REPLACEMENT SHEET Transport apparatus for thin, board-shaped substrates The
invgntion relates to a transport apparatus for thin, ‘board-shaped

substr at eWO 9833998k anpl e printed ci rch't__ boards, which are ¢ é’;‘?eqampﬂt“ough
a coating installation, a solder mask ‘and the like.. US-A-4 759 488

di scl oses a carrier for holding a circuit board while passing round an
automated insertion line, wherein a rectangular fane is provided with
support nenbers extending in fromthe inner periphery. The support nenbers
are provided in the formof clanps which apply a pressure onto the edge of
the circuit board. EP-A-0 508 977 di scl oses an apparatus conpri sing
clanping jaws for grasping the edges of a substrate, wherein also a
pressure is applied onto the edge of the substrate which has to be rather
stiff, therefore. ring the manufacturin o] i oar d- shaped
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used, a prrn circurt board nust often be transtferred from one conveyor
t o t he neotdermaskenwhipedik@hen such a thin board is to be coated on both
si des. The problemunderlying the invention is so to devel op a transport
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'l"he lproblem underlying the in\)ention is so to develop a transport apparatus of the
type described at the outset that the thin, board-shaped substrates can be transported
through various processing and treatment zones without complicated manipulation of
the thin substrates being required during the transport.

The problem is solved according to the invention by the features of claim 1. As a
result of the fact that the thin, board-shaped substrates are each mpunied ina
suspended manner in a frame, they can be conveyed through various treatment and
processing stations by means of that frame without a transfer or the like being
required. If the board is to be coated on both sides, all that is required is for the frame
to be tumed without the board itself having to be manipulated by a turning device or
the like.

A further advantage of the mounting of a board-shaped substrate in a frame is that,
independently of the type of processing operation, no distinction needs to be made
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the like. A further advantage of the nounting of a board-shaped substrate
ina frame is that, independently of the type of processing operation, no.
di stinct g oggeysg t 0 be nade WO 98/ 39958 PCT/EP98/00214

PCT/ EP98/ 00214 -2- between the proce®sing of a thick board and that of a
thin board. Adaptations to an existing production |ine can therefore be
reduced to a mnimum The invention is described in greater detail by way
of an exanple with reference to drawings, in which: Fig. 1is a '

iOlisagr glngﬁ i Ceé&hgpprééqes\r’svm%;of%a\i)fcg%?@éﬁﬁ‘ag %??%’g@i’g%‘fagg%g‘g“{’%??géﬁr eFi g. 2
di f f er eekistingproduiction line sarotheseforertss resinded taya minimaima per spective view of a

tension spring nounted in the frame, and a substrate. Fig. 1 is a plan view
of a rectangular frane 1 that, in the enbodi mrent shown, consists of two

| at er al Thearenienlsdesctibetth grats detaiidby way oBamexample withaelerence foem
~Attached to the lateral frane nenbers 2 are tension springs 4 which are

spaced Sravings.dOMNUGNi ned di stance from one another and have a spring
portion 5 that projects inwards fromthe frame nenber 2, the free end of
whi ch spring portjion 5 engages. in an opening 6.at the edge of a thin,

boar d- sHrighdd %@9@9@{'@“@?@ F‘V%ﬂfpﬂKa'g‘em"ph?é@%ﬁ%‘%%“@&é‘?ﬂe"‘Fhe board 7
may be, for exanple, fromO0.2 to 0.8 mmthick. The spring portions 5 exert
upon the board 7 a tension in the horizontal direction in such a manner

t hat t h&ig@aris adder viewt ofafiame having 1easion 8pf98e cl anped by the lateral
frame menbers 2, for exanple, in longitudinal grooves of conveyor belts

(not shown) and can be transported in that
Figs. 3a

to 3c are different views of a tension spring; and o : ~

Fig. 4 is a perspective view of a tens_iori spring r_hounted in the frame, and a
substrate. | ' | -

Fig. 1 is a plan view of a rectangular frame 1 that, in the embodiment shown, consists
of two lateral frame members 2 and cohnéctih_g rods 3 arranged between them.
Attached to the lateral frame members 2 are tension springs 4 which are spaced at a
predetermined distance from one another and have a spring portion 5 that projects
inwards from the frame member 2, the free end of which spring portion 5 engages in
an opening 6 at the edge of a thin, board-shaped substrate 7, for example a printed
circuit board. The board 7 may be, for example, from 0.2 to 0.8 mm thick. The spring
portions 5 exert upon the board 7 a tension in the horizontal direction in such. a
manner that the board does notsag. :

The frame 1 can be clamped by the lateral frame members 2, for example, in
longitudinal grooves of conveyor belts (not shown) and can be transported in that

manner.

If frames 1, arranged in succession, having boards 7 mounted therein are being
transported, for example, through a coating installation in which a coating is applied to
the board by a pouring curtain falling from above, the pouring curtain is so shaped, by



manner. |If frames 1, arranged in succession, having boards 7 nounted

there| .n-are being transported for exanple, through a coating installation
i n whi'ch “Woosamobssy i S applied to the board by a pouring cur tBGCHEPS/0RHy
from above, the pouring curtain is se38shaped, by WO 98/ 39958

PCT/ EP98/ 00214 -3 - neans of laterally arranged limt stops, that only that
regi on of the board which is designed to be coated is coated and the
transport frame 1 itself is not soiled. As a result of that delimtation of
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exanpl e, a ort . .fr n t her ei n.
For med ofesultaL sl aeitaton e holl e Ba ) SbaTng B WtbereBBART | 10T T
whi ch a pedvideddor ranhspetingthetframe §is aoﬂmqetredvbemsedhewaemg@tmleﬂrb)'a

t hr eaded bore Jn t{} connecting rod 3. A helically wound portion 9 of the
t ensi on QARG NARHAN in detail in Fig. 3 is inserted into a bore 17
(Fig. 4) |n the frame nenber 2, those bores being so arranged al ong the

| ength of the frame nenber 2 that th I nwar roj ect.ng sprin ortions 5
are spac&-2ris i RiaR VigMoelal ephodimsset t"YaéM‘P ’{vaHBJ ﬁr&p&ﬁé&arﬁeﬁ t he

enbodi ”E’h%v@BQ?Mb iorh Eﬁn 09@4 h%ﬁfedéthér%w%nhedtdaeneagéa at e4ctheiid afitherenber 2
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their outotustension sanngseé qbgwmlrodet@é inhige B ig ingered MQé‘rtt%a” ftg-4) in

oor o8I ENRURLEF ANERLEHS) do APSRGEIURY rd gt e o
: member 2 that the tnwardly projecting spring portions 5 are spaced from one another
by substantially the same distance. In the embodiment shown, the two bores arranged

in the centre of a frame member 2 are arranged closely adjacent to one another to -

_ receive the tension springs 4, the tension springs 4 being inserted in opposite _
directions to one another and arranged, on one side, in such a m'anner astofom a
mirror image of the springs on the other side. The frame members 2 are provided on
their outside with a free portion 16 which can be inserted into a longitudinal groove of
a conveyor belt (not shown).

Instead of the free portion 16, there may be provided on the outside of the frame

members 2 other devices whlch are suitable for attachment to a conveyor belt or

similar conveying means. For example, on the outer edge there may be provided
bores for hanging over pegs of a transport device or the like.

~ Fig. 3ais a plan view of a tension spring 4 in the relaxed state before mounting in an
op_ening in the lower frame member 2 shown in Fig. 2. Fig. 3b is a view of the spring
portion 5 in the Iongitudinai direction of the frame. Fig. 3c is a side view of the tension
_spring 4 from Fig. 3a above.

.. The tension spring 4 has two spring arms 10 and 11 that project in approximately the
- same direction from the helically wound portion 9 having, for example, only two tumns,



menbers 2 ot her devices which are suitable for attachnent to a conveyor
belt or simlar conveying nmeans. For exanple, on the outer edge there nay

be provi dgg dupiogsg f or hangi ng over pegs of a transport devi PeTRIPORGG Il KE.
Fig. 3ais a plan view of a tension s@gring 4 in the relaxed state before-

nmounting in an opening in the |ower frame nmenber 2 shown in Fig. 2. Fig. 3b
Is a view of the spring portion 5 in the |ongitudinal direction of the
frame. Fig. 3c is a side view of the'tension spring 4 fromFig. 3a above.
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forms a tensioning hook.

_In the plan view according to Figs. 2 and 3a, the free end podion 15, or tensioning -
hook, of the spring portion 5 engages from below in an opening 6 at the edge of the -
thin printed circuit board 7, as shown in perspective view in Fig. 4. The sprihg arm 10
thus exerts a tensicning force outwards, viewed from the frame member 2, with the
result that the printed circuit board 7 is held tautly between opposite tensioning
hooks 15. '

A printed circuit board 7 can be fitted in & frame 1 that is provided with tension springs
manually or automatically; for example, in the plan view according to Fig. 2 the spring
arms 10 are rotated inwards by way of a camming ramp, a printed circuit board 7
being placed from above onto the accordingly positioned tensioning hooks 15. Once
the spring arms 10 have been released, the printed circuit board 7 is held tautly. The
tensioning hook 15 engages the printed circuit board 7 through the opening 6 in such
a manner that when the frame is turned through 180° the printed circuit board 7
continues to be held tautly, being unable to free itself downwards from the tensioning
hooks 15 that now engage through the opéning 6 from top to bottom. The edge of the
opening 6 is engaged by the tensioning hook 15 from behind.



thin printed circuit board 7, as shown in perspective viewin Fig. 4. The
sprigng arm 10 thus exerts a tensioning force outwards, viewed fromthe
frame nmerWON98B9958i th the result that the printed circuit boRG/EPISHOZM| d
tautly between opposite tensioning hodks 15. A printed circuit board 7 can
be fitted in a frane 1 that is provided with tension springs manually or
automatically; for exanple, in the plan view according to Fig. 2 the spring
arnms 10 are rotated i nwards by way of a camming ranp, a printed circuit .
board 7 lhehaignahoer priftedrmirebid boardst7oaretheldiasiientiy gnpofvsides.oned t ensi oni ng

oar d 7 indeReiTigni of Aiteredfhedtd e RSB i S aTRi e probasBin afi! PO
boar d- 7 ddwpeigbateterqgpecessgd Grormbathsides. manner t hat when the frane is

turned through 180[err] the printed circuit board 7 continues to be held
tautly, being unable to free itself downwards fromthe tensioni ng hooks 15
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tension spring 4 may be of different construction from that shown in Fig. 3. For
example, a tension spring 4 may be sb constructed that it has spring arms that project
_aWay from one another at an angle of 90°, one of which arms serves to attach the
spring to the frame and the other to tension the printed circuit board 7. The openings -
6 along the edge of a printed circuit board 7 may also be of different shape, being
adapted to the shape of the tensioning hook.

In a practical embodiment, the openings 6 may be 5 mm in diameter with a spacing of
5 mm from the edge of the printed circuit board.

% The spring arms 10 and 11 may lie in recesses in the flat frame members 2 so that
they do not project above the surface of the frame members 2, thus forming a smooth
bearing surface when the frame is conveyed, for example, on transport rollers or the
like. In that case, the spring arm 10 lies in a relatively broad recess in the frame

| “member 2 so that it is possible for the spring arm 10 to rotate in the recess in the
plane of the flat frame member 2.

—in a practical embodiment, during transport the frames may be taken over by transport
rollers of, for example, the pouring ti'ansport device, it being possible for elements to
be placed against the sides of the frames by means of which the frames are centred



Various nodifications-of the described enbodi mrent are possible. For

exanpl e, the tension spring 4 may be of different construction fromthbhat. -
shown in lgms For exanple, a tension spring 4 may be so pcITEPssavRey t hat
it has spring arns that project away-6rom one another at an .angle of '
90[err], one of which arns serves to attach the spring.to the franme and the
other to tension the printed circuit board 7. The openings 6 al ong the edge
of a printed circuit board 7 may al so be of different shape, being adapted

to the shape .of the t L,an) I ' ' :

e pri ientrfo . mplE) basgia) enisOth, esses in
the flat franme ers 2 hat they do not project above the surface of
the fran®® Wéﬁ%%gg{‘%s'{?%gfs%f”ﬁm?&a smoot h bearing surface when the franme
iﬁ conveyed, fo&oeranple, on t{a?spO{t Lollgrs or the like. In that caﬁfe,2

e spring arm10 lies in.a re el.y -br.oa | . Soctyiel
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pouring é@vﬁed'vﬁtﬁ 53HingCda8ed biamiphgSivewHimeart Be opbeed Astomaticallyl sy way
bar - shap el ements that serve as centring device to be placed at the. sides
of the fpbeAMMINGIEOING: Hgthabe@heﬂmntnéhwagw nghecfﬁ%m? a‘?‘?fﬁr'ﬁ stretchi ng

el ement Sl AsvdiSe (P Rindlbf tHQ]?traﬁef‘iE)éuEﬁ Hadt 6 BRshdrs dbhet brojea: atenbens 2,

| yi ng opposite one another, of a rigid transport franpe ][ Wnicrg it-retchi ng
el enent sbearngsurfaces®ftha frame sugmbers% Dapgnding on the size o the substrate, a -

plurality of grippers may be provided as stretching or tensioning elements along the -
length of the frame members. | '

The distance of the two frame members 2 one from another may also be adjustable,
for example by a screw connection to the connecting rods 3, for the purpose of *

adaptation to various breadths of substrate.

The described transport apparatus having a rigid frame and tensioning elements
arranged thereon which engage the edge of the substrate and tension the substrate is
suitable especially for a method of applying solder masks or similar materials to thin
printed circuit boards that may be from 0.05 to 0.5 nim thick. '



are acted upon by a spring towards the franme nenber 2 so that those
grippers tension the substrate in the plane of the frane. Th‘?/ﬁﬂg

t hensel veswa’a?ﬂ”ésprow ded with spri ng7l oaded cl anpi ng j aws 1‘be .
opened autonatically by way of camm ng’ fanps. In that enbodi nent, the

t hi ckness of the frame nmenbers 2 transverse to the plane of the frame is
such that the grippers do not project above the bearing surfaces of the
frame nenbers 2. Depending on the size of the substrate, a pl urality of
grippers may be provided as stretching or tensi onl\mlmmmmnﬂwmit he

| ength of the frame nenbers. The distance of the t one
from anot her may al so be adjustable, for exanple by *a &crbw Conhection to

t he connecting rods 3, for the purpogfaiphs adaptati on to various breadths of
substrate. The described transport apparatus having a rigid frane and

tensi oni ng el ements arranged thereon which engage the edge of the substrate
and tensipn t oS | yi ng
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frame (1)witteargvicedvbtbet servés o plevide eofidégtionltata comveger Helt qritio likie: .
connection to a conveyor belt or the like. 2. Transport appar at us
according to claiml1l, wherein a tension spring (4) has two spring arnms (10,
11) that Proj ettantpmppa@kus:@ddomm@wdamemtwtaére;matér&mn(ébhngqn)eh@é twdni ch
arms Servgpic"rmtgoarms 10a‘9f3)|tﬂat pro;ect {ror%n%eq’gglh} woun Qgrqtra %E)\r/h%% (b) orr%CPTI ve the

which arms serves to bear against the frame and the other serves to receive the

substrate, the central portion (9) being mounted in an opening in the frame.

3. Transport apparatus according to either claim 1 or claim 2, wherein the tension
spﬁng (4) has a spring portion (5) that projects inwards from the frame approximately
at a right angle, on which spring portion (5) there is formed ai tensioning hook (15) that
projects perpendicular to the plane of the frame and engages in the opening (6) in the
substrate (7). |

__4. Transport apparatus accordmg to either claim 2 or claim 3, wherein the spring
““arms (10, 11) are arranged in recesses in the frame members (2) in order to provide
the frame members (2) with a continuously smooth bearing surface.

5. Transport apparatus for thin, board-shaped substrates (7), espécially printed
. ..circuit boards, having a frame (1) for holding a substrate (7), tensioning elements
being arranged spaced from one another on the frame members (2), lying opposite
one another, of the frame (1), which tehsioning elements have clamping jaws for
- 7 grasping the edge of the substrate, the tensioning elements being acted upon by
_ spring force towards the frame mémbers (2) and the frame (1) being provided with a
R S
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substrate, the centLﬂ" eing nounted in an opening in the
frame. 3. Transp lﬁmmmr r ording to either claim1 or claim2,
wher ei n tyye de@9ssgon Sprfng (4) Bas*a spring portion (5) thapmp,mo}zﬂ
inwards fromthe franme approxi mately-&t a right angle, on which spring
portion (5) there is formed a tensioning hook (15) that projects

perpendi cular to the plane of the frame and for engaging in the opening (6)
in the substrate (7). 4. Transport apparatus according to either claim2
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contlnuqneaqssnnoth bearing surface. 5. Transport apparatus for thin,
board-shaped substrates (7), espeC|aIIy printed circuit boards, having a
frame (1) for holding a substrate (7), tensioning el enents belng arranged
spaced from one another on the franme nmenbers (2), |ying opposite one

anot her, of the frame (1), which tensioning el enents have clanping jaws for
graspi ng the edge of the substrate, the tensioning el ements being acted
upon by spring force towards the frane nenbers (2) and the frane (1) being
provided with a device (16) which serves to provide connection to a

conveyor belt or another transport means.
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