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2261555 A PHASE CORRECTI NG REFLECTI ON ZONE PLATE FOR FOCUSI NG M CROMAVES
This invention relates to a zone plate for focusi ng mcrowave

energy and i.n particular to a phase correcting reflection g5p§93%%9
focusing mcrowaves. This invention also relates to appara us

a nmethod for manufacturing such a zone plate. The use of zone plates for
focusing mcrowaves is well kn%g%§%§§$g$¥§$itéﬁﬁgaf type of zone plate
discigsed in "M Illneter vave Phase Correcting
Fresnel Zone Pl atE N_ZONXc PLAcs £ S CRraHEge2 i ons on

M crowave Theory and Technlque Vblune 35 No. 12 (1987) Page 1122-1128, is
t he phase-correcting Fresnel zone plate. - Such a zone plate is
shown schematically in Figure 1 for quarter wave correction, although a
phase correcting zone plate can be nmade for any wavel ength fractlon The
radi us of each zone [err] can be given by [err] P ~ P where nis the

zone nunber, f is the focal length of the zone plate, X is the wavel ength
of the radu‘hﬁson:.wvérﬁixm arrelsttager e eaker zohan plater dfier t efoqRsing

correction ﬂ.@? %Haon nednNd Ophalk REGSLFeEPNSS
contri but emF') gvg'nerg t f%% zﬁ{rﬁc&%q%ln%gr eggl ng ., ifdhg efficl enc,é.l
conpar ed rsflacgémentaml piake fiox e focusingor RACKCYRVES 1$hase

of the ZQﬂ@énthén aﬁ'ils%VeQ:ella‘te%haw NGppatratild) |t a ofmdétio@net gy
reflected fromthat zone. Thus the e q_)_éreflected fromthe zone 2a of the
Gureng \Bg'ﬁi

quart er \A/aWEnESﬁEtHF"&PQ §ach *be out of phase with respect to
the energy fromthe zone 3 by [err] at the focus, unless the pathlength was

deqre_ased ’ffxei rﬁégasoeéi zone plates for focusing microwaves is well
> known. One particular type of 2zone plate disclosed in
"Millimeter-wave Characteristics of Phase-Correcting
Fresnel Zone Plates” by D.N. Black and J. Wiltse, IEEE
Transactions on Microwave Theory and Technique Volume 35
No. 12 (1987) Page 1122-1128, is the phase-correcting
Fresnel zone plate. Such a zone ©plate ' is shown
schematically in Figure 1 for quarter wave correction,
although a phase correcting zone plate can be made for any
wavelength fraction. The radius of each zone r, can be

given by
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P P

rn = (

where n is the zone number, f is the focal length of the
zone plate, A is the wavelength of the radiation and P is
"an integer greater than 2. For quarter wave correction P =
4. For such a zone plate both in and out. of phase zones
contribute to the energy at the focus thus increasing the
efficiency compared to a conventional zone plate. The
correction of the phase of <the 2zones is achieved by
changing the path length of the energy reflected from that
zone. Thus the energy reflected from the zone 2a of the
quarter wave zone plate of Figure 1 would be out of phase
with respect to the energy from the zone 3 by )/4 at the
focus, unless the pathlength was decreased or increased



-2- by [err/4. An increase in pathlength of [err]/4 is achieved by
providing steps [err]/8 in depth. Thus zone 2a is [err]/8 higher
than zone 3 and zone 2b and 2c are [err]/4 and 3[err]/8 higher than zone
3 respectively. More generally,- ghe different phases of the zones of
the zone plate are stepped by d where [err] where [err] is the free Space
wavel ength of the radiation. The .construction: of such a zone plate
may be achieved by a nunber of manuf act uri ng processes such as nachlng;b
out of solid netal, stanping out of a.thin netal shéet, . noulding and
subsequent |y netallrsrng a plastic. material or by vacuunrfornrng
pl asti cby. Xottordamg imctréaser dsenpathientithn afratlltlecis olaciiarad aby for
focusin y ri;ses rali fleciive, ons -
correspg gl n(ﬁl\Q%vzones %f galgg zglnedal?pq'l[rP sa'li‘ relzl °8 qe po?‘?l o%é bei ng
p05|t|ohé§h|er¥ Pthanal zene 3 anag zane tzﬂvatandaozr: emed l/éf laged | Ba/8
porti onphehledCt Srier rrd S j ac _
reflect P\}ghepfr:tlons %%’é% err Qg%eefﬁlgai?gl engt Iréa Qﬁﬁe’é%le i aﬁgéP i's
an int e§é ﬂ;rqnﬁupnﬁseeref thgcronest ah ZOnFeﬂliﬁQxﬂre steppedsai d.
refl ectbyed wﬂgyélons constructively |nterfere at a focus of said zone
plate; characterised in:that the. reflective portions in each said plane
are formed on a respective |ow dielectric |oss planar substrate. In a
preferred enmbodi ment eacqugﬁ%ectlve portlon reflects energy [err]/4 out of
J

phase with respect f% ad reflective ‘portions “and said' reflective
portions are positioned in 4 parallel pl anes and separated by an

Cubet o gl G dhee Bytahoff g BTN 1

The constructlon of such a zone plate may be
achieved by -a number of - manufactur:.ng processes . such as.
machlnzng out of ~solid metal, stamplng ‘out of a thln metal
sheet, moulding and:- subsequently - metalllslng a plastlc
material or by vacuum formlng plastics.

According to the present 1nvent10n a reflectlon zone
plate  for: focusing ‘microwave- energy comprises- a plurality
of reflective portions corresponding“to“zones*of said zone
plate; sa1d reflective portions being pcs1t10ned in P
parallel planes, so that each said reflective portion
reflects energy /P out of phase with respect to adjacent
reflective portions, where A is the: wavelength of the
energy and P is ‘an -integer of four or more, such that i
‘energy  reflected from  said reflective portions
constructlvely interfere at a focus of said =zone plate;
characterzsed in. that the reflective portions in each said
plane are formednon a respective low:dielectric loss planar
substrate. . _ .

In a preferred embodiment each reflective portion
reflects energy 1/4 out of phase with respect to adjacent
reflectlve .portionsl,and said reflective portions are
positlcned in 4  parallel . planes and  separated by an
electrical thickness of x/s. "In. such an:arrangement the

planar substrate may be constructed from a plastics
material. |



-3- The present invention also provides apparatus for the manufacture of a
zone plate, conprising neans to apply reflective portions corresponding to
zones of said zone plate to the surfaceedf =said plurality of planar '
substrates forned of low dielectric |oss material; and neans to stack said
pl anar substrates of low dielectric loss material to formsaid reflection
zone.plate. The present invention further provides a nethod of manufacture
of sugh a zone plate conprising the steps of applying reflective portlons
corresponding to zones of said zone plate to_the surface of said urallty
P of planar substr&hes P§Pﬁ§6tof1FB§PH%€Fec§}?E |IRERVESERr idHpa {ﬁ

said plural ¢h¥ ‘i{arﬁiﬁb?éuﬁélbétr at Qﬁ:rlé) d;ﬁpaﬁésaldd:m;ﬁ:f:lsmq ofiedns e tpl Eﬂpply
Exanpl es of the invention no escr.i.b h referen e to JK‘%
i ot nge, | FeRReERiver Barbiops] | FaEFPRPRDRING 050, cERRRE) O oiPne

quarter wavplaeae td ailte supfaee’ofl sadky qﬂe.sraalrt:psefsplanaur sukstpetidser
Lat ted.f | t f
B " D ERERERC Y HGUC 1 RUANC Sod0 *REHEII NG, Ui SROBAL TRY Aadi®

present inv €5 a cross-secti guarter wave
zone plate sadéf rplawalr { substaadies a@ﬁoﬂ.@lmgdl-elaﬁtthér ]@ﬂﬁ)dmaf’éﬁrléﬁ- thee
present inv o ross-section of a quarter wave
zone pl ate gg%’truc reé)bnqiaaﬁln:% ?%rd%n to a further enbodi nent. of

t he. present |nventi'1th¢ Fresen 55111‘13}5*%#%!! eguﬁt&%sP%@éHiSﬁ & meghor: &f

wave zone pinghﬁf%%ifféw&fd sucHn Bangdrfe aﬁlalt@ ngomprisshyl ltHe!r sheps of
enmbodi nent t he present invention '

ure illustrate across- CtI.O
of a quarteFPE&Vé-ngz&%flﬁﬂ""a%\ée EBFE?‘PHgt &@r’?"rﬁﬁﬁm%% 5888?di°%s ]0‘{'
anot her enbadneenpletet ko ptheerdurfacat iod; saigurpluralitpt Matef plamness
secti-on accoagl Q:%to a

ates formed of low dielectric 1loss material, and
stacking said plurality of planar substrates to form said

reflection zone plate.

Examples of the invention will now be described with
reference to the drawings, in which:-

Figure. 1 illustrates a cross-section. of a known
quarter wave zone plate; _

Figure 2 illustrates a cross-section of a quarter
wave zone plate constructed from panels according to one
embodiment of the present invention:;

Figure 3 illustrates a cross-section of a quarter
wave zone plate constructed £from panels according to

U another embodiment of the present invention:

Figure 4 illustrates a cross-section of a quarter
wave 2zone plate constructed from panels according to a-
further embodiment of the. present invention;

Figure 5 illustrates a cross-section of a quarter:
wave zone plate constructed from panels according to a
still further embodiment of the present invention;

Figure 6 illustrates a cross-section of a quarter
wave zone plate constructed from panels according to

- .another embodiment of the present invention:;

Flgure 7 illustrates a cross section accord:.ng to a

further embodiment of the present invention;



f urt heg, gent of the present invention; WD 92/ 013 '

PCT/ GBQW%A -4- Figure 8 illustrates a continuous sheetlggyrﬁ%ﬂ‘mlﬂéﬁall
the zones of the zone plate; Figure 9 illustrates the use of sheets
separated by panels to form a zone plate according to a further
enbodi nent of the present invention-=Hi gure 10 illustrates the sheets
formed from a single sheet of material; Figure 11 illustrates a sinpler
construction of the enbodi ment of Figure 9. Figure 12 schematically A
illustrates apparatus used in the manufacture of the zone plates " of
the type illustrated in Figures 2 and 3. Fi gures 13a and 13b iIIustrat'e a

cl ose up of the kiss-cut -punch and ellipse | cat or erri now _t
Figure 2, this BRgWERg 8| iddushrares, g, KN a’gﬁé ek ISF?@e s‘é°8£g& éﬂjgacent

panel s 19111%he1%o@l@é 5% @heclzeiid |p]até.h| ckness [err] in a quarter wave
zone plate. hi s and st _of the-draw ngs h

separ at ed for CFQ(HPF? %&f@éﬁﬁra}ges he ‘b%%e?g ii%%t%a Séﬁigéf dBW3
are refl pahels artiform lala, zoné4bplate40 acoordingid.to Taesurshescti ve
portlons & d elﬁﬁ&%%}o gf&?l zone plate.and will be in the
shape of g'lgnégiggﬁt ﬁtggg&ﬁa el lﬁ'é“& nd 13, exc_?gt for the central
zone of zones F4gurehi d-IQ illustxates scthehaghepts TReTmeds | EEPPyed

porti Onssléaleléheey%@%tmalare on a front face facing the i nC| dent
signal | each o apels 10, 11, 12 and 13. The nel s

12 and 13 can bEig¥Fe ¥ oH-&“ﬁFﬁg'FPEs %a%@?é?raﬁ&nﬁ& 9%y hghe
constr uchmaadﬁeﬁtcmfplmtg@rmm plate, the per mttivity of the pI astics can

_' F:Lqure 12 schemat:.cally illustrates apparatus used u
in the manufacture of the zone plates of  the type
| illtistrated ‘in Figures 2 and"'3. ' '
' Figures 13a and 13b illustrate a clcse up of the.
| "k:l.ss-cut punch- angd ell:.pse appllcator.
Referr;ng now to Figure 2, th:.s drawing :.llustrates
in cross-section the use of 4 adjacent panels 10, 11, 12
and 13 of electrical thickness A/8 in a gquarter wave: zone
plate. In this and the rest of the drawings the panels are
shown’ separated for clarity. o '

_ On each of <the panels 10; 11, 12 and ‘13 - are
reflective 'portions 1l4a, 14b; l4c and- 14d. These
reflective portions correspond to the zones of a fresnel
zone plate and will be in the shape of rings on these \J/
panels 10, 11, 12 and 13, except for the central 'zone of'
zones 14a which will be disc shaped. The reflective
pertions 1l4a, 14b, l4c and 14d are on a front face facing
the incident"Signal I of each of the panels 10, 11, 12 and
13. The panels 10, 11, 12 and 13 can be made from a
plastics material and to simplify the construction of a
complete zone plate, the permittivity of the plastics can
be chosen such that the electrical thickness of the panels
10, 11, 12 and 13 can be X/8 where A 'is the wavelength
of the energy to be focused. Thus the panels can be put in
direct contact with:each ether. o s



be chosew@woeroisimt the el ectrical thickness of the panels 1 and
13 can be [err]/8 where X is the wavel ength of the energy toQggléggldggf]%
Thus. the panels can be put .in direct contact with each other.

92/-01319 PCT/ GB91/ 01136 5 The
reflective portions 14a, 14b, 14c and T4® Can be formed on the panel s 10,
11,. 12 and 13 by silk screen printing, by using self adhesive netal foil or
by nELaIised foil. Figure 3 illustrates another enbodi nent of the present

i nvention wherein the reflective portions 14a, 14b, 14c and 14d are on a

back face of each of the panels 10, 11, 12 and 13. This arrangenent
protects the ?ﬁb‘ %.-erfﬁéh&qwevep iarpélslééd Qabpa&ql Bhd roqp acsh dget al
damage at the surtace o

e zone gg ate. Anot arrangement IS shown i n
’

Figure .4 ®REMERAn oR| \thew PIRRLSs arkdt 116 12 ea{}gedl-" BY t BidXar FEFRERMent

the refl ecg:ﬂataaf;t | B35 uling 1dn £ 1d@hesdvd ialetn ol ¢ad Wy hetdliseat
and back f of ‘t he panel s 15 and 16. The spacing D between the panels

can then bé&®° 'r or a further panel (not shown) having an el ectrical _
t hi ckness of - [err}‘ﬁ.&urusi g tilustrateeneahother i:emmm@s'jnidrﬂ:tooﬁchtnae-

sone vari abg__gg é K,ﬂd_%ﬂu :.Ié’fmg ?Efi\%ﬁti@@egﬂ)ﬁfan’% rff# B3 urés of

Figure exa Ch —conbi nes
Fi gures 2 1l4gd amd Ih4dh|a$eemmebamkeefap%ﬂ1e¢§ earh 16f athel Panedsr Vi ded

with panel 137 b;gngaaaovwed il ! edfRgiduener (pPBeedda atre 14brap; e

front and bac ace and panels 18 and 19 Dei ng tfprow ded, with reflective

portions 1%& &ﬁ&ti-l‘{& mﬁéms\/e%ﬁ 9% PRRGLcls EFOm A9 GeRkAhARRRFE 20,
21, \32 andag3theespifacdcdoheheoheoplafteces of the panels 10, 11, 12

Another arrangement is shown in Figure .4 wherein
only twe panels 15 and 16 are used. In this arrangement
the reflective portions 1l4a, 14b, 1l4c and 14d are provided
on both. front and back faces of the panels 15 and 16. The
spacing D between the panels can then be air or a further
panel (not shown) having an electrical thickness of A/8.

Using this arrangement - it. is possible to achieve
some variation in electrical pérformance of the zone plate
structure. _ : _ :

Figure 5 illustrates a further example which
combines the features of Figures 2. and 4. In this example
three pénels. 17, 18 and 19 are provided with panel 17 being

\/ provided with reflect_:ive portions 1l4a and 14b on a front
and back face and panels 18 and 19 being provided with
reflective portions 146 and 14d respectively. )

In Figure 6 the reflective portions 20, 21, 22 and

23 are provided on the front faces of the panels 10, 11, 12
and 13 as in Figure 2. Howevai:, the reflective portions
20, 21, 22 and 23 cover all of the face of each respective
panel except for areas which are required to be transparent
to allow quarter wave phase correction. Thus the rear
panel 10 need not have any transparent portions since no
signal will reach the areas not contributing to i/4 phase
correction. This enables easier construction since



and 13v¢9§z)013f9' gure 2. However, the reflective portions %er,éi,g”%@l nd 23
cover all of the face of each respective panel except for areas which are

required to be transparent to allow quarter wave phase correction. Thus:
the rear panel 10 need not have any transparent portions since no signal
will reach the areas not contributin@ to [err]/4 phase correction. This

enabl es easi er construction since WO 92/ 01319 . o~ s
PCT/ GB91/ 01136 this panel 20 can be totally reflective. In Figure 7, a’«
simlar zone plate to that shown in Figure 6 is iIIustrated, except '

reverseéniéoghﬁ& bBCLHANbel *EHANAY redibdtive exanple, " three panels 24,
25 are provided to separate the reflectlve ortlogiﬁo 21, 22h 23 by

x/ 8. The front FightRe 7p72 fodlaft 2088 Ri2te NGy GFaeYn 1
t hi Ckneﬁﬁgu?e't 6 Mist 11Dﬁ§trdeed$um3wept apeversalsiframe twe Lheidehtective

Thi 27 al h h
Por | ect FORLAGPR oncliea Civiam SHARRAE: CiRel, EarldoRtse te. DI TRER Dur el

for propeevidedotot raepmte cfhecrefiegtiveopo2®ions 2Furzher22nb8di nent
of the es i nv on, .V or S heywaon | a re
JBres Qte ePhé &zﬁggﬁ Ceﬁéﬁ&i 6P0r hbghSs Hod hepgoneg hﬁga .

provid Sheets" of 4, as. shown in Figures 8 and 9.
this enneutmniarhy shddiokness s dpek at BESthy PXRVALSct ISURECOThi cRBes®  of

[err]/8gunstpaLaPacsy Raeel SerP8ctivl; po¥tiondWR3qut e'rhﬂﬁnqiahe?ﬁ and 33
are al so. rovided to protect the. shee ts. | n constrml ngﬁggc zone

plate tAESSheSPEVEE o h® orMIEEPBTS1 offi né’%"‘f’@:ﬂﬁact SFWE
refl ectpgetionsi @® faront: hdamageet Thel piea:r ngahleéseZSsheiat prcbeﬁnéen

panel s é@gé%ysgcrhg%ctt @‘:z%re r{heectzl Q.a% e, O*\Q%hﬁér'ﬂ:gcﬁngsl 1 this W

i1 lustr cati.omn of° he const
exanpl e the shéatsaarfelM%deabod%leF@ngPﬁ ther h@rﬁsﬁgﬁe éﬁt’éﬂtl’@ntvhen

wr appedefig 0pa¢ 1@k g RAURS P théVzondlplatll are Provigsal B 4
sheets of plast:Lc film 34, ‘as. shown in Figures 8 and 9. 1In
this embodiment the sheets are. separated by an electrical
thickness of /8 us:.ng spacer _panels 29, 30, 31. Two
outer panels 32 and 33 are 'alsc:sE provided to 'prctect the
sheets. In ccnstruct:mg ‘'such a zone" plate the sheets 34
are formed by fcrm:.ng ‘the’ respective zones or reflective
'pcrta.cns on the sheet and placing these sheets between
panels 29-33 so that they are correctly spaced.

Figures 10 and 11 illustrate a simplification of the
construction of this type. ‘In this example the sheets are _
formed as one length. The" s'ingle sheei:—-_ is then wrapped
around alternate ‘panels 29, 30, 31. This simplifies the
assembly procedure of this type of zone plate.’

In the arrangements 1llustrated in F:x.gures 2 and 3
where the reflective portion ccrrespcnd:mg to zones of the
zone plate ‘are- fcrmed on only one face of the sheets, a
simple method of manufacture can be’ ‘used. This is
particularly the case where; as in the arrangements of
Figures 2 and 3, the total surface area. of the ‘reflective
portions adds up to the total surface area of the zone
plate. In such an’ arrangement all the reflective pcrtlcns
for the zone plate can be ‘cut out of a" s:.ngle sheet of



*h 3 g

assenbly procedure of this type of zone plate. In the arrangenents
illustrated in Figures 2 and 3 where the reflective portion correspondi ng
to zones of .the zone plate are formed_ol Qnly one face of the sheets, a
siyjple nmethod of nmanufacture can be used. This is particularly
the case where, as in the arrangenents of Figures 2 and 3, the total
surface area of the reflective portions adds up to the total surface area
of” tgﬁ zone plate. In such an arrangenent all the reflective portions for
the Zone plate can be cut out of a ﬁ ngl e sheet of 7 metalised film
The mh sheehliseler €illn.i S rhe mnhtetshaeber (vheek in thesectheanghesti s

bet 1 d. 4) has, l.i_ed it ot . -

Vor e gener BRFYeForEh@Re U5y Eh8pR, SRIRLET o 18  bRCHeRh. ) r () M
every [errapphéetl wkdl iavéhehell # (2 (fn+ in -m2)9[8))] zorenappl iMere
thereto, ‘Aggésfﬁlgﬁyt{%t Qhgles"UBREr Ol n3hEeL S qubiSedt NGaPkeSEdk1 dVESH T ON

I's applica 0 Iectl%ﬁ‘ zone plate and Ts not restricted to a
quarter wageneopdalieatevery ndt hoShaatr apbbt aha¥es dihermhuttactBir (gt » -

reflective;zoh8 pigiés a‘ﬂﬂﬂié@"\tﬁéréeéf ivigslre FiEgULS - khd | tushlatember

t f th fact f f ti .pl at f. t
Tt rat cB2) ADSRGH-os T Fhe REPLERC SoMUERRLPH: A8 APBLLRAEL 1 20¥ 1 o

be fed bet vagheethives-Lonéi plagencdndinds. mppl restaicteédanto aapregsartese 42
to nip. roller fﬁeds é% Refl ective portions corresponding to zones of a

zone pl at e"@ER ERET B E& fromthe. metalised film 51 by the action of the
ki ss-cutting punch awethqsb| andt apparatas t fer pprasufegtaring \gefledrivei sed

filmis fegddohpt B}%tﬂ%skﬁlﬁaﬁw- diigerAdbed\hi | st the reflective portions

are_retained In e applicator_41. A stack 45 of sheets of |low |oss

dielectric Figure 12 illustrates apparatus for the manufacture
of a reflection 2zone plate of the type illustrated in
Figures 2 and 3. A roll 40 of metalised film is provided
to be fed between a kiss-cutting punch and. applicator 41
and a press base 42 to nip roller feeds 43. Reflective
‘portions corresponding to zones of a zone plate can then be
cut from the metalised film 51 by the action of the
kiss-cutting punch and application 41 on the press base
42, Waste metalised film is fed: into a waste catchment bin
44, whilst the reflective portions are retained in the
applicator 41. A stack 45 of sheets of low loss dielectric

L 4 e
¢ r 9 o L I

material is provided and a single sheet 48 at .a time is fed
through. nip roller feeds 43 to a position between the
'kiss-c\itting punch and applicator 41 and press base 42.
During feeding ‘the surface of sheet 48 is subject to
anti-static treatment via a tinsel brush 46 and is also
coated with a suitable adhesive 47. Once the sheet 48 is
in position under the applicator 41 the. appropriate
éllipses or reflective portions corresponding to zones of a
zone plate are deposited and the sheet 48 is then fed out
to form a stack 49. Once the correct number of sheets to

form a zone plate are stacked light compression is applied



mat er ' wWiQ 9/01319i ded and a single sheet 48 at atimeis fed QL nip
roller feeds 43 to a position between the kiss-cutting puﬁéﬂh’u %“gﬁ

applicator 41 and press base 42. During feeding the surface of sheet')
48 is subject to anti-static treatnent via a tinsel brush 46 and is al so.
coated with. a suitable adhesive 47— ®nee the sheet 48 is in positioni under
the applicator 41 the appropriate elli pses or reflective portions
corresponding to zones of a zone plate are deposited and the sheet 48 i
then fed out to forma stack 49. Once the correct nunber of sheets to form
a zone plate are stacked light conpression is applied - WO 92/01319

PCT/ GB91/ 01136 -8- to the stack 49 to adhere the sheets 48: the adhesive on
the sufPacthenstacko 4?80 RAheFR ther Sheaeks 4Bér (5iMmsaphssivendsn he

adhesi othe Thyﬁrﬂabam it | aotrererd \Mychtne r epgifréetivet t igurdidms an
ant enna asse% % 13a_and k lustrate the gtructur of t he

ki ss- cuPFY, v da‘gﬁﬁﬂ'e&' or THES aElllarnlﬁx?%ta? HP 248283 FICH IRi ded
pr ot r udiregdyf riwe tfhittimyleirstolcan cdintéennakassembllyi.ng punch and appl i cat or

41 10 c0-oper A gt t5aPhasd 1APS: fRulOrath WS TBLALLBELL LA

formthe refl ective porir.ons I'SS cu unc appllca or 41 S
ur gedt OMWMSBHM@IIQ appddcatior rﬁe'k-al i Bbliptiardiblagesn G2e

CUttlnga%@'O?ro‘vidﬁﬁnp'ﬁfé’tﬁadi‘ﬁéumffonﬁpplth%d ﬁﬁ&@i‘gﬁdé pogeus et 50
provi de he | ower face of the_kiss cuttl%g_;% punch Spllcator 41

to hold CHYTENG \RABOR t B APPRLCAEREe 42 ‘R?SQPEHFFFn I dPend
appl i-capres&l baset hez tai sedtarther mbeealis@dof fidw 5SS tdi ef6ehr ithe

ter |2l AN o PO ORBRIRR g 0ok 3hac U e 20,
t ouchi ngl &fl urged| itgmrpasmhe/epm%swasel éZamﬂ i gt theomg!‘tahesq;brous
sheet 5@ih% s51. When the cutting action is complete a vacuum is
applied through a porous sheet 50 provided:“on the lower
face of the. kiss-cutting punch. and app_-licato‘f 41. to hold
the reflective perti'ons“.-. in' place. The kiss=-cutting punch
and applicator 41 is- then raised and a sheet 48 of low loss -
‘dielectric material transported to ‘a position beneath it.
The kiss-cutting punch and applicator 41 is then lowered to
a position . ireryf; close but not touching and a slight

positive pressure is applied:th:cugh'the;porous.sheet 50 to

. the appropriate-elliptical.refiective’portiohs—tO"urge them
into: position on the face of .the sheet 48 of low loss
'dielectric-material' where they will adhere by the action  ‘w/
of the adhes;ve 47 applled dur;ng transportatlon of the
sheet 48. - SRR L '

The arrangement thus prov;des for accurate allgnment.

- of the respectlve zones of the zone plate on the respective
sheets since the 2zones are: cut firom a- single sheet of
metalised film and are dep051ted on the sheets at a single
location. o ' '

Thus the examples of the invention described hereln-
above illustrate the szmple construction. of a ‘phase
correcting zone ~plate made according to the present
invention.



the appropriate elliptical reflective portions to urge theminto position
on the face of the sheet 48 of low loss dielectric_material, where they
wi || adhere by the action of the adhesive 47 applied during transportation

of .the sheet 48. : - = ghe arrangenen lm “or
aceurate ‘ali gnment of the respectlve zones of the zonulmulmﬁmm ml
respecti ve sheets since the zones are- cut from a S|hgl‘e ghedt bf

met a"I‘;i!,sed filmand are deposited on the sheets at a Si ngl e I ocation. Thus

t he exanpl es of the invention described herein- above illustrate the
sinple construction of '"a phase correcting zone plate nade according
to the pESAINE invention. CLAI M5 1. A reflection =zone plate

for focusing mcrowave energy conprises a plurality of reflective

portions corresponding to zopes of said zone pl ate said reflective
portions béirng podt iTHEPFI®N pafaPtel RHAkRes I t fAFUELRA sHiprowave

reflectiveepekigyon eeﬁbe@kasena{ gy plLaral/iRyout o8f pletkeativer eeaedidrs

adj acent reflecti ve%nrtl where [ er rlndl s _the veelengt ha Jof télre%%n.egy
and P i s affoFACEFENBMS ouf? BP“F’rﬁr& sTReh“t REMSe ‘b t ePRat: &F ¥ d
reflecti veppant:tuoms bednaygr uppsirtignedt eir effespatrad liedcuplahesai dsaortshat

pl ate; whe t ef rt

respectlveéﬁb@v dlggﬁ{eict#%gi%%gépg aéﬁgéléﬁst%{ié&lzg @r@%fl Fec I on zone
plate as PbRsengdithn respsiah to\/\m:@qerstau Heﬁﬂ&ﬁ&rlvﬁjb@?rﬁteyseomls%
adj acent pangls eﬁee'maé;f&tﬁ hogkReRS &REFEY2RBna3 P is Aanr%ltaebh.-orbf

zone plate as clained Claim_ 2 wherein there are P_panel s each with
said refl efPMFe RFti Eﬁ§emourﬁ"é%‘ ontha¥y ofnergye (FREIRFLed from said
~ reflective portions constructively interferes at a focus of

- said zone plate; wherein the reflective portions in each
said plane are formed on a respective low dielectric loss
planar substrate.

2. A reflection 2zone plate as claimed in Claim 1
wherein said planar substrates comprise adjacent panels of
electrical thickness 2/2P.

3. A reflection zone plate as claimed in Claim 2
"wherein there are P panels each with said reflective
portions mounted on a front face thereof. ' '

4. A reflection 2zone plate as claimed in Claim 2,
characterised in that there are P panels each having said -
reflective portions mounted on a back face thereof.

5. A reflection 2zone plate as claimed in cClaim 2,
wherein said reflective portions are mounted on a front and
back face of at least one said panel.

6. = A reflection 2zone plate as claimed in Claim 1
wherein said planar substrates comprise thin sheets on

which said reflective portions are formed and which are
separated |



4. A reflection zone plate as claimed in Caim 2, characterlsed

in that there are P panels each having said r_ej_l_ec_t_l_v_e—per—t—r—eﬁs—rmunt ed on

a back face thereof. 5. - A reflection zone plate as clained in
Claim 2, wherein said reflective pcrtlloon's are wmﬂmﬂ“mmmmnt and back «
face of at | east one said panel. 6. refl ate as -
claimed in Caim 1 wherein said pl anar subst *at &s lt:o r| se thin sheets

u

on WhICh said reflective portions are forned and which are separated -2
10 - 11111111111111111111 by panels of low dielectric | oss materi al”
havi ng n el ectrj cal ness Of [ 2P, 7 Areflection zone plate
as cl ai mdd .RIP pP ce ‘Wg cq’aﬁ]ré'#ﬁlﬁl n1988:h MakeRtalt v It‘ﬁgﬂ’gon

refl ect elevinghcaerthidknassobfphag3P.with respect to adj acent reflective
portions, and said reflective portions are positioned. in 4 parallel planes
and separated by an electrical thickness of [err]/8. 8. A reflection
zone pl7ate. asA refileetiomn Zone nplétewas echaimed ighewy precedimgd to

forma @1ﬂ'ugﬁﬁr§&§ete%€hd% Ale @&i@éngofi»ﬁ FarikbeENat g Jf,g 85 40f
sai d shee . ection zone te as clarned in any |ng
cl ai m wiedttej @f s phass mthsysﬁﬁ&ttest%redaeﬁsp‘ﬁucﬁ%ﬂeqmg ppmp@@.

mat eri alandlOsaia A@ﬁé&@ﬁé%o&&%ﬁl USPE! Weik ¥ iche@f HaCt4 Opazangenl ate
as clained in any_one of corrprllslgg%cneans to ag})Iy sai d

refl ect |R;e’ffﬁﬁt4%‘ﬁssﬁﬂi’¥§§ﬁ9nﬂyn§nt Glﬁﬁ%‘-% kness Pt &/8o the

surface of .a plurality P of. planar substrates forned of |ow dielectric

| 0ss terial; and s to stack s pl anar _substrates tq.farm said

reflec{r%o'n zoneApI]é? ‘i€1°n ﬁﬁBﬁr’anggﬁs BPai alfnﬁdd A Foathefein ‘

said mederdain spidy shedtscaree jginedots . fwrpraseontinuowsy shedt o/
folded at alternate _ends_-'in alternate. -pla_nes. of said sheets.

9. A reflection zone plate as claimed in any preceding
claim wherein said planar substrates are constructed from a
plastics material.

10. Apparatus for the manufacture of a reflection zone
plate as claimed in any one of c1a_ims 1 to 9 comprising -
means - to. apply said __reflective portions corresponding to
zones of said zone plate to the surface of a plurality P of -
planar substrates formed. of low dielectric loss. m_aterial:;
and means to stack said planar substrates to form said
reflection zone plate.

11. Apparatus _a_s claimed in Claim 10, . wherein said means
to apply reflective pdrtions comprises cutting and
app;l._icating' means for cutting_.said reflective portions from
a metalised film and applying said reflective portions to a
surface of said planar substrates; said reflection portions



applicating neans for cutting said reflective portions froma netalised
filmand applying said reflective portions to a surf sai d pl anar
substrates; said reflection portions bei ng applied to said planar

substrates such that the mh substrate fgs-applied toL enf
the 1 + (P (n + m- 2))[err] zone of said reflection z ﬂummwm"“mniﬂn S
the zone nunber and mis the substrate nunber-. 12. . App@ratus as ckai med
in CLaj m 11 further including means to apply adhesive to a surface of said
pl anar substrates of low dielectric loss material before
application of said reflective portions to said surface. 13. Appar at

as cl ai nedeinyg appliedito csaldl pilanar sypetrabesgaisporetthatedhie Imii s
supplied t ' ty | iLcatd 4 hod
of manuf ac%t?ri)(egt(()i%acEE %%?egpp%%ggoﬁ?p# g%efggaél glhrreg ifﬂ‘l{%ey %ng o(TP 8%@
1to 9, comrtsitdd t hezenepofofsaip| Frideshion sopet Piatsyrtyhpse n is

correspondivhe lZord MRmir Sahd H0DE hal SubStrReeswumber Of said plurality
P of planar substrates forned of Ilow dielectric |oss material, and

stacking said plurality of planar substrates to formsaid reflection zone
plate . 1512. A mgexhiasscha nelaimed] dnm ¢¥aimhanacfarthed iindhadimgi d

step of ap i reflective poLd i coppri ges i sald reflectiv

portions.. %{‘érsd%a s%ee?p%%’ma éﬁiggédef [ an a%d g%%lt{?‘lc%g sogél d graejf‘# egéjﬁl‘iar

portions t substirdtes ofofai dowl astielextirice at dnss saimhtexiakct ihafore

portions | @#g o) kd W s SHb rl

substrate ﬁéﬁ g’pp méﬁ?%fi?étf%er%kgaﬁl?ﬁ ébﬁ&%%ftl{%] zéoér}?séo séa"?éd

reflection zone plate, where n is the zone nunber and mis :

N 13. Apparatus as claimed in Claim 11 or Claim 12,

wherein said metalised film is supplied to said cutting and
applicating means from a roll.

14. A method of manufacture of a reflection zone plate
as claimed in any one of Claims 1 to 9, comprising the
steps of applying said reflective portions corresponding to
zones of said zone plate to the surface of said plurality P
of planar substrates formed of ‘low dielectric 1loss
material, and stacking said plurality of planar substrates
to form said reflection zone plate.

U, 15. A method as claimed in Claim 14, characterised in
that said step of applying reflective portions comprises
cutting said reflective portions. from a sheet of metalised
film and applying said reflective portions to a surface of
said planar substrates; said reflective portions being
applied to said planar substrates such that the mth

substrate has applied to it the 1. + (P (n + m =~ 2))th

zones of said reflection zone plate, where n is the 2zone
number and m is



* C L M- S * the substrate nunber. 16. A met hod as cl ai ned
in Claim215, wherein all the reflective portions corresponding to zones of
said zone plate are cut froma single piece of said netalised fiTm

si mul t aneously, and the respective refipestive por lied to 5
the sequentially fed planar substrates of |ow dlli'mﬂ lﬂ I,ﬁﬂgumrerl al. =

17. A nethod as claimed in Caim15 or daiml er wi the
step of applying adhesive to said surface of said planar substrates priqy

to the application of said reflective portions. 18. A et hod as cla| med
in. daim 17, wherein light conpression is applied to- the stack of
sai d plthﬁalsmm gsumber ani nat e ‘sai d pl anar substrates. 19. A

reflection zone plate substantial ly as herei nbefore described w th
reference to any one of Figures 2 to 11 of the drawi ngs. - Apparatus
for..thd6-manufachgthodofas, chaimed plig cCladm a?aﬁval‘f%}eléelnhéﬂélln eore

descri bQ‘@f\Mert:NE e Rad driks Flc@sﬁz@sﬁ&; ireq - Jz%ég d¥e dady nléne21
A net hod a\% manuf ct gg a zone, 8 ite subst ant | al r.ej nbef ar e
descr i bBAANE [AFS Gt cEEPD A fitBgle, plece .08 malal qefr#@ldnsm ngiim

- simultaneously, and the respective reflective portions and

are applied to the sequentially fed planar . substrates of

- low. dielectric loss material. |

17. A method as claimed in Claim 15 or Claim 16 further
including the step:of applying. adhesive to said surface of o
said planar substrates prior to the---_app'licetion of said '
reflective portions. |

i8. A method as claimed in. c:_l.aim..._' 17, wherein 1light
compression is' applied to  the stack of 'said planar
substrates to laminate said planar substrates.. '

19. A reflection zone: plate = substantially as
hereinbefore described with reference to any one of Figures
2 to 11 of the drawings. '

20. = Apparatus ' for . the. manufacture of ' a .zone plate W
substantially as hereinbefore described with reference to
- Figures 12, 13a and 13b of the drawings.

21.. A method. of manufcturing a zone plate substantially
as hereinbefore: described with reference to Figures 12, 13a.
and 13b of the draw:.ngs.



