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111111121112112111 *@00002* Description of the Invention Planar Helix

Sl ow- Wave Structure with Strai ght-m mm ﬁﬁ i ons FI ELD OF THE | NVENTI ON
The present invention relates to t‘ mml lm msl oW wave structures and in
particul ar discloses a new planar helixsgbow wave structure and its .. ...
i nput - out put connecti ons capabl € of broadband operati on.  BACKGROUND OF THE

Slover than the Speed of 11ght, typical Iy i nas appii cati or NN
Travel i ng-Wave Tube (TW). The TW is an anplifier of m crowave,gj@nal s and

it provides the |argest bandw dth among all hi gh power —vacuumelrectroni c

devices. Two primary conponents,of a e an,el ectron beam (e-bea and
a travelling el ectronmag seregnom&gmﬁﬁl R s guided l(oy a "

sl ow-wave structure. The slowwave structure slows down the EM wave,
ensuring ' vePlanar HeaixSlhweNave Stracturerwith Stedight-Edge Connacéionsheam and t he
EM wave. f The nost C'ﬁmmn sl ow-wave structure is the circular helix
ecause of its un-matched capability for_strong electron-wave interaction
over |arge bandwi dths. Howe PMFJ%WE‘MTIR& ix is not a planar
structure and it is not anenable to fabrication using printed-circuit or

m cro- f abr i catlihe present vertioe selatértd tedldoifisbowi-vavestritireiasd impasti¢utgsor t ant f or
M ni at ur i zadisciRess née| planas hélixvslew slaverainenpe antidts inpat-olputicatneciiared TWI's can
have w despgagaﬂgmddgﬁ{dioga&idnn communi cati ons, radar, spectroscopy etc.
Mor eover, since device dinmensions scale inversely with frequency, at high

frequencies the fabricat hﬁ[rél&inhﬁ]e)(ﬁﬁ% OIN ) sl ow wave structure

Elj_ﬁi ngf conventi onal manufacturing ol'ogy becones very difficult.
erefore mcro-fabrication techpi ques .are al npst nman r '
frequenci es of” SPEMEYE SHctur, P‘i?tﬁ@Fﬁsgé(ﬁlo?iﬁ'\%mt éﬁyoﬁ‘lc“ﬁergf%tﬁglé%pg%do I \g/]vgve
struct ure ikght.Hapipallysfinss|applcatign insBraylingifiave ke (EWL) Thsr TWIIS 300 beam As
conpar ed t canyflifier ofumigroyeasssigradmand riyprovifescthe laeagsh hgedyiathanoag plbhighadvant ages
of hi gher bgawer cacomertectaiadevicys. Toe primayedmpezniswdh T3ieara aglelesioneased
bandwi dt h. peam (e-beam) and a travelling electromagnetic (EM) wave. The EM wave is guided

by a slow-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



SUMVARY OF THE PRESENT | NVENTI ON The primary object of PERECHHBEYUHE2
invention is to disclose a broadband pl anar helix sl owwave structure and
its broadband i nput-output connections. The present invention consists
of arrays of thin, parallel, conductors printed on top and bottom faces of
a lowloss dielectric material or a substrate. The conductors in

PCT/ S&G2010/ 000152 the top and bottomarrays 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 fornmed by the conductors in the arrays and the verti cal
conductors at the conjunction end. The vertical - or strai (f]ht-edge

connect i onghe topead botipg) arrays @recinplingd af differentalyt SUPMEHS Pitph angles; Theui't or

ni cr o- f abricomtiction ewdsofithr eenductors i the P Rt BOtEABATRYS B Boopssted Y present
struct ure waricdleonduaiorsoPlaaat Hejix sarcyiraiiy fotmediyt thé cendysters df therperayfonduct ors in
the top andnd et Al cadactorda it Wel donjasctioy ead| Het veniiral her dirggldetgs c const ant
of the | owchRRsridls Eh@ SnigiCarddBhi©bd Bhlized usinginke@Reitc @i 6r mikrot falfricathme | 0SS
dielectric éﬁﬁhiﬂ%é.s.al can incorporate a pair of ground planes at sone

di stance fromt'he planar helix structure for dispersion shaping purpose. In

asimlar tri r, the bottomface of the |ow]os i el i terial can
i ncor por at e.a%gg?l?w'a S‘@)‘?’%ﬁ‘%ﬁ‘f{nﬁ hResey S%rg% RGBS ?ﬁggﬁe?gbg%ﬂ?g tlliqianar hel i x
struct ure. Pich engiefitkaqopdugiors, iihs 108 AR bAtom, 4Hays, f5 Uﬁfﬁsr 24 Sglgﬁmignceor porate a
pai r of gr cliskettris| cansant of the loweloscdigdostricapaierial and bel ow t he pl anar hel i x
structure. A vacuum tunnel wth a rectangul ar cross-section snaller than
the pl anar helTh« topaicelf theoloatied disbsetricahdtsrial Sacincaparate @wpeair ofigrevid can
accomodat &mesit@6the Giktafide i 1B plhdr GElixdsdabiuaAbl dispetsion Eidng plipesexat er i al

surroundi ”qptb%' B UL RS boRER 26 BF 3he/ A6WAIGE: ENMEIHaP enatedial the e- beam

Alternati Vem%’rpotr IS
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below), i.e i N Fﬁse %o% W, t t.he r of
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i nput - out pUEmE BRI EPeV§Iad belpw fheplanardglix HBGIUe- ¢ g a broadband copl anar
wavegui de (CPW feed. Broadband matching is achieved by tapering the CPW
sections at t Hevicaputunaeidwithye pestangiflar gressigeqtiop smaller (thast the alanapieliy nnyt - out put
CPW sect i onan darodated semteallghSuchra wewmn hmheldan aceompnadatg rigsheetirisstion or '
di fferent apphifsaippaten in TWNE TROMatehd] Surictinting thefvatuabr tuwd tandommhe present
sl owwave sfydiniERvelope Fd? thSEbdaH. MitbhRiveBY B She2f bdafiéah @B6 beliczhtedt ri C

materials. jIQeab@\fer(g%%stogeloQ@pgé.’,ciBng?ec Broxhilfy Wi e dp RPbLA hge st can be

fabricatedon,t arate ‘printe frcurt boards using mlling or

photol it hog‘ipﬁf)‘f#ggs‘pr ocess. The two printed-circuit boards with arrays of
conductors on the top and bottom faces .can sangwi.ch two or nore :
un-met al i zed |T&g ®resend plowonave SEuctuys %ﬂ“él?t‘?tFEaﬁer‘gf’f’étm‘%ﬂ“t’P‘Bp‘ft(fP‘?ﬂegltlor“‘%ct angul ar
tunnel wi t hialso tchltedpfeed)ag.gh @l braadband roplaper, waveguide (¢} WafeedoREpadhant s on t he
conj unct i onmanideg &f achieeedcinntiperingrtbe CAW $eetionsmt ghedinp@tand puippt efitbe can be
realized, filica x@unplr& The Hipotgoutpua CPW septicat e terstraightor loar iacibdecdmight ogy. The
llayers of | gitelebrofllifbRatdpplicati®ser i al s may have the sane dielectric
constant or nmay have different dielectric constants. A pl anar heli cal

structure, as c?rieS;?o'ss‘?ﬁl? Gd d%t‘%’abrﬁ:%# tﬁg eseNGslow Wave SrutRife Ui dag through

2 glcf IS O];]gr el'ﬂﬁl?ipféllgye?soor}qgvg- c|>s(s) I31sele"c5:lttric tma erl s.n eng‘a'yg % g&%n&(ﬁrs 'Th (fﬁeolﬁﬁ rep

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,



PCT/ SG2010/ 000152 appears simlar to the structure proposedrig2asoodienever,
that structure does not have input-output CPWsections, ground planes, or a
vacuum tunnel . Moreover, the application proposed in U S’ Pat. Appl. No.

09/ 750, 796 is as an ant enna. The useful ness of the present invention
w1l be clear after readi ng the detail ed description of the preferred
enbodi nent with reference to-the attached draw ngs. PCT/ S&010/ 000152

BRI EF DESCRI PTI ON OF THE DRAW NGS Not wi t hst andi ng any ot her formnms which may
fall-within the scope of the present invention, preferred fornms of the
invention will now be described with reference to the acconpanyi ng draw ngs

i n which: FIG1 is a perspective view of the present invention show ng
the planar , S>gm\ma}tbtﬁé gta}cglpépr@p&@d BPRIAEWEWRA $hat Bnichie dseeaoaee Of a
di el ectric g Epy" SRl 1@0d $OPhatAk HRUNlRbABEShe FIG 2 is an

enl arged vi p;‘)’chatlon proposed S 0%, li! q IQ %Qﬁ%%lkﬁdﬂ%{enﬁa presence of a vacuum

tunnel onl yF

The usefulness of the present invention will be clear after reading the detailed
description of the preferred embodiment with reference to the attached drawings.



FIG3 is a cross-section view of FIG 1. FIG 4 is a t RCTSNYI00iRe

pl anar helix with strai ght-edge connections, in the presence of a vacuum
tunnel and copl anar ground planes, integrated with coplanar waveguide feed
for both input and output. The coplanar waveguide feed al so incorporates a
ri ght angl e bend at both ends. FIG 5A shows the sinulated phase velocity of
the preferred enbodinent, with and w thout coplanar ground planes. FIG 5B
shows the sinulated on-axis interaction inpedance of the preferred

enbodi ment, with and without coplanar ground planes. FIG 6 shows the

si mul ated and neasured S-paraneters of the preferred enbodi nent of FIG 4.
FIG 7 shows.the cross-section view of the fabricated enbodi nent of the

planar helix with strBRIEF DESGRIETIONQF BAE DRAVINGEhows t he si mul at ed
traveling wave anplification of the preferred

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, vacuum tunnel
and coplanar ground planes.

FIG. 2 is an enlarged view of FIG. 1 showing the planar helix in the presence of a
vacuum tunnel only.

FIG. 3 is a cross-section view of FIG. 1.

FIG. 4 is a top view of the planar helix with straight-edge connections, in the
presence of a vacuum tunnel and coplanar ground planes, integrated with coplanar
waveguide feed for both input and output. The coplanar waveguide feed also
incorporates a right angle bend at both ends.

FIG. 5A shows the simulated phase velocity of the preferred embodiment, with
and without coplanar ground planes.

FIG 5B shows the simulated on-axis interaction impedance of the preferred
embodiment, with and without coplanar ground planes.

FIG. 6 shows the simulated and measured S-parameters of the preferred
embodiment of F1G. 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.



enbodi nrent of FIG 4 at 5GHz. PCT/ SG2010/ 000152 DESCRI PTI eXNr/SE2010s00152
RREFERRED AND OTHER ENMBODI MENTS The preferred enbodi nent of the planar
hel i x sl owwave structure with strai ght-edge connections, as shown in FIG
1, consists of arrays of thin, parallel, conductors 101 and 102 printed on
top and bottom f aces, respectlvely, of alowloss dielectric material 103.
The conjunction ends of the conductors 101 and 102 are connected by
vertical conductors 104. Circular rings 105 wth dianmeter greater than the
di aneter of vertical conductors 104, help to ensure connections between
101, 102 and 104. The planar helix structure is fornmed by of the

conbi nation of nultiple conductors 101, 102, 104 and 105. A vacuum tunnel

106, with a rpgheRIPTION OFATEE PREFERRED RNDOTHIREMBODIMENTSe pl anar
helix, is |located central ly within the pl anar helix. For TWI applications,

this vacuum t g§lref%§ m&a gt @LM&W@%@%&M&@DI anar
ground pl anﬁﬁ a an arg oca 2, ls% oé)%a ﬁthm tal:’r:‘flell ow- | oss

ielectric %gara %XN éqp bf t he
circular rif m"thFSIOI a“dAgz P?HF‘E%‘E on ainﬁ o8y GEpechY °51a

Hl anar hel i x
structure idielefs materigel 030 Fbg) coryunstian ends Pt the CP‘E%‘“P’éc’é’ R % ted at an
angl e 4rfi cahneated &y yericalcondubtorsyl0d; Cisenlar singn RS, with disgieien gresiesthan2 on t he
bot t om f acehadiemeter afiveridalabnduntossri@i chelp tnichsure empetibnst tetwder 101,dD2 ecti on. L

i s the periaad 104 Thephamdlix Rehduee iSWrngd bl eofwhe tbmisifation ndundltigle 101 and
102 and VD dofidichies 0121783, 6104 @hd 1082 A/ Q4dubi®alinde0 MeY) G S reddfguldrickass shows the
rectangul arg g %&aﬁ&%wﬁlapéf &B%laay Bl UlsCloddfedt daGtratdy- Wit @he i %fmar

cr oss- sect | 3, caon%, c%nﬁrm,hﬁ | bdh Bk i as eRel are (2a,
2b) and (2 Cross

i
section di ﬁ@’f‘l‘gl "}‘%"Q&’ %ar?ﬁﬁ gsanﬁ lﬁ%mbretl%?ﬁm&“hﬁ ?Pa?‘h Ft ®parati on
bet ween théoﬁﬂ%‘ﬁﬂﬁleﬁmﬁwﬂfwvﬂ spepfsepssation dropge F%@%O HhECHWE edges of
the circul ainggd¥ys 105 is s. The vacuumin the tunnel- has a dielectric
constant Sri = 1. The dielectric material 103 surrounding the vacuum tunnel
has a di el ect rAsCindiedaiad Binén &flagediviewrdfrthe playgrchetik sttuatlire dh FIG. 2ptherial i s
preferabl e fofiuctdre 101 8F thefapefadd dreCorfbd Vad GdUdigRNY] MaN@Hecti 8 @e TWI, the
ceram c mat ai e@i!lo CAR tRd S dfidrs aﬁz anmcsmﬁl%aeeirpgﬂemed at 'ah Gndle SPPWS the
top-vi ew of kNG RLANH. r,h HonMr b th%ﬁaéii‘t% ;ggrﬁrﬁaﬁc §ﬁ/t BaSvidthdet he
presence of " o ‘8}% d ﬁ]r ag ;ﬂ gg fhgve l\é\ll dcotﬁ eragrm %egw de .
(CPW por t oGRS é‘f f fhgverticsl (H‘%E Taper ed
CPW sect i ori@owsjiho zectaggul @FCYQ‘B‘S S%?F‘%“P etE‘ Yt HEOSEOBPW por t s
and t he i nplimensiggs of thsyplanan el axifhth&o‘@suunbﬁumﬂearm(%ﬁaaﬁb)%li@@ 2Wdeband

i npedance megpettivaly. Bwrpetied faishéleodtd tbwcrcq@tsccmoz dimgnsions anépigghiangle as he CPW

t apered sections 402a and 402b a d edance at the end of,.t{he tapered
sections, 404a and 404b, respectl ve n/order to provide CP\)Q orts on the

sane si de thetéa &toh%we@ t&ngo&da ﬂ&ﬁemﬂa{oewvheon%@wfa& gNthand

col | ector 0 ht angl e
s e e
are added &t tﬂe {n eH Séﬁ’a - et 5535 ﬁ nd out put
of the pl arfgpstath 59f éql‘?cﬁ"c eé‘?llsﬂfr Bre d pl anes

107a and 1@7@pq@t@re@pd Vaaulg gﬁ@rog@p@t”{l |a6’l[l WT, the ceramic material can a so ac as

a vacuum envelope.

FIG. 4 shows the top-view of the planar helix with straight-edge connections, in
the presence of coplanar ground planes, integrated with coplanar waveguide (CPW)
ports 401a and 401b with a characteristic impedance of 50Q. Tapered CPW sections,
402a and 402b, are incorporated between the 50Q CPW ports and the input and
output, 403a and 403b, of the planar helix. Wideband impedance matching can be
achieved by optimizing the length of the CPW tapered sections 402a and 402b and
the impedance at the end of the tapered sections, 404a and 404b, respectively. In
order to provide CPW ports on the same side of the structure and to accommodate the
electron gun and collector in TWT applications, the CPW portions incorporate a right
angle bend, 405a and 405b. Air bridges 406a, 406b, 406¢ and 406d, 406e and 406f
are added at the CPW right angle bends as well as at the input and output of the planar



One period of the enbodiment of the planar helix in the pPeBEHZEYB0IGcuum
tunnel has been sinmulated, with and w thout copl anar ground pl anes, using
CST M crowave Studi o Ei gennode Sol ver. The enbodi nent di nensions are a =
0.75mMm b = 3mm ¢ = 0.25mMm d= 2mm F1 = 100, SW= 0.7mm VD = 0.36mm Sri .
=1, Er2 =- 3.02 and circular ring dianeter of 0.71nm For the enbodi nent
with coplanar ground planes, s is taken as 0.5mm FI G 5A shows a conpari son
of the nornmalized phase velocity (vp/c) between the enbodi nent with (501)
and wi thout (502) coplanar ground pl anes. The curve 501 shows that a
reduced phase velocity variation can be obtai ned by putting copl anar ground
pl anes on the top face of the | ow | aoss éectrl mat eri a The vari ation
of the phas@hvetpaﬁwh%lw%@mfimaflﬁérmw@:@ Bafw &ARa Rofpntialyr by
introducing simlar coplanar ground planes at the bottom face al so. The
phase vel oci t yOmsrpgriohof diei empodimentpfithn pignat halixdntibsipigesnee pEvagiyiect ed by t he
di nensi ons whoel hhes ptemnsimulated) with tandictithoet, coplape grbundhplanescusimg €8hinel , as
wel | as t hemigévedve Studdf Eigéifindde Wolvers Shelértbodinient dimeRdi@isiagd o =Bl 7Gmnd shows t he
sinul ated op= @mcwﬁnﬁﬁtd%nmmd@oﬁcsweio'nm prbaficeRR e, Wi I B, £€503) and

W thout (504 ?b&ﬂwugm g&{a& Rt 3n R dAR WA {plah@pr&hhaPhase
e o Lt Pt SRS b Bl TIECBA 3L £ ﬁg"sﬁ A poralEad plEC T €008
shown in 50%° °}$yl(5&2,) Q%W %ﬁ ‘ﬁ“ﬁ’f’g ltlol gha(‘s eﬁlgn‘g ‘?’f’é ‘fzg% 62fml n a | ower
gai n i n t hesroyy I&ﬁ}fﬁl%ﬁ“&?ssm showstiha aetedisad RRase Velpeity Y?Hb'i‘%‘n‘&? b8r ound

pl anes on t phaineddbyf puttingesoplatas sfoynd pleres ontiths top fack Of fhgtlew-losh diejeriegr at ed wit h
CPW f eed asmstatalnThervaFihifondof thegphateeeiocile singrecltirthes irgdyccddy milusingweore St udi o.
Pri nt ed- ci r By idtrot@agdsimiigrecoplai3gtouhd plartel at the ddottera Sfade. dsanThaphakeel ectri c
const ant 3. focity@nd SRkt 8shdwiith bithé el Bsdiiéht isHiRctsd PrihaiRstnSomadfanet er s,
taking intoyg faﬂMethﬁ’u sderbfttﬂ@véihﬁh%ﬂ Gs el agﬁﬁq'h%ﬁériaPGf meterials,

are shown ' ht%rlﬁo Cg%hag oWs f:h %&ctlo hown :/\EI I':Ee

curve 601, cov arounc -

i s al nost a“H’(s ﬁ'ﬁ%oéﬁe 5‘3 ‘%‘a(g&'g W%%é%gg}y gg dpPs ‘gni ficantly
at high freflitoveh dee varptian jof PPPéFﬁ’F cify, e be regiipe t°|°P/lf"[‘ nfihe verti cal
conduct or s RiEResofesehalse spuem dhei @‘ha’@ﬁc}ﬁeré‘?“%‘ff@PE‘??ﬂ%Fu@PW@ Iy ® 1%1‘?‘Fd 102.

As shown i nfrégquencies, asrshewi oriftFe Atlowdr Onhélsmltanﬁmnh@pt?@%n@ammes“ﬂtablﬁl cat ed

usi ng 4 pi eesr giiin indlve TWS applicetionst ri ¢ material 701, 702, 703a and 703b. The
conductors 101 and 102 on the top and bottom faces are fabrl cated on two

separate printegd-&idoditeht Qﬁﬁrcgp‘lanﬂ GrouAd Ylad&dZon e it} f43k ot kHROIoWLloss

photol i t hoggaipfy mBJeﬂglefh% aeQi]w MrF F1P4 Ulds BRhakdighd Pi eces of
the |ow 1083t it f ,crow?vf% dib %r med‘.@zggfn@gﬁ { Rodhrs Bsiogrggggfa@s@ngullgg -
the conj uncr B @’r‘}cﬁ elggiric fonstapt, t‘?.‘ﬁssse‘%ﬁeq 1) °UEY 195t ‘ﬂf‘%‘fﬁ;y can be

real i zed, fpAramBsterpialdng intianepupt the losy m;slreac%lvéeptrﬂ% GepAUSHEMEEAmBTogy. The
pi eces 701, ship@A in FUR#. britlis 208izumation bld dBof ubandwidthg shomvarin e cusne88l.scr ew and
nut sets 70¢versitte frequency smgelfreth é €3H4 to arand?.F §iHz —Agich i @ltnostZ0Beadgnd 703b,
may have t hef andwidth @|:653)r The $Qro0R adibps sighifidastiynatihiphHirdguéhciesr Thimis have

di fferent dnghgcdub lt&lowaﬁa@m@ of tRGEAREBAEUCRR0D2 3n the ORuhdGh Batst he
confi guratlgﬂ%&gg,:\3 J lt 448 1grbodi ment shown in FIG 4 has been fabricated,

usi ng Rogers ectric substrate with a thlckness of 0.5 mm for

701, 702, 703a, and 703 hree .| gyers thic tH c substrate
are stacked td%feﬁhﬁw “{glcb} g%‘ Sl%ﬁ ﬁm’frnggl'ﬁlfﬁgaﬁl" ?m’r) pl anar
hel i x st r ucPigges of ielops @E@?‘?B‘S‘&“ﬁn@l?mb 703acand °tﬂf?n]|0 = 2m).

FI G 6 i ncl ugidsl®2ran the sepuanddbotion fhacemareciabriazd O&rFE}’OGGEFrQS? Pflﬁéd'Fléﬁ.‘J‘Ftl cated
structure. BGdaedsnFak wné702evsihg millifP Drphaitodithograptie caredessy 7fhtandh I | t he

si mul at ed og8wichBilo afhefafizbd pieces of lit@ 16WHbSs dilegtialmasdrial) 7634 ad 768b,t he

el ectron begfyasreEith My furdnBl vithkE the flandrelit SficRPH TR VERial sdaewtors,n FI G 4 has
been per for i oH e \GBnfendtiontdnlid 6 e ShtitlbtBrsRA e faf Gnd Botfodd hrrSOla@e. A sheet

el ectron be el 106 is
electro theﬁegﬁzewf%{"e%;%ie, st it &) tgcaht‘ou%ﬁ"’ﬁglgg chhdi6 %ytgkga;g%ﬁ el 10615
phase vel oc{ a \ S‘?"Ere %@‘er 4 l?ﬁ-fszcrewl'ﬁ'é 52 ®heam

vol tage is W¥tlogsgliclertis Wa"e’é%}ﬂoés % 3b. Jpaytaye, F’?’EQH’ e\‘i‘é’Fom ty of
0.127, whi cwnstsntsaasmwwl?mgherm@hww enf ¢pleqitiecompfeptive. 5 mA of beam
current and 100 periods of the planar helix are assuned. FIG 8 shows the
sinmul ated input and output RF signals, 801 and 802, respectively, as a
function of tinme. A5 GHz sinusoidal RF signal, 801, with i nput power of
0.5 mMNVis injected into the input CPWport. The anplification of the input
signal can be seen clearly in 802. From 801, the input wave anplitude is
0. 02236 (square root of O. 5m/\) and from 802 the out put wave anpl i tude IS
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vol . 33, pp. 85-93, Feb. 2005. C F. Fu, Y. Y. Wi, W X. Wang, and Y. B.
Gong, "Dispersion characteristics of a rectangul ar helix sl ow wave
structure," |EEE Trans. Electron Devices. vol. 55, no. 12, Dec. 2008. C.
Chua, S. Aditya, and Z. Shen, "Effective dielectric-constant nethod for a
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patents, patogtiherfig proguceap overall 1.5gnm highyiT 0-7aBm) Pleggdix stryotrs- $69010/ 000152
CLAI M5 What pieess G103 med| 708b \ekrasepassted dhyc ftse aramm). | K& Gaingkidesi the | udi ng: 1.
A pl anar heinkasursd S\pasasneters3i08 and 604cofHict fhbrisated stglituree Tge mesnred cesilons: The

pl anar hel i 803%hd 604, gér2ratlo Rekchivicliahie sinmiated orey,H0Dand 602n, paral l el , conductors
printed on top and bottom faces of a lowloss dielectric material or

substrate; thepg B? Gl §mfuf£t15ﬁ"9ftﬁé £180¢Sn Bean REM Watd BretaORorBcknbOt t om faces

are incli negm&) ¢n sﬁ \91-[] in tﬂh %YHEEebéethe?fo}rﬁéh m ®T Particle Studio
Particle-In-Cell solver. A sheet electron beams with a cross-section half that of the
vacuum tunnel 106 is used in the simulations. Following the curve 501 in FIG. 5A,
the normalized 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.



t he conjunction ends of the conductors on the top and bot PEHSEE00452%
connected by vertical conductors; circular rings wwth a dianeter greater :
than the dianeter of the vertical conductors to ensure proper connections
bet ween vertical conductors and the conductors on the top and bottom faces;
a vacuumtunnel inside the planar helix structure. 2. The structure as
claimed in claiml, wherein each of the two arrays of conductors can be
printed on a different |layer of lowloss dielectric material. 3. The
structure as clainmed in claim2, wherein there can be nore |ayers of

| ow-1 oss dielectric material between the two |layers of |owloss dielectric
mat eri al on which each of the two arrays is printed. 4. The structure as
claimed in.claim2, wherein Sdifé ecledintRefRbrcdsayers of lowloss dielectric
material outside the two layers of |owloss dielectric material on which
each of the two arrays is printed. 5. The structure as clained in clains
1-4, furtheR. kBaked o ph§dopiMadaml micropkenad mjlineted- walapeer electrduicst, op face of
t he | owAl osEERIRedsgdISA, 200t erial with sonme | ateral separation fromthe
edges of the circular rings. 6. The structure as clainmed in clainms 1-4,

further conprerfadfalPIHARRlumA %kl@@l@&rogfcc&émeslj”l R tiOdhI ts?ﬁx%&%ﬁﬁ o face of
e

the | ow | os%cgﬁlggagﬁcgla&drp&hgw avdzoby )sorre separation f edges of the
circular rings. 7. The struct e as cl alned in clains 1- 4 further

conpri si ng, e a on t ims 5- a pair of
ground pl anBea]f C?angﬁrh\% %g{;ﬁ Y”a?%v% Qﬁg'ﬂb ’%ef&&apr?&t“’ ﬁetf@FSl‘smB The
structure aa§ oplgey davelopmentefon at m@-waveeshest-beare TMENUM t unnel
can be VarIIEEETWSW€IQ§W§€@W8V(&§3CM&8WFleh2@053.l ms 1-4, wherein the pitch
angl e of the conductors on the top and bottom faces can be changed. 10. The
structure a6 ElFaj ¥ed Wei, B. &. 'Wang; shd WERIGong, tDispetsstginbradiridtiee of@nduct ors on
the top ande&migmaﬁhe‘h&@m-ﬂ&ve\&ﬁhdmras EETAR. Blted Ddvigs. 61 55,GR! 1£onduct or s
can be changgdgos. -

C. Chua, S. Aditya, and Z. Shen, “Effective dielectric-constant method for a planar
helix with straight-edge connections,” IEEE EDL, vol. 30, no. 11, 2009.
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patent filed Jan. 2, 2001, Appl. no.: 09/750796. '
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11. The structure as clained in clains 1-4, wherein the dipelrscroionoesnst ant
of the layers of lowloss dielectric materials can be changed. 12. The
structure as clainmed in clainms 5-6, wherein the separation of the ground
planes fromthe edges of the circular rings can be changed. 13. The
structure as claimed in claim7, wherein the height of the ground planes
above and bel ow the planar helix can be changed. PCT/S&010/000152 14. The
structure as clainmed in claims 1-7, further conprising a coplanar wavegui de
feed. The coplanar wavegui de feed consists of: coplanar waveguide ports of
arbitrary inpedance for input/output of a high frequency. signal; coplanar
wavegui de sections of arbitrary inpedance at the input/output ends of the
pl anar heli x; ?%ﬁgﬁgd copl anar wavegui de sections joining the coplanar
wavegui de ports and the copl anar wavegui de sections at the input/output
ends of the plWhatris ¢igiied is vdpt isdastibeiopl Hvatratedinelydinge i ght angl e bends
near the inputY.oAtgbutr letidsloefwdvh emphaaaith felidhcedsdicondetdiddges at the copl anar
wavegui de ri ght @RgpiEnP AEIBSstABRlreAdondiftE of NRULQUIMHE, S8R QbndulrP! anar
helix; 15. The f E&Qedaoﬁa tSﬁ AdBotloh Pack! & Mbwross fetbit thal errﬁl or%ﬁ't%grgte;o f the
tapered secti Onsthg%gnci?xgtox% BRE ays 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 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 low4oss 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.



16. The feed as claimed in claim14, wherein the copl anar PGHYePIVOW1IRan
have bends, for instance, to acconmpdate the | ocation of an electron gun
and a collector for TWI applications. 17. A fabrication nethod for the
structure clained in clains 1-7: The top and bottom arrays of conductors
are fabricated on two separate pieces of a |lowloss dielectric materi al
using mlling or photolithographic process and sandw ch two or nore
spaced-apart mddle pieces of a lowloss dielectric material; the two or

nore mddl e pieces of the lowloss dielectric naterial are un-netallised,;

the vertical conductors on the conjunction ends of the conductors in the
top and bottom arrays can be realize | s or pl ated-through hole
technol ogy; t Hé& Hisl rysiuge 128 eyfin (efpd dvf ?\;‘g erOPQMALIENg | & AR i al s are
stacked and ‘secuvavgstigrjeed ec@@“”ﬁ?ée%%ﬁ% caasigy ofi med in claim 17,

wherei n t he rmul tdoplasarprayegsdeogorts o afbifvery Gmpedafice fercinputioutpatt efr4 bigh may have

sane or differenfrequereleighalj c constants. 19. The nethod as clained in claim
17, wherein the Qplaghtwakbaideasevns oMrbitaneimpedancteitaidtinpabutpyt édde t hi ckness

[
~

of the mddle pl&q lgfmﬁg‘@ | ow-1 0ss dielectric material. 20. The nethod as

clained in cIa|

mhterial - 21 Tsf%"th% %a@m ki

pl anar helix str &’f‘ure is determ ned by the thickness of the nultiple

| ayers of the | oRiticel Sopjpnsr wayegpide ﬁ‘é‘ﬂtéflglélbgnqﬁé’teﬁet@ﬁ“tplﬂ utRRb e nost
surfaces of the the plaearbelix;
air bridges at the coplanar wavegu1de rlght 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 wavegulde 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 pleces 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.
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