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ELECTROFORMING PRINTING SCREENS, AND ELECTROFORMING
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electroforming printing screens, a method of electroforming printing
screens, and an electroformed printing screen which incorporates
attachment elements at the edges thereof for mechanical engagement
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Electroforming has been commonly used to fabricate flat printing screens,
with such printing screens being disclosed, for exampie, in US-A-5359928
and US-A-5478699.

The electroforming of such printing screens will now be described with

reference to Figures 1 to 6.

The electroforming system comprises a bath 3 which contains an electrolyte
solution 5, a mandrel unit 7 which is disposed in the bath 3 and onto which
metal is electrodeposited to form a printing screen, an anode unit 9 which is
disposed in the bath 3 such as to provide a source of ions of the metal to be
deposited, and a power supply unit 11 which is electrically connected to the
mandrel unit 7 and the anode unit ¢ and operable to drive an electric current
through the electrolyte solution 5, with the negative supply of the power
supply unit 11 being connected to the mandrel unit 7 and the positive supply

of the power supply unit 11 being connected to the anode unit 8.



The electrolyte solution 5 is typically an aqueous solution which contains a
dissolved salt of the metal to be deposited, commonly nickel, and levellers
“%ry&{] /Qr%\élg,de for con.trol of the hardness of the pleposn_ed.rr})%t%}ﬁgga%m(%‘mm
mandrel unit 7 comprises a mandrel 15 gnto which a printing screen Is to

be electroformed, and a supporting .member 17, typically a supporting

bar, for supporting the mandrel 15 in the bath 3 and providing an electrical
coireclistithivtenatiuERiufe 8 ifvRicatysanfrRgreeHtsPLE@ahrRyFONtains 2
thppughihe mandralo mihe Rasdrekba gemprigeaadialmetakbplaigd veliers
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21 is a deposition surface onto which metal is deposited to form a printing

screen, as will be_descri ' r ' el i : .
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corresponding to the apertures to be formed in the printing screen, both
as MGG 2lp F‘Eﬁ%‘g‘mrough which a pattern of a printing medium is to
be printed and attachment apertures which key to a bonding glue in
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rme resist, whi ou region of the deposition surface 21
and defines the extent of the printing screen to be formed. The mandrel
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surfaces 21, 25, where one major surface 21 is a deposition surface onto
which metal is deposited to form a printing screen, as will be described in

more detail heresinbeliow.

The mandrel 15 further comprises a plurality of non-conductive aperture-
defining elements 27a, 27b, formed of resist, which shield regions on the
deposition surface 21 onto which metal is not to be deposited, with these
elements 27a, 27b corresponding to the apertures to be formed In the
printing screen, both as printing apertures through which a pattern of a
printing medium is to be printed and attachment apertures which key to a
bonding glue in attachment to a mounting frame, and a non-conductive
bounding element 29, formed of resist, which bounds a region of the
deposition surface 21 and defines the extent of the printing screen to be

formed.

The mandrel 15 further comprises a non-conductive surface-covering
element 26, formed of resist, on the other major surface 25 which acts to

prevent the deposition of metal thereon.



3 The anode unit 9 comprises an anode plate 31, typically of the same
rectangular shape as the mandrel 15, which is formed of the metal to be

Wg)eﬁ%g?%@b s the printing screen, and a supporting memberllﬁgr &ﬁgg&@)‘y‘&“

supporting bar, for supporting the anode plate 31 in the bat

providing an electrical connection therewith. In a preferred arrangement

the deposition surface 21 of the mandrel 15 and the anode plate 31 are
disposetbieopipdisedl, parg it eslatioreavdepiddite Minddgpalbingfithe same
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on the deposition surface 21 of the mandrel plate 19. This process is

allowed 1o continye | Qrﬁel?&'ec f&QSJ&HUH%%@@%%f‘Eméc%andre! 15 and

constitutes a printing screen S as been built up on the deposition
stibfac@nadsf thiatRartire 35t BPO884IUstr#BR9REl guRe R Il wistgion at a

pg,rgdg%grngga spaBlManit 11 is de-actuated and the mandrel unit 7
removed from the bath 3. The non-conductive elements 27a, 27b, 29 on

the deposition surface 21 of the mandrel plate 19 are then removed, by
stiipping theaesishdepuingrthaippintingiscréers Saetsihestrace difiv Eigureelectric
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ted In Figure 6, by lifting at the edges revealed by removal of the

bohaRRGdEIemibR-2d, %&Uf’éﬁa\ﬁvﬁ?&ﬁéa{ﬂ%@' iORSR, THR(Rie from the anode

plate 31 to the exposed regions of the deposition sutface 21 of the mandrel
plate 19, at which exposed regions the metal ions deposit as the metal,
building up the printing screen by the continued deposition of metal on the
deposition surface 21 of the mandrel plate 19.

This process is allowed to continue until a layer of the required thickness,
which constitutes a printing screen S, has been built up on the deposition
surface 21 of the mandre! plate 19, as illustrated in Figure 4, at which point
the power supply unit 11 is de-actuated and the mandrel unit 7 removed
from the bath 3.

The non-conductive elements 27a, 27b, 29 on the deposition surface 21 of
the mandrel plate 19 are then removed, by stripping the resist, leaving the
printing screen S, as illustrated in Figure 5.

The printing screen 5 is ’chen'$eparated from the mandre! 15, as illustrated
in Figure 6, by lifting at the edges revealed by removal of the bounding
element 29, and, following cleaning, is ready for use.



4 Electroforming has also been used to fabricate a printing screen which
incorporates upstanding attachment efements which encompass the
periphery of the main body of the printing screen and provide for fixing of
the printing screen over a mounting frame which maintains the printing

Electedoratiagoreaetesnsimedetansigadvith thetsieateofermpramigusbréen which
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A_gﬁf%@%%rming printing screens, an electroforming system for
electroforming printing screens, a method of electroforming printing

screens, and an electroformed printing screen which incorporates
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deposition surface onto which metal is to be deposited to define a main
body of the printing screen, at least one pair of edge sections at opposed
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surface onto which metal is to be deposited to define attachment
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which are disposed at the edge sections such asto o
edges thereof which allow for repeated, active fensioning of the printing screen

between tensioned and untensioned states while mounted in a mounting frame.

In one aspect the present invention provides z mandrel for electroforming
printing screens, the mandre! comprising: a mandrel plate onto which metal is to
be deposited to form a printing screen, the mandrel plate including a main
deposition surface onio which metai is to be deposited to define a main body of
the printing screen, at least one pair of edge sections at opposed edges of the
main deposition surface which include edge deposition surfaces which extend
out of a plane defined by the main deposition surface onto which metal is to be
deposited to define attachment elements of the printing screen, and corner
sections at respective corners of the deposition surface; non-conductive
elements, as edge elements, which are disposed at the edge sections such as to
define an extent of the edge sections; and non-conductive elements, as corner
elements, which are disposed at the corner



define an extent of the edge sections; and non-conductive elements, as

corner elements, which are disposed at the corner WO 2006/043049
WB%I&{%%%%OS/OMO@ 5 sec’qqns such as to shield the samg-a %@%9401 c

an extent of the main deposition surface at the corner sections. In one
embodiment the mandrel further compriées: non-conductive elements
disposed on the main deposition surface which shield regions of the main
depositien sudaces carrespedding tepriatingapestiresapntavdrchommetal main
is not ta.be depeosited., | e embodiment each edge deposition surface
incﬁ%}e%tl’él)%&r é%ec %ggtl%rg r%vqrg|rEz?Fe'S)((etcetr'%155rateralIy relative to the main
deposition surface. in one embodiment the surface section extends
lajgralipoutaarhyiralative cie the,sespective-agge ofthe maln depasition crve

surface, which provides for depaosition of an outwardly-projecting part. In

arfOBTRFERIGHRGT e SufrdBe BelRBAYRREhdLTERERaM IR aFdIgid regions of
retative:s0rthie pesireiivarddge ebthesmaiaidepasiiiomnsiyfasertwhieh onto which

pr(g}\{igglaqs,t gor{ogeteogétlgg %fSlatré anward_ly-pro;ectlng part. Preferably, the
surface section returns inwardly a distance of about 0.5 mm. In one

embodiment the surface section comprises a substantially straight
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section. In one embodiment the surface section extends rearwardly of the
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surface includes first and second surface sections, wherein the first

suffage Seelin G%SHP'%ﬂ%“?&}%?:%a'ézc‘%%‘%"%% ¥ elRlvE e IR retative
deposition surface and the
to the respective edge of the main deposition surface, which provides for

depaosition of an outwardly-projecting part.

In another embodiment the surface section extends laterally inwardly
relative to the respective edge of the main deposition surface, which
provides for deposition of an inwardly-projecting part.

Preferably, the surface section returns inwardly a distance of about 6.5 mm.

In one embodiment the surface section comprises a substantially straight
section,

In another embodiment the surface section comprises an arcuate section.

In one embodiment the surface section extends rearwardly of the main
deposition surface,

In another embodiment each edge deposition surface includes first and
second surface sections, wherein the first surface saction extends

substantially orthogonally relative to the main deposition surface and the



WO 2006/043049 PCT/GB2005/004016 6 second surface section
extends laterally relative to the main deposition surface. In one
embodiment the second surface section extends laterally outward
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provides for deposition of an outwardly-ﬁrojecting part. In another

embodiment the second surface section extends laterally inwardly relative
tostrendspectia edegaionthexiraithsd eresition seidtive, whitte prozidegdpbsition
deppsition of an inwardly-projecting part. Preferably, the second surface
section returns inwardly a distance of about 0.5 mm. In one embodiment

the second surface section comprises a substantially straight section. In
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section. In one embodiment the first SLﬁrface section (%xtends from the
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second surface section extends from the respective edge of the main

deposition surface and the first surface section extends from the second
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emgflgment@rgctbeedge de&ositiosﬂ surface i icludes first and second
sulfAe BERHSHE RhEFIRHIORr 8 SIHENE L BRPaEEREPAtErally in WO
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Preferably, the second surface section returns inwardly a distance of about
¢.5 mm.

In one embodiment the second surface section comprises a substantially
straight section.

In another embodiment the second surface section comprises an arcuate
section.

In one embodiment the first surface section extends from the respective
edge of the main deposition surface and the second surface section extends

from the first surface section.

In another embodiment the second surface section extends from the
respective edge of the main deposition surface and the first surface section

extends from the second surface section.

In one embodiment the first and second surface sections extend rearwardly
of the main deposition surface.

In a further embodiment each edge deposition surface includes first and
second surface sections, wherein the first surface section extends laterally in



7 one sense relative to the main deposition surface and the second

surface section extends laterally in the other sense relative to the main
degosition surface. In one embodiment the first surface sect'grrflg%%%g(g&mﬁ

YR O%im'}"”gﬁ%wardly relative to the respective edge of the main deposmjon

surface, which provides for deposition of an outwardly-projecting part,

and the second surface section extends laterally inwardly relative to the

respectirse dgatiyehe nthmn teposittmestidace| which andvibes fecond surface
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Section returns inwa a distance of about 0.5 mm. In one embodiment
ofE®R%oth of the first and second surface sections comprise a
substantially straight section. In one embodiment one or both of the first
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position surface in which metal is deposited to6 form™an attachment
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MERe Prafarakethtophanratbasvainidiiefiabs ui. depasrioabofitzt. Gnwardly -
mm. In gne e(r%béodiment the channel has a substantially U-shaped
seRRIRE RiE embodiment the mandrel plate includes first and second
pairs of edge sections at opposed edges of the main deposition surface.

Preferably, the second surface section returns inwardly a distance of about
0.5 mm.

In one embodiment one or both of the first and second surface sections
comprise a substantially straight section.

In one embodiment one or both of the first and second surface sections

comprise an arcuate section.

In one embodiment the first and second surface sections extend rearwardly
of the main deposition surface.

In a yet further embodiment the edge sections each comprise a channel at
the respective edge of the main deposition surface in which metal is
deposited to form an attachment element.

Preferably, the channel has a width of about 0.5 mm to about 0.6 mm.

preferably, the channel has a width of about 0.5 mm or about 0.6 mm.

In one embodiment the channel has a substantially U-shaped section.



Preferably, the edge sections and the comer sections define a continuous
peripheral section. Embodiments of thg present invention also relate to an
electroforming system including the above-described mandrel,
Embodiments of the present invention further relate to a method of

electroformi rnting screens, comprising the steps of; providing the
e o LG o EIEM AROIRS Hich 2 SHCan R b i paoe
secbtalatthppossndedgeia el snehesrtalfgrosidqristifgsereen. In another
aspect the present invention provides an electroformed printing screen,
comprising a main body including a pattern of printing apertures through

Pyaigsakipritithedaslisactioimsuse prifie doeme atdecivonededinefa  continuous

aflachment elements at opposed edges of the main body, wherein the
pattgghment %ﬁements each extend out of a plane defined by the main

body and along only part of a length of the respective edge of the main
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away, such that the attachment elements are separate from one another:
iﬂlﬁ@%@%ﬁhﬁ@ﬂl%@@&@ﬁbﬁ@a@ﬁﬂéfﬂ!element includes a projecting part
which extends laterally relative to the respective edge of the main body.
In one embodiment the projecting part extends laterally outwardly relative

EfghRdimesiiectiie doge PrafehalAvssdRnn Bitheer éaisdiifenethenethod  of
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the main body. WO 2006/043049 PCT/GB2005/004016 9 Preferably, the

dBRGfEER PR IRk RN RipSERf U His@Re brlsbales BadAROsTiBaemetal on the
nRMBesipaR! §iepeyastiaenparepimiisesasubstantially straight section.

in another aspect the present invention provides an electroformed printing
screen, comprising a main body including a pattern of printing apertures through
which a printing medium is in use printed, and at least one pair of attachment
elements at opposed edges of the main body, wherein the attachment elements
each extend out of a plane defined by the main body and along only part of a

length of the respective edge of the main body.

In one embodiment each corner of the main body is recessed or cut away, such

that the attachment elements are separate from one another.

In one embodiment each attachment element includes a projecting part which

extends laterally relative to the respective edge of the main body.

In one embodiment the projecting part extends laterally outwardly relative to the
respective edge of the main body.

in another embodiment the projecting part extends laterally inwardly relafive to

the respective edge of the main body.



In another embodiment the projecting part comprises an arcuate section.

In one embodiment the projecting part extends rearwardly of the main
%odgz. In another embodiment each attachment element incluge first and
WO 2006443049, . . . o P Té?_:mousmmms

second projecting parts, wherein the first projecting part extends
substantially orthogonally relative to th& main body and the second
projecting part extends laterally relative to the main body. In one

eppbRGEBRNttthe sesent Yy geatingpaild extands/latetatyrartwhaedyut 0.5 mm.
relative to the respective edge of the main body. In another embodiment

the second projecting part extends laterally inwardly relative to the
réspectveradgdiofahe thairpbaidytiPgefeadb o thier iseSoRd rofsaniigl pastraight
returns inwardly a distance of about 0.5 mm. In one embodiment the

second projecting part comprises a substantially straight section. In

another embodiment the second projecting part comprises an arcuate

sestiobrheorenerdeskmenidhe disttpigjeetingraprderdsHronathaection.
respective edge of the main body and the second projecting part extends
from the first projecting part. WO 2006/043049 PCT/GB2005/004016 10
infanotieereembloddinesit the ssoactipmjeetihgepbendstaisasiiaigthel the main
respgrtive edge of the main body and the first projecting part extends from

the second projecting part. In one embodiment the first and second

projecting parts extend rearwardly of the main body.

In another embodiment each attachment element includes first and second
projecting parts, wherein the first projecting part extends substantially
orthogonally relative to the main body and the second projecting part
extends laterally relative to the main body.

In one embodiment the second projecting part extends [aterally outwardly
relative to the respective edge of the main body.

In another embodiment the second projecting part extends laterally inwardly
relative to the respective edge of the main body.

Preferably, the second projecting part returns inwardly a distance of about
0.5 mm.

In one embodiment the second projecting part comprises a substantially

straight section,

In another embodiment the second projecting part comprises an arcuate

section,

In one embodiment the first projecting part extends from the respective
edge of the main body and the second projecting part extends from the first
projecting part.



In a further embodiment each attachment element includes first and

second projecting parts, wherein the first projecting part extends laterally
ng one sense relative to the main body and the second proj &'/%gﬁ

extends a?erally in the other sense relative to the main body. in 0

embodiment the first projecting part extéhds laterally outwardly relative to

the respective edge of the main body, and the second projecting part

extends laterally inwardly relative to the respective edge of the main
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emhodiment B%ﬁi%ﬂﬁﬁghe first and second projecting parts comprise

an arcuate section. In‘one embodiment the first and second projecting

parts extend rearwardly of the main body. In a yet further embodiment the
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open section E%% a width of about 0.5 mm to about 0.6 mm. Preferably,

th® 558&%8“% has a width of about 0.5 mm or about 0.6 mm. In one

embodiment the open section comprises a substantially U-shaped

segfions 1 stillfysies Sipkedingatb theritachnaahelpmants gash and second

comprise a bead. Preferably, the bead has a width of about 0.5 mm t%V i
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laterally in the other sense relative to the main body.
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In one embodiment the first projecting part extends laterally outwardly
relative to the respective edge of the main body, and the second projecting
part extends laterally inwardly relative to the respective edge of the main
body.

Preferably, the second projecting part returns inwardiy a distance of about
0.5 mm.

In one embodiment one or both of the first and second projecting parts
comprise a substantially straight section.

In another embodiment one or both of the first and second projecting parts

comprise an arcuate section.

In one embodiment the first and second projecting parts extend rearwardly

of the main body.

In a yet further embodiment the attachment elements each comprise an

open section.



In one embodiment the printing screen comprises first and second pairs of
opposed attachment elements, In a further aspect the present invention
provides an electroformed printing screen, comprising a main body
including a pattern of printing apertures through which a printing medium

Pigfiaise RABted ANt &l dpAshoRaRath Jralirsipennlem eBS AApROSEd
edges of the main body, wherein the attachment elements each include a
projecting part which extends laterally outwardly relative to the respective

PrederabltHberchebedytinnhag afwiqitant alsfinkd. Syrthreanabrobib6y6 antt.
along only part of a length of the respective edge of the main body. In a

| yet further aspect the present invention provides an electroformed printing
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sepiongh which a printing medium is in use printed, and at least 12 one
pair of attachment elements at opposed edges of the main body, wherein
the attachment elements each comprise a bead which extends qut of a
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respective edge of the main body. Preferred embodiments of the present

PiEkaataN Ml BewdbeadesciBerohsrRinPelgwmhy wayLet £xaEmie, only with

reference to the accompanying drawings, in which: Figure 1 illustrates a

representative prior art electroforming system; Figure 2 illustrates a
P radeiebl s dbgobaidibas(alwridtisexftarolt i Figuneot pltbrduyh then.
electroforming bath of the electroforming system of Figure 1; Figure 3

illustrates a sectional view (along section Il-1l in Figure 2) of the mandrel
mo‘??ﬁeeg?g&?%‘?’ﬂ’%ﬂbe&m%qg@ﬁg ﬁ?ﬁ@%%%%%strates a sectional

view (along section IlI-Il in Figure 2) of the mandrel of the electroforming
InSY#E e RolgiMi i HRETSIRGHIe 8eRTIRRGprises first and second pairs of

opposed attachment elements.

In & further aspect the present invention provides an electroformed printing
screen, comprising & main body including a pattern of printing apertures through
which a printing medium is in use printed, and at least one pair of attachment
elements at opposed edges of the main body, wherein the attachment elements
each include a projecting pari which extends laterally outwardly relative to the
respective edge of the main body and out of a plane defined by the main body
and aiong only part of a tength of the respective edge of the main body.

in a yet further aspect the present invention provides an electroformed printing
screen, comprising a main body including a pattern of printing apertures through
which a printing medium is in use printed, and at least



screen electroformed thereon; Figure 5 illustrates a sectional view (along
section II-11 in Figure 2) of the mandrel of the electroforming system of
Figure 1, where the aperture- deflnlﬂg and bounding elements are
removed from the deposition surface of the mandrel following formation of

the pri reen F| ure 6, |IIu trates a |onal along section
o e ) iR TR GPHRS B G ey B of Bigtaetein
thmm&mmwwemedamlmmm@bsadmﬁved etoribe depesiigilane
f the mandre ure 7 illustrates an e ctrofor in em in
' defir%éécdgr%gnce With 2 grs‘% e gb 8‘%e9nt (ﬁfh@ ﬁt lﬁOSEﬁ&% i%ﬁjrespechve
ed@006/043040ROTYGB20051004016 13 Flgure 8 illustrates a vertical
sectional view (along section IlI-1ll in Figure 7) through the electroforming

bath of the electroforming system of Figure 7; Figure 9 illustrates a

Prefectisha¢viead{aientssedtidhel Volid sefigimessitiohonell edger seetiotest titsed
f h c f Y [ Figure 10 illustrates a

o e b <SG e s 4 o p g ving
draﬁ\é@ﬁ@n@dﬂh@mandrel of the electroformlng system of Figure 7; Figure

11 illustrates a plan view (region A in Figure 8) of one of the corner

sections of the mandrel of the electroforming system of Figure 7; Figure
Figupeill lvateaiosse caorRE eali(aIOfg SatiRR IO IMPgeYSENOf one of

the corner sections of the mandrel of the electroforming system of Figure
7, F% ure 13 illustrates a sectional view (along section V-V in Figure 8) of

f

Figgre ofitlistErige seoiisa) aachivasdrarsy theleneceemsionng sistEiause 1)
thr UG ehel NARBISTARI sk A RSIHBEREBBIL IR ARG XHABRE Wil first.

embodiment
Figure 3 illustrates a sectional view (aiong section H-ll in Figure 2) of the
mandrel of the eiectroforming system of Figure 1;

Figure 4 illustrates a sectional view (along section Ii-lIl in Figure 2) of the
mandrel of the electroforming system of Figure 1, where inciuding a priﬁting
screen electroformed thereon;

Figure 5 iliustrates a sectional view (along section li-Il in Figure 2) of the
mandrel of the electroforming system of Figure 1, where the aperture-defining
and bounding elements are removed from the deposition surface of the

mandre} following formation of the printing screen;

Figure 8 illustrates a sectional view (along section 1I-lf in Figure 2) of the
mandrel of the electroforming system of Figure 1, where the electroformed

prinfing screen is removed from the deposition surface of the mandrel:

Figure 7 illustrates an electroforming system in accordance with a first
embodiment of the present invention;



of the present invention electroformed thereon; Figure 14 illustrates a
sectional view (along section VI-VI in Figure 11) of one of the corner

Wsectior;4s 8f9the mandrel of the electroforming system of Figayé%é g\éhgggm(
ﬁ%éﬂ%’l‘né A printing screen in accordanig with a first embodir ii;ofjtﬁ >

Imen e
present invention electroformed thereon; Figure 15 illustrates an

attachment element formed at one edge of the printing screen in
aGanuckaBcd usittathe firseantbbaarienaf rywiekere saveaticliivikia Figure 7)

| in @ Lepreseiative frame mepbes ok a gwRindsfamie: Whgure 7;
2006/043049 PCT/G12005/004016 14 Figure 16 illustrates a sectional

view (along section IV-1V in Figure 8) of one edge section of a mandrel as
ongynediigatianebihe eleeipiorming syrieq setfrgure-IvHiguigdré 8) of one
illustrates a sectignal view (along, section, V-V in Figur of 0 .

o S ToCor (T o lente et st 7
electroforming system of Figure 7; Figure 18 illustrates a plan view (region

Amgﬁi&ui% A eleneofihecamer venlioas phthedmandrelahtire,0Re 8) of one
modification of the electroforming system of Figure 7; I,:‘gure 19 illustrates

a Sb&iGnaFREF EAB RPESERIBPUMA MG 21)0F Gt BPieBLmarystem of
se@tions pf the mandrel of the one modification of the electroforming

system of Figure 7; Figure 20 illustrates a sectional view (along section

V-V in Figure 8) of one of the edge sections of the mandrel of the one
mé&iificatioh idtfieatse arefemiifty'sissipnofFiguie wanhe Rl ifcRi@hEg corner

Prioging S616eMIN nagsardrpee withearseransd iniedinest efdhrepresent
invention
Figure 12 illustrates a sectional view (along section VI-VI in Figure 11) of
one of the corner sections of the mandrel of the electroforming system of
Figure 7,

Figure 13 illustrates a sectional view (along section V-V in Figure 8) of one
of the edge sections of the mandrel of the electroforming system of Figure
7, where including a printing screen in accordance with a first embodiment

of the present invention electroformed thereon;

Figure 14 illustrates a sectional view {(along section VI-VI in Figure 11) of
one of the corner sections of the mandrel of the electroforming system of
Figure 7, where including a printing screen in accordance with a first

embodiment of the present invention electroformed thereon;

Figure 15 illustrates an attachment element formed at one edge of the
printing screen in accordance with the first embodiment of the present
invention where located in a representative frame member of a mounting

frame;



electr_ofor_med thereon; Figure 21 illustrates a sectional view (along section
VI-VI in Figure 11) of one of the corner sections of the mandrel of the one

odification of the electroforming system of Fi 7, wh i '
Wg]zﬁ 6/043049 . g Sy of Figure 7, where ineludi ;
printing screen in accordance with a second embodiment gﬁ@&%&@%&““

invention electroformed thereon; Figuté 22 illustrates an attachment
element formed at one edge of the printing screen in accordance with the

frj %@% fg‘ﬁ&q%é% egérfg%ﬁéfmewgm@ yehermlogatedrireagure 8) of one
e .
TS 05/ 06 40 T E B B S AT RO S oS e PAE Systerr

_ /604 a sectional view (along
S@pp_;gmy-w in Figure 8) of one edge section of a mandrel as another
modification of the electroforming system of Figure 7; Figure 24 illustrates
a sectional view (along section V-V in Figure 8) of one of the other egge .

of one

sEigtionsot thestarrsrel e Bth i HoHMRARCHEH Bk Vel & ST8ih
systens ofhiguie: ée Figure 25 Blustrates:aptan vieth éregionotiiffigtion 8)f the

of one of the corner. sectiops of the mandrel of the other modification of
teesiERtRSToIRAmY S§§Efe‘?‘ﬁ of Figure 7; Figure 26 illustrates a sectional

view (along section VI-VI in Figure 11) of one of the corner sections of the

g}_a lléltg gl %jﬂ%&%@é@g difigatan,of thgisplectialergung sygeanef sfiguee corner
, Figure Ilustrates a sectional view (along section V-V in Figure 8) of

ohec ey SERA of HE ARERER S RO ESEOH ol Yo
e@cf;r%@f_gxénqug system of Figure 7, where including a printing screen in

Figure 19 illustrates a sectional view (along section VI-VI in Figure 11) of
one of the corner sections of the mandrel of the one modification of the

alectroforming system of Figure 7;

Figure 20 iliustrates a sectional view (along section V-V in Figure 8) of one
of the edge sections of the mandrel of the one modification of the
electroforming svstem of Figure 7, where including a printing screen in
accordance with a second embodiment of the present invention

electroformed thereon;

Figure 21 illustrates a sectional view (along section VI-VI in Figure 11) of
one of the corner sections of the mandrel of the one modification of the
electroforming system of Figure 7, where including a printing screen in
accordance with a second embodiment of the present invention

glectroformed thereon;

Figure 22 ilustrates an attachment element formed at one edge of the
printing screen in accordance with the second embodiment of the present
invention where located in a representative frame member of & mounting

frame;



accordance with a third embodiment of the present invention
electroformed thereon; Figure 28 illustrates a sectional view (along

sectlon VI VI in Figure 11) of one of the corner sections of tr& andre I f
W 2006043049 ;/ 52005004016
thé other modification of the electroforming system of Flgure

including a printing screen in accordante with a third embodiment of the
present invention electroformed thereon; Figure 29 illustrates an

atgachroery glementiomen as one, RIeNE e PEINGSHRER Mure 8) of one

accordance with the third embodiment of the present mventlonm%ere

loBER fF & ASpreSeéntatRRENRS nieRibEF dT‘é’%%ﬁﬁ‘-tﬁ‘ib fakis; @estroforming
209604304981 RGE/EB2005/004016 16 Figure 30 illustrates an
electroforming system in accordance with a second embodiment of the
present invention; Figure 31 illustrates a vertical sectional view (along

sdutione\VARVIIUsEFRitRFed 36Y HNRigh ake (@letgoseatiiiy Yathioffilgre 8) of one

elggtggg)gm@g B¥Rlena Qi foigurs: 80 Fige 82 MHusiales PR ton of the
ion B in Figure 31) of ane of the corner sections of the mandrel of the

eI@ %?BFﬁﬁmﬁ‘Qy%YéFﬁ@f ¥igiFE"S0! Figure 33 illustrates a sectional view

(along section VIII-VIII in Figure 32) of one of the edge sections of the

Bnlel OLUe slesialyming syeiem ol ok 30501046 A JUSURER 2omer

secﬁonal view (alon SGCPOH IX ure one o e corner

sextiginnef qﬁethmnmm@fqh@%lémrd#mﬁfn@ gylfiention m@m@es@,lﬁg@f@rmmg
35|lushatgs-aygectianal view (along section VIII-VIIlin Figure 32) of

Figure 26 illustrates a sectiona! view (along section VI-VI in Figure 11} of
one of the corner sections of the mandrel of the other modification of the

electroforming system of Figure 7;

Figure 27 illustrates a sectional view (along section V-V in Figure 8) of one
of the edge sections of the mandrel of the other modification of the
electroforming system of Figure 7, where including a printing screen in
accordance with a third embodiment of the present invention electroformed

thereon;

Figure 28 illustrates a sectional view (along section VI-VI in Figure 11) of
one of the corner sections of the mandrel of the other modification of the
electroforming system of Figure 7, where including a printing screen in
accordance with a third embodiment of the present invention electroformed

therson;

Figure 29 illustrates an attachment element formed at one edge of the
printing screen in accordance with the third embodiment of the present
invention where located in a representative frame member of a mounting

frame;



one of the edge sections of the mandrel of the electroforming system of
Figure 30, where including a printing screen in accordance with a fourth

embodiment of the present invention electroformed thereon; FTi%greﬂgﬁ 016
WRAHIEEE sectional view (along section IX-IX in Figure 32358 RE BT

corner sections of the mandrel of the eld&roforming system of Figure 30,
where including a printing screen in accordance with a fourth embodiment

Ofﬁ@upée%ﬂhH}\é%ﬂé@na@e&%@é%mﬁ%%r%éﬁ%@%%%E%‘%T{Eﬂ%eé second

an attachment element formed at one e of the printing screen In
acR R aRE R et Bl RTEB B EMNERY of the present invention where

located in a representative frame member of a mounting frame, WO

2 0 17 Figures 7 to 14 illustrat -
e S e VS (el ki ov oyt m Fioure
preSentirRigitidhe ThecETaterafdnehibatbyeidincc siapiiofy o naths 183 mhichFigure
coptains an electrolyte solution 105, a mandrel unit 107 which is disposed

in the bath 103 and onto which a printing screen S is to be electroformed,

an anode unit 109 which is disposed in the bath 103 such as to provide a

sotipeefldridusittienetdbto Wewdpegited Raindrigpesvet Suppiy et 14 corner
e oy : : _
Rl e S

109 and operable to drive an electric curren e el
solution 105, with the negative supply of the power supply unit 111 being

corigeeted 30| thermandrebunikd 4 aivd thR PRSIV SURRIY-AT NG POWEFe 32) of
su&%y unit 1llgli)e|n§ connectgd to the anode unit 109. The electrolyte
solutio

F10688s Bfcay 4 5qBk 0§ ORRMEIWATCH CoRtamMECAOdTEsa¥ptem of

saft gfithesthetal to be deposited, commonly nickel, and levellers

Figure 34 illustrates a sectional view (along section IX-IX in Figure 32) of
one of the corner sections of the mandre! of the electroforming system of
Figure 30C;

Figure 35 itlustrates a sectional view (along section VIII-VIII in Figure 32) of
one of the edge sections of the mandre! of the electroforming system of
Figure 30, where including a printing screen in accordance with a fourth

embodiment of the present invention electroformed thereon;

Figure 36 illustrates a sectional view (along section IX-IX in Figure 32) of
one of the corner sections of the mandrel of the electroforming system of
Figure 30, where including a printing screen in accordance with a fourth
embodiment of the present invention electroformed thereon: and

Figure 37 Hlustrates an attachment element formed at one edge of the
printing screen in accordance with the fourth embodiment of the present

invention where located in a representative frame member of a mounting
frame,



which provigle for control of the hardness of the deposited metal. The
mandrel unit 107 comprises a mandrel 115 onto which the printing screen

is to be electroformed, a supporting member 117, in this e diment
WQ 2006/
?u’pﬁ%?ﬁ“& bar for supporting the mandrel 115 in the bath Eé%%é" 05/”94016
providing an electrical connection thet€with, and an interconnecting
member 118 for mechanically and electrically interconnecting the mandrel

ae fo.the. supparting memberckiiorb ReiRprdset Al m carmprisasca flath a first

mandrel plate 119 which includes first and second
%@Mt@l?fﬁlfg&% RERSR BPMEIHRks 121, 125, where one major

surface 121 is a deposition surface onto which metal is deposited to form

%h rlntlr%-g screen S, r5r$§51%‘rel qigr%ggt%%d in gleles detpil herginbelowaiRs  an

odlment ate 119 comprises a substantially

mettangwﬁarsmblﬁaoﬁlé@ﬁmtﬁc‘ﬁ‘ﬁﬁtﬂﬂ%ﬂeé‘?ﬁsﬁ@fdﬂ?ﬁﬁ%%&%’ﬁéﬁ? SRafffit bath
V2 200Q/A43049RG Bk@&%@ow@é@@fsﬁmﬁ%@dwﬁmammw unit

and first to fourth corner secti er h

eORn& TR P ELERESE S §Pﬁ1§ae% i sedll gﬁs ?Lég? il l{,?%%g@gg%&gﬁlonns of
the edgmptsl @@r@mmmmmmaa;qmwamemt 4 Ebrwinighuis electrically
peripheral seclon Refgringnerioylany BRI I e gidhie to
edge Séctions a-d comprises a first, inclined surface 131 whic

inca Uy SHTSRHERYG HORAN PEGSLUR BB 5, Swien the

depesilion swfaseck2insughaeto sextsindwatianiatuseiangleotirezefecint@ the

second, out f 133 which
A SHRACL T 3 BN A BIANon) pEsy o FaTa o the L beins

deposition surtaeesbhdiicaitkitrd Ofeturn surface 135 which extends inwardly
from the lower end of the outer surface

The electrolyte solution 105 is typically an agueous solution which contains a
dissolved salt of the metal to be deposited, commonly nickel, and levellers

which provide for control of the hardness of the deposited metal.

The mandrel unit 107 comprises a mandrel 115 onto which the printing
screen S is to be electroformed, a supporting member 117, in this
embodiment a supporting bar, for supporting the mandrel 115 in the bath
103 and providing an electrical connection therewith, and an interconnecting
member 118 for mechanically and electrically interconnecting the mandre!

115 to the supporting member 117.

The mandre! 115 comprises a flat metal mandrel plate 119 which inciudes
first and second oppositely-directed fiat, major surfaces 121, 125, where
one major surface 121 is a deposition surface onfo which metal is deposited
to form the printing screen S, as will be described in more detail

hereinbalow

In this embodiment the mandrel plate 119 comprises a substantially

rectangutar metal plate which includes first to fourth substantially straight



133 in a direction substantially parallel to the deposition surface 121, and
a fourth, recessed surface 137 which extends from the inner end of the

rface 135 to the other major surface 125 in a direg;'tof} 005/004016
wﬁ%ﬁ?&ﬁ%{ﬁ perpendicular to the deposition surface 121. As Wi(I;IBbe

described in more detail hereinbelow,1the inclined and outer ;urfaces
131, 133 remain exposed to receive metal deposit, resulting in the

loufeatiyef seanwatdly 2ach Auwardly epenaingRiiacuinem clements E,
of.the ilagctrqef)ormed %n%tlng screen S. The mandrel 115 further

SERBHEES SRzl BF GRS PE dherarasdefiflifyslementsiany 127a-
inh. thiis ehibeditnedifamet obrigistrdisposed sacthendepositipnswiagedefine

szgnmtﬁgisg_irﬁgépglssg%m%geposition surface 121 onto which metal

is not to be deposited, with these elements 141 corresponding to the
apertures to be formed in the printing screen S, in this embodiment

mmﬁngw@pmw@séhmwrwbi@@g %@6%@ pfe@c% ieﬁ:ﬂﬂe @857&1 %%B?uér’t% 272~
1] Referring, particularly to Eigures_ 9 and 10, the mandre u
O e e B cOaR e gk i S B Rgaly anc

epaboartentformiee obsosisivaidheeat thshislddbigicetenfand necgessed as to
i f sections 127a-d, ,

e st S e LRSI R g i

SE?F%[&%% {711 8% rHe e s &tidhe 107ipadespoise (6 Pdcdiveameizgction

debﬂsihti%ﬂ&er!ﬂﬁgaeatticuiaﬂyt@tlﬁi@ttﬁ@&islt'&‘mj ddrithe r‘i@'iqr%l_%ljéd, return
e et ar R iR ST e S0t B bt meatace
d6rhét Sediigetionoabdianithithaads o dic ishecibipediooly anthe: 121, and 2
soRsANHRIbLSHQIGN8998 37 which extends from the inner end of the return
surface 135 to the other major surface 125 in a direction substantially
perpendicular to the deposition surface 121. As will be described in more
detall hereinbelow, the inclined and outer surfaces 131, 133 remain exposed
to receive metal deposit, resulting in the formation of rearwardly and
outwardly depending attachment elements E of the electroformed printing
screen S.

The mandrel 115 further comprises a plurality of non-conductive aperture-
defining elements 141, in this embodiment formed of resist, disposed on the
deposition surface 121 which shield regions of the deposition surface 121
ontc which metal is not to be deposited, with these elements 141
corresponding to the apertures to be formed in the printing screen S, in this
embodiment printing apertures through which a pattern of a printing
medium is to be printed.

Referring particularly to Figures 9 and 10, the mandrel 115 further
comprises first to fourth non-conductive edge elements 143a-d, in this
embodiment formed of resist, which each shield the return and recessed

surfaces 135, 137 of a respective one of the edge sections 127a-d, leaving



sections 127a-d. Referring particularly to Figures 10 and 12, the mandrel
115 further comprises a non-conductive surface-covering element 147, in

IS odiment formed of resist, which shields the other maj a
W Zzggofmt Oéqmandrel plate 119, such as to prevent the deporsﬁﬁii)%g?l{rélaeﬁg‘tgm

thereon. Referring particularly to Figlige 9, the mandrel unit 107 further
comprises a non-conductive surface-covering element 149, in this

(fmhadiment formed of: resishowhicinshields the interconpectiagmembera-d
118, such as to prevent the deposition of metal thereon, The anode unit

PP LRANSHERL BT PR BFRRPES1, in this embodiment of the same
rectangular shape as the mandrel 115, which is formed of the metal to be

deposited as the printi , and ti in thi
R et 4 S RERr I o TE oo ch e e o gte] s ey ftner
deattpisssamd providingtan etecticaldonsttor fharslwith IR sp&ThRtiment

Bmbogimentdhe depesitionsuirce Riabheinaodieplate ddhandilgons

anode plate 151 are disposed in opposed, parallel rejation at .
AT SRR SAEERT e bR i G 10 srafant edae
qacttiatedito7drde an electric current through the electrolyte solution 105
between the mandrel unit 107 and the anode unit 109. This current

causes metal ions to migrate from the anode plate 151 to the exposed
Refitatieg opaisicriattretpldtoass at Whidls WS 20b6/0a304ge! 115 further

é%f?tn:]ﬂﬁé.%%ooét(o%ﬁlf@or?&;lezﬁfesed@bw&@c\e(&vm{gs, the-exposad yegions this
of the deposition surface 121 a ,tge X se%incli ed and outer
SR 288 (3G e g SRS o RS e AP HeR58 225 o
the metalrduilding Lstheghinting screemt Sty cemtsitied depositotheneon.
the mandrel plate 119.

Referring particularly to Figure 9, the mandrel unit 107 further comprises &
non-conductive surface-covering element 149, in this embodiment formed of
resist, which shields the interconnecting member 118, such as to prevent
the deposition of metal thereon.

The anode unit 109 comprises an anode plate 151, in this embodiment of
the same rectangular shape as the mandrel 115, which is formed of the
metal to be deposited as the printing screen S, and a supporting member
153, in this embodiment a supporting bar, for supporting the anode plate
151 in the bath 103 and providing an electrical connection therewith,

in a preferred embodiment the deposition surface 121 of the mandrel plate
119 and the anode plate 151 are disposed in opposed, parallel relation at a
predetermined spacing.

in operation, the power supply unit 111 is actuated to drive an electric
current through the electrolyte solution 105 between the mandrel unit 107
and the anode unit 109. This current causes metal ions to migrate from the

anode plate 151 to the exposed surfaces of the mandrel plate 119, at which



This process is allowed to continue until a deposit of the required
thickness, which constitutes the printing screen S, has been built up on

Wt gog%g%&%l 115,. as |Ilgstrated in Figures 13 and 14, at Whlip%[f&%&:t’}ga 016
power supply unit 111 is de-actuated and the mandrel unit 107 remove

from the bath 103. Figures 13 and 14 #Ristrate a printing screen S in
accordance with a first embodiment of the present invention, which
inglydespdiasamantieienente Eatdhedespintivobtiyes therditenTigface 121
non-conductive elements 0, JBactl 147, 149268 thenkdge sections
réﬁ%\}:@&, %ﬂ%gegerﬁggg%r%ént d;—/%s%g%‘zgfugt e resis_t,'l_eaving the pr_ing%jn%
saizzm &. theempataing ke deRPY e B S HERPIHE i BrEI NS screen

agdmé/f%ﬂﬂmge‘él%@EJSQHW%%%@OW@gﬂmeli:ﬂﬂl.lstrates the location
of th

attachment element E formed at one edge of the printing screen S
in a representative frame member of a mounting frame. Figures 16 to 21
ilysisate Jregmantdywies abatinandsokiinitdaroal ehé&henpuiidafbEnéTkness,

the first-described odi T. r i [ ' bndrel
o S ra B o A o ars ot s
oy in e ibostigiegion GioHiBSeddeland Korr WEURRROYS7HIR, ADKELSUPPYY
of fhe Mmandeebalaterda& dnatis wrbadimest aath i Thesdyeddotionshe bath
127a-d comprises _a first,, outer surface iC r ;
redPéctiFedkige il)F’tl’zi'@%épogﬁfgnr%azéggf&%é}gégg}glg%%%%%&c&(\%V th
2 Insstrfaneddinneadinfctibe sphesantialiveshrndivliathisdisies attachment
segand. (W sylae.16ENbishgdengkaigwardly and reanvardy from

n
the %mer end of the outer surface 153, and a third, recessed surface 157
which

The non-conductive elements 141, 143a-d, 145a-d, 147, 149 are then
removed, in this embodiment by stripping the resist, ieaving the printing

screen S.

The printing screen S is then separated from the mandrel 115, and,

following cleaning, is ready for use.

Figure 15 ilfustrates the location of the attachment element E formed at one
edge of the printing screen S in a representative frame member of a

mounting frame.

Figures 16 to 21 illustrate fragmentary views of a mandrel unit 107 as one

modification of the first-described embodiment.

The mandrel unit 107 of this embodiment is very similar to that of the
above-described first embodiment, and differs only in the configuration of
the edge and corner secticns 127a-d, 129a-d of the mandrel plate 119,

In this embodément each of the edge sections 127a-d comprises a first,

outer surface 153 which extends from the respective edge of the deposition



extends from the inner end of the return surface 155 to the other major
surface 125 in a direction substantially perpendicular to the deposition

surface 121. As will be described in more detail hereinbelow, the outer
VROV surfaces 153, 155 remain exposed to receive mfétfgf%%%}gss/ﬂ?mm

resulting in rearwardly and inwardly exténding attachment elements E of
the electroformed printing screen S. In this embodiment the first to fourth

z%ﬂi%?@d@tiv%f@%@lﬁi’?ﬁ?t%éfﬁ%ﬁiﬁ@crbél‘ﬁb@dcﬁaaimceﬁée&@pr;ﬁaeecond,
57 of a respective one of the e sections 127a-d, leaving the out
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, such that deposit is received only on the substantiallg stéaigat .
1§ \’ea aposﬁ:!on

etlgdasectibhs 1P78-FIRIHR e HRIRNERA Yhe FERFALEHEEE
thus#he attachmentielesantsibef tve iprinting: salcerrSn haleva thteralter and

projection p.in a plane allel to.t itjo f i
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piojectimmprahd thadesnwardhiasetending relifASuratE Bemsidshhs of the

t_*’@.@g&%m‘?éﬁ gﬁmssgr@gmg_ printing screen S, the resilience, albeit
limited, of the printing screen S allows the printing screen S to be

released from the mandrel 115. In operation, the power supply unit 111 is
achuateddm deveramelgairitrst uréntithrouyh- toe dletivelyrdgoRigorenos 14 3a-d

between the mandrel Uit 107, and the,apode unit 109, Hhig GEENr the edge

eac i
c&0Ses Metal i6ns to migrate from the anode plate 151 to the exlg)ose

d
sudatiensof BT ranerei takBel 99te al dIRtesp SsEtRSEFrdces, that &, T edae

expeseH se9i9asol fhe depesitansuriaceal 2kpasi.the outer and return
surfaces 153, 155 of the edge sections 127a-d, the WO 2006/043049

PCTJGB2005/004016
In this embodiment the non-conductive corner elements 145a-d each shield

a respective one of the corner sections 12%a-d, such that deposit is received

only on the substantially straight edge sections 127a-d.

In this embodiment the return surfaces 155, and thus the attachment
elements E of the printing screen S, have a lateral projection p in a piane
paraliel to the deposition surface 121 of about 0.5 mm. As a consequence
of the relatively small extent of the lateral projection p and the rearward
taper of the return surface 155, and thus the attachment giements E of the
printing screen S, the resilience, albeit limited, of the printing screen S

allows the printing screen S to be released from the mandrel 115,

In operation, the power supply unit 111 is actuated to drive an electric
current through the electrolyte solution 105 between the mandrel unit 107
and the anode unit 109, This current causes metal fons to migrate from the
anode plate 151 to the exposed surfaces of the mandrel plate 119, at which
exposed surfaces, that is, the exposed regions of the deposition surface 121
and the outer and return surfaces 153, 155 of the edge sections 127a-d, the



22 metal ions deposit as the metal, building up the printing screen S by
continued deposition on the mandrel plate 119. This process is allowed to

%o%l@g:iemﬂgtll a deposit of the required thickness, which co (?Ial 2&)4016

INg'screen 5, has been built up on the mandrel 115, as|
Flgures 20 and 21, at which point the pdiver supply unit 111 is
de-actuated and the mandrel unit 107 removed from the bath 103.

Figurss 20angepldllusieate,a nriaiag $618en § paceerdaneangtisereen S by

second embodiment of the present |nve tlon i\éuch includes attachment
eRIAERKSE %‘f?ﬁé‘?@éb@@tﬁi/’eeéﬂaggrﬂ 5% $hé non-conductive elements
141, 143a-d, 145a-d, 147 are then removed in this embodiment by

Stﬂlnlgl ocpee reg 150 Vdn%tggrﬁlﬂlm@grﬁﬁr%eaegoglba%la@ﬂ@%&Gﬁ%‘%ﬂtﬁi@mess,

then 8 ara from the mandrel 115, and, following ceanlng is ready for
s PR TGS AR PIRHIBERTRET the ARBAFRERIEHERE Fofmanare
aygmre é%d%&frm@cpﬁhﬁltmg@@@ansamazep@semmemam&mmnwosfupply

;ﬁgﬂﬁ %n%%ilg gs %Bt 28 |Ilus(1j'ra§fe fra\% tegn gg@ AfBn the bath

|ca ion 0 rs descrl
erbadifipntsTBE madd2él iihisttoteot thisnsimbodiraent & wegﬁgrrﬁqiame with a

that of the, abave-described first embadimemnyand dies oniviBdbeattachment

comgguratlon of the edge and corner sections 127a-d, 129a-d of the
meleanenpiaiet £De IFeENE BB SRRTSHTEAEA of the edge sections 127a-d
comprises a first, hook surface 163, here of arcuate shape, which

extends outwardly and rearwayrd| 0] e re iV
et TBR- oL étfflee%@?e urr§1(§L ?hvr\%? dly ai%%éafhzld&@ %ea %%%tfgrqn oved,
spacedsrearnatithefroby and peiemtpdrasillyieaiing taspedtvieedgesn S

the deposition surface 121, a second, inclined

The printing screen S is then separated from the mandrel 115, and,

following cleaning, is ready for use.

Figure 22 iliustrates the location of the attachment element E formed at one

edge of the printing screen S in a representative frame member of a

mounting frame,

Figures 23 to 28 ilfustrate fragmentary views of & mandrel unit 107 as

another modification of the first-described embodiment.

The mandrel unit 107 of this embodiment is very similar to that of the
above-described first embodiment, and differs only in the configuration of

the edge and corner sections 127a-d, 129a-d of the mandre! plate 119.

In this embodiment each of the edge sections 127a-d comprises a first, hook
surface 163, here of arcuate shape, which extends outwardly and rearwardly
from the respective edge of the deposition surface 121 and returns inwardly
and rearwardly to a location spaced rearwardly from and jaterally inwardly

of the respective edge of the deposition surface 121, a second, inclined



WO 2006/043049 PCT/GB20051004016 23 surface 165 which extends
inwardly and rearwardly from the rear, distal end of the hook surface 163,

wi 0‘?/6@59 recessed surface 167 which extends from the %‘?E;%%%&Ih%

incli neé surface 165 to the other major swface 125 in a direction
substantially perpendicular to the deposition surface 121. As will be
described in more detail hereinbelow, major regions of the hook surfaces

16FvtAsin Sxptibien S FERRe! Rkt biepodif raviAly i rwaheyear, distal end
direstedchoakshagedattachraeat elements&aidbe Bzrm%é PLEHNGhich extends

screen In this emb d| nt the flrst tof rth non-conductive edge

eleien}%ﬁéa 80 €3 eacfis ﬁ'\oe a regPo%ﬁjoWﬁP@%?s {{]‘% &H&@%kmagor surface
surfate 163 ditddtien isuissandiad yepessodisuifaces 165 depbsitian surface 121.
respeciiye 9@%@&&%@@9& SRrions 12 fasthilaaying mﬁﬁat%ﬂfﬁe@%g&%sf&#‘%he hook

hook surfaces 163 of the edge sections 127a d expose ive meta

depIEREFAIHIE LRATDRMENP AR HSR-CRARI R 1VE B AR TEsd ting dndnwardly -

eachisield, adespacivedosaaitihreaorienraaionoi 2Aa-fhsHel Hiiting screen
depgsit is received only on the substantially straight edge sections

127a-d. In this embodiment the exposed regions of the hook surfaces 163,
and thus the attachment elements E of the printing screen S, have a

lateral gpoiertiowHimisha m@wwfa"@mme&ﬁe&%&m;%r&%léérﬂénts 143a-d

abo%% g As a conse uence of the relatlve%small extent of the
latePA B %naprgr%lot’ﬁe A digahFvidBr el aERSen dbmeand the
hookslitated63 cardsthtiss thiaattadtBericieoteatsdspidhepningr the edge

scragiarbg s9aliencenlaehdynited, ShUg RHNng SCLopR 2 AINE IR e eqge

printing screen 'S to'be he mandrél i operation;,

POWRSICEIRBP Iy 4t 4 BRROaetlIERC R E6 MRvEA  clepaRit-

In this embodiment the non-conductive corner elements 145a-d each shield
a respective one of the corner sections 12%a-d, such that depesit is received
only on the substantially straight edge sections 127a-d.

In this 'embodiment the exposed regions of the hook surfaces 163, and thus
the attachment elements E of the printing screen S, have a lateral projection
p In a plane parallel to the deposition surface 121 of about 0.5 mm. As a
consequence of the relatively smail extent of the lateral projection p and the
rearward and inward arcuate extension of the hook surface 163, and thus
the attachment elements E of the printing screen S, the resiiience, albeit

limited, of the printing screen S allows the printing screen S to be released
from the mandrel 115,

In operation, the power supply unit 111 is actuated to drive an electric
current through the electrolyte solution 105 between the mandrel unit 107
and the anode unit 109. This current causes metal ions to migrate from the
anode plate 151 to the exposed surfaces of the mandre! plate 1192, at which

exposed surfaces, that is, the exposed regions of the deposition surface 121



current through the electrolyte solution 105 between the mandrel unit 107
and the anode unit 109. This current causes metal ions to migrate from

“Jggﬂ&%ggﬁgolate 151 to the exposed surfaces of the mandrqjcpll;gﬁz%&g%%l 6

which exposed surfaces, that is, the exposed regions of the deposition
surface 121 WO 2006/043049 PCT/GB2605/004016 24 and the exposed
regions of the hook surface 163 of the edge sections 127a- d, the metal

iopsdeposit ass e raatals Risilgiagdp the FHRENCESCHE @RS Ay Cepbiniueg 127a-
deposition on the mandre| plate 119. Th svﬁ!rﬁocess is ayowed_t .continue

(AR HEPEE! H11he REGaIFeRF e S TRSE LR BSneR i Es THE ThmaRGeen S o
sereamSebakbesitiduittuhemthednainadesk £15, as illustrated in Figures

27 and 28, at which point the power supply unit 111 is de-actuated and

the mandrel unit 107 removed from the bath 103. Figures 27 and 28
iI05iFaREQFBFIG IKeHEErTS FRRBRHRIMAEE it RPSIRY ERfobRMAMERE SHiRENesS:
PrRsRH inyestiioreyvhich jarludesaiteshrgertaelementsRaiihen the mandrel

respective edges thereof..The nonsconductjve elements 141, 143a-
a1 0 S TSR i b By S pbiner e i Pl
leawinglthie jsridtrarsontesh S1dTHephvityecissh Bis trercsggartred the bath

fr%stheg@%';lgg%ﬁa‘%oa@%, ifielleving £leaningg isdeady $ousechigrR2Yith a

illustrates the location of the attachment element E formed at one edge of
thEBRntITE RRIEBANS iRfa FRRré¥EsERvd AR Me BT bf 'Qcmaﬁﬁtiﬁ achment
franaen &igeresSthtoraplugiratedaeelgriretoiming system in accordance

with a second embodiment of the present invention. The electroforming
system comprises a bath 203 which contains an electrolyte solution 205,

a firemn dveet 1ot @O ivehiele i atispdsBY indBe-Bath45a-d, 147 are then removed,

in this embodiment by stripping the resist, leaving the printing screen 5.

The printing screen S Is then separated from the mandrel 115, and,

following cleaning, is ready for use.

Figure 29 illustrates the ifocation of the attachment element E formed &t one
edge of the printing screen S in a representative frame member of a

mounting frame.

Figures 30 to 36 iliustrate an eiectroforming system in accordance with a

second embodiment of the present invention.

The electroforming system comprises a bath 203 which contains an
electrolyte solution 205, a mandrel unit 207 which is disposed in the bath
203 and onto which a printing screen S is to be electroformed, an anode unit
209 which is disposed in the bath 203 such as to provide a source of fons of
the meta! to be deposited, and a power supply unit 211 which is electrically
connected to the mandrel unit 207 and the anode unit 209 and operable to
drive an electric current through the electrolyte solution 205, with the
negative supply of the power supply unit 211 being connected to the



203 and onto which a printing screen S is to be electroformed, an anode
unit 209 which is disposed in the bath 203 such as to provide a source of
Wio%s ofMthEgmetal to be deposited, and a power supply unit 2(]:.%f¥;vhich i}s‘m ‘
&ec?ﬁ’ca?fy connected to the mandrel unit 207 and the anode Uit 209 S
operable to drive an electric current théugh the electrolyte solution 205,
with the negative supply of the power supply unit 211 being connected to
tr}%é’é(&’réoéﬁ{toéé‘é’%%’ G{Ef%%g@é/ 9969%0?@’1@%@@[@4 dDBRP (ARGE being
ply

positive supply of the power_Slépé)ly unit 211 being connected to the
afe08&MRDHY Ik EdetNite S8tution 205 is typically an aqueous

solution which contains a dissolved salt of the metal to be deposited,

ly nickel, and| i i tral af .
TS BBLLT b iRt 2 e B i eains 2
ortissehiekl thatpranting rsetabiioshs WaReseAe FORMBASUFBRhgand levellers

MEMPE2b7idB isembadinent ResHRBSstiaharspbsipRaTtingithe
mandrel 215 in the bath 203 and providing an electrical connection

therewith. The mandrel 215 comprises a mandrel plate 219 which includes
firshanehsetend.eppasifelyediedted fiatpraajdresufiees2e IWRRE Wiergrinting

one majot. surface gal is A Qﬁg%sg%bé%iﬁg%%ﬂ%@ﬁh%mﬁ%ﬁ embodiment

desbcg{gﬁe to form the prinfing screen S, as will be described in more

detaitrpelfielonann iois Brmbetimentthe PRI ikte P18 ohpHsed®s and
flag moetalplate Wih-ncydesdirskte-ieentsubstantially straight edge

sections 227a-d, which each include an elongate channel 228 and
together define the edges of a rectangle, and, as will become more
appesentdeteinalpwohe tatsad extetrof thieferidtifywbigerShelge first and
electroformed, and first 10 fourth corner, sectiens:220ard ych #RABES e major
regsggﬂéeogr?gg b %ggg%%gega;ect%ns J27a-d. e _

surface 221 is a deposition surface onto which metal is deposited to form

the printing screen S, as will be described in more detail hereinbelow.

In this embodiment the mandrel plate 21% comprises a flat metal plate
which includes first to fourth substantially straight edge sections 227a-d,
which each include an elongate channel 228 and together define the edges
of a rectangle, and, as will become more apparent hereinbelow, the lateral
extent of the printing screen $ to be electroformed, and first to fourth corner

sections 229a-d which connect respective ones of the edge sections 227a-d.

Referring particularly to Figures 32 and 33, in this embodiment each of the
channels 228 has a U-shaped section which has a width w of about 0.6 mm
and a depth d of about 0.5 mm, such that‘ the channels 228 are sufficiently
filled by the deposited metal to form attachment elements E. In another
embodiment each of the channels 228 couid have a width w of about 0.5
mrm.  in this embodiment the width w of the channels 228 is such that,
when depositing a printing screen which has a thickness of about 0.25 mm,
the channels 228 are substantially filled to form attachment elements E in

the manner of beads, as will be described In more detall hereinbelow. In



Referring particularly to Figures 32 and 33, in this embodiment each of the
channels 228 has a U-shaped section which has a width w of about 0.6

Og,gg‘ﬁgd_epth d of about 0.5 mm, such that the channel
su%mently filled by the deposited metal to form attachmen?élﬁ%%%gt‘?lg%%ﬁ

another embodiment each of the chan”géls 228 could have a width w of
about 0.5 mm. In this embodiment the width w of the channels 228 is

Slk?%ﬁffg%mmm@ﬂwﬁWHré RIdRtagisereamwaichiama thickaass pérticularly
about 0.25 mm, the els. 228 are substantially filled to for

o B e GhabeTh UE HithranS AR MGl R are ormed as
mope W etithereinbdlova | aLNADRE0B10Y3sAaRCE FASBRO05V004FL e Mg diment

other emhodiments yvbere doRPslingEHBRET PABUNG SCrieeneaIRABICWRAMining
at a thickness of about 0.05 mm, the attachment elements E are formed
aLToPEHYERlGHI HHing a substantially U-shaped section. In this

embodiment the channels 228 are cut into the mandrel plate 219,

WR%%".'%QXJPL%}CQB;B%F?ﬁéheg%ﬁaséghénpgzur%w%@q{%%&u&%@ aperture-

comprises a plurality of non-conductive aperture- defining elements 241

disisfisénionl eiectspokitiorisRprac 22 EVANRIPSRIERN @GS Fahevhich shield
?her@%%'ﬁ'l '§Hi@%ﬁ%&@:%m@gﬁm@@iﬁlnmﬁa}bwmﬁom@@t Wihnot to be
ese elements. correspondin the apertures to be formed in the
et e S e N R
paerneaf anprintngninéidignsdseerbé printditi R efenping particuarying apertures
Figures 32 , rel further . ises first; urth
no%—?oﬁ%uﬁﬁ}%i%g% ?eclgﬂrﬁg?ﬂtg %%Whichﬁgﬁcﬁﬁ §§hi§:d‘§§%é§bn of the
respective edge section 227a-d outside of the rectangle defined by the

chagnelsP8-atthe adge aecticns 2 3ed draving, thechapneleR281at further
th%oenqm%%sse?s(:t%icr)'g? tzozzgl}gtgx 8?%%%%6‘8%32’ ee?geetaelaiements 243a-d which each
shieid a region of the respective edge section 227a-d outside of the
rectangle defined by the channels 228 at the edge sections 227a-d, leaving
the channels 228 at the edge sections 227a-d exposed to receive metal

deposit.

Referring particularly to Figures 32 and 34, the mandrel 215 further
comprises first to fourth non-conductive corner eiements 245a-d, In this
embodiment of arcuate shape, which connect the distal ends of respective
ones of the channels 228 at the edge sections 227a-d. In this embodiment
the corner eiements 245a-d are disposed on the deposition surface 221. As
will be described in more detail hereinbelow, the corner elements 245a-d act

~ to prevent the main body of the formed printing screen S extending beyond
the distal ends of the channels 228 at the edge sections 227a-d.

The mandrel 215 further comprises a non-conductive surface-covering
element 247 which shields the other major surface 225 and the outer edges
of the mandrel piate 219, such as to prevent the deposition of metal

thereon.



deposit. Referring particularly to Figures 32 and 34, the mandrel 215
further comprises first to fourth non-conductive corner elements 245a-d,

in this_embodiment of arcuate shape, which connect the di ?7,.[ oh ‘
4 ) CBANS/00401
w%é‘g@@tfe%4gones of the channels 228 at the edge sections ? éaggi?nﬂ{ ?é!' 1

embodiment the corner elements 245a4d are disposed on the deposition
surface 221. As will be described in more detail hereinbelow, the corner
elements 245a-d act to prevent the main body of the formed printing

Scifeq cufengg DRy okl il oo LR SHRRREIS A28 A1dNEhe cormer

edge sections . The man r comprises a

noReBRateRADuffAE doUBIfity ot I1Epaisht 207 WARtIF YRR IBISTREGTEf3a-d and
Majes sliffce 225vanddheleentedass -eé the duridrehplatendtfh:Hit a%ating,

to prevent_the de ition of metal thereon. WO 2006/043049
P%éé@gﬁﬁfgfy 27 In this embodiment the aperture-defining
elements 241 and the corner elements 245a-d are formed of resist, and

therfdae slaments243akand e surface cavRIINGLIemMent#d /AR reference
provided by a_germanent coating, here of Teflon (RTM). The mandrel 215

furfite ga-fi StiepPsaRIThEPERERdYR RS R REr B SOENSh SR IONS 2282-d,
25QaididisposedraiidapechverenesrefdhencarnéreseptionoRrndphwhicinask in

actio piofide  Ineans ol Ielekence WishposIIanng aLHolg BaSKionors 22

paRgrnt'ﬂ?e aperture-defining eléments _ e channels
at e bhdgedgsc et o2y 247 Inthisleribsdamirndiieaeicien demnentslements

250ashage aangla fidHaRISAENC R defined MO B A ethvR ¥MMaE nnular
elements, here formed of an epoxy resin, disposed in an annular channel

Cute‘ﬁfﬁ%@nWQr@rM Qagn epoxy resin, disposed in an annular channel cut
into the mandre! plate 219.

The anode unit 209 comprises an anode plate 251, in this embodiment of
the same rectangular shape as the mandrel 215, which is formed of the
metal to be deposited as the printing screen S, and a supporting member
253, in this embodiment a supporting bar, for supporting the anode plate
251 in the bath 203 and providing an electrical connection therewith.

In a preferred embodiment the deposition surface 221 of the mandrel plate
219 and the anode plate 251 are disposed in opposed, paraliel relation at a
predetermined spacing.

In operation, the power supply unit 211 is actuated to drive an electric
current through the electrolyte solution 205 between the mandrel unit 207
and the anode unit 209. This current causes metal ions to migrate from the
anode plate 251 to the exposed surfaces of the mandrel plate 219, at which
exposed surfaces, that is, the exposed regions of the deposition surface 221
and the channels 228 at the edge sections 227a-d, the metal lons deposlt as
the metal, building up the printing screen S by the continued deposition on
the mandrel plate 219.



The anode unit 209 comprises an anode plate 251, in this embodiment of
the same rectangular shape as the mandrel 215, which is formed of the
ng]%g Mﬁ. g’deposited as the printing screen S, and a suppq;g{]]g; ﬁc@ﬂ%m
, In this embodiment a supporting hat, for supporting the anode plate
251 in the bath 203 and providing an eléctrical connection therewith. In a
preferred embodiment the deposition surface 221 of the mandrel plate
219 and the anode plate 251 are disposed in opposed, parallel relation at

aTRfS%?WéQE?%da?m@gtdrb@HﬁFﬁF@UnEheapQé\&fs‘wBpk’)héméallﬂ:éa thickness,

actuated to drive an electric current through the electrgl}/‘i‘e solution, 205

betEBCaNS HiHHA Shen RO AREHHE aRo dP SS9 PFHiis 4R PBnt e mandrel
cayuses mesaldensitetraigrateniTBluies d38odeq|de, 281 whrthie exfuséte power
surfaces of th andrel plat ic e is,

B PO et Rl e BB 0T lcl i the
thipedtige0sectiDins =273 e AfethilisiatgepoBtiaknehaGTRARI DifdirgUpance

the, pENtiNg:sGrasn S-pstheenntinpedieposiienoniaaandralmiate includes
219. WO 2006/043049 PC1VvVGB2005/004016 28 This ;l;ocess is allowed

8
toREREMTE RIS HESD St the TERRAAY TRIGREE SUHIEh constitutes the

printing screen S, has been built up on the mandrel plate 219, as

illustrated in Fi a jch pointthe [ -

5 T L e romn T S d are
Fitiueas BETEE6 iNuShienRnsimeatré¥n SMPaRrHmcERIRth deaving the
fourth empedieagns of the present invention, which includes attachment
elements E at the respective edges thereof. The aperture-defining

elements 241 and the corner elements 245a-d are then removed, in this
emtyedipneniry strigping tsethesisseleaigtrpitifeom the mandrel plate 219, and,

following cleaning, is ready for use.

Figure 37 illustrates the location of the attachment element E formed at one
edge of the printing screen S in a representative frame member of a

mounting frame.

Finally, it will be understood that the present invention has been described
in its preferred embodiments and can be meodified in many different ways
without departing from the scope of the invention as defined by the

appended claims,



printing screen S. The printing screen S is then separated from the
mandrel plate 219, and, following cleaning, is ready for use. Figure 37

WH#%%% }pe location of the attachment element E formed %9}7&2&&% 4cafl p

the printing screen S in a representative.frame member of a mounting
frame. Finally, it will be understood that the present invention has been
described in its preferred embodiments and can be modified in many
ditichdMSvays without departing from the scope of the invention as

defined by the appended claims. WO 2006/043049 PCT/GB2005/004016
29 CLAIMS 1. A mandrel for electroforming r,intjna screens, the. mandrel

chmpristhg:BaRdrRire BlatE S UHTHN Rt AT 1 Be GEIEIRd (8 fornrigndre!

printing csergeisiige mandrel plate including a main deposition surface

onto WhaiCh arrrlleti‘ae!! I3 I%ch %&%p\ﬁﬁlit&g t{’.?egzgﬂiget@ Qéaﬁsggglle%ftt@%&q?%r_‘aﬂnﬂng
screen, Al 1GHS Ghé pair of edge Sections at opposed edges of the main
depositisprearfadbavinaniiieluaRta dechEpipsgitbitifadeBesiiion skt onto

out of a phane delinadHydhs: raridrpesiionsifaseneate bobichmealisinting

to be deposited to define attachmeniel ments of the é%rigtings%%reee@geasn% f the
corner s&giSis ATdEPRCRNE dotHeR 2 s(’:Fecggsﬂﬁon SOPRACE:

non-condugtiveceiestidatssasetge wicmentsde/lsidbea s pisideedaranes which
edge seglions SuGh asia %ﬁgﬁ‘g ARELENLOT {HE eH9R SeGHIBoAWirface onto
which meta! is to be deposited to define attachment elements of the
printing screen, and corner sections at respective corners of the
deposition surface;
non-conductive elements, as edge elements, which are disposed at
the edge sections such as to define an extent of the edge sections;
and
non-conductive elements, as corner elements, which are disposed at
the corner sections such as to shield the same and define an extent of

the main deposition surface at the corner sections.

20 The mandrel of ciaim 1, further comprising:
non-conductive elements disposed on the main deposition surface
which shield regions of the main deposition surface, corresponding to
printing apertures, onto which metal is not to be deposited,

3. The mandre! of claim 1 or 2, wherein each edge deposition surface
includes a surface section which extends laterally relative to the main
deposition surface.

4, The mandre! of claim 3, wherein the surface section extends laterally
outwardly relative to the respective edge of the main deposition

surface, which provides for deposition of an outwardiy-projecting part.



non-conductive elements, as corner elements, which are disposed at the
corner sections such as to shield the same and define an extent of the

W #?(g)ego%ltlon surface at the corner sections. 2. The mang Cellj%c&@
urther comprising: non-conductive elements disposed on the m
deposition surface which shield regions 3 the main deposition surface,
corresponding to printing apertures, onto which metal is not to be
depositedita: mm@ndﬂebi@ﬁr@&mﬁhﬁrﬁnwh@rgmméhslédg@lrdéﬁﬂﬁ%@niateraiIy
surface | f ctign which extends latera ative fo t
main de&ﬁ&%on sur%%ﬁv% SIfche MSandrel ot igint 28 %awhere ?hé@ﬁﬁa@gms‘t‘on
section exteheslatenigly PoRvep Felatve tothefrespoetiveligdgm idteg part,
main deposition surface, which provides for deposition of an
outé/vardl ojecti ar%NW 06/043049 PCT/G82005/004016 30 5.
The mandieF oF AHET 0T HETBIrthE REHHL & e RSFRER SRER IR RGNS Inwardly
inwardly relRigvertcethé zbspectifenauge of the main deposition surface,
which provides for deposition of an inwardly-projecting part. 6. The

mandrel of claim 5, wherein the surface section returns inwardly a
distance Af'&hBIATHE AT, any hef netiee | Df P ofwhairs 3 tes swiiegeirsection

the surfaceseiiin sompises agulstagtialy si@ight section. 8. The
mandrel of any of claims 3 to 6, wherein the surface section comprises an

arcuate section. 9. The mandrel of any of claims 3 to 8, wherein the
suface sébtomaxtendsfeanwartilyiaftise nain Heposiiemstittacairifse section

The mang%gpig@rgr; éqrcga%hgggg%ﬁach edge deposition surface

/004016

9. The mandrel of any of claims 3 to B, wherein the surface section

extends rearwardly of the main deposition surface.

10.  The mandrel of claim 1 or 2, wherein each edge deposition surface
includes first and second surface sections, wherein the first surface
section extends substantially orthogonally relative to the main
deposition surface and the second surface section extends laterally

rejative to the main deposition surface.

11.  The mandre! of claim 10, wherein the second surface section extends
taterally outwardly relative to the respective edge of the main
deposition surface, which provides for deposition of an outwardiy-
projecting part.

12. The mandrel of claim 10, wherein the second surface section extends
laterally inwardly relative to the respective edge of the main
deposition surface, which provides for deposition of an inwardly-

projecting part.



includes first and second surface sections, wherein the first surface
section extends substantially orthogonally relative to the main deposition

Wﬂ%ﬂ& 4%19 the second surface section extends laterally rellet}y‘gg%&% 1016
the second

main deposition surface. 11. The mandrel of claim 10, wherein
surface section extends laterally outwa¥dly relative to the respective edge
of the main deposition surface, which provides for deposition of an

outwardlyx PreigcHRG RATEIdid Tine wradiel ef€larbchl, wihesemn daetion returns
second surface sec[%l]on extends Iat%r(glgl inwardly relative to the
ion

respectiVeVEIGL ot e AR e?)booé'il sUMHH¢ee, which provides for
deposition of an inwardly- projecting part. WO 2006/043049

PQI/GB%RgSAQQr@rJe@ ek, Lhemandre] ofclaim J2. vifiergid thesond surface

second surface section returns inwardly a distance of about 0.5 mm. 14.
The marffrelief &R G 88HdsSHE TR 1Y 2l S ER e SEEL0Rd surface

section comprises a substantially straight section. 15. The mandrel of any

of claims 10 to 13, whergin the se Sukface l [
arate SRR T e B iy o e 10 T e thg Srface
first surfaestisectiomexessdRT@BHRE RESPEdtive edge of the main

deposition surface and the second surface section extends from the first
surface section. 17. The_ mandre o%an og laims 10 to 15, wherein.th

setBnd sUracB2EEERLIPEREN A8 G ”i'%e sptfgct?\% e‘@a%”éﬂhﬁ“%giﬁsg surface
depositiose@ifaceaanttthdfinst sheacespection exterd frofrethe siscalegosition
surface surface and the second surface section extends from the first surface

section.

17. The mandre! of any of ciaims 10 to 15, wherein the second surface
section extends from the respective edge of the main deposition
surface and the first surface section extends from the second surface

section.

18. The mandrel of any of claims 10 to 17, wherein the first and second

surface sections extend rearwardly of the main deposition surface.

19. The mandre! of claim 1 or 2, wherein each edge deposition surface
includes first and second surface sections, wherein the first surface
section extends iaterally in one sense relative to the main deposition
surface and the second surface section extends laterally in the other

sense relative to the main deposition surface.,

20. The mandrel of claim 19, wherein the first surface section extends
laterally outwardly relative to the respective edge of the main
deposition surface, which provides for deposition of an outwardly-

projecting part, and the second surface section extends laterally



section. 18. The mandrel of any of claims 10 to 17, wherein the first and
second surface sections extend rearwardly of the main deposition

W @&&ﬁ,gj The mandrel of claim 1 or 2, wherein each edgﬁc‘%‘?@ﬁﬁw%bcwm
surface includes first and second surfagg sections, wherein the first

surface section extends laterally in one Sense relative to the main
deposition surface and the second surface section extends laterally in the
other sensardldtive'editte fmithtepeseriivariagss2®@Thaemanrel eeposition

claim 19whereinhrfirstspdacsestionsaxiensss rlatﬁwélydwweﬁe#zng part.

relative to the respective edge of the main deposition surface, whic
provides for deposition of an outwardly- projecting part, and the second
supface seeiionagxiasidstlatenal 2y OREORH0E3048d006d HaF3005/66481 Geturns

32 inwardly relative S [ the main deposition surface,
which pré’\‘/)é\’ e@ 7 déggg%sﬁt‘frgnﬁ%cér%l l?rg\?\ggr I)?-];E)'rojecting part. 21. The
mandrel of claim 20, wherein the second surface section returns inwardly

a distancerpl aeurRISdN B 2 TheimandralpbanygfHeimns d® & dbth of the
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wherein aeetimmboth of the first and second surface sections comprise an
arcuate section. 24. The mandrel of any of claims 19 to 23, wherein the
first and second surface sections extend rearwardly of the main

dep8sitionSurfradrst of e RfdfE BITIAIT2 82, WifsRih aRe ygkoth of the
sections gash-pRrMRLEsA daschRItRelalibesrespesive avgebiresadion,

deposition surface in
24. The mandrel of any of claims 19 to 23, wherein the first and second

surface sections extend rearwardly of the main deposition surface.

25. The mandre} of claim 1 or 2, wherein the edge sections each comprise
a channel at the respective edge of the main deposition surface in
which metal is deposited to form an attachment element.

26. The mandrel of claim 25, wherein the channel has a width of about
0.5 mm to about 0.6 mm.

27. The mandrel of claim 25, wherein the channel has a width of about
0.5 mm or about 0.6 mm.

28. The mandrel of any of claims 25 to 27, wherein the channel has a
substantially U-shaped section.

29, The mandrel of any of claims 1 to 28, wherein the mandrel plate
includes first and second pairs of edge sections at opposed edges of
the main deposition surface,



which metal is deposited to form an attachment element. 26. The mandrel
of claim 25, wherein the channel has a width of about 0.5 mm to about

WQ) 909%@43%1 The mandrel of claim 25, wherein the channel pﬁ @ﬂ!&%@ft}1é
about 0.5 mm or about 0.6 mm. 28. Th g1andrel of any of claims 25 to
all

27, wherein the channel has a substantially U-shaped section. 29. The
mandrel of any of claims 1 to 28, wherein the mandrel plate includes first
an@Gecohepairndfeidgl dabtiors avdsposedelgasofsas@iongirand the corner

depositiop surfAcei R 20064043049 BSTIRER005/0BA016 33 30. The

mandrel of claim 29, wherein the edge sections and the corner sections

define a continuous peripheral section. 31. An electroforming system

inchiding thedarandrelrafiag\sebaltaimsdudindOa2mmethiark @hy of claims 1 to
electroforgfang printing screens, comprising the steps of: providing the

mandrel 6fany of claims 1 to 30 in an electroforming bath; and
electrodepositing metal on the mandrel plate such as to form a printing

SCflg%n 33, rﬁ@tﬁl?&%?@@ﬂ%f@ﬂ'?ﬁﬂ@ SArRa %@@@H&%mm@m@q@? steps of:
including a pattern of printin ertures thro w rintin iu

isin use BFW&“%E&%H@{@ &E Eéi‘?‘bf‘% é%%‘\-ﬂf I3|t che eflts &f mfé’rmmg
edges of tetimaindody, wherein the attachment elements each extend

out of a plang, %él%%dﬁﬁhagm n g,%dwdmeqnw@t A lenoth ofgrm &

the respective e
printing screen.

33. An electroformed printing screen, comprising a main body including a
pattern of printing apertures through which a printing medium is in
use printed, and at least one pair of attachment elements at opposed
edges of the main body, wherein the atfachment elements each
extend out of a plane defined by the main body and along only part of
a length of the respective edge of the main body.

34. The printing screen of claim 33, wherein each corner of the main body
is recessed, such that the attachment elements are separate from one

another.

35. The printing screen of claim 33 or 34, wherein each attachment
element includes a projecting part which extends laterally relative to
the respective edge of the main body.

36. The printing screen of claim 35, wherein the projecting part extends

taterally outwardly relative to the respective edge of the main body.

37. The printing screen of claim 35, wherein the projecting part extends
laterally inwardly relative to the respective edge of the main body.



34. The printing screen of claim 33, wherein each corner of the main body
is recessed, such that the attachment elements are separate from one

W r#% %&353 . The printing screen of claim 33 or 34, wherein 5@?&320 51004016
attachment element includes a projecting part which extends laterally

relative to the respective edge of the m A body. 36. The printing screen
of claim 35, wherein the projecting part extends laterally outwardly
rela@ve tGtiee peispiodiveedye af thed nndiil, bathere37 . thieepuitirtingcpegh retums

of claim %ﬁ“}gp&@ggéelk&o tgéegpggﬁ_c%?/g%\/ s laterally inwardly relative

to the respective'e e main 006/043049
PCT/GB2005/004016 34 38. The printing screen of claim 37, wherein the

projectingrparpratuins dawardbr aaiseneriph aBeutd Senmna@id RRe projecting
printing screen of any of claims 35 to @8, \t/vherein th?_ rojecting part
comprise§ 3 ﬁB@%%ﬁy%ﬁ%%ﬁ?%%% bR A9 heSHHRfing screen of any

of claims 35 to 38, wherein the projecting part comprises an arcuate

seciion, M d NeRARENGFEERER A A% OLSRIBS 3L 40, WRE'EIR I projecting

projecting part extends rearwardly of the main body. 42. The printing
screen of REEIMTYB R ERE AharehfEaeRAi®achment element includes first

and second projecting parts, wherein the first projecting part extends

substanti orthogonally relative_to the main body and the secon N
pro]fe{c'ting;:‘lIl rlﬁlaertp&rttgr% s%‘i%%a lg\{}e&t%\l;f t%i lbésnggiﬁ%%%y.%%?%%%nen Iﬁ%}ectmg
screen of eRineX¥ZEWRaRAMRALCSe edttigprofeotimylgart extends laterally

outwardly relative to the respective edge of the main

42, The printing screen of claim 33 or 34, wherein each attachment
element inciudes first and second projecting parts, wherein the first
projecting part extends substantially orthogonally relative to the main
body and the second projecting part extends laterally relative to the
main body.

43, The printing screen of claim 42, wherein the second prejecting part
extends laterally outwardly relative te the respective edge of the main
body.

44, The printing screen of claim 42, wherein the second projecting part
extends laterally inwardly relative to the respective edge of the main
body.

45.  The printing screen of claim 44, wherein the second projecting part
returns inwardly a distance of about 0.5 mm.

46, The printing screen of any of claims 42 to 45, wherein the second

projecting part comprises a substantially straight section.



body. 44. The printing screen of claim 42, wherein the second projecting
part extends laterally inwardly relative to the respective edge of the main

W%%g{ Gﬁ?&'%h;l;hg printing screen of claim 44, wherein the secolp(('jr 685%%}@&016
part returns inwardly a distance of about 0.5 mm. 46. The printing screen
of any of claims 42 to 45, wherein the secbnd projecting part comprises a
substantially straight section. WO 2006/043049 PCT/GB2005/004016 35

474The printingistreg eofamny of aayms 424045 AR herets thetseedmndhe second
projectin rt comprises rcuate section, 4 printing screen of

any of c&’.ﬁ‘) eigf?;[lg E?lﬁ%w%%% mg[%% %?s%%l%}:eecgﬁg%zﬁ extends from the
respective edge of the main body and the second projecting part extends

frogwthe fitsd PEEIEGHRO Raded ot R priftingussreemofany of laimeid2de: first
48, wherein the second . projecting part extends from the respective edge

of the meFFBEY B TR0 G AR Ha T ERRSUY i dhecLeininain body
projectingparthBGeEbe ppntjegticgesmpéamndt dlama i fostProjeeteing part.
the first and second projecting parts extend rearwardly of the main body.

51. The printing screen of claim 33 or 34, wherein each attachment

eleffent inBRIJEEIBafe e dB51ojSEtHE Petd Avierdfh theenain the second
prcgeﬁtinq:ﬂ@fé@mngs&at@keaw@ Wd lQﬁéei‘ﬁ.QJQBMQ\I@ fﬁ@g@&iﬂ thedain body
and the sec rojecting.part extends later in the other sense, ..
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first projecting part extends laterally outwardly relative to the respective

edge of (e, Manting screen of any of claims 42 to 49, wherein the first and

second projecting parts extend rearwardly of the main body.

51. The printing screen of claim 33 or 34, wherein each attachment
element includes first and second projecting parts, wherein the first
projecting part extends laterally in one sense relative to the main
body and the second projecting part extends laterally in the other
sense refative to the main body,

52, The printing screen of claim 51, wherein the first projecting part
extends laterally outwardly relative to the respective edge of the main
body, and the second projecting part extends laterally inwardly
relative to the respective edge of the main body.

53, The printing screen of claim 52, wherein the second projecting part
returns inwardly a distance of about 0.5 mm.

54. The printing screen of any of claims 51 to 53, wherein one or both of
the first and second projecting parts comprise a substantially straight
section.



body, and the second projecting part extends laterally inwardly relative to
the respective edge of the main body. 53. The printing screen of claim 52,

Wﬁ‘%&{&m's@f second projecting part returns inwardly a dlstapé@ 8{%?09%5 1016
S5 mm.

The printing screen of any_of claims 51 to 53, Whereln one or
both of the first and second projecting %rts comprise a substantially
straight section. WO 2006/043049 PCT/GB2005/004016 36 55. The
pHAting Beeeprirdiran pokekainissby tof 5 imsebdirtone pnbatte of dhe d’:irsiboth of

and secandipraieeling g 5@@1@5@??6'”% IR SAEH Y 3P HhE IR

screen of any of claims e firstand second projecting
parts extend rearwardly of the main body. 57. The printing screen of claim

334r 34 vehgrainike avashreeninplemanlmeash %@nwisﬁm@me&me first and
section. 58. The rlntln scre%n of claim 57, wh eln?the open s on has
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claim 57, wherein the open section has a width of about 0.5 mm or about

0.6,mm-Q. The, pRING SeIeeprOL ARy, 0blaims 31 t%%r\éﬁ*ﬂerﬁ@ B8 achment

open section comprises a substantially U-shaped section, 61. The
printing SIGEERET ERGH PIB52 IhRPEM IREUREachment elements each
comprlse a bead. 62. The printing screen of claim 61, wherein the bead

a width of anutOS mm bout .6 mm 63, .The printin scr en of
lgk‘A‘fthEe'? 563 h2 ha%csa\!f\}?d { OB 7S rﬁora% Spgyvidth

of about 0.5 mm to about 0.6 mm

59. The printing screen of claim 57, wherein the open section has a width
of about 0.5 mm or about 0.6 mm.

60, The printing screen of any of claims 57 to 59, wherein the open
section comprises a substantialiy U-shaped section.

61. The printing screen of claim 33 or 34, wherein the attachment
elements each comprise a bead.

62. The printing screen of claim 61, wherein the bead has a width of
about 0.5 mm to about 0.6 mm.

63. The printing screen of claim 61, wherein the bead has a width of
about 0.5 mm or about 0.6 mm.

64. The printing screen of any of claims 61 to 63, wherein the bead
comprises a holiow body.

65. The printing screen of any of claims 33 to 64, comprising first and
second palrs of opposed attachment elements.



64. The printing screen of an%/ of claims 61 to 63, wherein the bead

-1 %ﬁtﬁrf@@%s‘ézﬂ%%isow body. 65 ,é CgEscreen of any of claiRg 331 08

2; ; comprising first and seg,, oh fopposed attachment.eldments.
n"/ftA ‘R6..-,53;40FAX 01293020225 FRY WA'AE SPENEE-X002
Tinted:” 19-09-2006 'CLMSPAMD POT/GP 2005/004 016 37 66. An
electroformed printing screen, conrising a main body including a pattern
of printing apertures through which a printing medium is in use printed,

% astone pa air fatt % ment, ﬁl %Oﬁﬁgﬂ &Qﬂﬁﬁ@hﬁiﬁg a
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,Wherein ment elem ts edch include-a projecting,
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part of éa Ien%ﬂﬁhthe respgcgve edge .of the @%Rg% éié%ﬂents each

electrd |ng Screen, éompnsrng a main cluding a attern

of pnﬂﬂﬁg%@@ﬁé@ﬂ@@%@h@ﬁﬁﬁﬁd%ﬁ%@%ﬁqﬂa@@ Frintvg, ©
and aﬁﬂ@ﬁ@sﬁ@&ﬂé'%ﬁb@@%@%&ﬂﬁﬁ@ﬂ@rﬂi eppasesl egesiefited by
main rein the attachment e mnt compri
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67. An electroformed printing screen, comprising @ main body including 2
pattern of printing apertures through which a printing medium is in
use printed, and at least one pair of attachment elements at opposed
edges of the main body, wherein the attachment elements gach
comprise @ bead which extends out of a plane defined by the main

body and azlong only part of a length of the respective edge of the
main body.




