %@%?th%%lé&ﬁoqg% r%@%hdl@tugd.@ f&ﬁﬁiné% pair of

IS ose havi n a con Ctln stri
dlﬁerer@a'b'sqrﬁﬁtl UGPSRy E'?ﬁ?éﬁﬂpkﬂmﬂéﬁ atleast pee githe myt siefline aitennge and

output S5 atbMidsitd &e&!%@if‘é]@n%eﬁ”éis@éﬁt@él’@wtﬁ leQéH S SI&M@HB@@IGS and

on an opposite face of the dielectric |ayer,
wherein.g H&f?&%"ﬁbh@f signgl pmpkdasRnenghe plotjpe modules is mcreased by varying a

~ permittivity of the dielectric layer upon which each input slotline antenna and output slotline antenna
is formed according to the slotline module’s position along the H-direction within the waveguide

enclosure.

22. The power combiner apparatus of claim 21, wherein the circuit element in at least one of the
- slotline modules includes a delay equalization section controlling signal defay from the input field to
~ the output field through the at least one of the slotline modules and configured to substantially
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differentially driven mcrostrip |lines coupling the
slotline antenna to the circuit el enment associ ated

with each of the slotline nodules, and wherein a

uniformty of signal anplitudes anong the slotline 15
21216-81220 nodules is increased by varying a 21216-81220
t hi ckness of the dielectric |ayer upon which each

i nput slotline antenna and output slotline antenna is

casa RS PR DR LERRBRERE L, . or st

moduldsg. The power conbi ner apparatus of claim 17, wherein

the circuit elenent in at |east one of the slotline

nodul es i ncludes a delay equalization section

controlling signal delay fromthe input field to the
23.  oihegever pembneranpatptuscai elaim 2R axwrrein e defaytaqualization $astion includes
aFﬂmsgq@wy%ﬁugﬁgmgpmﬁwgmred to substantially equalize the

signal delay fromthe input field to the output field

t hrough the array of slotline nodules. 19. The power

conbi ner apparatus of claim 18, wherein the del ay
24, aqquomﬁcdmm@ezpbt h@iusidgglaw@rﬁz, wherdli &&ej%bgl edMalization setction includes

i.on n rk. . e power conbi ner apparatus

atmuagéa%F%Héﬁﬁf§ rﬁﬁ%*@in the del ay equalization section

includes a tinme delay equalization network. 21. The

power combi ner apparatus of claim11, wherein at |east
25. 98 dBlve E@nﬁlﬁlé}%ggéﬂaﬂfslolf Gim SR Rt I%?éjt BULPHE input slotline

Iotllne antenn |nclu es an' assocl ated

antenn§$ 8nd pyfeut siotifiecanteimes includeman assoniateshslatiipe-ta-mitrosttip transition having
a slotln?l\t:]l'1 @éi%%rs%%ﬂﬂe'oh%%&nofaa di ?E&Lﬁa?@r lgi ﬁlvﬁxl?éhrt Eat13%E Bnéjgﬂﬂe input

he at | east one o |ne ant enna

slotline gntenpas pud owpysiatine antnaas &sdlspgsm $pd baving aﬁ@ldhramgr@ﬂraonented

substaﬁiyﬂﬁ‘ Eéﬁpbﬁ(ﬂc@éﬁ tb ﬂ’lé)é&“@gf @rﬂe of%@ﬂ)@crh‘idﬂmel éﬁté?ﬁé@gﬁt%tﬁbht%foﬂme
e at | east one of I npu sl otline antennas and

ante"“B%P'baF OBbeH Faie O v ArioRis 'averaﬁhe&amrﬂegastf'&@@ﬂ@e by gr more pair of

.d;ffererman;} @rdiehinticrogtyip linest ddAp AR 6L 164G ofié bf tﬁefribhf%létﬁheaarﬁéhrfas and
dffere en m crostri

output Siing piipBEES Uk by et ARsS0aRE i e laine. A
out put slotline antennas to the circuit el enent
associated with each of the slotline nodul es, and

‘Vrlg Fﬁ%%e&nr%%{r %Eﬁﬁrﬁ%s Q)F ci§| 2 hﬁ;@mﬂl fhg W(? Sr lﬂ%rbglr OPS ifferentially

I NCrease
driven pisrastrin lingp aie separated by atistenes @!on@vewlqupemnomledmbsianﬁaify equal to

an mte#rﬁﬁ#ﬂmtﬁ'r of bd%r—%@é&%ﬂ;ﬁﬁbe{)ﬁe?ée{hﬁgﬁgf.%dcg? antenna is

ornmed according to position
along the Hdirection within the wavegui de encl osure.
22. The power conbi ner apparatus of claim 21, wherein

27.  The pewécddtbirRir apBithtut bf @him 22 $heithe twd Hemore differentially driven
microstrip lines separate a signal applied to the waveguide enclosure through at feast two sets of
components in the circuit element of a at least one of the slotline modules.

28. The power combiner apparatus of claim 27, further comprising a power divider connecting a

slotline-to-microstrip transition to a component of the circuit element.

17



slotline nodul es includes a delay equalization section
controlling signal delay fromthe input field to the
output field through the at |east one of the slotline
nodul es and configured to substantially 16 21216-81220
equal i ze the signal delay fromthe input field to

output field through the array of slotline noduleé%ﬁs%ﬁzzo
23. The power conbi ner apparatus of claim 22, wherein

the del ay egualization Cli incl.udes a phase del a ,
20. SR omsEPorBRinG aRBrRILS o5 o &6, iREain (06 baMRkIMAG Fatauied to fsolate
compooénts irathenc2& it eMresrdi N t he del ay equal i zati on section

includes a tine delay equalization network. 25. The

power conbi ner apparatus of claim1l1l, wherein at |east

one of the input slotline antennas and out put
30. & pewsrsemainingraesy comerisidgs an associ at ed

slotline-to-mcrostrip transition having a slotline

ta& UASHigls iepplosyra Baing a firsheed efupledde elvereguide inpytand gpeand end
coupledd & WaldRicdlodygiast one of the input slotline antennas

and output slotline antennas is disposed, and having a

GORGHRty oNglotihd mBdGIEs PoYitRshed Withim it ivhvtlglie RAEIBAINE <&l F the slotline
one, of the input slotline antennas and

to the at t . ) | ot | ) .
modulgs FopIRS Bp 8t 'S?%@“egﬁtf ShHainenteRnas e St ieastione #abPf ¢ipfline antennas
includinyj £fistsiviine ifam'yngjfaf ?etaha ﬁfsg alﬁlw of édt osthbisp)tlfrx@rnﬁﬂqn@sit R #Becond

. e pair o | rentia riven crosfri i nes
sitine iR Rkr hecgh cadbfEich B s St RoesERd || Pe
. tput . sl.ofl | th j it

S0 4, AW PR PR 108kl b soona
slotlineZz@termpg indbeweair chﬁittﬂ_imntampa,r\memsin dife frtaanchs2éondwaidiinei antennas are
positioﬁéberefa‘ﬁ@b f?)rth?ﬁ’ﬂétearﬂfaéercoﬁg er‘#dstf ﬂ{c?e\gé\)eghilgéf e{lt%éuygﬁ cause ?n amplitude

I'n y I'S he

mcrostrip es are separate ance al ong
balance p@eng e sAliing reodiilpsde substantielly maichla specifiegarplitustgreantour.
nunber of quarter-wavel engths at the operating
frequency. 27. The power conbi ner apparatus of claim
mhereiqﬁthe two, or _nore_differentially driven

31 \Ihe pRRT S aing: sePaTalys PEEIRIML3E WhRHAN the Sirpuicplareent pertion in at least
one of mwmdﬁ)(ﬂlmliﬁxf]wﬂee_ddﬁf@t@hfﬁatibﬁ%?oﬁ mtu@lmhg sitgﬁal delayffrom the
. nent s n e I cul ene ofr . .a a eas on 0

input i PP BfoR ik bithioBiane Stgeas pbe Blne Sotia oS ang loiyed to
substardgiallcéqializehe sfgnat deday foomthieivedveguide ppuEs thll wavéguide output through

I otline-to-mcrostrip transition to a
the p‘”@%ﬁ%@r’w’ﬁg%’?d‘t"ﬁé circuit element. 17 21216-81220

32. The power combining array of claim 31, wherein the delay equalization section includes a
time delay equalization network.

33. The power combining array of claim 31, wherein the delay equalization section includes a

phase delay equalization network.

34. The power combining array of claim 30, wherein characteristics of the first and second
slotline antennas of different ones of the slotline modules are varied, such that a slotline antenna

18



29. The power conbining apparatus of claim 28, wherein

t he power divider configured to isolate conponents in

the circuit elenent. 30. A power conbining array
conprising: a wavegui de enclosure having a first end

coupl ed to a wavegui de i nput and second end coupl 3‘?216-81220
to a waveguide output; a plurality of slotline noddles

posi ti oned wi thin the wavegui de encl osure, each of the

S CO east. qne pair of .
configpfiin driafie oFElcfihe ThiiRIds 3t fifeBi haRfbt HIRGRBL bnderthg stoine
moduleawithimts wavaglidelemgosard.i rst sl otli ne antenna near a

first end of each of the slotline nodules, and a

second slotline antenna near a second end of each of

the slotline nodules; and a circuit elenment portion,
35. tﬂﬂ@o"@rrc@fﬂ‘lbtn'f@%f?éwpn}ﬁﬂwﬂ@ ‘on coupl ed to each of the

first and second slotline antennas in the pair of
< WRYeOHIge sRelesHIa bavina fiest and erapfedite B wameuidesippig and second end

couple8 kb Walshuii /s are positioned relative to the
first and second ends of the wavegui de enclosure to

caploralitpof slohé indddes b@ﬂ;tafmge \nﬁﬁﬁlﬂﬁa wm,qauhatehclaﬁum% Phnted on

dielect%ﬁsu%fﬁ%tgg g&é? | rh%/;mg[@é eagb %ﬁlrﬁ slaflmg pgﬁeﬂp%s@ a‘% épglpﬁ antenna in
the pait $letline amtenriaseleans fitst pat 6fi eabh bithasiotinasiodules carafa $6tend slotline
 snvom b B RO AFHLEPY BBt XUl o Ry anc
%%Je‘iﬂ elrer'nSétde i O%ergﬂf%%elktgy%ﬁﬁm %H@T ?J totéé%h %I‘ f?‘ltel H%\%e antennas

es an ure
in the pejreh alptline Batynma%whem veiglegldt thicknegsuaf eagh slhﬂ;na\amegma id@aried to

cause é’r%rﬁbmu&é"ﬁé?é}ﬂ;@ anjdi§ thd 4i5dhd %thﬁés Bls g&g‘.ténﬁl\lﬁ ?Plgwhe%sg)egﬁed

power nbi nin arra alm
ampirtuggpggto%rcﬂpgqqsglgg plyra Q@éﬁio ifemeduigsles a  time del ay
' equal i zati on network. 33. The power conbining array of

claim 31, wherein the delay equalization section
network. 34

36. g\égv(tjng S W{Pﬁgrgqy?qiy% %31 Vg}LqI{?ZIEE"IIeO ectas ickness is VEI’PG% S0 that the
dielectricrsubsicdte for site slstlind mbihgled positioneadh Aot ditOdtthter OF thiel idveguide enclosure

s tion SRR et B8 3 Bhe Pl BocSe B el o

waveguidenénicipsuegt i on of one of the slotline nodules is
di fferent than that of another one of the slotline
nodul es within the wavegui de encl osure.

37. The power combining array of ctaim 36, wherein a dielectric constant of a material from
which selected ones of the slotline modules are constructed is varied to further cause the amplitude
balance among the slotline modules to substantially match the specified amplitude contour across

the plurality of slotline modules.

- 38. The power combiner apparatus of claim 35, wherein the circuit element portion in at least
one of the slotline modules includes a delay equalization section controlling signal delay from the
input field to the output field through the at least one of the slotline modules and configured to

| substantially equalize the signal delay from the waveguide input to the wavegulde output through

the plurality of slotline modules.
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35. A power conbining array conprising: a wavegui de

encl osure having a first end coupled to a wavegui de

i nput and second end coupled to a wavegui de output; a
plurality of slotline nodules positioned within the
wavegui de encl osure, each printed on dielectric

substrates and conprising at | east one pair of 21216-81220
slotline antennas, a first slotline antenna in the

pair slotline antennas near a first end of each of the
slotline nodul es, and a second slotline antenna in

: t ' f IotI nt ennas ne secon
39, IHRoRReF eboidin e & R neB e BBy SGA08 sBition includes a
time delay ¢qualizativheeioricui t el enent portion coupled to each

of the slotline antennas in the pair of slotline

antennas, wherein a dielectric thickness of each

slotline antenna is varied to cause an anplitude
40.  Jhedewer enrobigng Beay pliain@s, whefaindke defasedisiization apétipn includes a

phaseaagygq@,%%ﬁlnfewk anpl i tude contour across the
plurality of slotline nodules. 36. The power conbini ng
array of claim 35, wherein the dielectric thickness is
varied so that the dielectric substrate for the

4. 9\ sivdr sembiihal ey posbiisieied near the center of the
wavegui de enclosure is thinner than the dielectric

sutrsegeaitie ehdosurd badhga filshendmatipled to H 0avéduidrstpuiaas second end

vegui de encl osure. 37. The power
COUplegg%ﬁ'ﬁ‘?Jﬁg Jgr%ru 'of claim 36, wherein a dielectric

%ﬂ{l}ﬁélﬁg t :%tilr?e Hg v]ﬂéé ﬁésﬂro\"l&mwti‘{m 'tr%%(‘}%b& 8& ggclg%(?% e%Eh printed on

. I ne are constructe
dielectjo gubpieates anb eoroprisingrai lsasiene paisalf slatine antengastaiirst siotline antenna in

the pansél@ctnllé é}ﬁeﬁﬂé@Weglsa it §r¥6bc§fte§m bﬁl‘w]l-z y sl@ﬂfn%tfh fésssﬂﬁ]lcé $dBAd slotline

|'itude contour across ur al |t¥
a"te““ﬁﬁbFUP gair Oéﬁot"%%ntﬁmmeewq%ﬁ eapphear @éﬂ@fsi%ur@mndy@s and
the circuit elenent portion in at |east

one
fc"?WEé]§'F‘8'?tl AOHio Ryt sireidt diemetl gedion caigled toggga rf ha slodlige antennas

in the pakof sloflin€ antbhtds!, WAarefi Haiakctde bénstant 61 nBkrial ffuwtvhf:h @bldcted ones
| d throu.gh the at | ea

tput fi t
ot the sl et pAsTufig® BAH 1 & on aGaipSReipdia gono the sitine
modules dusditistamtitilyematciy aspedfiddamglitamcbiteurvavegui de i nput to
t he wavegui de output through the plurality of
slotline nodul es. 19 21216-81220 39. The power
conmbi ning array of claim 38, wherein the del ay
42. @h@ BewerompiningeaTaycH clain |4mcm‘19r%m atthigknedebidbe dielectric substrate is

varied t8 el Zilse e ARbMBEKbalance among the slotline modules to substantially match the
specified amplitude contour across the plurality of slotline modules, so that the dielectric substrate
for the slotline modules positioned near the center of the waveguide enclosure is thinner than the
dielectric substrate for the siotline modules positioned near edges of the waveguide enclosure.

43. The power combiner apparatus of claim 42, wherein the circuit element portion in at least

one of the slotline modules includes a delay equalization section controlling signal delay from the

- input field to the output field through the at least one of the slotiine modules and configured to

“substantially equalize the signal delay from the waveguide input to the wavegwde output through
.the plurality of slotline modules
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40. The power conbining array of claim 38, wherein the
del ay equalization section includes a phase del ay
equal i zati on network. 41. A power conbining array
conprising: a wavegui de enclosure having a first end

coupl ed to a wavegui de i nput and second end coupl §‘i’216 81220
to a wavegui de output; a plurality of slotline nodi
positioned within the wavegui de encl osure, each

printed on dielectric substrates and conprising at

| east one pair of slotline antennas a first slotline

' ; ' t t a fir ,

44 PHEHRY ElmbhiAG Bl bf doii 4, WReR 688Gy Blizdioh chlon indudes o
time dejpyequatizatioametynils in the pair of slotline antennas

near a second end of each of the slotline nodul es; and

a circuit element portion, the circuit elenent portion

coupled to each of the slotline antennas in the pair
45. Fheﬁoaﬂer perabining @pARe! claimetlewhergindhe felay eml@"é%wgtsaﬁtondmc'udes a
phase delapbgudlidghtidnivordl ch sel ected ones of the slotline

nmodul es are constructed is varied to cause an

anpl i tude bal ance anong the slotline nodules to

substantially match a specified anplitude contour. 42.
46. TPmethodef inceabing ipadoranancy/inaf povlea comiditing atray, @ompésing:

t hi ckness of the dielectric substrate is varied to

fapplyingra wigwmyeve lsignalip hiwwd@:immeredmng a arality of $lotlime modules
pos;tloﬁmruar%ﬁ d%g%]ﬁ%gé gﬂfgt@i‘@géult@%ﬁ%% as?&?é:g?efiﬂ cﬁ% olthne antennas,
Wherelﬁacf glddatengly of the mictpwaye éfgw@ppi@dsm B@twayleemde enclesvee is stronger at a
center 8t At Wa@%gd@éﬂtﬁ%u%d%é&ﬂ@rdat RB8Es diftfe ﬁ%ﬁfde%%clbgﬁe, and

wavegui enclosure is thinner“than th dielectric
S@ﬁfﬁfgﬁﬂa&a%cf@i&hésﬁﬁ it éﬁtlmerlﬁodm%&b%ﬁué@eﬁi ArhQNRR B¥RMCe among the

sotinegififesdp SRR N Gotsh 2cPEP IR e contoot e regeh o the sotine
modulegl enent portion in at |east one of the slotline

nodul es i ncludes a delay equalization section

controlling signal delay fromthe input field to the

output field through the at |east one of the slotline
47.  Thdmethodoidlain 46 whareid theovargudshasanteristics/ofdopisibilize mbtees further

compn§és%ﬂ]mg‘ﬁﬁ éltt&fl%&éﬁ& Kin 'Iéjclg 6% Jf%lg’éliﬂ% gﬂﬁﬁﬁgﬁbgﬁe plurality

0f$f°“'2§2"96“'8§220 44. The power corrbl ning array of claim
43, wherein the delay equalization section includes a
tine deI ay equal I zation network. 45. The power

ay_of claim43, wherein the dela
43. iﬁ% g]el qf § ¥rg )ég,tfpgtppr{;ﬂ@pw%gsm@lementmg a delay eql)J/ahzatton sectionina

c_ircwt element portion of at least one of the slotline modules in the plurality of slotline modules, the
- delay equalization section configured to substantially equalize a signal delay through each of the
slotline modules in the plurality of slotline modules.

49.  The method of claim 48, wherein the delay equalization section includes a time delay
equalization network.
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phase del ay equalization network. 46. A nethod of

i ncreasing performance in a power conbining array,
conprising: applying a mcrowave sighal to a wavegui de

encl osure having a plurality of slotline nodules

positioned therein, each of the slotline nmodules ,454g 41000
havi ng at | east one pair of slotline antennas,

wherein a field intensity of the m crowave signha

i t.h vequi closure s stronger. at
s0. oAk betiah 81 KGR ity SidiSarch ShiRdTiaeRasDase detey
equalizgtiob hetweskuequi de encl osure; and varyi ng
characteristics of the slotline nodules to cause an
anpl i tude bal ance anong the slotline nodules to
substantially match a specified anplitude contour
51.  tHhegugthod ataimr6; whersindne vanging gbarattedstics of thasletline meddles further

compri?l;e]se %r?g?}a‘lﬁckﬁ@g@ b HelBific YAINERA A MHRAURE LiSbA% Snpair of slotiine

: i ne nodul es further conprises varying a
antenngg jiyihe pirally of sddling reeruiss arpidisgesedeast one pair of
slotline antennas in the plurality of slotline
nodul es. 48. The net hod of claim 46, further

52. flﬂw@aﬁétﬁ{ﬁ %ﬁlq%léqgﬁ@h%rn m%{igga %Igrggrﬁ{nigz & eil%nr?gﬁgl?z%{iq?{gsection ina

circuit slemihi postiorosf ak keastidmetohmersldﬂrnalrMMIes;in tHeqiluralig ofadstieafodules, the
t he,. . i zation secti.on confi gur 0

colay dsifizpfh PoB o fth 8al Ry G PHT BubRowgui et trovon e

at least ¢ree ofsheslbiinemodaes axd ¢anfigured {ul subalahtiglly efualize the signal delay through

each omglé'q%ﬁe ﬁ&ule@hﬁﬁ%ﬁﬁﬁ&ﬁy ?{J S(Ijéétllén%grﬂ{)(ﬁﬁes. wherein the del ay

equal 1 zat1 on sec n Irnc I me del ay
equal i zati on network. 21 21216-81220 50. The net hod
of claim 48, wherein the delay equalization section

53.  IThelnkslRSd 6F dASR, WRdrain theS@ia éialiloMbn BEIWRIHEIuded a tiaelay
net hod of claim46, wherein the varying

equalizafion BRWaH sti cs of the slotline nodul es further

conprises varying a thickness of a dielectric
substrate upon which the at [ east one pair of slotline

s, 1N, the.plural it f slotli.ne dul es ,are
56 3 TR crdiet SeMn gl 5oy SBligetdt Ty oB & phase delay
equalizetiorpnéteonkg | npl ementing a del ay equal i zati on section
ina circuit elenment portion of at | east one of the
slotline nodules in the plurality of slotline nodules,

the delay equalization section controlling signal

i
95 dbe mipthadsrhclaiia 46 igharein the vanting ehesacieristies offth%ﬁdﬁmmmgq@ﬁs further
comprié_é%ﬁlarying a dielectric constant of a material on which the at least one pair of slotline

antennas are constructed.

56.  The method of claim 55, further comprising implementing a delay equalization section in a
circuit element portion of at least one of the slotline modules 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 of the slotline modules and configured to substantially equalize the signal delay through
each of the slotline modules in the plurality of slotline modules. | o ;
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at | east one of the slotline nodules and configured to
substantially equalize the signal delay through each
of the slotline nodules in the plurality of slotline
nodul es. 53. The net hod of claim 52, wherein the del ay
equal i zation section includes a tine del ay
equal i zati on network. 54. The nethod of claimb52, 21216-81220
wherein the del ay equalization section includes a
ase delay e | i zati on networ 55. The .net hod of
7. C mefie Sl Pttt whABi BF Py SBielialniserih 60 e a fee dolay
equalizdtiohlnetvrikrodul es further conprises varying a
dielectric constant of a material on which the at
| east one pair of slotline antennas are constructed.
56. The nethod of claim55, further conprising
38. | M eatbnd ohejaian afe Wagreidba belznedualizatmotsedivniincliades a phase delay
equalifa't,gﬁ%fwogl ement portion of at |east one of the
'ine nodules in the plurality of slotline nodules,
the delay equalization section controlling signa
delay fromthe input field to the output field through

59. Ui mathod 6RSHIMOBewhéreintRe $ar0hb ich&ablRALHCS 5f BB @Iothne modules further
configured to sub tantially equalize the si

de
compriShs WEHAC SALEANeR ok delerBe FUbsiacRen adianihe B e@ﬁt ert%ma*ryf slotline
antenn@b uﬁih@tdIGUrﬂﬂ?y mwr@?nocl&?es&a aﬁp&bla%ﬂdtvﬁ&ngﬂmelaﬁh@e&]s@ént ofa
n he uall zatl on, Sect1 on
materifh oy flidtting 8BRS e bal of Sofe ST IS A OBt 50. The

met hod of claim56, wherein the delay equalization
section includes a phase delay equalization network.

e T TBNA 150 B MGBAE S HA M cntionscionin
circuit @!gmgm rastionefeyleast ane ohihelentline roddulesdi theadurality of slotline modules, the
delay éidlgﬁﬁaﬁléﬁ SediBR EOI‘Mb'HﬁB {QHSI c%ﬁay fﬁﬂ?ﬁe(ﬂﬂﬁt R [c1 #é o ngff} ididrough the

antennas in the plura

at leashprag,efdbeisiatiee v'afé%ﬁ@dac ¥@wre@ ta ws@amwé@ﬁvai@e the signal delay through

-each ofNe®dtifle rRdHUNRIif thelplRalty of Sitfiie MG r of slotline
ant ennas are constructed. 60. The nethod of claimb59,

further conprising inplenenting a delay equalization
sectionin a circuit elenment portion of at |east one
61. dhetnethad eftddim S0nwickstiashe deldhegualizbtiah bédtiodtnchides kit delay

the delay equalization section controlling
equahﬁﬁ%ﬁg%ﬁ/aé& ay fromthe input field to the output field

through the at |east one of the slotline nodul es and
configured to substantially equalize the signal delay

62. HRERMIRod of claim 60, wherein the delay equalization section includes a phase delay
equalization network.

63. 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 of the slotline modules 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
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each of the slotline nodules in the plurality of

slotline nodules. 61. The nethod of claim60, wherein

the del ay equalization section includes a tinme del ay
equal i zati on network. 62. The nethod of claim 60,

wherein the del ay equalization section includes a 21216-81220
phase delay equalization network. 63. A nethod of

i ncreasi ng perforrrance in a power conbining array,

a8 e R et f R 411 F it BlunR silehits  he puraty o

slotlingpmsdileowadusda ampntummdlamb ahfolg $Heddlbtiimemomked ©Substantially match
I|ne ntennas

st s|
a soeq R difitthe b3y Bk B e e fesdve o gna
applied to the wavegui de enclosure is stronger at a
center of the vvavegui de encl osure and weaker at edges

64. Ofnd ﬁ&h&@gﬁ%ﬁhq’% ﬁl nafpﬁHé @aqlﬂg itﬁ]@f g)togﬂmﬁ%g‘ the at least one pair of

varyl ng | ongi tU oSl
slotlinggfitenngs ftaﬂth@r wm@saﬁvwwwharﬁcten@ca pithalat bystafneﬂamof $lpliine

antenrﬁgdéH 188t dt RaSBOHESD A bF SidTihd tah‘t@ﬁné%aé&mﬁﬁraﬁéwmné I?)?the slo fine modules

i ne nodul es to substanti al mat c a specl f

is d'ﬁeﬁ% "!at‘ irpd otothsi ene ptthe ﬁh’“'@ﬁ@h’dﬁl}gs M'{B'“§’I‘%WPY%"19 e”C'Osure
nodul es. 64. The nethod of claim63, wherein the
varying a | ongi tudi nal position of the at | east one

Cihedhes Fefi S3cABor P s e e B oG gl gl Eeecton na
circuit portiemofoat ieasborteltﬁtheeetlotllmabdman e plurafity oF ﬂbt!ime‘lﬁlodules, the delay
T O e
least one dlthe slotiine hioduleh endweardiguiedéo sutstaniallyeaquélize thdsignadtdelag through
each opﬂ‘he%}oﬂin@n?o%ulefs% ﬁ@?ﬁur&l%é!oﬁﬁﬁé%é Lnenting a delay

equal I zat i on sect clrcul portlon of at | east
one of the slotline nodules in the plurality of
slotline nodules, the delay equalization section

66. COhRhdhdd &t@iakh 8 abhéii@ih% ddifedubRzakion Sdctibh f‘r‘cfﬁd&@a&:ﬁ% delay
equahqngﬁm field through the at ~ | east one of the slotline

petworkn g configured to substantially equalize the
signal delay through each of the slotline nodules in
the plurality of slotline nodules. 66. The nethod of

Im ] el equal i zation section
6. ThB Rt o YBi 85 dufeliin U D R sl 464" ppgse clay
equalizatorhetwork. cl ai m 65, wherein the del ay equalization
section includes a phase delay equalization network.

68. 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 of the slotline modules 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 at least one pair of slotline antennas, so that a slotline antenna
configuration of one of the slotiine modules is different than that of another one of the slotline
modules within the waveguide enclosure to cause an amplitude balance among the slotline
‘modules to substantially match a specified amplitude contour through each of the slotline modules.
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68. A nethod of increasing performance in a power

conbi ning array, conprising: applying a mcrowave

signal to a wavegui de encl osure having a plurality of

slotline nodules positioned therein, each of the

slotline nodul es having at |east one pair of slotlin

antennas, wherein a field intensity of the nicromé¢%64“220

signal applied to the wavegui de encl osure is stronger

at a center of the wavegui de encl osure and weaker at

edges of the wavegui de enclosure and varying

ar acl er i CS. 0 | east one pair of slotline =

0. TIRLARNE bEQAFE e estin B Hhw SRR At Bl sgtion in 2
circuit eleenenf pdrtien ofl abteasinmenad the! sistlineamaotividsan @vat pldirakin of $istinedmodules, the
delay %1% Qﬁ’ﬁn QQCZ'HR| ortltpo(?hnﬁls @E]clladl}zag fi%?ndgxﬁ,grll %%lg tootgtp gﬁt@gt field through the
at Ieasamgf ttlmlothh@morinles and)cnm‘"gwetl to suhistntiallyi cglidlize e sibnzt delay through

h each of the

eac 0‘1"p.%q‘:ik|§ﬂl}1n§jmrro u Sléé%glﬂ&gﬂg?%%&%@&ﬂg% The nmet hod of
claim68, further conprising inplenenting a del ay
equal i zation section in a circuit elenent portion of

70. athe' Rathdd Maimfeot \Wﬁeréin%é Hél@y &Rﬁﬁiaﬁén lsBetfol ShdRlceE @ltindeYdelay
slotline nodul e the delay equalization section

of
equalizagian peielng si gnal deI ay fromthe input field to the

output field through the at |east one of the slotline

nodul es and configured to substantially equalize the

1 B UR G TRl Bt S48 FRSHAEph0s co

equalizgtian netéOrk. wher ei n t he del ay equal i zation section
includes a tine delay equalization network. 71. The
met hod of claim69, wherein the delay equalization
section includes a phase delay equalization network.

2. fomelhoget REGaYNI PEEGr@ARGND 2ROMROrITRRIGIE] PifaX CHBRMESING:

conpj ni ng, array,, conpri si ng: apply a m crowave .
SPRHIRO 3 RicOWRMG 8iglalde.a m&%%&qﬁ@cwaweﬁ@vm @ Rigrality pf sleffine modules

posﬁmﬁé@hbﬂeﬁﬁ e%'t%sioﬂi@hbdlﬂéﬁeﬁbﬁﬂﬁt RaBi orRASHI A5lotiMe antennas,

h ?‘ﬁi& \Hﬁ&eshawn | sto air of slotline
whereil o EnsTy o SOy SBEF! PRRIEHLS 1 BvepHEe RiTstRipatonser at
center of the alaveguidd edlosoretdnd weakeGit edgosaol thaOBaNeguids eRtlbaUAgSInd

at a center of the wavegui de encl osure and weaker at

adyew aothickinsswha diglactlie sebsttates ura wiictdthe ait leastgona pair slotline

antenn%gé%bﬁ% §ed3{o c%uge% 5# ?ﬁhlftb etlg?ﬁ%%@og gpe ot\é\dge @8&; %s to%ﬁ.xbstantlally

match @am@’ledmnmhwuamdeummoamea@mi the gdtinesthoduléme nodul es
to substantially match a specified anplitude contour
t hrough each of the slotline nodul es.

| 73 The method of claim 72, further comprising varying a dielectric constant of a material from
which at least one of the slotline modules in the plurality of siotline 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 of the slotline modules in the plurality of slotline modules, the

- delay equalization section controlling signal delay from the input fi f eld to the output field through the
at least one of the slotline modules and configured to substantially equallze the swgnal delay through
each of the slotline modules in the plurality of slotline modules. '
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73. The nmethod of claim 72, further conprising varying
a dielectric constant of a material from which at
| east one of the slotline nodules in the plurality of
slotline nodules is constructed. 74. The net hod of
claim72, further conprising inplenmenting a delay 5454681220
equal i zation section in a circuit elenment portion™o
at | east one of the slotline nodules in the plurality
of slotline nodules, the delay equalization section
controlling signal delay fromthe input field to the
0 I e Iot
75. nzl’(ijédnllﬂéthgg ﬁla(q%:y?ap Wal?% d’htﬁg dgltl% gg %at?rr]: segigon UIE thQSelay
equaligatign setwsk.ay through each of the slotllne nDduIes in
the plurality of slotline nodules. 25 21216-81220 75.
The nmethod of claim 74, wherein the delay equalization
section includes a tinme delay equalization network.
76.  78he mpldodet Ham G whptsinihy delay payalizationtseciing iagjudes a phase delay
equaligftied Inegwakit.on section includes a phase del ay
equal i zati on network. 77. A nethod of increasing
performance in a power conbining array, conprising:
appl ying a m crowave signal to a wavegui de encl osure
77.  hawetigpdaf picteaaing tpgrfafnastomnl d peveradmbiaig gpag) dongnigidg:
therein, each of the slotline nodules having at | east
ol a misfovsdvetsidgnaido arwasagaids encidserehavirg 4 pletatity of slotline modules
posnt:o'n@& ﬁ'\'%?éu]i 3éa9l§ lfthg slmllﬁé %‘%P’I@s ﬁbxﬁﬁ‘gaét I@M lohg ﬁ ' stlr?ﬁ}ehantennas

i 'de ‘enclosure I's
wherem,f p@gsn@ymf [thesmiceowane sggeaue@pheﬁtoélmsvagmdemdosure is stronger at a

center‘b@%ﬁe%ﬁvgﬁul@é‘&ﬁéﬁéﬁ@andﬂp@a \é%%ldﬁgs ﬁftﬁ@\n@ é?fclo@ure and
i C e a air

di el ectric substrate upon t | east one

C\far;ﬁr‘lgi’é {Hldkﬁessadfméﬁrlﬁt%sﬂétﬁ @B&?Qhﬂ:ﬁ et ¥asBohe palr of slotline
ude bhal ance anon e slotline nmodules to

a”tem@a@&t ke [3/ca438 28 ﬁmagtgs% eripnceAARRg the Slaling Biodeige to substantially

match balspatiitll faslitudafcohivar Sirdighicaeh smBsILBSine AdduMarandng a
dielectric constant of a material from which the at

| vaaydrig dielepiic icondtart loba hiateial fadth euhlthshastde 0 BAE paicdfatbtline

d of claim 77, further conprising
antenn?agare&%s %%hoa del ay equalization section in a

CIrCUIt el enent portion of at |east one of the
slotline nodules in the plurality of slotline nodul es,

78. t'ﬁ\% mélRA P Bt ﬁtﬂﬁé&ﬁnﬁﬁ&hé mkhe ERE G a lde?ﬁeefqgglf%hon seigl:tlon ina

delay fromthe input fie out
circuit elgmentportjioppf at Igﬁg ope of the siotlipemasiulesdn eéguralﬁﬂof slotline modules the

delay Elfda%ﬂ &é&tlbri)c&llr%ﬁlhégighﬁ'dehéy%%é FE)UE fidid & 18 ahthﬁé}Vthrough the
each of the slotline nodules in the plurality
at Ieasbcpnesqu?q sr!?pgn%aq”l%%gnd configured to substantially equalize the signal délay through

each of the slotline modules in the plurality of slotline 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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79. The nethod of claim 78, wherein the del ay

equal i zati on section includes a tine del ay

equal i zati on network. 80. The nmethod of claim 78,

wherein the delay equalization section includes a

phase delay equalization network. 26 21216-81220 %%64H220
A power conbi ner apparatus, conprising: a maveguid%

encl osure defined on an i nput side by an input

wavegui de section supporting an input field, and on .

an out put side by an output wavegui de section

81. SN@&%F&O tn%Pa;g%trﬁH% fo}nst% and an array of slotline

o
ul es di'spos mavegU|de encl osure

Wave @Bg&*&%ub&ﬁb}ﬁem&‘d%ﬂ‘ﬂn‘?w gﬁg b§'3 P@eﬁggﬁé%%ﬁon supporting

e section |re
an Inplauflﬁl@c@nd)@n ameytpetraflediy B@rOthmJt wng@d%ﬁactm $uppording an output field; and
propagati on and a direction of an electric field in a

fanrfiERRohslatline medues dispesededthisithe wavegidecriiclgeure between the input
waveg@ﬂé‘v Ls@@’tiéh @nd ﬂ'ﬁﬁ&h t mfah&guﬂe@ebiléiﬁalgﬁbjéﬂ Adirk&iohMefifdd AYa direction

| otline ul es incl udlgtgacucwt el enent

Pefpefﬂt&v\aﬁ& baih HB%&"OBBF PBRI24ARY 28tha Glieglian op@n eiPeifc figlikin aifundamental

mode fupbortéf by thk qrabeglmeaéﬁcmn@s(aadhqif tHl HIR bR in HeQdrtdy R slotline
ween the i nput wavegqui de section

a di spos
modu o HiED & RO SRonet b on RGPS it pories k@ par of
slotlinecantgtis Sichiding @ it elbtline dnten&s(&iﬁbd%eﬂ berreh e ingul Wwaudguide section

and thé’ﬁiﬁﬁtﬂ:%{t%i\l oiﬁjgtn(!tlrg& V\ﬁ gf%gf‘tﬂg cf g%gtftpgr I@Ie%te?rnﬁgtdlsRBstﬁd between the
output wheduidesseatinneanddbe autdutcpm[mtof tHeatircuihelemehiennas

i ncludes an associated slotline-to-mcrostrip
wheredn al least hag phibe input dotlineantennas enil ovipotsivtiimesantennas éncludes an

assocﬁt@@ goﬁlﬁe b- mﬂ:'rcfsltrﬁ)cﬁ:{ ffioh AN é‘QBﬂn%hﬁ%n itd6h e (J e(ﬁiétface of a

of the I nput |ne tennas and out put

d'electr&‘dﬁx@wa@n which |t@9p@$é%a§t ongnef ﬂnmmp\dt@k&hn@cﬁmrmas Aed gtutwtpsiotime
antenng$ isQf??o@QedS hE hanhd ﬁb&dﬁu@ﬁ{g%ﬁmbﬁ‘éﬂtéi{ stQtahﬁny ?Erpeh&@tﬁér to the at

the input slotline antennas and out pu [1ne

loast om0 ieUGHPtie BIHas pad pyipd satlinentenyag pa an PPRosjtaace of the
dlelectﬁchﬁyeﬁ aRé usﬁdmhgsétrp forhing & pag dﬂdiﬂ’@fé’ntté]fy daliuérf RlcfdiripAinkY coupling
crostrip lines cou Ilng | east, one of
the at igdsk SFnatibe LPht st arfienin 2td auacksuettn ortenses KBS drcu clement
associatend withheschtof tHehedotling raodulesel enent  associ ated with each
of the slotline nodules. 82. The power conbining array
of claim@81, further conprising a delay equalization

section in a circuit element of at | east one of the
82.  3heppwerccombiningyrayrof clain &, rfa%eoi:ombmimg adelaypdyuatizgtion lsection in a

circuit e?&h gtqlé’%t bﬁ@#ﬁ* tﬂ?glﬁﬁﬁgé gulggtmtb? l;rb%ﬁf dﬁc%tﬁ{é%ocﬂﬁ% e delay

equalizgfjon sectlon con olling signal delay from the mput field to the output fi e!d through the at
least one of the slotline modules and configured to substantially equallze the signal delay from the
_input field to the output field through the array of slotiine modules.

83.  The power combining array of claim 82, wherein the delay equalization section includes a

time delay equalization network.
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| east one of the slotline nodules and configured to
substantially equalize the signal delay fromthe
input field to the output field through the array of
slotline nodul es. 83. The power conbining array of
claim 82, wherein the delay equalization section
includes a tinme delay equalization network. 27 21216-81220
21216-81220 84. The power conbining array of claim
ein, the ection includes
8. e bt oy o Fe bl Pa 355k R dimton rgiongiciudes
phase dplag equalizaticomgbwarki ng: a wavegui de encl osure defined
on an input side by an input wavegui de section
supporting an input field, and on an output side by
an out put wavegui de section supporting an out put
85. A Rawgr camblinerapparatusy cerfprisingt | | ne nodul es di sposed
wi thin the wavegui de encl osure between the i nput
viavagige eselesure Aefined ontes it pide bwau dtput waveseisieiseetion supporting

an inp@li @Bgaaﬂf‘orﬂ'bn‘ijbutﬁﬁttsild%rby%fddﬁiﬁ waveduidll $264d Qporting an output field; and
perpendi cular to both a direction of propagation and

dinreelyiod Blotihe &ftbd&lb@ Gfsbd;é‘edfwnﬂlndhé Waaeg‘muaacamae&relbewaéﬁ@he input
encl osur e, each

orte t wavegui,
waveaGHE BEtil ondiin Sout g sibidarsecon o8 91 HifEotopdalpekas a drection
perperidrwlautﬂnl bugh a dnea“tuou iof prep&yaEoh ahdy idRgctidh of APelbctA®fidld @a fundamental

mods SRBaRRLB MR eIy SieoliBriteREia etingiaiiies i hasray e sotine

moduldsgnciaiing 4 hmuﬂrqlnnﬂentﬁm&mﬂmp&tqmﬂimmndanGbutdWEpcbrtmubnd a pair of
siotlineﬁ%&%ﬂﬁgg lng udhg%ngﬂ;{%& %llofllng aﬁtmﬁa na dlfRao%% g}x@gtﬁ ﬁ"étdgﬁlg g}@y?%de section
and thexingutt geetionof Fi‘lﬁcll‘pwt eFeIﬁntoand heoldpmt@lntlineeﬂrmmamsputaekmtween the
output %Vé {seBfth Q‘fd tﬁg SU'[E%HIO‘?I'O? me' @r%u@glgﬁgﬁlas and out put

slotl1 ne antennas I n assocl ate

rRkdin BRcdRoht 6f ﬁ@fﬁph&l&tﬁr?é‘é‘\téﬁr%@ ah@ﬁhfggt éotﬂéjér}térfh‘is includes an

transmi ssion line on one face of 'ectric
associgipdFOtAG-Enmicrstri ransitien havieg dplofiine trapysissien el qrefse face of a

dlelectn‘mbﬁi RPEn ﬂrﬁ{éh e RUdasbbird dfitREinp A YRk Mtdrhall b§dPQ§tSt§{ slotline
avi ori ented substanti

n onducting strig ally
antennﬁ%l[s Fﬁ%ﬁ)&?%cg |aa§i ﬁ?\ﬁnq A gorzgglcth i orjsntedubgigatigliy ngpendrcular to the at
least oisd oftthe mautemtttmmma@l aﬁdublmptlt skdtirel dntéhna8 be BR appddite Pd&e of the
atootRRE 8 oh AR il S5 b B SRS Hofth es
coupling rthevameast anasiithe jppli sheline antenphs ngd bltputasiotinaamtermagtatthe circuit
_element Qfsohigfélﬂtwigll %%h 'opﬁle%[}lg‘lflgrﬁiqsdél nd out put . slotli ne

ennas e circ ht associated with each
of the slotline nodules. 86. The power conbi ner
apparatus of claim85, wherein the two or nore

86.  Fhé bek& HohithrdeY af5driE 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.

87. The power combiner apparatus of claim 85, 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 each of the slotline modules. '
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88.

mcrostrip lines are separated by a distance along the
slotline nodule substantially equal to an integral

nunber of quarter-wavel engths at the operating

frequency. 87. The power conbi ner apparatus of claim

85, wherein the two or nore differentially driven
mcrostrip lines separate a signal applied to the 21216-81220
wavegui de encl osure through at |east two sets of

EL T AEN RN CO AR —

slotlinectopbicrostripdapsition tosa edmpdnantrof 8 cifcuit elearent.onpri si ng a

89.

power divider connecting a slotline-to-microstrip
transition to a conponent of the circuit elenent. 89.

The power conbi ni ng apparatus of claim88, wherein the
pldeaowgr oordiining apeaatus ghieleit $& whierin thewowentividenis sonfigured to

isolate'cBRpEA&HYIntth& LIfIR dlemen?
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