WO 01/ 39210 PCT/ GBOO 04494 5 X-ray Zoom Lens The present invention rel ates
to an X-ray optic and nore particularly it relates to an optical

arranger@atmml&h can focus el ectro-magnetic radiation i ptiiesdoRds Of
frequencies comonly referred to as X-ray. 10 Focussed X-rays are or have

the potential to be used in a wide range of applications such as X-ray

| it hography for the manufacture of mcro-chips and for mcro-machining, in
spatially resolved X-ray fluorescence anal ysis, sub-cellular probing,
X-ray mcroscopy and in scientific instrunent manufacture. In these 15
applications an intense X-ray source is required and the ability to focus
X-rays can increase the useable source intensity. Known nethods for
produci ng focussed X-rays include the use of diffractive optical
conponents (zone plates) or nmultilayer mrrors. Although zone plates are

20 capable of form ng high-resolution inmages they, and nultilayer mrrors,
suffer from several drawbacks such _as |ow efficiencies, the need for
nmonochrdmatic illunination and srfRYZOM bEBY e apertures. G azing

i ncidence reflective optics are widely used in several applications but 25
have not been used in high resolution inmagi ng systens because of
aberrations. Systens which have been used mainly for hard X-ray
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frequencies commonly referred to as X-ray.

10

Focussed X-rays are or have the potential to be used in a wide range of
applications such as X-ray lithography for the manufacture of micro-chips and for
micro-machining, in spatially resolved X-ray fluorescence analysis, sub-cellular
probing, X-ray microscopy and in scientific instrument manufacture. In these

15 applications an intense X-ray source is required and the ability to focus X-rays can

increase the useable source intensity.

Known methods for producing focussed X-rays include the use of diffractive

optical components (zone plates) or multilayer mirrors. Although zone plates are

20  capable of forming high-resolution images they, and multilayer mirrors, suffer from
several drawbacks such as low efficiencies, the need for monochromatic illumination

and small zone plate apertures.

Grazing incidence reflective optics are widely used in several applications but

25 have not been used in high resolution imaging systems because of aberrations.
Systems which have been used mainly for hard X-ray applications are Kirkpatrick-

Baez optics, Wolter optics, microcapillary optics, polycapillary optics and micro

channel plate arrays.



Proc. SPIE 3444 pps. 424-429 and by HN Chapman, KA Nugent, SWWKkins 1991
Rev. Sci. Insrum 62 1542-1561, a series of small (10-6m curved channels
are use ? Sprays are transmtted down the channels ang oRaal Ng

i nci dence re ?ectl on to 5 focus the X-rays. Al though polycapillary optics
have | arge apertures, |arge bandpass and high transm ssion efficiency they
are difficult to design and nmanufacture as several constraints have to be
overcone, these include the limtation that the channel wdth, cross
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plurality of X-tay transparent zones atéd by X-ray opaque bands, the
X-ray ouaque:ohamdaﬁjenlgetwéeraobjebtckmrbmageucmmgate hatints whan ba lbgam of 1X- r ays

froma source is projected ont pl at e, st spne of .~ th -rays are
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percentage of the total area (>80%), however a large open area makes the optic very

fragile and variation in reflectivities, absorption and scattering due to surface

15  roughness are disadvantages.

We have devised an X-ray optical system based on a microstructured optical
array (MOA) which overcomes many of the disadvantages of existing systems. In
addition, and most importantly, it can be used as an X-ray zoom lens, allowing

20  variable magnification and control of focal length

According to the invention there is provided an optical array which comprises

a plate, the surface of which is formed of a plurality of X-ray transparent zones
separated by X-ray opaque bands, the X-ray opaque bands being of a thickness such

25  that, when a beam of X-rays from a source is projected onto the plate, at least some of
the X-rays are reflected off the outermost walls of the said bands and there being a
control means able to shape the plate to form a curved surface so as to be able to focus

X-rays passing through the plate.



-2 WD 01/39210 PCT/ GBOO' 04494 In an alternative aspect, there is provided
an optical array conprising a plurality of X-ray opaque bands separated by
X-ray tr@gwggﬁﬂt zones, the X-ray opaque bands being digfEnsaaigshsSuch
that, when a beam of X-rays froma source is projected onto the array, at

| east some of the X-rays are reflected off walls of the said 5 bands, the
array being defornmable to dynamcally vary the angle of reflection of said
X-rays. There is also provided a nmethod of focussing a beam of X-rays

enpl oyi ng the opjigahitéhade afpcthahpreseplovidededt iopical Bytrdyhicokpeisiagod t he
X-ray opaque bands is neant the distance neasured from 10 the basge of the
bands to it pluralityi ofe X-rafieoraaieyhendsesperatese by dX d@e ManspaFy 20nghsthardney
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opaque wal | $rojddied bhtogBe artly, anleafigoplealfehe Arrahearerrefléveed off wabls of aincenid r i ¢
circles or they can be elliptical, oval etc. The walls preferably pav a
hei ght such bands; thenstay haingdefpapahle bhdynagnsadiyt Yasn th@nﬂﬂ%fa%ﬁf%ﬁ&%? ,in
athin flat plate, a small variation of angle of incidence of the X- ray on
t he outer T8t the channels can be used for one to one i magi ng, but
channel 20 di anet®kfe 8o previdehh metiond @docessingsseandoeX raysuemplblymgt thel
X-rays, however if the_ channel dianeters are too snmall sone X-rays may
under go doulsPEcH @fmag of thePEeERGRYEBOth wal | of the channels and be |ost. If

the plate is thi iARELS ALhORE bdnd ¥Rt $hd BRahOE ik &1 B8 ©
varies along the hg%ne?f(gtt ?Zﬁgsﬂagﬁhys pass ?ight t hrough. 25
10 the base of the bands to its top i.e. the height above the adjacent X-ray transparent

zone.

The zones are preferably in the form of rings and that the structure comprises
a plurality of X-ray transparent channels separated by X-ray opaque walls. The rings

15 on the plate can be in the form of concentric circles or they can be elliptical, oval etc.

The walls preferably have a height such that there is at least one reflection in
each channel and, in a thin flat plate, a small variation of angle of incidence of the X-
ray on the outer wall of the channels can be used for one to one imaging, but channel
20 diameters must be small to reduce losses due to unreflected X-rays, however if the
channel diameters are too small some X-rays may undergo double reflections from
both wall of the channels and be lost. If the plate is thicker aberrations can be
induced as the incidence angle varies along the channel, but fewer X-rays pass right
through.
25

The dimensions of the plate will depend on the application.

The width of the channels preferably increases radially outwards to allow for

the increasing incidence angle and preferably the width of the channels is larger than



The di mensions of the plate wll depend on the application. The width of
the channels preferably increases radially outwards to allow for the

i ncr easi i nNgi,dence angle and preferably the width of t is
| ar ger tﬁgr?ll}agégmo 01/ 39210 PCT/ GBOO 04494 the wi dth of htft#eie -{a{‘/ﬁopaque

sections between the channels. The width of the channels will depend on
the application. The plate can be fornmed by directly etching a substrate
formed of an X-ray 5 opaque material so that the X-ray transparent

channel s ar gnd QB theOXNGRY topeqit} SdcBons BEtwR¥n dBRP@Batdely Thagsidaf oXtliay
opaque material onto a substrate in the formof a plate or nenbrane to

bui | d up thehsnelscvilrdepend omheappleatiosn. When the structure is built up on
a plate or nmenbrane a | ost nould process 10 can be used. In this process a
structure of the size and shape of the optical array is fabricated in a

mat erial which cameligate am\tRAoemed bh)direelly efbingeadutsstrarzufotntd of anmbday f rom
this structure and the material renpved. This nould iis then used to form

the optd calopagyeapaistiak spethahthe¥Tontranspanat eranaels ajhfemed dhopgh theadlateo form
n ; _ .
the array | no(% lbg?ﬁ?(lgrsztgr@ %%%g%ewaag? ate?lggoﬁtggass%b&%e ﬁﬁh@lf&%)f)f £ a

substrate if r S mnust snooth to prevent |oss of
refl ectivit yor menbradd torbaild upaks stcsire béthedseentiban a fraction of a

wavel engt h, which can be achieved for X-rays with el ectroplated nickel. 20
O her suitable material fromwhich the plate can be made include silicon,

silicon carbide {1 fhihfe G2BuiG Gf UGl 'R TadnBrafi0h Godtimd@progeler Of
the type nuade céﬂmﬂr%r(t:l}%a y LE?/ I rlgi rﬁfa sem C(g)nduct ors Inc. Sychrﬁa silicon
waf er cah beanpatused.Madhiscprbossmat diectire of thergzaénd stepe widn ppticaé agay fsy
' sotropic plfgﬁnngte%tircl glrggcériallvlvﬁi&? gzgnat?ehyemeo%gd e.g. by melting, and a mould is formed

from this structure and the material removed. This mould is then used to form the

optical array of the invention.

15 Materials which can be used to form the array include metals such as nickel
and these can be supported on a substrate if required. The channel walls must be
smooth to prevent loss of reflectivity. Typical roughness must be less than a fraction

of a wavelength, which can be achieved for X-rays with electroplated nickel.

20 Other suitable material from which the plate can be made include silicon,
silicon carbide and the plate can be formed from a single silicon wafer of the type
made commercially by Virginia semiconductors Inc. Such a silicon wafer can be
patterned to form the structure of the invention e.g. by isotropic plasma etching,
lithography etc.

25

To focus the X-rays transmitted through the plate the plate is curved and the
greater the degree of curvature the shorter the focal length of the array. The curvature
can be spherical, parabolic, etc. and the degree of curvature can be varied depending
on the wavelength of the X-rays, the distance of the X-ray source from the plate and

30  the purpose of the focussed beam of X-rays etc. The degree of curvature and hence



25 To focus the X-rays transmtted through the plate the plate is curved
and the greater the degree of curvature the shorter the focal |ength of
the array. The curvature can be spherical, parabolic, etc. and the degree
of curva%’&’r“é 3R be varied depending on the wavel ength JICHEBOMIMy s "t he
di stance of the X-ray source fromthe plate and 30 the purpose of the
focussed beam of X-rays etc. The degree of curvature and hence -4 WO

01/ 39210 PCT/ GBOQO 04494 nmgnification achievable will be limted by the
el ast|C|ty and t f .

stresses. a’bm?’tlﬂ%Il 5‘% oev\%{élre W Bem?:rg{té\:/ahjth% ee%ggﬁtgéﬁg wﬁg}%f &%glgér%&?aéns to
be obt ai ned osth’énﬂate hlﬁtﬂeﬁ' bemngetressészetﬂe Riilianyo iy ltlﬁjdtevdmﬁel'e@dbles hh&rrapef or e
or after form ng the structure of the invention. For exanple, when the
plate is nadeomfensitp pgshiaingd nethod of fornming the curvature of the plate
is to deposit a prestressed |layer on the silicon wafer after it has been
patterned to give a bionorph stress induced curvature. For exanple radi al
ri bs of ssilicon &he ptaatadberirbedbyriyaduitablermethod bithestbefore oohiel fofininigl | be
in corrpresswe stress. The degree of curvature and hence e focal Iength

of the strtha HrustwapfifBe dnenber Bipr vaRpPlfg WheB hemils &t made af Licog;
poi nts by t t hod
of curving %T% if%nﬁgﬁttggggﬁa&re Hfstﬂg%el{}% E% ﬁagélﬁ)rs ggg%rr%et?e;%erﬁgfsa g&e%HS&tEhe

plate so t haﬂlcbﬂne/aﬁraltﬁer itdhag bemephtteﬁmd tewfpdt bionimepls Btrrctsstmdle:e(bfcumamre

invention i formed on a.silicon wafer t hogr the te mounted in
a seal ed ch H’b@’fmg@?ﬁa‘ﬂﬁle‘iﬂ?su “c"ﬁe'cga rw f‘,fgfﬁgln%h%/%ﬁ?éc eBrfgoEeQ bot h
si des qfy thgiphatige cox%re\éﬁw sids ! e ddbrdel OF eiitvhithe REEESIEGhd RRaPRAEBEOT
curvature can be varied. 20 An alternative nmethod of curving the plate is
to coat thethd atrectwict hanabe changed by varying the temperature at specific points by

localised heating e.g. using miniature heaters.

Another method of curving the plate is to apply a differential pressure across

15 the plate so that the plate is curved. For example the structure of the invention is
formed on a silicon wafer by lithography the plate mounted in a sealed chamber with
helium, which is X-ray transmissive, on one or both sides of the plate, by varying the

differential pressure the degree of curvature can be varied.

20 An alternative method of curving the plate is to coat the plate with a
piezoelectric material so that variation in an electric current applied to the

piezoelectric material will vary the curvature of the plate.

The ability to vary the curvature, whichever method is used, enables an X-ray

25 zoom lens to be formed and X-rays can be focussed to provide a concentrated beam
of X-rays with a controlled degree of concentration. This enables the MOAs of the
present invention to give enhanced performance in existing or potential applications

such as X-ray lithography, spatially resolved X-ray fluorescence analysis, sub-cellular

probing, X-ray microscopy and in scientific instrument manufacture, imaging X-ray



pi ezoel ectric material so that variation in an electric current applied to
the piezoelectric material wll vary the curvature of the plate. The
ability to vary the curvature, whichever nethod is used, enables an X-ray
25 zoomWQrPéB?é Ohe formed and X-rays can be focussed to giCNFHU/04494
concentrated beam of X-rays with a controll ed degree of concentration.
This enables the MOAs of the present invention to give enhanced
performance in existing or potential applications such as X-ray
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pr obi ng, i A screnti manu ure, ‘I‘magi ng
X-ray -5 VQh@aﬁﬁﬁ@ﬁgzPCT/GBCCY04494 m croscopy, spatially resolved

fl uorescence m croscopy, photen ssion mcroscopy and astronony. The
present invention is not wavel ength specific and can be used with hard 5

X-rays and soft Xr a%/;gsregi l@eﬁfg&gf‘s it &@‘é gr{glg Sific! A3l &ﬁl%ﬁ%ﬁlﬁg{gﬁ of

wavel engt hs conmonl erre 0 as traviolet (
inventi gn i X-tdykuad saft &drays of beanyea)\ﬂiwagslengtthdhdmg 1 fahge oflwheelengths
schematic side view of a flat ? 2 i? schematic side view of a
curved MOA cpmgnondy Yeéeléedftp@ﬁ@xwlé'ﬁ/(g Taylpigt Eﬂj ¥i.g. 4 is a front view show ng
the use of a bionorph and Fig. 5 is a schematic view of the use of pressure
to bend the MOA 15 In the drawi ngs one reflection is shown although in
practice there cdihebevamioe is filostratehim. th&kdfagingsng wioclf:i g. 1 a plate (1)
formed froma silicon wafer has gaps (3) etched on its
10 Fig. 1 is a schematic side view of a flat MOA
Fig. 2 is a schematic side view of a curved MOA
Fig. 3 is a front view of fig. 2
Fig. 4 is a front view showing the use of a biomorph and
Fig. 5 is a schematic view of the use of pressure to bend the MOA
15
In the drawings one reflection is shown although in practice there can be more

than one.

Referring to fig. 1 a plate (1) formed from a silicon wafer has gaps (3) etched on its
20  surface by isotropic plasma etching so as to form a series of concentric X-ray opaque
bands of silicon (2) and X-ray transparent gaps (4). The gaps (3) are wider than the
bands (2) to give an open web structure. In practice there will be many more bands
than are illustrated. The plate can be fabricated by depositing bands (2) onto a
substrate (1).
25
When X-rays from source A impinge on the plate (1) X-rays are reflected off

the inner surface of (2) to focus at B as shown.

Referring to fig. 2 the plate (5) is curved as shown so that the X-rays from

30 source A are focussed at (B) so that there is concentration of the X-rays.

-6-



20 surface by isotropic plasma etching so as to forma series of concentric
X-ray opaque bands of silicon (2) and X-ray transparent gaps (4). The gaps
(3) are &kﬂﬁk9hhan the bands (2) to give an open web st rgtEhoskdd
practice there will be many nore bands than are illustrated. Tﬁe pl ate can
be fabricated by depositing bands (2) onto a substrate (1). 25 Wen X-rays
fromsource Ainpinge on the plate (1) X-rays are reflected off the inner
surface of (2) to focus at B as shown. Referring to fig. 2 the plate (5) is
curved as shown so that the X-rays from 30 source A are focussed at (B) so
that there is concentration of the X-rays. -6 WO _01/39210 PCT/ GBQO/ 04494
Referring to fi gReferring tofiged, in grdenite eurvhdhqplated 7] mdial zibs 40) aredermued ofyy e
formed of a _netal such e t t - rBakS a

bi omor ph | ndube wh 28 R HERE of dud Blet Bty BT o fERplRBEE B
in fig. 2. 5yHicH &igvés ths prte(75 anfoed thé tHapa shovez th Rg.2ctric material the
curvature can be electrically controlled by varying the current applied to
the coating. Alternatively the plate can be curved by |ocalised heating.

10 Referring to fj -l | i haurber
(9) so that the '} oS g‘e’gtaupéo%éﬁf‘gg%ltﬂa%dﬁfg‘g)@?@ ?‘éﬁ%@‘%ﬁ@%%ﬁ Ll (8).
The chanber cigtriatl eontrdlied pyeasyngtheaatrengappiipd to thd roatimg. (11) and t he
sections (9a) and (9b) contain helium By increasing the pressure PAin
(9a) in relation to PB (9b) the plate (8) is curved as 15 shown. One of

the sections (9a)sQmdRRly haPlaRecHPRAGEAY) 1BLAREPREN I, Pr essure.
10
Referring to fig. 5 a plate (8) is placed in a sealed pressure chamber (9) so that
the two sections (9a) and (9b) are separated by the plate (8). The chamber is sealed
by pressure sealing caps (10) and (11) and the sections (9a) and (9b) contain helium.
By increasing the pressure PA in (9a) in relation to PB (9b) the plate (8) is curved as

15 shown. One of the sections (9a) or (9b) can be exposed to atmospheric pressure.

Each of the above enable the curvature to be varied and so the focus B of X-
rays from source A can be changed, allowing the plate to act as an X-ray zoom lens.

shortened to increase the magnification.



Each of the above enable the curvature to be varied and so the focus B of
X- rays fromsource A can be changed, allowing the plate to act as an X-ray
zoom lens. shortened to increase the nmagnification. -7 WD 01/ 39210

PCT/ GBOOVBAWIRI0 O ains 1. An optical array which conpri sESTGCRAAIE4  he
surface of which is formed of a plurality of X-ray transparent zones
separated by X-ray opaque bands, the X-ray 5 opaque bands being of a

t hi ckness such that, when a beam of X-rays froma source is projected onto
t he pl ate, %tl iI gast sone of the X-rays are reflected off the outernost

wal | s of the $4°d bands and there bei ng a control neans able to shape the
plate to form a curved surface so as to be able to focus X-rays passing

through the plate. 10 2. An optical array as claimed in claim1 in which
the X-ray transpar &ftopsigplesrayaylich gompueses gritigtes the isudaceafavhighds fogmed of

structure c i ol ural ity af X r n rated by
-ray opaqugrﬂ\jvg]%aﬁg.ﬁogxpkx tg%fts‘t’%g Za&rﬁre %sgp%ét%?g?pn%cﬁ?tﬁpg‘?%i% 1%1%\?%!% t he
rings ors t hepgjuattands beihg of 4 Shithess audntbit, vhac ebeimnmofClrglseforan whidefses.
4. An optical array as_clainmed in claim1 to 3 in which the_X-ray opaque

bands have ®MojeHedRpesthe plate atreast sorae ofithe Xrrays gug refleeted ff e PWAMOSt cach

channel . 20 551 A i =1 Al | 1
ol e i - wivtl OF ARG AL oA Pl Uit A a0, Slpk e PRERERAD
al I ow for theurvedrsedscesy asitobe didnte foazhs Xayslpassmg tRfough therplaget | cal array as

claimed in any one of the preceding clains in the wwdth of the channels is
| arger than the width of the X-ray opaque sections between the

10 2. An optical array as claimed in claim 1 in which the X-ray transparent zones
are in the form of rings and that the structure comprises a plurality of X-ray

transparent channels separated by X-ray opaque walls.

3. An optical array as claimed in claim 2 in which the rings on the plate are in

15  the form of concentric circles or ellipses.

4. An optical array as claimed in claim 1 to 3 in which the X-ray opaque bands have a

thickness such that there is at least one reflection in each channel.

20 5. An optical array as claimed in any one of the preceding claims in which the
width
of the channels increases radially outwards to allow for the increasing

incidence of incidence.

25 6. An optical array as claimed in any one of the preceding claims in the width
of the channels is larger than the width of the X-ray opaque sections between the

channels.

7. An optical array as claimed in any one of the preceding claims in which the

30  plate is made from silicon.



channels. 7. An optical array as clainmed in any one of the preceding clains
in which the 30 plate is made fromsilicon. -8 WO 01/39210 PCT/ GBOQO 04494
8. An optical array as clainmed in any one of the preceding clains in which
the plal® {189%de from el ectroplated nickel. 5 9. An optllg‘E%(FB%’Mé%f whi ch
is an X-ray zoom |l ens which conprises an array as clainmed in any one of
clains 1 to 8 in which the control neans can be controlled to vary the
anount of curvature of the plate and to forman X-ray |lens the focal |ength
of which is controlled by the control neans. 10 10. An optical array as
claimed in claim9 in which the control nmeans conprises radial ribs of
silicon or a neta Aafdpiehiedrdyselaihed i Bty O 6f té pideedink @l#ms in whithtthwhen
the ribs of silicon or a nmetal cooled they will be in conpressive stress
and cause tohate jfimede fromfekchrplaedmikgl shape. 15 11. An optical array as
claimed in claim9 in which the control nmeans conprises neans to apply a
differential pressure across the plate. 12. An optical array as clained in
claim 9 §n which & g emivhl araywhith is anXprdysesnaleps evhie enhprises apteny ak in
contact with of formng part of the plate so that 20 variation irf gn

el ectric curclamed gigpAnyemet§ 0!%@Sditez£@| whichithe canteal mpangpen b geRfralied to

curvature Ofvabhglle thﬂ)tuﬁt oig@hwd%lﬁe%@ttﬂecﬂbte%a Y f@aﬁ ﬁiﬁ? Gens %&goghlﬁﬁgtglﬁ@

whi ch the contr neans conprises l'ocall sed ng mneans.
opti cal ar r ayhidlhiscdonirsll@nbydhe @agntzalonednens whi ch conpri ses an array as

10 10. An optical array as claimed in claim 9 in which the control means
comprises radial ribs of silicon or a metal attached to or forming part of the plate so
that when the ribs of silicon or a metal cooled they will be in compressive stress and

cause the plate to form a curved shape.

15 11. An optical array as claimed in claim 9 in which the control means

comprises means to apply a differential pressure across the plate.

12. An optical array as claimed in claim 9 in which the control means
comprises a piezoelectric material in contact with of forming part of the plate so that
20  variation in an electric current applied to the piezoelectric material will vary the

curvature of the plate.

13. An optical array as claimed in claim 12 in which the control means

comprises localised heating means.

25
14. An optical array which is an X-ray zoom lens which comprises an array as
claimed in any one of claims 1 to 13 in which the control means can be controlled to
vary the amount of curvature of the plate and to form an X-ray lens the focal length of
which is controlled by the control means.
30



claimed in any one of clains 1 to 13 in which the control neans can be
controlled to vary the anmount of curvature of the plate and to form an
X-ray lens the focal length of which is controlled by the control neans.
30 -9 WOY®191392190 PCT/ GBOOY 04494 15. Apparatus for usi ng BEVGHW/04494
incorporating an array as clainmed in any one of the preceding clains. 16.
Apparatus as clained in claim15 in which the apparatus is selected from
apparatus for X-ray lithography, spatially resolved X-ray fluorescence

anal ysi s, sub- 5 1§ﬂAJ Ballr% us REARL % X ¥ m&)I%Eiﬁ? 49 B}’ra% 'asnaggﬁ% i;é'gngyone of

m croscopy, spati resol've "'uor'escence Ccroscopy, nm'ssion
m croscopy anélpsddignelaims. 17. Optical array conprising a plurality of X-ray
opaque bands separated b -ray transparent zones, the X-ray opaque bands

bei ng di mensi oned 6sd@RataRitas clgiagd imclgma iy ar Wwhictaihe appaaiug is seleeted from
projected o g t ¢ - d of f
e | of t naPBant (B 3%y [Roer AT sBRy Fohl8 X Ol GUS e BlyfLED D
the angl%® ofcellgltt @edbing) Xfrays atickoXedpgy smadiflg XMeishatcrobcdpyr spatiatly @sdleain of
X-rays wherein an optical array according to any of clainms 1-14 or 17 is
posi ti oned ifHorgseensgmpcropcapy; phojerpiggien miggpscopy and astronomy.

17. Optical array comprising a plurality of X-ray opaque bands separated by

X-ray transparent zones, the X-ray opaque bands being dimensioned such that, when

a beam of X-rays from a source is projected onto the array, at least some of the X-

10  rays are reflected off walls of the said bands, the array being deformable to
dynamically vary the angle of reflection of said X-rays.

18. Method of focussing a beam of X-rays wherein an optical array according

to any of claims 1-14 or 17 is positioned in the path of said X-rays.
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