Description of the Invention Planar Helix Slow-Wave Structure with Straight-Edge Connections FIELD
OF THE INVENTION The present invention relates to the field of slow-wave structures and in
particular discloses a new planar helix slow-wave structure and its input-output connections capable of
broadband operation. BACKGROUND OF THE INVENTION A slow-wave structure, with phase
velocity substantially slower than the speed of light, typically finds application in Traveling-Wave Tube
(TWT). The TWT is an amplifieldeseripdiongodid APVRIER0RE largest bandwidth among all
high power vacuum electronic devices. Two primary components of a TWT are an electron beam
(e-beam) and Pliiaue! HglEeSlowadnatc SENcnae witk Stvaielie-Eduidedhn ectionsvave
structure. The slow-wave structure slows down the EM wave, ensuring 'velocity synchronism' between
the electrons in the e-beam and the EM wave. The most common slow-wave structure is the circular
helix because of its un-matched capdiilidBoO& b dNe¥FNELANe interaction over large bandwidths.
However, the circular helix is not a planar structure and it is not amenable to fabrication using
printed-circuit orrRicHRckRAIIRALANdREORIRY @S (Y IRIUTIELN-eeigue fipFe dRANArANi ¢Qlar
miniaturizatignas el asiPwisest masssdusian Minialuizedd Wibacaniave widaspread
applications ﬁg&gfg@gﬂg@&@i}% é?gl%lﬁ spectroscopy etc. Moreover, since device dimensions scale

g

inversely with frequency, at hi equencies the fabrication of the electron gun and slow-wave
structure using conventional manufacturing technology becomes very difficult. Therefore
micro-fabrication techniques are%&@%%ﬁ%@% MW&E@R Nof operation. Further, an
advantage of a planar slow-wave structure is the possibility of use of sheet geometry for electron
beam. As compaketbto-they eoting oeanvige phaetry ckivelat udatant elbyrdony affbas dubvspreedyes of higher
beam currentigiapaytiyatig cfimes exp peeatioroliia Jéart ipevéase dlendiWdi. SWMMRERYsQR THE
PRESENT IRMBINTEIQN midevRinasiAbiact af jheRiesent ivseniibimisitisehosg albmgeband
planar helix SlawsWaYG T WRLES AR S ROAIRAPAHNRY LM HANBES HORS: ard S dNERERAT invention

consists of f.thi Ile ' t Jloyy-| dielectric
toriel or a%%ﬁ@é%g%@eﬁ?{@ lr1] (gra(é%g]lr QLR PSIRISHSRR (R ANFRRUPH BEET 1 &1 ONHESS
aby a sliow-wave structure. The slow-wave structure slows down the EM wave,

ensuring ‘velocity synchronism’ between the electrons in the e-beam and the EM
wave.

The most common slow-wave structure is the circular helix because of its
un-matched capability for strong electron-wave interaction over large bandwidths.
However, the circular helix is not a planar structure and it is not amenable to
fabrication using printed-circuit or micro-fabrication techniques. Printed-circuit
techniques are important for miniaturization as well as low-cost mass-production.
Miniaturized TWTs can have widespread applications in communications, radar,
spectroscopy etc. Moreover, since device dimensions scale inversely with frequency,
at high frequencies the fabrication of the electron gun and slow-wave structure using
conventional manufacturing technology becomes very difficult. Therefore
micro-fabrication techniques are almost mandatory at high frequencies of operation.
Further, an advantage of a planar slow-wave structure is the possibility of use of sheet
geometry for electron beam. As compared to the round beam geometry, sheet beam
geometry offers advantages of higher beam current capacity, decreased beam voltage
and increased bandwidth.

SUMMARY OF THE PRESENT INVENTION

The primary object of the present invention is to disclose a broadband planar
helix slow-wave structure and its broadband input-output connections.

The present invention consists of arrays of thin, parallel, conductors printed on
top and bottom faces of a low-loss dielectric material or a substrate. The conductors in



the top and bottom arrays are inclined at different but symmetric pitch angles. The conjunction ends of
the conductors in the top and bottom arrays are connected by vertical conductors. Planar helix
structure is formed by the conductors in the arrays and the vertical conductors at the conjunction end.
The vertical - or straight-edge connections - are simple and can be realized using printed-circuit or

micro-fabricafjonsechRigURsm 08 Sawing feunefisetinhe,PEsaRtatiupie sande paatrolled by
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shaping purf8€etith Weitlarndiriers debotomUndioBrne IdReIoss sl echicraeadn
incorporate SPHEIPEREFoUHE PraRksalsembcdistined Fong HESIdSHICHIRE Stcabrispdenatively or
additionally, téwhusiquesure can incorporate a pair of ground planes at some height above and below the
planar helix structure. A vacuum tunnel with a rectangular cross-section smaller than the planar helix

can be located ceRéralbyinbieldwyagueihitiglsan seaompogate ashedlalestiambeamdor
application LSTR e 1Ehe {H@E‘?fﬁﬁh‘%ﬂff%{‘fii@%ﬁ‘%n\da&b{%ﬁﬂ%%,%W&ﬁfﬂs%\é%%%é@ih%%_@'ope for the
e-beam. Alte#% g c5ﬁ?tiﬁeo%ﬁgm%‘f9s %ﬂi%gepﬁiéo&g{gﬂjéyst above (or just below), i.e., in close

proximity with, the top or bottom arrays or conductors. e present slow-wave structure can be
integrated with input-output connections (also called feed), e.g., a broadband coplanar waveguide

(CPW) feed. BrondbiRiAtsehitg 19 Wl A 55 sBAIY Th&E PYsRRine Bethaligseihd output of
the helical silfdtefrét THEGHRBSHNT keatibsE e anUSBIE B HSBRISHN DI 2GRS Angle bend
for different &pplications. m@mepotsiblottathddesf fabiibatiyvihesprdsdettsiownnavelsteanture is to
use multiple ilaye®oitdonwpios fl elaaid paate ralsonid distaays b oothdydtors drlikestoptard bottom
faces can beAfpbifigaiedyos vaisepaNate Yy intacneisctih haasesorsNg pailting gophetelithagraphic

process. Thefwe priptedeiieuiherlgs With BHaAYEAkGeRAHGIOrs on the top and bottom faces can
sandwich two or more un-metalized layers of low-loss dielectric material to form a rectangular tunnel

within the planar helix struc%ture. Th.(?hvertic | conductors on the corgljllllnc jon ends of thqlclonductors in
vacuum unngl witn,.a 1'80 nrgu ar CI‘(I)SS-SeCtIOIl smaller than, the pla a]h l%(
the top and bottom arrays can be realized, forrexamplé, using vias or plated-throu ole technology.

The layers of3BWoSSURIEPIEARaHETs RPNV e EarAR AfSRIBIRRaSh &ahedr HRsY Mave different
dielectric coR&BESr applicatian e ol lsrd b reataddiserpupglinguhs veeumdgnIbegofeen, 796, using
through holes Yeewlattiv dopadetidrsabehm codiemetival sriticosheit fosmipcsectlonbedppaseds similar to

the structurejyopased(by just bidweyerrcthat slosctprexdiags mathake toputrutpoi Gy sections,
ground plan@gn@s@dtacuum tunnel. Moreover, the application proposed in U.S. Pat. Appl. No.
09/750,796 is as an antenna. The usefulness of the present invention will be clear after reading the

detailed descriptgy g {06 PLRIGIGH e MRRA e R FRLGIGRASRHNGALACHSH ANIDESAs

(also called feed), e.g., a broadband coplanar waveguide (CPW) feed. Broadband
matching is achieved by tapering the CPW sections at the input and output of the
helical structure. The input-output CPW sections can be straight or can include a right
angle bend for different applications.

One possible method of fabricating the present slow-wave structure is to use
multiple layers of low-loss dielectric materials. The arrays of conductors on the top
and bottom faces can be fabricated on two separate printed-circuit boards using
milling or photolithographic process. The two printed-circuit boards with arrays of
conductors on the top and bottom faces can sandwich two or more un-metalized
layers of low-loss dielectric material to form a rectangular tunnel within the planar
helix structure. The vertical conductors on the conjunction ends of the conductors in
the top and bottom arrays can be realized, for example, using vias or plated-through
hole technology. The layers of low-loss dielectric materials may have the same
dielectric constant or may have different dielectric constants.

A planar helical structure, as disclosed in U.S. Pat. Appl. No. 09/750,796, using
through holes for electric connections at the conjunction end of microstrip sections,



BRIEF DESCRIPTION OF THE DRAWINGS Notwithstanding any other forms which may fall within
the scope of the present invention, preferred forms of the invention will now be described with
reference to the accompanying drawings in which:  FIG 1 is a perspective view of the present
invention showing the planar helix with straight-edge connections in the presence of a dielectric

substrate, vay HEE‘s%%@A&G%E%ﬁB&ﬁQEQHﬁ&’sW&s HEWRR ISR SNRIIRTNEMGI il 1 showing
the planar hell "‘}Mﬁl Lﬁ%anar sggt%%@c% t&‘ Shé’é"yofLG\%éﬁlﬁnch%%aecﬂPd}e‘ék% OffIG 1. FIG

4 is a top vie nar he e 88%@}'%15 In t e resence of a Vacuum tunnel
and coplanar%)roun P% 8e! mtegra € Wlt p(,pop anar Wavegwde% Bo?h input and output. The

coplanar waveguide feed also incorporates a right angle bend at both ends FIG 5A shows the

simulated phase N@Iosit{ubratie PréterPeeserhbbaRrion: Wittrbaridewithbiet exslingathgréeidgsianes.
FIG 5B showssérepsionutétbd pefaniedintebadiioenimpdumicesafehe thesfercbd ednbutdigient, with and
without coplanar ground planes.  FIG 6 shows the simulated and measured S-parameters of the
preferred embodiment of FIG. 4.



FIG 7 shows the cross-section view of the fabricated embodiment of the planar helix with straight-edge
connections.  FIG 8 shows the simulated traveling wave amplification of the preferred embodiment of
FIG. 4 at 5GHz. DESCRIPTION OF THE PREFERRED AND OTHER EMBODIMENTS The
preferred embodiment of the planar helix slow-wave structure with straight-edge connections, as

shown in FIG. 1, consists of gjfapsioh NG Rppa IeInc e ¢ierH RAWAINIAS2 printed on top and bottom

faces, respectively, of a low-loss dielectric material 103. The conjunction ends of the conductors 101

and 102 areco é) vertlcal uctors 104. Circular rings. 105, with dia er greater than the
diameter of \I/Sechgi1 %:t(%l X eﬁefmt% ené{fr}e &6 nec[lron etv%gesr?%l r_}l]g]i é’r . The

planar helix SHEHAE 8" ﬁ%@r fsyBt m%thﬁmrr&t%%#mmwp@ &&ﬁ&f&t}tsrgvtbfeteé%%oﬁ) and 105. A
vacuum tunribf 2o AR Wite chang D&sriBra8ichection smaller than that of the planar helix, is located
centrally within the planar helix. For TWT applications, this vacuum tunnel can accommodate a sheet
electron beam. TRIG.chptanaregimdncd planesdiOha ardchd thvareitocsltied mig the taprfachebikthe low-loss

dielectric mafaripdiighuiiige somtasprralion frtibe eugerrthe aitsuatngaddGunnes indicated
in an enlarged view aldhe-plaaas gl structure in FIG. 2, the conductors 101 on the top face are

oriented at an a &‘Q’ls"‘éﬁh ﬁ?& %8%%@%#?(‘(5{9{3@85\»?}99 e Qﬁa‘%%%ét? i PeEQ cRojfom face are
oriented at an an WI'[ pect to the y-direction. Cis tle perio anar ellx SW is the
width of congucltors 02 and VD is the diameter of the vertical conductors 104. FIG 3 shows
the rectangular dfbSs? ﬁ&.%ﬁ%ﬁﬁ‘él%d&&’r@ﬁﬁ Ik y-plane. The cross-section dimensions of the
planar helix and ¥&vAdsuiennvievapé tb%%a&ﬁﬁl(%wﬁh)S%ﬁi‘éﬁﬂ@l;ﬁoﬁﬁé‘?ﬁ@ﬂﬁ)dﬂk fB%elated to
the cross septiciardienensionsuant pitoklaanglecaslanar 4yaandvplangs.) iMtegreegshratibredpltween the
ground planesai€iiadendetd 7foorbthie tapdacemdndutipetediies obphenairoudar gunds 1O&disassol' he vacuum
in the tunnelihasrpoclieieatriciremnsienicha & BothRadbielectric material 103 surrounding the vacuum

tunnel has a d'e@f&'fsgoﬁ%%ttﬁezsﬁﬁﬁ@ﬂ‘ EXQ%QBQi%JQ%rﬂHe”P%%@édSeH{%%@@& foyithe high

temperature Iaqx){ﬁ,l(?:&ltl% &&Hg T the ceramic material can also act as a vacuum
envelope. (i gﬁ/sstl e to -view f‘ Ianarshell rac pogtrﬁrn € égo nectlo the
presence of co anar roun anes integ rated With ot cop anar wav are% V% pBr?s a and 401b

with a charatt® &‘tﬂé‘ﬁ‘?ﬁ EE ‘rebauﬁ%’ﬁé%ﬂ 8t ERENSHs, 402a and 402b, are incorporated
between the 509 GPY poRtEsatertHamRIeAnaNdLMHERSUTTa STTA0BEETSf e Brarefstsd Wideband
impedance reaishingesdoibiE &cHlieved by optimizing the length of the CPW tapered sections 402a and
402b and the impéGafichat thhecomof tbaitapeiad sédio fithrdddal ambddhenespeatipddyiain order to
provide CPwﬂmwlgnstmgaﬂw@ggia@qﬁééhe@tructure and to accommodate the electron gun and

collector in TWTm@"sagﬁmsthﬁecﬁ’wumettoweﬁﬁ Qrale aarrﬁghﬁ?aaatﬁlbsmhéoééeﬁ%&OSb Air
bridges 406%1114)0%?111@9{58 %QSéplge and 406f are added at the CPW right angle bends as well

as at the input and output of the planar



helix, to ensure that the ground planes 107a and 107b are at the same potential. One period of the
embodiment of the planar helix in the presence of vacuum tunnel has been simulated, with and without
coplanar ground planes, using CST Microwave Studio Eigenmode Solver. The embodiment
dimensions are a = 0.75mm, b = 3mm, ¢ = 0.25mm, d = 2mm, W1 = 100, SW= 0.7mm, VD = 0.36mm,
En = 1, Er2 - 3.GoreiieHiyN o i ieiaeof BRRID AQDLesremheEmas wikigraignar ground
planes, s is taken as 0.5mm FIG. 5A shows a comparison of the normalized phase velocity (vp/c)
between the em dlmer]Ft wit (50 g;émd vx{lth?utb 502 cop %n? rqundwplanes The curveh501 shows
that a reduced phase Ri& SEﬁfy variaton €an be obtaided: B %lngsc%‘ﬁlar?g? ?orlljlrclél p?lanes on the top
face of the IGWASEE Bfléfe CARO AR aPST HROVAYi i dH Gf EheCBﬁ%;%té @&aamggﬁ ButuRMaH feduced by
reducing s ofBifHstiIaJdhgashdifdr popiethap drsure frated daehe BoRestYabe afsblodoshase
velocity and dpkdtingniedslid®B8ofthe enboiteentidsaffédled dondustdimdftiond dithesianar helix
structure, sizewidited/aguenitahoetdastorelll 64. toaenateriapoflite loitk|desidielegtemtandienial. FIG. 5B
shows the sifulaieseain-axiziitelasiendmreren IR pf ihermurbedimentonibéabdnaryl wMimput (504)
coplanar groynd janas,Aanondhe vaiative of M%&WSFMH@Q&HH%QHS&%?MBR@%O'a”ar
ground plangs, {ie36 Al 'SHACT §1°.00 3 'Rt%ré%ﬁm ﬂHﬁB@P%ﬂﬁeuﬁ gdlallyahlpper tequencies.

as showninb oWer on-axis interaction.im nce ower In t el
appllcatlonsS ¢ ﬂn Sm%ﬁea %e t rﬁ fa% Hlan%ou%g’p gg%)éa(t)e r% b fade l‘a[nthe RIS s d|electr|c
material, inte§t aiea%.m%w%%lggssmwﬁuﬂe t%%maﬁca@é@% MES TG owave
Studio. Pnntb%r&}mh%gmrﬂoém 1t andicHEdys afesmﬁt%ardtéeaﬂcf%eﬁéh@ 3.02, was
selected for thig-tesidielcThacimigrdd 63 pathmeteat, sepdragiimt draccthentdies losthindinentiielectric and
conducting matgrils, are shown in FIG 6. In this configuration -10 dB S11 bandwidth, shown in the
curve 601, covers the frequency range from 1 GHz to around 9.5 GHz - which is almost a decade of

bandwidth (1: 9.3); Theagh 802n drrpeSioilicapyat Bl%ﬁ%ﬁﬁ”&%%m?@'?d%@"ﬂ}’ fiide to low
conductivity QJ&CQSCY%“% dhﬁ%toc LG 59 %H‘%‘i'oe{heﬂé*%i Ofﬁh%%”ﬁj é’&st]oo nd 102.

As shown in F %!@2%? % @ nar e can %e cated % % |ecF ow loss
dielectric malte aﬁ%ﬁf 0%% ‘h‘é%& THe! Sn LS8 4ot fraen%nfﬁ? A e t%l& and Hottom faces
are fabricatel{’ rmegsegaﬂaﬁev itk D5eRod 61 L oss il %ﬁ%&’Sr‘*ﬁﬂB’t& hographic
process. 70 Lo I Ak %@GH’Qé%éhﬁéhaﬁieteé%fhﬁéqmﬂb@@éiaggﬁn‘e%aﬁéﬁaﬁ 703a and
703D, to formbawscizntpglangutaairosshiactian plater steiptustric e gFhlaneriibalcosrdsastaps, 104, on
the conjunctitimemdsnsf dfielcopthnciotsiix thedapandchottommarchyeabe 2éalizeld (Ioy 2dample, using
vias or plateg:$peatigh dietpebelngy rdie Pieers of8ds stldor MaarbrdshiGarbansgedsed together
by using screw and nut sets 704. The low-loss dielectric material, 701, 7025 703a and 703b, may have
the same dielectric constant, as shown in FI&. =34lb?aﬁ{a‘ij ave different dielectric consta

Following thg.confl uraltl%nk;ntvlf/IG 7 the emb grr]lent é}f 4h sbee abrl%a7 ted using
Rogers R0O3 8& SRS ebst‘?gxltqe Wit nes?s‘? 0 8 2 Po35ah b. Three

layers of 0 SFHEFHERGISIEMHE eas%&%el%fe%eﬁ&mege ?&Pa?éaa%a dislgeRIS AN high (a =
0.75min) plafiarhélid BerdislaertHaatreiebd 4D a0 syl e saparateensl banm dietedim). FIG. 6
includes the qpesigtired:S parcaneaerst§ps ahddotafichenbrichted stefiotuhts. Toe theakigled results,
603 and 604tcgeresally amdtchoveth ttieyfionuate dnon &3V 80 thardrédze mdthadroall gignadtsimulation of
the electron peasnanddwMopave interaction for the embodiment shown in FIG. 4 has been performed
using CST Particle Studio Particle-In- CeII solver A sheet electron beams with a cross-section half that

of the vacuu tﬂ?}ﬁ'&?ﬁo@yﬁq%dté %% lwinging: Ry gg& @@&t%s the normalized
correspondlr% t8'56eam n 0\? r?"l §ve11%0| |§h’vsﬁs ﬁhl At Vha 1an thE)leor)the EM

wave. 5 mA B?%%é%%&ﬂ%ﬁ?éhd”i%ﬁé‘ﬁ@&%ﬁ%é‘ﬁ PORefh 20 aLePTRLCEN SEELRBYS the
simulated inf2arferdth-Rarcsigrarsostadaprige ﬁégp@&hglk}“é@armr%wh@ﬂﬂmé W GHz
sinusoidal Rusighad 088 1anditiliFipue htwerlafiad. Behywy Widgbanddiinpsdhecinmating gravtbd he
amplificationaohithe dnpytopigmad iegntine Isegth ol drty (PB0Zagerodns8ioba i2puindad@bmptitude is
0.02236 (squasrerpRueh MW, ant JomMeSRpethe uspssvaue Aol s égealier O1ns.
Therefore, the fm@ll2ignal 2aii9edbikhe ssRILQW ﬂﬁ%@@ﬁ&%ﬂ@&@@w{@cgﬂﬁﬁieéﬁg hgre.

However, it %’BH!%%%&P ﬁ‘%!%‘?e BY 1?1 E‘%ﬁo hé‘&‘tﬁ’ol{b t%fﬁb d}'ri%‘%f %g dfor
modlflcatlons dn gatot tlo ‘mé rzh Esfwnhout
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planes, s is taken as 0.5mm. FIG. 5A shows a comparison of the normalized phase
velocity (vp/c) between the embodiment with (501) and without (502) coplanar
ground planes. The curve 501 shows that a reduced phase velocity variation can be
obtained by putting coplanar ground planes on the top face of the low-loss dielectric
material. The variation of the phase velocity can be further reduced by reducing s or
by introducing similar coplanar ground planes at the bottom face also. The phase
velocity and operating bandwidth of the embodiment is affected by the dimensions of
the planar helix structure, size of the vacuum tunnel, as well as the material of the
low-loss dielectric material. FIG. 5B shows the simulated on-axis interaction
impedance of the embodiment with (503) and without (504) coplanar ground planes.
Although the variation of phase velocity can be reduced by the coplanar ground
planes, these also reduce the on-axis interaction impedance, especially at lower
frequencies, as shown in 503. A lower on-axis interaction impedance may result in a
lower gain in the TWT applications.

The embodiment with coplanar ground planes on the top face of the low-loss
dielectric material, integrated with CPW feed as shown in FIG. 4, has been designed
using CST Microwave Studio. Printed-circuit board Rogers RO3203, with thickness
1.5mm and dielectric constant 3.02, was selected for this design. The simulated S
parameters, taking into account the loss in the dielectric and conducting materials, are
shown in FIG. 6. In this configuration -10 dB §; bandwidth, shown in the curve 601,
covers the frequency range from 1 GHz to around 9.5 GHz — which is almost a decade
of bandwidth (1 : 9.5). The S,;, 602, drops significantly at high frequencies. This is
mainly due to low conductivity of the vertical conductors 104 on the conjunction ends
of the conductors 101 and 102.

As shown in FIG. 7, an embodiment of the planar helix can be fabricated using 4
pieces of low-loss dielectric material 701, 702, 703a and 703b. The conductors 101
and 102 on the top and bottom faces are fabricated on two separate printed-circuit
boards, 701 and 702, using milling or photolithographic process. 701 and 702
sandwich two un-metalized pieces of the low-loss dielectric material, 703a and 703b,
to form a rectangular tunnel within the planar helix structure. The vertical conductors,
104, on the conjunction ends of the conductors in the top and bottom array can be
realized, for example, using vias or plated-through hole technology. The pieces 701,
702, 703a and 703b can be secured together by using screw and nut sets 704. The
low-loss dielectric material, 701, 702, 703a and 703b, may have the same dielectric
constant, as shown in FIG. 3, or may have different dielectric constants.



1. A planar helix slow-wave structure with straight-edge connections: The planar helix structure
consists of two arrays of thin, parallel, conductors printed on top and bottom faces of a low-loss
dielectric material or substrate; the conductors in the arrays printed on the top and bottom faces are
inclined at different but symmetric pitch angles; the conjunction ends of the conductors on the top and

bottom faces arg:6RoRGHaHNHETIEAIEANAYIETS, BECHRbSRER I RAIAMeier giertsEdhan the
conductors g R e
structure asqz:%a{ih?gg’%aggi%l , W bérelﬁégae%% Xoii ?hrpé) 'Sv%r%ﬁrlé(gf% %F c%n(lfusc%ﬁg%tgna ees%lréljlrr(}‘fgd 6n a

different laydP SRR RBECGRIS AR YRZHL Aa). B AR Cr i AR RHRY REUIRITE el there can
be more layd#§6Sf 103D sidiclB3Ri@rnatenmaptsenbyetitie tWoTayerd bf fdéx|dsdnsibidesridenaterial on
which each ofichaitedoSapraymdtepriolddind. deos e fabei e sl aimstiin. cThmzaniiedeigsuliere can be
more layers ed3awnd 66 dietechliy matetialebutsidenibitydoolayse i dbhilaieddss dielectric material on
which each of the two arrays is printed. 5. The structure as claimed in claims 1-4, further comprising

gggg[‘;'.gﬁ?r'a”amé %Hﬁq;l elgﬂﬁzsgﬂ#ﬁlaﬁ%ﬁ%ffﬁf@e@ééﬂe@d%%lﬁ%@ @i@%&%&ﬁi@é@iiwfsith)ﬁq{fe?tLagfral
I aiib it I I [ 4.
comprising %pg}gsﬁfﬁ%a%gﬁgﬁ gﬁ%@éﬁe&?&ﬁ%%ﬁo%ﬁ%ﬁ gfstlﬁg low- ort)8 ﬂ%tcfétédly

i :

Qf‘ n- cams. 1 CroSsS-Secti ?18211 ﬁl rFtHéaterial Wlth
some separation from of the Circu SAPSTHE sf‘rucf’ure as c(:)ltéimed IR cims 1-4, further

edges ) ar ring;s
comprising, zi%caﬁnaﬁ@mah\}s%Hﬁl%qumc}hetalewi‘ﬁ?%safglba*rﬂeﬁ S}wﬂavgﬁ%énaﬂmeigm above
and below tHBeIaRRRegE phase velocity of the EM wave is 0.126 at 5 GHz. Therefore, the beam

voltage is set to 4070 V, corresponding to a beam normalized velocity of 0.127, which
is slightly higher than that for the EM wave. 5 mA of beam current and 100 periods of
the planar helix are assumed. FIG. 8 shows the simulated input and output RF signals,
801 and 802, respectively, as a function of time. A 5 GHz sinusoidal RF signal, 801,
with input power of 0.5 mW is injected into the input CPW port. The amplification of
the input signal can be seen clearly in 802. From 801, the input wave amplitude is
0.02236 (square root of 0.5mW), and from 802, the output wave amplitude is 0.32
after 9 ns. Therefore, the small signal gain is 23.1 dB.

Only a few implementations are disclosed here. However, it would be appreciated
by a person skilled in the art that numerous variations and/or modifications may be
made to the present invention as shown in the specific embodiments without departing
from the spirit or scope of the invention as broadly described. The present
embodiments are, therefore, to be considered in all respects to be illustrative and not
restrictive.



8. The structure as claimed in claims 1-4, wherein the size of the vacuum tunnel can be varied. 9. The
structure as claimed in claims 1-4, wherein the pitch angle of the conductors on the top and bottom
faces can be changed. 10. The structure as claimed in claims 1-4, wherein the length of the
conductors on the top and bottom faces as well as the height of the vertical conductors can be
changed. 11. The structure as claimed in claims 1-4, wherein the dielectric constant of the layers of
low-loss dielectric materials can be clhangedeleyané Refenences claimed in claims 5-6, wherein the
separation of the ground planes from the edges of the circular rings can be changed. 13. The structure
as claimed in claim 7, wherein the height of the ground planes above and below the planar helix can
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tapered coplanar waveguide sections joining the coplanar waveguide ports and the coplanar
waveguide sections at the input/output ends of the planar helix; optional coplanar waveguide right
angle bends near the input/output ends of the planar helix; air bridges at the coplanar waveguide right
angle bends and at the input/output ends of the planar helix; 15. The feed as claimed in claim 14,
wherein the lenggh ofjtipR tapered sections can be changed. 16. The feed as claimed in claim 14,
wherein the coplanar waveguide can have bends, for instance, to accommodate the location of an

electron gun and.a collector for TWT ications. 17..A fabrication method for the structure claimed in
claims 1-7: The%é?glaa%)ﬁ% oo oer(rg 1gr\}v§1§1§ %?éééﬁ%%%a&%dé%%ﬁtﬁcafggl l?)%]“%&io separate pieces of a

low-loss dielectrit mARARUSHY HNAY BEsHIGSHIESEHApHR b edes samisiittiich two or more
spaced-apart middld peRle8B e ioniIss s afeteBtiRtneAtEYR R WH tBmFea Hsld gRBNSEXS of the
low-loss dielectric npatetédl aréoprinddiatimadathe olerticat bondidtots omaterisbajsnbtivatends of the
conductors in the tothandndattons airdysacerydpriv@lized thsingpviad bopbatetidéyangmbiotedechnology;
the multiple layers oftihigriowr ®ss diglieciic plalgHalgare stacked and secured together.
the conjunction ends of the conductors on the top and bottom faces are
connected by vertical conductors;
circular rings with a diameter greater than the diameter of the vertical
conductors to ensure proper connections between vertical conductors and the
conductors on the top and bottom faces;
a vacuum tunnel inside the planar helix structure.

2. The structure as claimed in claim 1, wherein each of the two arrays of
conductors can be printed on a different layer of low-loss dielectric material.

3. The structure as claimed in claim 2, wherein there can be more layers of
low-loss dielectric material between the two layers of low-loss dielectric
material on which each of the two arrays is printed.

4. The structure as claimed in claim 2, wherein there can be more layers of
low-loss dielectric material outside the two layers of low-loss dielectric
material on which each of the two arrays is printed.

5. The structure as claimed in claims 1-4, further comprising optional coplanar
ground planes on the top face of the low-loss dielectric material with some
lateral separation from the edges of the circular rings.

6. The structure as claimed in claims 1-4, further comprising optional coplanar
ground planes on the bottom face of the low-loss dielectric material with
some separation from the edges of the circular rings.

7. The structure as claimed in claims 1-4, further comprising, as an alternative or
in addition to claims 5-6, a pair of ground planes at some height above and
below the planar helix.

8. The structure as claimed in claims 1-4, wherein the size of the vacuum tunnel
can be varied.

9. The structure as claimed in claims 1-4, wherein the pitch angle of the
conductors on the top and bottom faces can be changed.

10. The structure as claimed in claims 1-4, wherein the length of the conductors
on the top and bottom faces as well as the height of the vertical conductors
can be changed.

11. The structure as claimed in claims 1-4, wherein the dielectric constant of the
layers of low-loss dielectric materials can be changed.

12. The structure as claimed in claims 5-6, wherein the separation of the ground
planes from the edges of the circular rings can be changed.

13. The structure as claimed in claim 7, wherein the height of the ground planes
above and below the planar helix can be changed.



18. The method as claimed in claim 17, wherein the multiple pieces of the low-loss dielectric material
may have same or different dielectric constants. 19. The method as claimed in claim 17, wherein the
height of the vacuum tunnel is determined by the thickness of the middle pieces of the low-loss

dielectric material. 20. The method as claimed in claim 17, wherein the width of the vacuum tunnel is

determined by the Iatgcalgpecing hetwesnethaMmiddimLigoes Rihe: IQuripssidielactismaierial. 21.
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surfaces of the structthié: " We,}lvegu !
frequency signal;
coplanar waveguide sections of arbitrary impedance at the input/output ends
of the planar helix;
tapered coplanar waveguide sections joining the coplanar waveguide ports
and the coplanar waveguide sections at the input/output ends of the planar
helix;
optional coplanar waveguide right angle bends near the input/output ends of
the planar helix;
air bridges at the coplanar waveguide right angle bends and at the
input/output ends of the planar helix;

15. The feed as claimed in claim 14, wherein the length of the tapered sections
can be changed.

16. The feed as claimed in claim 14, wherein the coplanar waveguide can have
bends, for instance, to accommodate the location of an electron gun and a
collector for TWT applications.

17. A fabrication method for the structure claimed in claims 1-7:

The top and bottom arrays of conductors are fabricated on two separate pieces
of a low-loss dielectric material using milling or photolithographic process
and sandwich two or more spaced-apart middle pieces of a low-loss dielectric
material;

the two or more middle pieces of the low-loss dielectric material are
un-metallised;

the vertical conductors on the conjunction ends of the conductors in the top
and bottom arrays can be realized using vias or plated-through hole
technology;

the multiple layers of the low-loss dielectric materials are stacked and secured
together.

18. The method as claimed in claim 17, wherein the multiple pieces of the
low-loss dielectric material may have same or different dielectric constants.

19. The method as claimed in claim 17, wherein the height of the vacuum tunnel
is determined by the thickness of the middle pieces of the low-loss dielectric
material.

20. The method as claimed in claim 17, wherein the width of the vacuum tunnel
is determined by the lateral spacing between the middle pieces of the low-loss
dielectric material.

21. The method as claimed in claim 17, wherein the height of the planar helix
structure is determined by the thickness of the multiple layers of the low-loss
dielectric materials between the two outermost surfaces of the structure.

rary impedance
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