Description of the Invention Planar Helix Sl owWave Structure with

St rai ght - Edge Connections FIELD OF THE | NVENTI ON The present invention
rel ates twothe/dssbd of sl ow wave structures and in par Prrsicasiodest oses a
new pl anar helix sl owwave structure and its input-output connections

capabl e of broadband operation. BACKGROUND OF THE | NVENTI ON A sl ow wave
structure, with phase velocity substantially slower than the speed of

light, typically finds application in Traveling-Wave Tube (TW). The TW is
an anplifier of mcrowave signals and it provides the | argest bandw dth
anong all high power vacuum el ectronic devices. Two primary conponents of a
TW are an el ectron beam (e bearr) and a travelling el ectromagnetic (EM

wave. The EM wave is gui a sl otfhva Str ture. The sl ow wave
structure slows down th W Oneﬁ ¢ %Env\%} 9|n(y synchroni s bet ween
the electrons in the e-beam and the EM wave. npst comon sl ow wave

structure i Planar Helizflow-Wave Stodurewithy S‘il‘?!%glﬁTE(}ﬁt CRERectMShi ity for
strong el ectron-wave interaction over |arge bandw dths. However, the
circular helix is not a pl S ciu it 1s not arrenableto
fabrication using printed- m{)ﬁ o D@F@Gﬁ(ﬂ\gl cation techni ques.
Printed-circuit techniques are inportant for mniaturization as well as

| ow- cost nmass Tht prewat invntionvielateatathe Held offby-waunstigiyess LB PpTieHEr

applicati omlsc]osesmommmlaoathelmslowwdfarstrugp@cetndogclow-omtp@t coppeclienser , si nce
devi ce di measbRRS boaddaad bptyatiosel y wi t h frequency, at high frequenm es the
fabrication of the electron gun and sl owwave structure using conventi onal
manuf act uri ng t echnol ogygbegersuNS of gk iNveNTrIoNher ef ore

m cro-fabricati on techni ques are aI nost mandat ory at hi gh frequencies of
operation. Furt an a vant I is the
pOSS| b|||ty 0 esérﬁcé % aE'I I:R)rzgu ant?bl o bb%gy&:red to the
round beam ‘é%l%’ﬂ ally finds applig QPn S‘fef ‘ﬂ§ n%‘hgher beam
current capalifigr Of@@‘érf’é{&@e%gnb]é foravi %thﬁﬂ%fg‘?shé ”g%{ﬁcﬁﬁnhdﬁ SUMVARY
OF THE PRESEMNGT VanvENTlpqOnic deviqayelvpy priveary cespoaests foa TWE apsra8 $EAFON nvention i s
t o di scl oséean ke-badhanda phating e]reedmnxagscttm@bv&iwevstTﬂlaEf‘/hweveaﬁde@cb br oadband
i nput - out pwy £QRMEewhcOfficture. Thd ovpivase stuctuny slobvs clowaothe i BNl swafe, arr ays of

thin, paraleging GO&Q&&?ts‘?ﬁo‘}mﬁﬁshﬁtb@Qve@m tHeOPechdfk ROt @rBchacAs thf ERM | ow | 0ss
di el ect ric \;;g;l,gerl al or substrate. The conductors in

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 bottomarrays are inclined at different but symmetric pitch
angl es. The conjunction ends of the conductors in the top and bottom arrays
are connewbeadiigesserti cal conductors. Planar helix struecuse2w/ohaszred by

t he conductors in the arrays and the vertical conductors at the conjunction
end. The vertical - or straight-edge connections - are sinple and can be
realized using printed-circuit or mcro-fabrication techni ques. The

sl owi ng down effect in the present structure can be controlled by varying
the pitch angle of the conductors in the top and bottomarrays, as well as
by selecting the dielectric constant of the lowloss dielectric material.
The top face of the lowloss dielectric material can incorporate a pair of
ground pl amesomindsiemdiisyaae dndinainattdiiereit dnasynimesttiopitthrapglesuriée f or

di sper si onc&iapiididendsl op Gfeconduttors i the kepr andetotten  artapeat ebtored &re of the

| ow | oss  diglie§ téddGetdR! BhhaR helbadubi&aE ROMaL 6y thePdhduces Prideimeaypl anes at
some di st aFr?oethQ LOMANBn@lcARRE BekinfurtistiGld!MBe vAkibAT NG indhyedps

addi ti onal célmegt@rei\%%{ré H&E)wagd ?zﬁl%e'r&ﬁg{dﬁf)%fng An@d-PRit o fni@b-SbREtBhanes at some

hei ght above, an ow the planar ructure. A vacuum tunnel with
a rect angufSM®¥¥yss- section smaller than the planar helix can be |ocated
centrally. Such a vacuum tunnel can accommbdate a she MI gctron beam for
appl i cati on iﬁle'ﬁmvng%ﬁtéﬁdﬁlpreéﬂwt&{?ﬁﬂ???@bFﬁénWE‘g FYREF can form a
vacuum env eltdiragle of thelvenduclotsamihe Adrt and hattony atrgys, aspeellan dpselesiingibean al so be

| ocat ed | udieleafpio vensfaar ofjtheslbwhess disdectric meteriali n cl ose proximty with, the top
or bottom arrays of conductors. The present sl ow wave structure can be
i ntegrated W i fop Rlek vPtHe RA-16:0 BRREE L Hateribiodas IncdRotatda patedt)growddg. , a

broadband ¢opl.3pal, MANERY kU dFiMhr A8 drudBiO A AP BRI HaphE Burbsseachi eved by
taper i ng t%ﬁ 5%”5}%“5%9&85% b HhC bR e bEl | Gal St ructur e
The i nput - Qut CNEPRSEE i'0 can

S e Strai ol _C ri ght angle

bend for di“?“"f%f’@ma %ﬁ?p%?&%ﬁ‘?@rlf’g?s at So%a%sﬁ?%%g Bt JC’eh‘er%e?a[ﬂ' o%%(ég Qﬁg%?,i cating the

present sl dwemaieseraddifigpally, the stpicyescamhincoraorate ¢ BYEPE S PSS Hss

di el ectri c serat keighthlipve Tiribelavy thy plaggr el féie¥Sr s on the top and bottom faces

can be fabricated on two separate printed-circuit boards using mlling or

phot ol i t hogr aphiacuupt e svithThectangmlap ciosd-eedtiai sngaliet thbo theddanak hdlixar r ays of

conduct or s ¢@pé Ratk®Berdamly. BALK @Reduamesniehtars adtoninotiaté wehet cktiron

un-net al i zed, | ay&pSicRion! i WW1RSBhedhfdrRESuiotindi®d BE b@hurh Qurnéirdah Srmect angul ar
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n
real i zed, 7 g %iag or rough hol e technol ogy. The
| ayers of I°8W“F8%s dielectric materials may have the same dielectric
constant or may have different dielectric constants. A pl anar helical
structure, asThé pietcobsdeivwavestgctupgan bagigratedovittompsytrrbenneedpiy t hr ough
hol es for eghlectalied fedpneg: i drmdeand chplamo njayegideoie PEdleed: Brpadbensk ri p
sections, @RS aSlisvet &y thperihd eheSTRW Gtdtioas ptr thp dgmt adgl/ owignt ofidhwever, t hat
structure dggsl #RuRAYE: inpRWutpALCIPWseEBNY &8 Gt ktedight og¢anumndidplaigets, or a
vacuum t Um}ﬁgle bR 60N BLrent bPRicaiUALI cation proposed in U.S. Pat. Appl. No.
09/ 750, 796 1S as an antenna. The useful ness of the present invention
wi Il be clear after . readjn detail|ed d [Wels erred
embodi ment  wi h° P@Ts&leeﬂ?gmgé)tf? %él?agfnlgéhﬁgréssceil? giﬁkﬁﬁ%ﬁr&nﬁétuﬁe% Phd

multiple layers of low-loss dieleciric 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,



BRI EF DESCRI PTI ON OF THE DRAW NGS Not wi t hst andi ng any ot her fornms which may
fall within the scope of the present invention, preferred forns of the
i nventi orwoi2bi/messobe described with reference to the aecorsgampiongszr aw ngs
in which: FIG1 is a perspective view of the present invention show ng
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 vacuumtunnel and copl anar ground planes, integrated with
copl anar wayREH kidflaf ek sastulgkdposddmytus. Eiwvevet fhut struditve doeploaivae wavegui de
feed al so if)cOsRRE AIRS RetidhdNEro@IbRnd3EBE adiach@h hufRdSMoreover, 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
description of the preferred embodiment with reference to the attached drawings.



FI G 5A shows the simulated phase velocity of the preferred embodiment, with
and w thout coplanar ground pl anes. FI G 5B shows the sinulated on-axis
i nt eractiwo 20mpeeance of the preferred enbodi nent, w thpram$Gaiolowns2

copl anar ground planes. FIG 6 shows the simulated and neasured S-paraneters
of the preferred enbodi nent of FIG 4. FIG 7 shows the cross-section view of
the fabricated enmbodinent of the planar helix with straight-edge
connections. FIG 8 shows the sinmulated traveling wave anplification of the

preferred enbodi nent of FIG 4 at 5GHz. DESCRI PTI ON OF THE PREFERRED AND
OTHER ENMBCDI MENTS

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, 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 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 SGHz.



The preferred enbodi nent of the planar helix sl owwave structure with
strai ght - edge connections, as shown in FIG 1, consists of arrays of thin,
par al | el ,woanduotssws 101 and 102 printed on top and bot PORISGACEHN0152
respectively, of a lowloss dielectric material 103. The conjunction ends
of the conductors 101 and 102 are connected by vertical conductors 104.
Circular rings 105, with dianeter greater than the dianeter of verti cal
conductors 104, help to ensure connections between 101, 102 and 104. The
pl anar helix structure is fornmed by of the conbination of nultiple
conductors 101, 102, 104 and 105. A vacuum tunnel 106, with a rectangul ar
cross section smaller than that of the planar helix, is |located centrally
wi thin the plBESCRIPAION OFTHE RAEEIRRED ANDDOTHEREMBOIIYIENTINNel can
accompdat-e' a sheet el ectron beam Two copl anar ground planes 107a and 107b

are located Oﬂhet ReriRA Elﬁs&lxﬁénttéfetﬂeoloxah@%elﬁl elo@Ghave CsthiBur wath 103 with a
smal | - sepag@ay; %&@& Qf%“&f (Hi€. &1 Edniibi@, frafrgggsofltﬂiﬁ parallelAS i ndi cat ed
in an enl af, uct 1961 @ erl et%ngr d%ﬁ%&rﬁge%/%% tvelg oc?azlbw lg's% conduct ors

;Oél ?gct |h gﬂ‘e%ﬁ‘alctrﬁage ﬁﬂ%c fﬁr?n&'ﬁ%mﬂ}ne“flsn@ l%t?OBﬂW %scé ];an gﬁ t(r)It tegeat an

angle -W \‘Rﬁ"%nﬁa?cb%é‘?ﬁw Frtory 104 (Clreplaryiings | 10p,gwigh ameter; gyep etSF ®he pl anar

hel i x; SW ithe didmetagiofvartics C@éPRﬂQI&ﬂ@fb belp @ engiang comctipny bafreInslOnk02di anet er of
the verti cahd ¢¢hdibetpdaner helik sticiGre B fotmmdsbyt b the combingtidnaef wrlbigls- secti on of
the struct uomluettrstioe, K2; ptdnes. 105ha wross aaedt 106nwith aeasinguisr absst he pl anar
hel i x and tégoy aslbmniBadnag ! of Aiceplorda held)is dcked entral@vithineipenhirvel y. The
period L i gefelpat @d/ﬁ;g, h&ﬁo&r BSvas RG] hidRel P BASIAIO82t8 Bdhdt biekiroangl € as L 4b
tan (T,) (1), dallbem% fax\g%{ B ﬂf79"éFEdlopalté%lrlﬁsthelg %ac@ra@thwb on the
top face an el (fgnate%;ﬂ 3 Wt smaﬁ se%argg% f;lr‘caé liesedges 0 i’@lﬁ;ﬁum in the

tunnel has low' e‘lh ric materral 103

surroundi né‘ g Syvacuum t unnel has a dielectric constant sr2. A ceramc type

of dielectric material is preferable for the high tenperature and vacuum

envi ronment i As dndfoalrd inte enlergsfiviewraf dheirdgna helixastaiptugecin BIG. 2. thgcuum

envel ope. conduftbfS 104 ehthastop Hecet ap-oviemed of at heglpl¥aneith kepdck tanitteh

st r ai ght - egggre&ionnag thedsductols 102eonpthe S6thee foé acapiemadnt G agled-fl anes,

i nt egr at ed wWihtrBsped MBI dird@aIM isARe ALONbS B0 plaBard3fia Snd tAO It h a

characteri %Bﬁd%ctbﬁ%ﬂé&f?ﬁn%d PB0s thd ARRERACHNSRG! é&&&toré‘ﬂﬂaFﬁﬁl@ 402b, are

| ncor porat %f?ov%ecﬁé’\ﬁ‘é QQﬁg@ngshﬁc %%h@% tThQ@l%sso'%E 403a and
1

403D, edance chi eved by
optim zi ngraltﬂémf”é% (5’(lanfmhgel o Srns&ﬂ’o and t he

i npedance &PPHEClEYe BEriodHes te °SESt ?eﬁ?fgl ipeppions; plfg\h‘ﬂ’g %%®spectivel y.
In order to provide CPWports onLt:agtag@qm) side of the structupg and to
accomodat e the el ectron gun and col | ectdr in TW applications, the CPW
portions i Mmbhorsgaraibte betweengtht geougdl @lapesnt)7a408d0Endn 4@5bp fAe randbrthedges 406a,
406b, 406c cagd ofifh6 dircrdd Giag a8 ik Ghe dceuadete hahelthaea GENYrit gdiktastngl e bends
as wel | as at= 1 Nhel diIsHricARSte24 103 urtfunding tR! @BdIm thdlings aldRi@BRUr € that the
ground pl anGsy &ﬁ?a an@eémbpeéeofaalemﬁc SR AP ed?@fbx%le for fGidaeriod of the
embodi ment temp[e[‘]atu%e gnﬁlat%{%um ?nw m#ghttl £ TWTe grlgrl%m?c mM&HYHR é}l%g{i][? has been

si mul at ed, anar groun anes, usin cr owave
St udi o_Ei g@ATYR SBYFIORS  The enbodl rrent di mensions are a= 0.75mMmm b =
c =0.25€"Mm d = 2mm W = 100, SW 0. 7mm VD = 0.36mm Sri =1, 8r2 3 02
and cireul ar FIGd shpwsrthe dop-view of the panarrhehix il ssaislis @i eroionnsstions. Bopl anar
ground pl anlespresniesoftcaplenar goudd Blangs, Ble@ratdd/witthenpnar wayapudd €&W)of t he
nor mal i zed pphasEaved aaibt with & haeartetigicvimpsdahdeenf SONOTHpored CPW gebtiqn501) and
wi t hout (508}a aepierhahredinciipstaid 8aiasen hBESOCUCPW bt mbaks idpbainda reduced
phase vel oGy, Masd ald A3 bcmhb%laﬁé}t@maeﬂldeuanla%bédagceclﬁmlﬁﬁgaaang@eound pl anes
on the top Elﬂ&fed% 0 Rl’ﬁ r@vygl i gthgfme%ﬂwltgpe%ts@&foﬁé 402584 Mesl &td on of the
phase vel O(%liltXn Cgance at the e oE‘ the taper ddse Nors Mglaﬂg 4%4]9 reéf%ﬁdv@l rﬂldUCI ng

: DAL et

simlar cop ase vel ocity
and oper at i°6G" K% 6’10 Wﬂe he. S5, ﬁhe Sg]“‘g?rfé'&cfltg&“ﬁ "i'qgig “mensi ons of
the planar chéreneusnd eellspiar inghWE applicgtioas. fhe i frelitpeiicoBuaiarietas t he

mat eri al ofanglhéendodPdacand 485k | Adtbridees #ifiacdQ6R) 406t a0 465 HORRAnd HBSE | mul at ed
on- axi s i ntaeraadéd a0 theiGRYE dalieeglobentdhas vesthas cli thre mputping hutpBEE jhe pladani t hout

(504) coplanar ground planes. Although the variation of phase velocity can
be reduced by the coplanar ground pl gnes, these al so reduce the on-axis

i nteraction i npedance, especially at 'l ower frequencies, as shown in 503. A
| ower on-axis interaction inpedance may result in a lower gain in the TW
appl i cations. The enbodi nent wi th copl anar ground planes on the top
face of the Iowloss d| eI ectrlc materlal |ntegrated W|th CPered as shown
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o ~ o



Foll owi ng the configuration in FIG 7, the enbodi nent showmn in FIG 4 has
been fabricated, using Rogers R03203 dielectric substrate with a thickness
of 0.5 nmwban11/0ds90702, 703a and 703b. Three | ayers of @CHmGo0101006152
dielectric substrate are stacked together to produce an overall 1.5 mm high
(a = 0.75mm planar helix structure. The pieces 703a and 703b are separated
by 4nm (d =2mm). FIG 6 includes the neasured S paraneters 603 and 604 of
the fabricated structure. The neasured results, 603 and 604, generally
match well the sinulated ones, 601 and 602. The smal |l signal sinmulation
of the el ectron beam and EM wave interaction for the enbodi nent shown in

FI G 4 has been perforned using CST Particle Studio Particle-In-Cell solver.
A sheet el dstix.dmedserm izt thetgrouad pleges 4 0%crnt LB Mabtithe same pefentishe vacuum t unnel
106 is used in the simulations. Follow ng the curve 501 in FIG 5A, the
normal i zed phame pegbd6f thy eafbodientE theyRnarshelx 12 theagresbndetdt. vadiver ef ore, the
beam vol t aqandeis h§seBeeB anﬂQZt@d Myithe Qfd Q&R Eoplanal Cgr&m@%ﬂdﬁbd’lq{sﬁ@ d¢ged vel ocity

of 0.127, a'véSt%l %@Jr ’Fﬂ%%b%giﬂltentfcﬂxﬁeﬂstb‘ﬁs aV@U%mlﬁ mA of beam
g:J;nrJIeQE egnl UL gﬁfﬁ"’ou fﬁ es arl_gvﬁgljhogi ;he
functi on ofp@l C“%ﬂ%r ﬁg% g?dlmgré trh ‘9? ey ?&/ ower of

0.5 mMVis |R‘\T”é§>tséﬂtﬁkﬁ‘iés QH’é‘mi i &rctomp*ﬂ‘f@n& |“I°f ipophass the i nput
si gnal can Wéockedn/q|etrdey the e@@szdlmmtomﬂstﬁﬁ_ﬂl) tRé Without (SRB) ORI i t ude s

0. 02236 (somamé planed. The cOrvEiFNY shosmydhat ropdu@@Pphasdreslavity yeriatinawen bapl i t ude i s
0.32 after d&tanged byhpettal oosanat preuwsihplhles sh gradbp faé of the loA3lods dlBectric Only a
few i npl emepitaddl.oms vadifiof ios e pERE vBIRE: cahl®wEMEHer retliicew@y krellubigg appr eci at ed by
a person skiy inﬁgddcmg SRl dopahi tor i DAL atViBE 'b@ﬁdn?@&:e and/ oke pRdd fi cations
nmay be rm‘deveﬁoglt)%] e&ﬁgélganh&\ﬁﬁpéf'tfpéﬁ'en%dmﬂy\f? aff t tﬁepﬁﬁn'elflsllcﬁls %ﬁbOd' nment s
W t hout dept%] ag zlerolf he Vacuum E.hnneﬁ ?s wel :5 Kgg'}a{eggl QI’ oadl'y

descri bed ered in all
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Krawczyk, JowM galRah iRIW Papdtiedt@dson, and S Hunphries, "Technol ogy
devel opnent for a mmwave sheet-beam TW," | EEE Trans. on Pl asma Sci ence,

vol . 33, pp. %e %ﬁl’b &:%Qnt \g%)? plangi' IFunchianeX on%h jgé\vgf tﬁe 1&%‘%99, and Y. B.
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St at es pat eshven ipBRGR 6t Infthik echfiganatior?-1 0 3BCFL;, bakpytith, shown 08¢ CH 0T 0@,

covers the frequency range from 1 GHz to around 9.5 GHz — which is almost a decade

of bandwidth (1 : 9.5). The Sz, 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.



E. G Chaffee, "Planar-shielded neander slow wave structure", United States
patents, patent filed Cct. 13,,1971, Appl. no.: 188893. CLAIMS What is

cl ai med iWORRRY0%¥Odescri bed and il lustrated, includi ngPCT/SGROWAHNA? hel i x
sl ow-wave structure with straight-edge connections: The planar helix
structure consists of two arrays of thin, parallel, conductors printed on
top and bottomfaces of a lowloss dielectric material or substrate; the
conductors in the arrays printed on the top and bottom faces are inclined
at different but symretric pitch angles; the conjunction ends of the
conductors on the top and bottom faces are connected by verti cal
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can be nore |ayers of lowloss dielectric material outsi de the two | ayers
of | ow | oss dilét ealisignahsimeleiien ofdire aldsirethbeamcind 6M wane intoactignfenfe i s print ed.
embodiment shown in FIG. 4 has been performed using CST 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.



5. The structure as clainmed in clainms 1-4, further conprising optional
copl anar ground planes on the top face of the | ow ol oss dielectric nateri al
wi t h somewbabarmbsssepar ati on fromthe edges of the circecarsGrongsoiss. The
structure as clainmed in clainms 1-4, further conprising optional copl anar
ground pl anes on the bottomface of the lowloss dielectric material with
sone separation fromthe edges of the circular rings. 7. The structure as
claimed in clainms 1-4, further conprising, as an alternative or in addition
to clains 5-6, a pair of ground planes at sone hei ght above and bel ow t he
pl anar helix. 8. The structure as clainmed in clainms 1-4, wherein the size
of the vacuumtunnel can be varied. 9. The structure as clainmed in clains
1-4, wherein the pitch angl ?ﬁ on the top and bottom faces
can be changed. 10. The str?g u?féag‘éﬁ@{lgéﬁn;éeg{cﬁﬁ clainms 1-4, wherein the
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of the ver tR.daBark@nrducEe.,SModéin bacreRARGEd millihetelRBveSiodELidi®nRS, Cl @i med in
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copl anar wavegui de ports of arbitrary inpedance for input/output of a high
frequency signal; coplanar wavegui de sections of arbitrary inpedance at the
i nput / outwotzoemdsssef the planar helix; tapered copl anar paaiseguiodeo1sect i ons
joining the coplanar wavegui de ports and the coplanar wavegui de sections at
the input/output ends of the planar helix; optional coplanar wavegui de
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 clainmed in claim14, wherein the
length of the tapered sections can be changed. 16. The feed as clained in
claim 14, wher e copl anar wavegui de can have bends, for instance, to
accomuodat e tﬁi‘ tion of an electron gun and a collector for TWF
applications. 17. A fabrication nethod for the structure clainmed in clains
1-7: The top aWept bolained ianwhatyjsdesdribedardiititsorisd, ancdudirgbr i cated on two separate
pi eces of a | dw4A plsareled dot-waee stttercivadh steaiplit@dgd dohhdegor@t phot ol i t hogr aphi ¢
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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.
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the multiple layers of the lowloss dielectric materials are stacked and
secured together. 18. The nethod as clained in claim17, wherein the
mul ti pl e woeormedsot he | ow1 oss dielectric material nay POABE26@I080162
different dielectric constants. 19. The nethod as clainmed in claim17,
wherein the height of the vacuumtunnel is determ ned by the thickness of
the mddle pieces of the lowloss dielectric material. 20. The nethod as
claimed in claim17, wherein the width of the vacuumtunnel is determ ned
by the | ateral spacing between the mddle pieces of the lowloss dielectric
material. 21. The nethod as clainmed in claim 17, wherein the height of the
planar helix structure is determ ned by the thickness of the miltiple
| ayers of the li.Cikel smstuch ed ebimdde immelainsi 417s fheheneemptisieg tavoopdangier nost
surfaces of 't he vadvegiddelfeddl. The coplanar waveguide feed consists of:
coplanar waveguide ports of arbitrary impedance for input/output of a high
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 plénar 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. A
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,
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