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A_PHA CORRECTING
R CTION ZONE P E_FOR FOCUSING MICROWAVES

This invention relates to a zone plate for focusing
microwave energy and in particular to a phase correcting
reflection zone plate for focusing microwaves. This
invention also relates to apparatus and a method for
manufacturing such a zone plate.

The use of 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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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



by 2/4. An increase in pathlength of /4 is achieved by

providing steps A/8 . in depth. Thus 2one 2a is /8
higher than 2zone 3 and zone 2b and 2c are )/4 and 3\/8
hlgher than 2Zone 3 respectlvely.-_ More generally, the
'dlfferent phases of the ~zones of the zone plate are stepped
by d where '

d = 20/2P

where \o is the free space -.wavelength.-'of- the rad-iation.
The construction of such -a zone plate may be

achieved by -a number of - manufactur:.ng processes . such as.

mach:.n:..ng out of ~solid metal, stamplng ‘out of a thJ.n metal

sheet, moulding and:- subsequently - metall:.s:.ng a plast:.c.

material or by vacuum formn.ng plastics. _
According to the present J.nvent:l.on a reflect:.on zone

plate  for: focusing ‘microwave- energy comprises- a plurality

of reflective portions corr.es_ponding "to zones of said zone
plate; said reflective portions being positioned 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
energy  reflected  from  said reflective portions
'constructlvely interfere at a focus of said =zone plate;
character:.sed in. that the reflective portions in each said
plane are formed on 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 portions -and said reflective portions are
positloned 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. |



The present invention also provides apparatus for
the manufacture of a zone plate, comprising means to apply
reflective portions corresponding to 2zones of said zone
plate to the surface of said pluraility of planar substrates
formed of low dielectric loss material; and means to stack
said planar substrates of low dielectric loss material to
form said reflection zone plate.

The present invention further provides a method of
manufacture of such a zone plate comprising the steps of
applying reflective portions coi'responding 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.

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
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:; _

F_igur'e 7 illustrates a cross section according to a
further embodiment of the present" invention;
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Figure 8 1llustrates a cont:.nuous sheet centalnz.ng
' :all the zones of ‘the zone plate:; - '
' " Figure 9 illustrates the use of sheets separated by
"panels to form a zone plate accerd:.ng " to a further
embodiment of the present invention; S

Figure 10 J.llustrates the sheets formed. from a
s:.ngle sheet of materz.al. : ' -

Figure 11 :Lllustrates a slmpler construction of the
embod:unent of Figure 9. o ' - '

_' F:Lqure 12 schemat:.cally J.llustrates apparatus used
in the manufacture of the zone plates of ' the type
'illustrated ‘in Figures 2 and"'3. ' '

' Figures 13a and 13b illustrate a clcse up of the.
"k:l.ss-cut punch- angd ell:.pse appllcator.
Referrzng 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

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 materia_l 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 /8 where X is the ‘wavelength

of the energy to be..fedu'sed. ' Thus the panels can be put in

direct contact with:each other. .
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The reflective portions 1l4a, 1l4b, 1l4c and 14d can be
formed on the panels 10, 11, 12 and 13 by silk screen
printing, by using self adhesive metal foil or by metalised
foil.

Figure 3 illustrates another embodiment of the

preseht invention 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 arrangement protects the fragile
reflective portions 14d on panel 13 from accidental damage
at the surface of the zone plate. _

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.l?, 18 and 19 are provided with panel 17 being

provided with reflective portions 14a and 14b on a front
and back face and panels 18 and 19 being. proviaed. 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
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this panel 20 can be totally reflectlve.

In Figure 7, a s:.m:.lar zone plate to that shown in
Figure 6 is illustrated, except reversed from the incident
radiaton. - In’thi’s example, three panels 24, 25, 26 are
provided to separate the. reflectlve portions 20, 21, 22, 23
by x/8. The front panel ‘need not ‘be of any
particularly  thickness  but" must - provxde_ support as a
snbs.trate for the reflective port'i_ons '23. - This panel 27
also serves the purpose of protecting the reflective
portions 23 from damage. The rear panel 28 is ‘provided
purely for protection of the rear reflective portion 28.

"In. a further embodiment of. "t’he--”present invention,
the reflective port:Lons of the zone plate are prov:.ded on 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 'alsoE provided to 'protect the
sheets. In construct:mg ‘'such ‘a zone" plate the sheets 34
~are formed by form:.ng ‘the’ respective zones or reflective
portions 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 sheet--_ is then wrapped
around alternate ‘panels 29, 30, 31. This simplifies the
assembly procedure of this type of zone plate.’

In the arrangements 111ustrated in F:x.gures 2 and 3
where the reflective portion correspondlng to zones of the
zone plate ‘are- formed 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 pcrtlons
for the zone plate can be ‘cut out of a" s:.ngle sheet of



metalised £film. The mth sheet (where m is the sheet

number which in these examples is between 1 and 4) has
applied to it the 1 + (4 (n + m - 2))th zone. More
generally - for cases other than a quarter wave reflection
zone plate every mth sheet will have the 1 + (P (n + m -
2))th- zone applied thereto, where P is the total number
of sheets. Thus the present invention is applicable to any
reflective zone plate and is not restricted to a gquarter
wave zone plate. :

A method and apparatus for manufacturing reflective
zone plates will now be described.

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

ma_terial. is provided and a single sheet 48 at a time is fed

through. nip roller feeds 43 to a position between the
kiss-cutting 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
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to the stack 49?to'adhere'the sheets 48: the adhesive on
the surface not covered by  the reflective portions
providing the adhesion. Thus a laminate is formed which is
ready for fittingiinto an antenna assembly. S
F;gures 13a and 13b illustrate the structure of the
- kiss=-cutting punch -and appli;ator 41. Elllptlcal blades 52
are- provided fﬁrctruding"' from: the underside of the
kiss~-cutting punch and applicator 41 to co-operate with the
press  base 42 to cut the. metalised film 51 to form the
reflective portions. The kiss-cutting punch and applicater
41 is urged towards the press base 42 to cut.the metalised
film 51. When the- cutting actioﬁ'is'complete a vacuum is
applied through a porous sheet 50 provided:“on the lower
face of the. kiss-cutting punch. and app-licato'r' 41. to hold
the reflective pertions: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 . very close but not touching and a slight

positive pressure is applied:thrcugh'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
of the adheslve 47 applled durzng transportatlon of the
sheet 48. - e o 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. ' '

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.
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CLAIMS

1. A reflection zone plate for focusing wmicrowave
' energy «comprises a plurality of reflective portions
corresponding to zones of said zone plate; said reflective
portions being positioned 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 energy reflected 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 zone plate as claimed in Claim 1
wherein said planar substrates comprise thin sheets on

which said reflective portions are formed and which are
separated |
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by panels of 1low dielectric loss material ‘having an
electrical thickness of 2/2P.

7. A reflection zone p_.lat_e as claimed in any pr.eceding:

claim wherein each reflective portidn reflects energy 1/4
out of phase with ‘respect to adjacent reflect:l.ve portions,
and said reflect:.ve portions are. pos:l.tloned in 4 parallel
planes and separated by an ele_c__tr_:.cal. thickness of /8.

8. A reflection zone - plate. as  claimed in Claim 6,
wherein said sheets are . joined to. form a continuous sheet

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 Claims 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 materzal,
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 portions comprises cutting and

applicating 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

”
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being applied to said planar substrates such that the m‘D

substrate has applied to a surface thereof the 1 + (P (n +
m - 2))"'._'h zone of said reflection zone plate, where n is
the zone number and m is the substrate number. '

12. Apparatus as claimed in Claim 11 further including
means to apply adhesive to a surface of said planar
substrates of 1low dielectric 1loss material Dbefore
application of said reflective portions to said surface.

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.

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
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the substrate number.

16 ‘A method as claimed in Claim 15, wherein ‘all the:
reflective portions ‘corresponding - to zones ' of said zone

plate are cut from a single piece of said metalised film
- simultaneously, and the 're_spective- -reflective portiohs and
are applied to the sequentially fed planar . substrates of
- low dielectric loss material. |

17. A method as cleimed' J.n Claim 15 or Claim 16 further

including the step. of applying. adhesive to said surface of

said planar substrates prior to the---_app'licetion of said
reflective portions.

i8. A method as claimed in. c:_l.a_im..._' 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

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.
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