WD 2011/ 023964PCT/ GB2010/ 001627 1 Stencil Printing Frame The present

i nvention relates generally to the field of printing systens that use
stenci | s wodonmnsvsparticularly to a frame for retaini ngpatfgB2bi0sdoes2ci | and
a method for 5Sproducing it. Stencils are used in a nunber of printing
processes, all of which generally i.nvolve the targeted deposition of a
material onto a substrate. Stencil% have been used, for exanple, to print
solar cells and fuel cells or conponents thereof. 10 A comopn use of
stencils is for the nmounting of electronic surface nmount devices (SVDs) on
printed circuit boards (PCBs Ste rame,sed to deposit sol der paste
on the PCB s device interconnection points. The board is warnmed to cause
the solder to soften or "reflow' and the external interconnection features

(such &belpeesknt inwempion réfates gémdrally tothet firedd SVpEntgisystems thbeusol der are
thus held jn place. The sol der paste _is comonly applied to the PCB by a
ori nt i MSNGioRRe areinaslicHai i dene fop g EIing Aol alssil andramethad f5ut e ¢ he
solgler Rﬁ@kﬁgqyenly across the stencil. The sol der paste passes through the
stenciP apertures and is deposited on 20desi gnated areas on the PCB. The
stencil is then lifted, |eaving behind the intended sol der paste pattern on
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two flexrble sides. The stencil sheet has sharp edges which can cause user

i nj ur i @xamplenta pentssalat cells and faeheells @r campengitetherevhien stencils are used
[ ther printing techniques, such as form ng solar cells, a squeegee or
simlar technique may al so be used. One alternative printing technique

A common use of stencils is for the mounting of electronic surface mount devices

(SMDs) on printed circuit boards (PCBs). The stencil is used to deposit solder paste

on the PCB's device interconnection points. The board is warmed to cause the solder

to soften or “reflow” and the external interconnection features (such as leads, bumps,
15 or balls) of the SMDs placed on the solder are thus held in place.

The solder paste is commonly applied to the PCB by a printing process using a
squeegee to physically deposit and distribute the solder paste evenly across the
stencil. The solder paste passes through the stencil apertures and is deposited on

20 designated areas on the PCB. The stencil is then lifted, leaving behind the intended
solder paste pattern on the PCB.

EP0643902 discloses an apparatus for enabling solder paste to be applied to a
circuit board by a stencilling process. The apparatus comprises a stencil of sheet
25 metal attached to a support having at least two flexible sides. The stencil sheet has

sharp edges which can cause user injuries when the sheet is attached to the support.

When stencils are used in other printing techniques, such as forming solar cells, a

squeegee or similar technique may also be used. One alternative printing technique
30 isdirect printing using a nozzle, optionally sealed against the stencil, which injects a

desired amount of material directly through one or more of the holes in the stencil.



30is direct printing using a nozzle, optionally seal ed agai nst the stencil,
which injects a desired anmount of material directly through one or nore of
t he hol eswonotihe3stiencil. 2 In order to ensure accurat ecprgBriongidhe f oi
stencil is often held under tension over the substrate. The foil stencil is
usually held in a frame which is agpurately regi stered over the substrate
by a tensioning machi ne. Known techniques for holding the foil under
tension include gluing the foil to a sheet of material held in a preforned
frane.thégys the foil adopts.the tension of the material. However, the
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directly into a tensioning nma since ncr
comonbyesthersdstratehbyia tersisniog, mad:’mné Khows tepmmntwe:sofodaummg thECfoil
Me_. uni screen
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bl t vide a commercially viable
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sheet attached thereto, wherein the border nmember is forned as a single

pi ece Haviags- si des and corners that define the frame, the single piece
haying two ends interlocked to forma joint on one corner or side, and
wherein at | east one corner conprises abutting faces arranged to prevent

rel at i US2008¢0216689A dlMoééH:me usdyoftdfraimer umit for Gokivig a sefeatspiintiny foilghout
this 2.'?_ cification, I s meant that on applicatiop of a reasonable
force, ﬁggm as §ea?ra|t%se'tnetr@me§émafﬁar%ﬂ@ﬁl@ﬂﬁma{'w@ %paaﬁ@erfaéﬁme

subst afhird AN, e?l'&éb1etn§ m%%rfsptwﬁé}i‘éfa@emn bhgn%S%BQfeQ)(?e force.
reasonabl e force inc ose forces experience cl'l prlntlng
frame in use.
15 There is, therefore, a desire for an improved stencil printing frame to at least mitigate
some, or all, of the problems associated with the prior art, or to provide a

commercially viable alternative thereto.

According to a first aspect, the present invention provides a stencil printing frame

20 comprising a border member and a foil sheet attached thereto, wherein the border
member is formed as a single piece having sides and corners that define the frame,
the single piece having two ends interlocked to form a joint on one corner or side,
and wherein at least one corner comprises abutting faces arranged to prevent
relative movement of the faces. By the term “prevent”, as used throughout this

25 specification, it is meant that on application of a reasonable force, movement is at
least resisted and preferably the arrangement substantially prohibits any movement
caused by the reasonable force. A reasonable force includes those forces
experienced by a stencil printing frame in use.

30 The present invention will now be further in the following passages and different
aspects/embodiments of the invention are defined in more detail. Each

aspect/embodiment so defined may be combined with any other aspect/embodiment



30 The present invention will now be further in the foll ow ng passages and
di fferent aspects/enbodi nents of the invention are defined in nore detail.
Each aspewo/2endaskdsnent so defi ned nmay be conbi ned with aoy/gE208%001627
aspect/enbodi nent 3 or aspects/enbodi nents unless clearly indicated to the
contrary. In particular, any feature indicated as being preferred or

advant ageous nmay be conbined with gny other feature or features indicated
as being preferred or advantageous. 5A stencil printing frame is a frane
for retaining and/or supporti nq a stencil and is suitable for use in any
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accor dothgr featutecorf featires imicdted asibeivg gezfeired coatlvamtageousvi th a foil sheet.

10 Printing includes any techni que of deposition of a material onto a
substrate. It would be appreciated by a person skilled in the art that the
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substrate to radiation. Such photolithographi I ntI'rng processes can rely
on anyskitahie farmsgnetany prindingttecmiqee thatasliessupgn astencilifedprinting. i e or
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direction. The faces abut _g(OEtO.pI‘QVI de a mninmuminternal angle of the
cor ner thedfirst aspecs ieRm@yideshia coptipatianswish adpil sheettor ner angl es. Preferably
t faces also resist twisting of the corner piece by friction.
Furthernore, the faces preferably resist opening of the corner angle,

sl i di nBrinfing meludiesndty techeique @t depbsition e &, materiahénto Mguisstratéat AURET
pi eces, past each other. Thus _the faces can prevent the distortion of the

cor ner badgpeaciated bya eaiseniskiied insheattithat thewtentieauld savaly beysed ashe use
of Cor BeRSsRVAIRY @é]é'&t‘i\).e'@éfd%ﬁ?é oFQEuBéﬁ%t‘é{\%ingﬁépgh.Sél%ﬁ hﬁ@togf the frame.

Whil e a single corner piece conprising a n aces ca € arranged to
pr evenlithbgeaphid ptinting processes carf raly enfamyedectramagnegticefadiation, sbett asach

1ol tti 30 f , dt nt relative noyement of
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which gmdes. it less likely to be danaged in storage or use.

The abutting faces can prevent (or resist, as discussed above) the relative movement
(such as rotation or translation) of the faces in at least one direction. The faces abut

20 to provide a minimum internal angle of the corner and thus prevent over-compression
of the corner angles. Preferably the faces also resist twisting of the corner piece by
friction. Furthermore, the faces preferably resist opening of the corner angle, sliding
of one corner piece past the other, or shearing of the corner pieces past each other.
Thus the faces can prevent the distortion of the corner angles. In an embodiment

25 having four equal corner angles the use of corners having abutting faces can prevent
any distortion of the frame.

While a single corner piece comprising abutting faces can be arranged to prevent the
relative movement of the faces, it is preferred that each corner comprises abutting

30 faces arranged to prevent relative movement of the faces. This serves to increase
the structural rigidity of the frame which makes it less likely to be damaged in storage
or use.



4 It is preferred that the abutting faces have non-pl anar conpl enentary
profiles. That is, the surfaces of the abutting faces when abutting do not
nmerely | iwoi2oitdeospl ane extending fromthe interior edgecofGR2bm/@os2nmer to
the exterior vertex of the corner but 5 are each forned with convex or
concave features which cooperate w,th correspondi ng concave or convex
features on the face against which they abut. The abutting faces
preferably, but not necessarily, contact each other with substantially al
of their surface area. It has been found that the use of non-pl anar
surfaces helps to prevent sliding of the faces past each other and thus
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twisting the frame so that the features of one face are arranged over the
f eat ur esrrespandingeonrgaveareonvex featles onythehface against whieh theysabuthBhte t he

I nterconnectabl e features,interconnect. |n. other enbodi nent h eat ures
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material suitable for machining. Such materials are known in the art.
Preferably the franme,is nade of alum niumor alloys thereof. The stencil
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features of the other face then allowing the frame to relax so that the
interconnectable features interconnect. In other embodiments the features of one
face may be sufficiently compressible to allow interconnection of the faces but
20  sufficiently resilient to resist separation. In further embodiments hooks, rivets, bolts,
latches or other such features may be used in addition, or alone, to interconnect the
faces.

It is preferred that the border member is formed of a light, cheap and resilient

25 material. It is particularly preferred that the border member is made of an extrudable
material suitable for machining. Such materials are known in the art. Preferably the
frame is made of aluminium or alloys thereof.

The stencil printing frame of the present invention may be of any polygonal shape.
30 The use of a shape having straight sides allows for the formation of the frame from a
simple extruded linear border member. Thus the frame can be, for example,

triangular, rectangular, pentagonal etc. It is preferred that the frame is rectangular, in



5The foil sheet that is attached is typical of foil stencil sheets known in
the art. The foil is preferably attached by nechani cal retention neans or
chem cal woeans/2see¢h as adhesi ves) or a conbi nati on of toe/dBroro/dieer ably
the attachnent is by one or nore of glue, rivets, crinping or soldering.

Vel ding and brazing are also suitakle, as would be the use of hocks or
attachment points fornmed integrally with the frame. 10 Guing is especially
preferred and, in particular, epoxy gluing is preferred. The use of epoxy
gl ue all ows for the prod ction of an attractive | ooking franed sheet. The

use of pam&a %ﬁéﬂus@ Sliss 1Bivdis e My st crRveRigntshane, fof 9rqn?rﬁmfaaﬂﬁesme¢| in
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sheets or made O dmni'um ni cke

st ai nl wste;tsiehcukamats is preferred that the stencil-sheet has a

t hi ckness of from O. 025nmto 2 mm nore preferably from0.05mmto | nm and
nost preferably from0.075mm to 0. 5mm Techni ques such as sol der ball
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preferred in enbodi nents of the fourth aspect of the present i'nvention,
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the sides of the border before attaching the foil. Thus, when the
bor der iE€BRY besuRRIaMentie fbcth‘el‘-@et‘%fr@’P%@d‘O'd ¢ foilgAdlasmwhilertha gluge

bor der gggnber may be provided with a slight outward curve during production
so that when the foil is attached the border nenber is held in a straight
sided position. Oher techniques for pre-tensioning the foil include

reheating .t he fo This results ex nsono
et ont na ol Seetdn sompprly hiades o Befal hestars il Fatectbinaieiatretas
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the use of the stencil printing frame descri bed above in:
sheet has a thickness of from 0.025mm to 2 mm, more preferably from 0.05mm to
1mm and most preferably from 0.075mm to 0.5mm. Techniques such as solder ball
placement may favour stencils having thicker sheets in the range of from 0.05mm to
20 2mm and more preferably 0.75mm to 1mm. The stencil will have holes cut in it by
known techniques, such as laser cutting. The holes may be provided before or after

the sheet is attached to the frame.

In one embodiment the foil does not extend into the corners. This helps to prevent
25  the foil ripping if any extra tensioning is added. This is especially preferred in

embodiments of the fourth aspect of the present invention, discussed below. It is

preferred however that the foil extends to the corners since this minimises the

preparation of the foil required before attachment.

30 Itis preferred that the foil is attached under tension. This may be achieved by one of
several techniques. These include, compressing the sides of the border member

before attaching the foil. Thus, when the border member relaxes the foil is tensioned.



(a) printing at least a part of a solar cell; 10(b) a nethod of wafer
bunpi ng and/ or sol der ball placenent; (c) applying solder to a
subst r at ewbani1sasdeace nmounting one or nore electrical ceopaBiess01627

(d) directly printing of one or nore electrical conmponents or circuits;
(e) printing at least a part of a fuel cell; or 15(f) targeted deposition
of any material onto a substrate. terials which can be printed to form
parts of solar cells, electrical circuits or fuel cells are well known in
the art. Fuel cells includ f or exanpl pol ymer el ectrol yte nenbrane

; e, L
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20( ngehrin??gfdcﬂ.f?:ltﬁn @Bttﬁ%\ﬁhén by fdﬁqg%&bﬁhg@tt?%rdte fﬁ&'ﬁﬁ’éﬁs Hellflngle, for
exanpl e, 't pol ynmer menbranes, catalysts and any electrical connections.
El ect r straight sidedipositionc Odloer tetleriues &br prertapsibaingrttie $oihjpickideqprebeating whi ch
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usifg amNcHMERCAIR prviMes tReldiRirdltensiggh et hods include, for 25exanpl e,
techniques simlar to those described in relation to solder printing above,

| .e. squeegee printing or direct printing nethods. Wafer bunpi ng techni ques
and sol,der_hbal | acenent technigues using.stencils . are well Qwn in the
are TRk £ SRESTT Bnscd Y HESEy RNioh iRbeS Bt Bel el (B8 50 ac’a
PCB) bygtench printind Sahid @edciped dbwwelinas resist) and flux and sol der balls
may be passed through the stencil, sequentially or sinultaneously. The

f1exibl e | af@Printig&dienst a pattofaso@digelr events snmearing of pre-printed
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(c) applying solder to a substrate for surface mounting one or more electrical
components;

(d) directly printing of one or more electrical components or circuits;

(e) printing at least a part of a fuel cell; or

15 (f) targeted deposition of any material onto a substrate.

Materials which can be printed to form parts of solar cells, electrical circuits or fuel
cells are well known in the art. Fuel cells include, for example, polymer electrolyte
membrane (PEM) cells, direct methanol fuel cells (DMFC) and solid oxide fuel cells
20  (SOFC). Suitable materials for deposition may, therefore, include, for example, the
polymer membranes, catalysts and any electrical connections. Electrical circuits
include electrical connects and simple components which may be formed by printing,
including, for example, wiring or dielectrophoretic coils. The stencil may be used to
deposit the materials using any methods known in the art. Such methods include, for
25 example, techniques similar to those described in relation to solder printing above,

i.e. squeegee printing or direct printing methods.

Wafer bumping techniques and solder ball placement techniques using stencils are

well known in the art. The stencil may optionally be spaced from the substrate (such
30 as aPCB) by a thin flexible layer (such as resist) and flux and solder balls may be

passed through the stencil, sequentially or simultaneously. The flexible layer protects



O her materials which may be printed or deposited include inks, dyes, glues
and/ or 5 adhesives such as epoxy resins. These nmay be applied onto any

sui t abl e wohstwesw4i ncl udi ng, for exanple, paper, a |abelr/GB20M0aR70r a
surface that is to be adhered to another. A person skilled in the art
woul d appreciate that the franmes di,sclosed in the further 10 aspects of the
present invention could also be put to the above uses. According to a third
aspect, the present invention provides a method of nmanufacturing a stencil

printing frame conpri si providing.a |linear baorder nenber; 15ii)
machi nfhy %@Qd/\ﬂ’eé’ﬁﬂtss %Tge@'P&g Pt preaprintgd dlux. ﬁeHsepnﬂwptemnwasmr@rl ockabl e

f eat “rgﬁawﬁgﬁ-@gﬁ&%ﬁ%ﬁ‘g II%%WnolﬁliﬁQgrrP forma joint; i 11) machini ng

the |inear rovi dé at |east two bendabl e portions; and

i v) bending the bendabl e portions and interlocking the interlockable

featur to 20 for ere each hendabl e porti S
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25Each step 1n the ITEPS)(Y)% m!;l be perf %?ma??e‘%ueﬂ |amf |or s?krjrg%\%atneously
It wilinc rag:;io@example paper, aHabelt gganyas noa susface dbat lsyo bealhetedto carri ed
out in ortgl For exanple, steps (ii) and (iii) could be carried out in a
rever sB8°8Fher . Step (ii) could be carried out following step (iii) and
concurrently with step (iv). 30 The nethod may further conprise attaching a

foil sheet to the frame. In this way, the nmethod of the present invention
rray beAMEO'E §klﬂe@dutt@ arhwoytobamnecwe that rtlge frameas disclosed in thetfudbpect . |1t
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equally |n reI atlon to the frarre according to the other aspects of the
I nvention and vice versa The foil sheet may have been etched or

EL?S?PAE?WHIWO 3 rdaspect.dhe prasant inwentiep psavides 3rpetes of stencil foil
sheet . m%‘ﬁfé&uﬁng%%?éndﬂ%rﬂhﬁ&‘?lra"i‘ll?é Yophigmged by one or

i) providing a linear border member,
15 ii) machining the two ends of the linear border member to provide
interlockable features which can be interlocked to form a joint;
iif) machining the linear border member to provide at least two bendable
portions; and
iv) bending the bendable portions and interlocking the interlockable features to
20 form the frame,
wherein each bendable portion is machined to comprise a segment having a
reduced cross-section and two faces arranged to abut to prevent relative movement
of the faces in the frame.

25 Each step in the method may be performed sequentially or simultaneously. It will be
appreciated that the steps do not necessarily need to be carried out in order. For
example, steps (ii) and (iii) could be carried out in a reversed order. Step (ii) could be
carried out following step (iii) and concurrently with step (iv).

30 The method may further comprise attaching a foil sheet to the frame. In this way, the
method of the present invention may be used to produce the stencil printing frame of
the first aspect. It will be appreciated that any feature described in relation to the



5nore techniques including riveting, crinping, soldering, and gl uing.
Preferably the foil is attached under tension. The step of providing the

| i near bowdenimesdser preferably conprises a step of extpgdigRror/®ierp of
material, preferably alum nium The |inear border menber is 10 preferably
extruded with a desired cross-sectigon to m nimse the necessary machi ni ng.
The cross-section preferably proviges a first flat region in the plane of
the frame when formed. This flat region allows for the attachnent of the

foil sheet. The cross-section preferably includes a |i B portion .
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havi ng sides and corners that define the frame, 25 the single piece having
two ends interlocked to forma joint on one corner or side, and wherein
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frame. According to a fifth aspect, the present 'invention provides a
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havi ngnashinimyl STheaerbs s-8ketidroprafdrabily providesndlfigt flatregioraity thegtandobthe t o
forma_joint on_one cg,r neéﬁ or Si d wherein at | east one corner
bis fat g

side, a )
conpr i feewhen forgeds reaieealowsipethenattachmentaf the faikahaetothe ne
faces. ¢ross-section preferably includes a lip portion perpendicular to the plane of the

frame. This lip portion allows for the engagement of the frame with a conventional
15 frame-tensioning device. |

It is preferred that the interlockable features and the bendable portions, including the

abuttable faces, are formed by machining the linear border member. Machining

includes cutting, grinding, stamping or other such techniques known in the art. For
20 simplicity and reproducibility stamping is preferred.

According to a fourth aspect, the present invention provides a stencil printing frame
comprising a border member and a foil sheet attached thereto, wherein the border
member is formed as a single piece having sides and corners that define the frame,

25 the single piece having two ends interlocked to form a joint on one corner or side,
and wherein each corner comprises abutting faces arranged to allow expansion of
the frame.

According to a fifth aspect, the present invention provides a stencil printing frame
30 comprising a border member and a foil sheet attached thereto, wherein the border
member is formed from two or more pieces together having sides and corners that

define the frame, each piece having two ends each interlocked with an end of an



It is preferred that at | east one corner conprises a continuous strip
joining two 5 adjacent sides of the frame since this provides inproved
rigidity wo2bhe2bseane. Wiile the frame can be fornmed fregraBzoueber of
interl ocked pieces, it is preferred that the frane is formed fromtwo
pieces. In a preferred enbodi nent, ;the two pieces are identical for ease of
production. I n another enbodi ment tghe border nenber conprises a first piece
that forns the mpjority of the franme, for exanple, three sides 10 and four

corners, or four sides and three corners, and a second piece fornms the
conpl e@ﬁlﬁﬁe@i Rigc® to tosmna jointen-ppe aermerar SFd@aéﬂdd\ff&eféf" @tH@a?}l QEEGOMNET f or med

f
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portion. By formng a rrultlpart frarre a nore easily transported
(non- constrL#ct e obtained since 15 it dges.not need to be as
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| ong allis Reeteried thatat QﬁStp\ﬁg C&’é%‘?’r%“%"%?é?@ﬂ@ﬂﬂ’so“s@%}%mﬂg W8 a further
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t hat cthe foambean heoformechfrom aey suoiber dfmateﬁock&tbplscagl|b|smretaerehhMahg two 20
ends ipterlockable to forma.jioin ne corner ,or t.he frame, and
wher of oM s foried R dWpiR s In 8 prefisdt SBBodieri M o Aistes phoed t o
pr eVe”fdehﬁba‘ﬁbeéaé@Mﬁﬁ%ﬂhcﬁ’én tlﬁ%nbﬁf&%mnfefﬂ?tr@ bd)r‘ééF metRgedendabl e
portion is bent to forma corner of the frame. Once bent, the border member
i s sui ceppasesa firspiese thetfarms e majosity ofthefiame Saeexampke, fyesrsifesy to a

t o P T Sorters, BFoBF SRES o dUHER bORshoratiia SeBuRIBREE SPuletREL ho
bendabtempleting®ide dhedrneprPreferabitattiast @ne sfaha pistesfis forfried@s or hol ding a
foil sheet, the single piece having two _ends interlockable to forma joint

on onest&ightewes? %ﬁh&bsnd%eﬂ%ﬂqn §9rﬁ1atatrﬁfrw>@bénhtoéprm@agqmsr]ef hendabl e

portio ent of
t he faf:}es ?ﬁeef@g*bthf easf‘ %ﬁ%éi‘gorﬂg g%%g%c?ha?g{\ee‘?@ﬂ %?Vf‘%rh?‘ﬁ? %G@grner
of t heparténm:e, dlfore easilyi trepsporieds (mohfeanstrapted) frame may reestetatneidnsiece i on
there | rovi ded it for for for tencil printing
i, 1B 0t Ness i PeiasdShogSah Amota o Tie TEeTedoids TeRah: ooe having
bendabl e portion that can be bent to forma 5 corner of the border nenber
(or frane), each piece having two ends interlockable to forma joint on one

cor ner Ageordingetors further aspeet, ofdhel pigsantinvention dhere is pcovided alkiasder
member for a stencil printing frame, formed as a single piece having bendable

portions that can be bent to form corners of a frame, the single piece having two

20 ends interlockable to form a joint on one corner or side of the frame, and wherein at
least one bendable portion comprises abutable faces arranged to prevent relative
movement of the faces when the at least one bendable portion is bent to form a
corner of the frame. Once bent, the border member is suitable for the attachment of a
foil stencil sheet.

25
According to a further aspect of the present invention there is provided a border
member for forming a stencil printing frame, formed as a single piece having
bendable portions that can be bent to form corners of a frame for holding a foil sheet,
the single piece having two ends interlockable to form a joint on one corner or side of

30 the frame, and wherein at least one bendable portion comprises abuttable faces
arranged to prevent relative movement of the faces when the at least one bendable

portion is bent to form a corner of the frame.



portion conprises abuttable faces arranged to prevent rel ative novenent of
the faces when the at | east one bendable portion is bent to forma corner
of the frwomo1li@s%acording to a further aspect of the presasg0iomees2ti on
there is provided a kit conprising the border nmenber discussed above, in
conbination with a foil sheet. The goil sheet is suitable for use as a
stencil printing sheet. I t shou} be appreciated that the features

di scl osed as preferable for the frame of the 15 first aspect can be applied
equally to the frames of the other aspects of the present invention. The
present invention will be described further with reference to the

accorrpg‘rr%ggl:ﬁn% rrent rFHs‘B\ébfj@ﬂhQﬁ)r@@é(nt%v f'é'mhsre is'br Wﬁgaah for Figure 1

shows I hear rder used i'n od of the
pr esenforrmnga atbarder mlenﬂmﬂfom ancHMnhhg)\fmrné)ehé kiteamprisirigetwo @gBmahews a

b BRad, AT B8 R RS Rt B e B RSt o
prigti eerﬁerr@m@ss.@re@lhwns& (&B;hﬁam sgfth bié\eerﬁdvg{cqwdﬂemé i€ kabled shows

a frane and foil sheet and 3 ow a Cross lon of the franme
hi ghl i §Tm agoiat on pne cormesaariside ohiberfrarne sandwhesdriay least 8netbendablebodi nent s

f th f th nh f the f f th ' i on.
'n par PO Sisds b IEbis frees o et a b T Y el ve MO el e cor ner
and fi gatie® witersthvat laasti aHedsshdrlle ?@ﬂtdnqg DeRRY RAmMt 2 cbBieof fite Ramedabl e

segnent ; Figure 4 shows fturther enbodi nents of the corners of the
border nenber of 5 the franme of the present invention; Figure 5 shows

e di rame of the

o 28 orPeRb R 1 M dsheb O tﬁhﬂa&g%nﬁ%%tmﬁfé*@ﬁroiﬁeé 6t AT he cormer
of thecbmp@srngﬂheﬂmrdeﬁméhﬁefdms@éd bbev@rnﬂ@entbunmimwnt@a foil sheet. Fi gure 7
shows &Hgth r emhodi pe ? of ajoint in the corner of the border nenber of
the fr foif shegt |§§g§%ﬂg PNsha$ grstencil printing sheet.

It should be appreciated that the features disclosed as preferable for the frame of the
15 first aspect can be applied equally to the frames of the other aspects of the present

invention.

The present invention will be described further with reference to the accompanying
drawings provided by way of example, in which:
20
Figure 1 shows an embodiment of a linear border member used in the method
of the present invention. In particular, 2A shows the linear member, 2B shows a
close-up of an interlockable end piece and 2C shows the interconnection of the
pieces of a corner;
25
Figure 2 shows an embodiment of the stencil printing frame according to the
present invention. In particular, 3A shows a frame and foil sheet and 3B/3C show a
cross-section of the frame highlighting a lip for bearing the foil sheet;

30 Figure 3 shows embodiments of the corners of the border member of the

frame of the present invention. In particular, 3B and 3D show top and bottom views



15 Figure 8 shows two enbodi nents of the corners of the border nenber
according to the fourth aspect of the present invention; Fi gures
9A and 10Wo=bove2ses@ enbodi nents of the border nenber foroedBy1020142he

met hod of the present invention. In particular, 9A shows a border nenber
with a corner joint and figure 10Alfhows a border menber with a side joint;
Figure 11 shows enbodi nents of the Ccross-sectional profile of a border
menber of the frame of the present invention; Figure 12 shows a flowchart
of the pethod steps of the present invention; and . Figure 13 shows an
enbodi Rbthe same garmarand figise SC showha starered out seetian removeidodorméheor der
menber p} mtwo pieces. 12 appreciate that for ease of stanping
t he fegtéﬁ?ge@ét grsﬁcelrng preferably not the case. Wile the exaggeration or
sinmplification of features in the figures has been nmade to increase the
clarity thepeof, .this es not preclude such enbodj ts fromthe scope of
Che ol ai . FEus 4 Sobsdhiineh smmReBReS ar o aoRers g hedordet Bkt O

relati g frAmbhyt the PRt inventibf, fol | owi ng passages different

aspect s/ enbodi ments of the invention are defined in nore detail. Each
aspect/ enbodi nent so defined may be conbined with any ot her

aspect / enbogdj nen r aspegts/enhodiments. unless clearly indicated . to the
contrary. 1biaNTgTion SRBodAETS of it inttPe dide oS BoiernerBRL Bf e or

advant ggerRUs theyrésertgidentiof; Wi th any other feature or features indicated
as being preferred or advantageous. Figure 1A shows a |linear nenber 5 for

formng a frame. The linear nenber 5 has 15 two ends 10 havi ng

pori ons. 20" BWES 18R 3T EihpoRliheds WAL BEHS Gfels 1R R IERERMEY, 7 e
f or redoffherfeamneof thelprdsgnt imventioski ng the two ends 10. The |inear menber 5

is preferably fornmed froma resilient material to all ow repeated bendi ng of
t he bendabl e portions 15 wi thout significant danmage to the |inear nenber 5.

The linear PRRET shows further embodiments of a joint in the corner of the border
member of the frame of the present invention;
15
Figure 8 shows two embodiments of the corners of the border member
according to the fourth aspect of the present invention;

Figures 9A and 10A show two embodiments of the border member formed by
20 the method of the present invention. In particular, 9A shows a border member with a

corner joint and figure 10A shows a border member with a side joint;

Figure 11 shows embodiments of the cross-sectional profile of a border
member of the frame of the present invention;

25
Figure 12 shows a flowchart of the method steps of the present invention; and
Figure 13 shows an embodiment of the fifth aspect of the present invention,
where the border member is formed from two pieces.
30

While several of the embodiments in figures 4, 5, 7, 8, 9 and 12 show features
extending beyond the width of the side portions, a person skilled in the art would



20 has an upper surface 25 having two sides; an outer side 30 having a
continuous profile and an inner side 35. The upper surface 25 has a lip
porti on A9oextiengiedg fromthe inner side 35. The ends 1@caras2stvmons2in
figure 1B. In this enbodi mrent the ends 10 are each 25 identical and have a
conpl ementary | obe 12 and socket lﬁ The |l obe 12 is sized and arranged to
fit snugly into the socket 14 such %hat when the linear nenber 5is in a
bent configuration the two ends 10 can be interlocked to forma single
continuous side piece. For exanple, the lobe 12 may closely fit the socket
14 to PBRiRCHe thatder easenelstampingthe fegturas this iripnsferabby mqtdﬁe €8P i ses a
contin A SO Sl I -section
Chan t R eiexdadergfin oS oh oF fetuis i ad Rau s MR mE RS, 1271 e
porti omeredse thectlariy tieereof) thidjdoes mot preduge sucloembddiraénts from ties sodpé he
frame. {nnggLately adjacent to the strip 45 is an enpty portion 50 which
al | ons®t € GRS i b 45 to bend. The enpty portion 50 defines

i nteerconnect abl e features 55 and a linear slot 60. Linear slot 60 allows
the strip 45 to deflect relative to the longitudinal direction defined by
t he adjlhe @nesetitiventionivdthposhe fitther diescritathincretdtion tbdhe figuressin thecl ude
alternate tabs_ 57 and, bl anks 59. The tabs 10 57 and bl anks 59 on.the

sur f ac&’é'omngc PS8 é‘b‘?eereﬂg?‘?‘?%g ?%‘%QP@“EBM"E% HI"&P@OB 8¢ Hﬁﬁn‘?cﬂ\&/ can be

i nt er cAiYIE dersl. EASh Jepubémbbditnsr sb@dfinedinmaPbe eBRfihéPRitArnyRtheer f or ned
by overlaying one side on the over and thus locating the tabs 57 in the

bi anksaspect/smbagdimant ar asppate/embodiraentsrunlessucleady tndioated o the canteary st r ess

[ he ks ' W g ' I ' ly wider

| T ar rEpaBER. dfEMeRRe e dtboifl BraRyh g hafiiioiR ol

conf i gosmbined. withiahy ethierifeatuse bofdatsreedhdicatedsasibéing pesferredtdre |ip portion
40 of the ugper surface 25. In this figure the ends of the |inear slot 60
can be@Q¥RHAYES | gures 2B and 2C show a cross-section of the franme of
figure 2A. The foil sheet 65 is attached to the |lip portion 40 by glue. The
| i near nmenber 5 has a retaining portion 70 extendi ng perpendi cul ar fromthe
pl an oFigune 1Acihowsha iheditmeamibee btfonfbirminghdragne. Hehe limeamembbeb Has Thi s

e gty S0 5 gkl e SRR A B bR R P RESRANT 11
It ngﬁgﬁ?ﬁéﬁéﬂéorﬁéné Do sWhehttheNinBgt Memierreisadht it o fram. d foirt will BEE
formed along one side by interlocking the two ends 10. The linear member 5 is
preferably formed from a resilient material to allow repeated bending of the bendable
portions 15 without significant damage to the linear member 5. The linear member 5
20  has an upper surface 25 having two sides; an outer side 30 having a continuous
profile and an inner side 35. The upper surface 25 has a lip portion 40 extending

from the inner side 35.

The ends 10 are shown in figure 1B. In this embodiment the ends 10 are each

25 identical and have a complementary lobe 12 and socket 14. The lobe 12 is sized and
arranged to fit snugly into the socket 14 such that when the linear member 5 is in a
bent configuration the two ends 10 can be interlocked to form a single continuous
side piece. For example, the lobe 12 may closely fit the socket 14 to form an
interference fit.

30
A bendable portion 15 is shown in figure 1C. The bendable portion 15 is shown in the

bent configuration, in contrast to the linear configuration shown in figures 1A and 1B.



apparatus. Figure 3A shows bendabl e portions 15 in the bent configuration.
Each configuration has been formed with different interconnectable features
55 and a wof2bewesde4! ength of 30 linear slot 60. Figure PBTsiBROB/@ICRIOSE- UP
of the upper surface 25. Figure 3D shows a close-up of the | ower surface
having a retaining portion 70. Fi e 3C shows a stanped portion renoved
froma linear nenber 5 to formthe enpty portion 50. 14 Figure 4 shows a
nunber of arrangenments of the bendabl e portion 15 in the bent

confi atio It should be appreciated that the |inear slot 60, WhICh has
been %#‘ﬁ?ﬁ?ﬁgaa bleportipn, compris ?r@@@nweﬁj%@ 45,pn the, guter side 3 which has

si gni f 4 eanber crsResiching tﬁﬁn @ﬁ%f?ﬁé %ﬁi IBTfIS% F%Fﬁfpt?é téb%nﬁbgﬁé'gt h of

the frame that 1s require lgure 4 ows a nd i on Wt hout
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de h f f ht f whj ch simly abut. T abuttin

nces GRmsolTMesiaEy drsTL kY Srib it S BhrRa BhE SO EC Ghovathanal

sense S 45 ot dhdd TheErh ey mf&eedldéﬁhéé |ﬁt€r66hﬁe§fabPé @&Tturég Hegpa Figure

4B shows a simlar configuration with a longer linear slot 60. In these two

exanpl bgarsiot G dinasr sicd &0 allows thewsitie #5530 deflagt retativatathe lapgdudimaght edges
can cayse.she tres In.the,st Fi gure 4C shows a wavy
arrang ﬁ%(ﬁlto'ﬂ qee i\gsadjﬁqtglc{en;go '8B§é6do not interconnect they are

conpl enent ary. The nonl I near arrangenent can prevent relative novenent of
t he faces, not Onltybl n the rotational and perpendicul ar sense (as in
a

figur eEhe,mtgrﬁ@nnBy lﬁﬁeamrgé 5éanclpde\aétﬁtnat@ taks §¢ apg\ianks 59.Mhent@bsense of
| t
sligpagp g@@ \pgés}ﬂ%ﬁ&‘i &thQ%e%BBfe djﬂgﬁ Wghrﬁébg%ﬁpd&jﬂgﬁfﬁgﬁ%“

t her eby re uce i TEss Oxert R gure 4D
shows thattheyl can b@rrfteug:onaemed Ailsaosmrumﬁghte ¢dghe intercopinettion athyflas ease of

machi nr|>en ormedS lt))? rTl:l’erlelqAng one side on the over and thus locating the tabs 57 in the
blanks 59. As shown in figure 1C, a more rounded corner with lower stress in the
strip 45 may be obtained by forming a longer and optionally wider linear slot 60.
15
Figure 2A shows a linear member 5 in its bent configuration. Furthermore, a foil
sheet 65 is attached to the lip portion 40 of the upper surface 25. In this figure the

ends of the linear slot 60 can be seen.

20 Figures 2B and 2C show a cross-section of the frame of figure 2A. The foil sheet 65
is attached to the lip portion 40 by glue. The linear member § has a retaining portion
70 extending perpendicular from the plan of the foil sheet 65 and extending along the
linear member 5. This allows for the retention of the frame in a frame tensioning
apparatus. The retaining portion 70 has a bevelled surface on the inner side face of

25 the linear member 5; this further helps to retain the frame in a frame tensioning
apparatus.

Figure 3A shows bendable portions 15 in the bent configuration. Each configuration
has been formed with different interconnectable features 55 and a different length of
30 linear slot 60. Figure 3B shows a close-up of the upper surface 25. Figure 3D shows
a close-up of the lower surface having a retaining portion 70. Figure 3C shows a
stamped portion removed from a linear member 5 to form the empty portion 50.



Fi gure 4E shows a configuration having an interconnected tab 57 and bl ank
59. Figure 4F shows a configuration with a plurality of tabs 57 and bl anks
59 25i nt ewoanners®wd. Fi gures 4G and 4H denonstrate that pClig&sBRUING1623 does
not necessarily need to be in line with the outer edge of the side portions
20 of the linear nenber 5. Figures,41 and 4J show further enbodi nents. The
strai ght edges of these enbodinents allow for 30sinpler machining. 15 As
can be seen in figures 9A and 10A, a frame can be formed froma single

| i near nenber 5 in tw ways. Firstly, as shown in figure 9A, the linear
menber 5 may be arranged such that the interlocking ends 10 cone toget her

to for r j O| i 8 | i near
menber rrr%?/ %g)wgrér)g%nggﬁgtgﬁggb%%%b %@ﬁ?ﬁé@\ﬁ? &th 1 "]'%gé g%nng t oget her
t o f or corfiguratidn. |losteduddl belaprpge@'atedsthdethefllrtelaesfat Sﬂewh'ﬂlrdﬁasobeén woul d

r ef er abl t nec ssar, be | ocat nt Qf one side of
P e v Auiniset for GlrsA Gese oniks. aahyag i dshahsidicasity; depending 08 go
porg i Oﬂﬁefésrectﬂmﬂtﬁemﬁaeﬁhi thé%t@h%’ﬂé bﬁﬁnecttéc{hﬁgﬁ»{tgsi&?ﬁ%ﬁ and si zed | obes 12

and soc are i1nterloc Enbo as 5A and 5B are
especially preferred since they can be forned as identical ends 10 and

interl pck wi,th , thens sthe in u i nce the
onde aFBUSERSONT S Bebiiants Porforilpll b iiedoBETaRnEs B8 e the

confi ggeRdame ponrﬂ@ewméwﬁrrsmwaaeface@fbﬁﬁéé ab %@raigﬂt%ﬁﬁaeé‘@ﬁ/hﬁiﬂ e
features 55 that can be used in the other corners (figure 1C). In this

enbodi figly ahet. JT@erabLttmﬁafaoeé@reverﬁrtglatmmq\@mwnthf the Siglecrortipsinga t he

W Eh ol sBS Bhd i e S RbendRyRhtq B ot S tAr FioR 3B e
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be appreciated, the linear 5is provided with a long strip 45 which
i s bendliRAAIS qtheaﬁeaw&mmweng ma%ttlﬁe@tr.a&ht@ﬂ%ﬁ@aarcaﬁlﬁeéheﬁaf ts 75

and co n gnnels 80. Since the strip 45 is bendable, if the side
r@%so 'égr
porti o%{s maﬁg é‘ghut |l ed so as to expand the frame then the one or nore

shafts 75 wll sli de within the channels 80 to allow the frane to expand.
ot nor Bitle Ahcahdiva AT e tE B ditares, BTG the TacdEdeRehi ng frame. 30
\é\gt h 1 ph&rcBRREctitRey bEBESMbiIEMEMBryTThaAtbrikhebPErrBRGSRBRt EdlYpriveAn Wi |1 now
relative movement of the faces, not only in the rotational and perpendicular sense (as
in figures 4A and 4B), but also can prevent relative movement in the sense of
slippage of one face relative to the other. The nonlinear arrangement thereby serves
20 toreduce the stress exerted on the strip 45. Figure 4D shows a similar configuration.

The straight edges are preferred for ease of machining or stamping.

Figure 4E shows a configuration having an interconnected tab 57 and blank 59.
Figure 4F shows a configuration with a plurality of tabs 57 and blanks 59
25 interconnected.

Figures 4G and 4H demonstrate that the strip 45 does not necessarily need to be in
line with the outer edge of the side portions 20 of the linear member 5. Figures 41 and
4J show further embodiments. The straight edges of these embodiments allow for

30 simpler machining.



di scussed. The linear nenber 5 is first provided (step A). Preferably the
i near menber 5 is manufactured by extrusion which forns the upper surface
20, the W6 wetvm@Bwisng portion 70, and the |ip portion 4@cTiRUurmoick7shows
exanpl es of |inear nenber 5 having suitable cross-sections that may be
formed by extrusion. In step B the snds 10 and the bendabl e portions 15 are
machi ned to provide the interlocka% e and i nterconnectabl e features
respectively. 5 1n step Cthe linear nenber 5 is bent into the bent
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The first 20sheet was a standard Il "sheet (see flgure 1A) having

etraTm f oi
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t ensi onj i encil franme as described in US2008/ 0216681 was
pr epar §ﬁ8ﬁ%gﬁ§g&gﬂe@ﬁﬁiﬁ13| oned segnented expandable frame with a foil sheet
attached thereto. Such a franme, which is coded VG herein is inserted into a

frame tensioning device before use which expands the 25 frane and tensions
t he foFiguresSAit) 55 shaw centiguatians phieints it teosidg pedianse2Gridedaints allent i on
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Embodiments such as 5A and 5B are especially preferred since they can be formed

as identical ends 10 and interlock with themselves. This simplifies the stamping

procedure since the ends are identically formed.

15 Figure 6 shows a corner joint configuration. Note how the arrangement mirrors the
interconnectable features 55 that can be used in the other corners (figure 1C). In this
embodiment the joint comprises a long lobe 12 which extends around the corner into
a socket on the side portion 20. Figure 7A-7D show embodiments with one or more
interlockable lobes 12 and sockets 14.

20
Figures 8A and 8B show an embodiment of the third aspect of the present invention.
As will be appreciated, the linear member 5 is provided with a long strip 45 which is
bent into a loop to allow the interconnection of one or more shafts 75 and
corresponding channels 80. Since the strip 45 is bendable, if the side portions 20 are

25 pulled so as to expand the frame then the one or more shafts 75 will slide within the
channels 80 to allow the frame to expand. Preferably such a frame would have a
matching pair or pairs of these corners so that the frame can be expanded evenly in

a tensioning frame.

30  With reference to figure 12, the method of the present invention will now be
discussed. The linear member 5 is first provided (step A). Preferably the linear
member 5 is manufactured by extrusion which forms the upper surface 20, the



frame tensioning devices and the tension in the foil sheet was neasured
using a 30 conventional neasurenent device. The stencil printing franme of

t he presewd 20nvepdeton was then tested in each of the preprictaryoisane

t ensi oni ng devi ces. Advant ageously, the frane of the present invention is
pre-tensioned, although benef|C|aI{g it is WD 2011/ 023964PCT/ GB2010/ 001627
17 conpatible with conventional frane tensioning devices which can be used
to increase the tension and to reglster the stencil over a printing
substrate, Table 1:_ Tension Summary Table Centre Edge Tetra TMfoil /
Tetra TABINBOONT03ENAIthA YR ROTINN 49 TioHren b Shows exampiRsPHIRE286 N 32 N

member 5 having suitable cross-sections that may be formed by extrusion. In step B
the ends 10 and the bendable portions 15 are machined to provide the interlockable
and interconnectable features respectively.

In step C the linear member 5 is bent into the bent configuration. In step D the
features are interconnected and interlocked respectively. These steps are preferably
performed by hand and in a stepwise manner such that each bendable portion 15 is
bent in turn and finally the interlockable features are interlocked. This forms the

10 completed frame.

In an optional step E a foil sheet is attached to the upper surface 20 of the frame.

The present invention will now be described in relation to the following non-limiting
15 example.

Example

Three foil stencils were prepared using metal sheets of the same thickness. The first
20  sheetwas a standard Tetra™ foil sheet (see figure 1A) having a plurality of holes
that allow it to be held in a Tetra™ frame tensioning device. A stencil frame as
described in US2008/0216681 was prepared having an untensioned segmented
expandable frame with a foil sheet attached thereto. Such a frame, which is coded
VG herein is inserted into a frame tensioning device before use which expands the
25 frame and tensions the foil. Lastly a pre-tensioned frame according to the present

invention was prepared.

The framed foil sheets of the comparative examples were placed in their proprietary
frame tensioning devices and the tension in the foil sheet was measured using a

30 conventional measurement device. The stencil printing frame of the present invention
was then tested in each of the proprietary frame tensioning devices. Advantageously,
the frame of the present invention is pre-tensioned, although beneficially it is



I nvention foil+frame / VG Frane 38 N 36 N VG foil / VG Frame 38N 36N 5 As
can be seen fromthe table, because of the build in pre-tension the foil of
t he presewd 20nvBdeon, using the frane in a Tetra TM fr aoe/gB2098800862hi gher
total tension of 36N conpared to 32N for the Tetra foil. The results al so
show that a conparable tension is pbtained when using the VG

frame-tensi oning device as is obtalned when 10using the frane designed for
use with that device. Enbodi nents of the present invention can provide a
stencill%rlntl frane wi th a nunber, of key benefits: 151. Lower production

costs FOPRatEWith,copyestional framejens,lwpg\p@(qu%rmelhgaa,b@ Ysgitosaf ety by
el 1 m Nilckikethedbhsis 3hA t596G8ter the stench ovblBIKGlg bUBS@nal [ty due to

pre-tension o e stenci the sub-f results in | ess
printing defects / higher productlon ylelds 4. Less stenci

damage g‘%%g_the r |d al 3“3@2& um sub-franme resulting in 20l onger stencil

Iifetl rigidity than frames such as VG
Centre Edge
Tetra™ foil / Tetra™ Frame 32N 30N
Invention foil+frame / Tetra™ Frame 36 N 32N
Invention foil+frame / VG Frame 38N 36N
VG foil / VG Frame 38N 36N

As can be seen from the table, because of the build in pre-tension the foil of the
present invention, using the frame in a Tetra™ frame gives a higher total tension of
36N compared to 32N for the Tetra foil. The results also show that a comparable
tension is obtained when using the VG frame-tensioning device as is obtained when

10  using the frame designed for use with that device.

Embodiments of the present invention can provide a stencil printing frame with a
number of key benefits:

15 1. Lower production costs / cheaper to make.
2. Improved handling and user safety by elimination of all sharp edges.
3. Improved functionality due to pre-tension of the stencil in the flat sub-frame
which results in less printing defects / higher production yields.
4. Less stencil damage due to the rigid aluminium sub-frame resulting in
20 longer stencil lifetime. The frame has a greater rigidity than frames such as VG.
5. Better storage due to the fact that the stencil is mounted in a flat fixed sub-
frame which makes it a lot easier to store compared to an “unsupported” foil.

The foregoing detailed description has been provided by way of explanation and
25 illustration, and is not intended to limit the scope of the appended claims. Many
variations in the presently preferred embodiments illustrated herein will be apparent



5. Better storage due to the fact that the stencil is nounted in a flat

fi xed sub-frame which nmakes it a lot easier to store conpared to an

" unsupporwedo1fmsde4 The foregoing detail ed descri prcocBan/dean

provi ded by way of explanation and 25illustration, and is not intended to

limt the scope of the appended clg'ns. Many variations in the presently
e

preferred enbodinents illustrated rein will be apparent 18 to one of
ordinary skill in the art, and renain mﬁthin the scope of the appended
clainms,and t U|valents C aj A stencil printi frame
conpri & Age P BB{"&%’g silipdpe aﬁdaad femeIroithip tamsaen%ef the-arReNdeg@aBin t he
bor der 4 ﬂgvg%ﬁﬁpd as a single piece having sides and 5 corners that
define t ra e single piece having two ends interlocked to forma

joint on one corner or side, and wherein at |east one corner conprises
abutting faces arranged to prevent relative novenent of the faces. 2.
A stencil printing frame according to claim1l, wherein each corner
conprises 10 abutting faces arranged to prevent relative novenent of the
faces. 3. A stencil printing frame according to claim21 or claim 2,
wherein the abutting faces have non-pl anar conplenentary profiles. 15 4. A
stencil printing frame according to any one of the preceding clains,
wherein the abutting faces have interconnecting profiles. 5. A stenci
printing frame according to any one of the preceding clains, wherein



t he border menber is fornmed of alum niumor an alloy thereof. 20 6. A
stencil printing franme according to any one of the preceding clains,
wher ei n twe 2bovidssesnmenber forns a rectangle. 7. A steneciygsonvdong7frane
according to any one of the preceding clains, wherein 25the foil sheet is
attached by one or nore of gl ue, r'gets, crinping and/or soldering. 8. A
stencil printing frame according to”any one of the preceding clains,

wherein the foil is attached to the border nmenber under tension. 309. The
use of a stencil printing frame according to any one of the preceding

clai nsGl3MS:) printing at least a part of a solar cell; 20 (b) a
nmet hod of wafer bunping and/or sol der ball placenent; (c) applying

solder to a substrate for surface nounting one or nore el ectrical
conpondnt s; A stencil printingdyarde rceotprising a bordey mémbee and afoil sheétattacheal

e oo b B hoonmlobrag abesShol G hownd e wif o o
mandif aghiHehd that detife the frafe]) thed SinblAFBcé RPN Hve%nds interlocked to form a
joint on one corner or side, and wherein at least one corner comprises abutting faces
arranged to prevent relative movement of the faces.

2. A stencil printing frame according to claim 1, wherein each corner comprises
10 abutting faces arranged to prevent relative movement of the faces.

3. A stencil printing frame according to claim 1 or claim 2, wherein the abutting
faces have non-planar complementary profiles.

15 4. A stencil printing frame according to any one of the preceding claims, wherein
the abutting faces have interconnecting profiles.

5. A stencil printing frame according to any one of the preceding claims, wherein
the border member is formed of aluminium or an alloy thereof.

20
6. A stencil printing frame according to any one of the preceding claims, wherein
the border member forms a rectangle.

7. A stencil printing frame according to any one of the preceding claims, wherein

25 the foil sheet is attached by one or more of glue, rivets, crimping and/or soldering.

8. A stencil printing frame according to any one of the preceding claims, wherein
the foil is attached to the border member under tension.

30 9. The use of a stencil printing frame according to any one of the preceding
claims in:

(a) printing at least a part of a solar cell;



1) providing a |linear border nmenmber; 10ii) machining the two ends of the

| i near border nenber to provide interlockable features which can be

i nt er| ockw0 2001/kegem a j oi nt; iii) machining the lpcmaB2otamoder menber
to provide at |east two bendabl e portions; and i v) bending the
bendabl e portions and interlocking,the interlockable features to 15 form
the frane, wher ei n each bendabl e portion is nmachined to conprise a
segnent having a reduced cross-section and two faces arranged to abut to

event rel gtive no nt_of the fac in the frame. 2011. A net hod
g(r:p\c/)rdi ng ta))évﬁ\emﬁgfe%@&”ﬁ‘ﬂ'%aﬁaﬁﬁéﬁ"‘fﬁﬁiﬁﬂé’?amti ses attaching a
for sheet {q dohfying 89Rer iPaSuliBidRtoPSERSC RBUNNG AkBriore gL A t he
foil is attach y-one or nore techniques I ncluding riveting, crinping,

sol der campoaedisor gl uing. 25 13. A nethod according to claim 11 or claim
12, wherein ed under tension. 14, net hod according to

c’h fﬂil 1 at?ach A _
any one of & )afﬁ??é; X@”f'ﬁng.?, Ol &F 8791 &le¢tHcalCOMRENGNS AECHRHINS: | owi ng i s
true: a)thed)giniing Rkt A PAP6S a fifelRellr ded; and

(f) targeted deposition of any material onto a substrate.

10. A method of manufacturing a stencil printing frame comprising:
i) providing a linear border member;
10 ii) machining the two ends of the linear border member to provide
interlockable features which can be interlocked to form a joint;
iif) machining the linear border member to provide at least two bendable
portions; and
iv) bending the bendable portions and interlocking the interlockable features to
15 form the frame,
wherein each bendable portion is machined to comprise a segment having a
reduced cross-section and two faces arranged to abut to prevent relative movement

of the faces in the frame.

20 11. A method according to claim 10, wherein the method further comprises

attaching a foil sheet to the frame.

12. A method according to claim 11, wherein the foil is attached by one or more
techniques including riveting, crimping, soldering, and/or gluing.

25
13. A method according to claim 11 or claim 12, wherein the foil is attached under
tension.

14. A method according to any one of claims 10 to 12, wherein at least one of the
30 following is true:

a) the linear border member is extruded; and



21 b)the interlockable features and/or the bendable portions are formed by
cutting, grinding and/or stanping. 15.A stencil printing frame conprising a
border nmewbeniangvea foil sheet attached 5 thereto, wher ecmdsreicoraer
menber is forned as a single piece having sides and corners that define the
frame, the single piece having two,ends interlocked to forma joint on one
corner or side, and wherein each corner conprises abutting faces arranged
to all ow expansion of the frame. 1016. A stencil printing frame conprising a
border menber and a foil sheet attached thereto, wherein the border nenber

i s formed fPbm t {0 ipteriaskablsifeaties apdiondie hendakje podianssare feEPER LY t hat

defineg aving two ends each interlocked with an end
of an ag gegt p| %ﬂa or&ng joint on one corner or side, and wherein at
| east one cor ner corrprl ses abutti ng faces arranged to prevent 15rel ative
rmverre 7. A stencj | r| nt to claim 16,
V\/nerel at ﬁeﬁgfﬂm@wt@@ FRIPe comn oﬁéﬁ{q’ﬂﬁ 5398 {qusggﬁt attaghed

ad] @CGMeréﬂod%e?élnttH@bBFGEf%e%QéF:ﬁoHﬁé@%%rﬁ?i FerpIEeé %9lng‘§'c9es?‘aﬁ& enci |
printing frame, formed as a sin | ece havin enda rtrons that can
be bentomers thahdefine éhe framea thie aumgle‘ mecahlamnggm draldl intdrioeked tdvéorsi agl e

pi ece hav I ng two ends i (#erglpg abl e to formaér% int _on,_one corner or side

of t he!FMLQHEONS SAMEROr 8] INGRCNLATASHFATPEPES BRUBIRFRS s abutt abl e
faces afrapgedto blowekpandion of gid frfameovenent of the faces when the at | east

one
10 16. A stencil printing frame comprising a border member and a foil sheet attached
thereto, wherein the border member is formed from two or more pieces together
having sides and corners that define the frame, each piece having two ends each
interlocked with an end of an adjacent piece to form a joint on one corner or side,
and wherein at least one corner comprises abutting faces arranged to prevent
15 relative movement of the faces.

17. A stencil printing frame according to claim 16, wherein at least one corner
comprises a continuous strip joining two adjacent sides of the frame.

20 18. A border member for forming a stencil printing frame, formed as a single piece
having bendable portions that can be bent to form corners of a frame for holding a
foil sheet, the single piece having two ends interlockable to form a joint on one corner
or side of the frame, and wherein at least one bendable portion comprises abuttable
faces arranged to prevent relative movement of the faces when the at least one

25 bendable portion is bent to form a corner of the frame.

19.  Akit for forming a border member for a stencil printing frame, the kit
comprising two or more pieces, at least one piece having a bendable portion that can
be bent to form a corner of the border member, each piece having two ends

30 interlockable to form a joint on one corner or side of the border member, and wherein

at least one bendable portion comprises abuttable faces arranged to prevent relative



25bendabl e portion is bent to forma corner of the frame. 19. A kit for
formng a border nenber for a stencil printing frane, the kit conprising
two or nowe pilarews at | east one piece having a bendabl ecw@mE2mmotdrat can
be bent to forma corner of the border nenber, each piece having two ends
30interl ockable to forma joint on,one corner or side of the border nenber,
and wherein at | east one bendabl e portion conprises abuttable faces
arranged to prevent relative 22 novenent of the faces when the at | east
one bendabl e portion isé&snt to forma corner of the border nenber. 20.A

kit coMsMean of Hie aseaxtharghsat least ongibangabls perienis beaftodpEma 19 and a
foil 58BR@% of the border member.

20.  Akit comprising the border member of claim 18 or the kit of claim 19 and a foil

5 sheet.



