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a buoyanc ggryated clanp,? Avagidi.Ean this invention relates to a cathode
shield, e gﬁ&v gt‘tlngfappgravu&uand ...... thod 10 - using a cIaﬁping means.
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% buoyancy activated clamp.

In addition this invention relates to a
cathode shield, electroplating apparatus and method
using a clamping means.

Known clamps are not very sutiable for use
in automated processes.

In U.S. Patent No. 4879007 (to the same
assignee, and incorporated in this specification by
reference) a means for increasing the efficiency and
speed of automated electroplating 1is described.
Substrates to be ‘electroplated are automatically.
clamped at the top and brought in to be suspended over
an electrolyte bath. The substrates are then lowered
into the béth, at which time their lower edges contact
a cathode shield device floating on the top of the
bath. The weight of the substrates and the pressure
bearing down upon them is sufficient to overcome the
buoyancy of the shield and to move it down into the
electrolyte bath. Flexible substrates, however, even
if they are able to bear down‘enough on the cathode
shield to push it into the bath, tend to warp and
wobble, creating an uneven pattern of electroplating
on the substrate. This problem is usually over come

by placing around the perimeter of flexible
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a chthqde shield device floating on the top of the bath. The weight of the
substrates and the pressure bearing down upon themis sufficient to
overcome t he buoyancy of the shield and to nove it down into the 25
Fl exi bl e substrates, howdver, even if they are able to

el ectrol yte bath.

bear down enough qn,the cat hode shlglg to push .t into.the bath, tend
war p and wobbl e, p \

substrat e.
the perineter
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metal as well, which metal must then be scraped off;

and thirdly, in view of the above drawbacks, the
electroplating process is rather slow.

The object of the present invention is to
overcome the above disadvantages or difficultie§ or at
least to provide public with a useful choice.

Accordingly, in a first embodiment this
invention consists in a ciamp cdmprising two levers
pivotally attached to each other at a fulcrum wherein
the clamp, when floating on top of a liquid, is in a
first position but when submerged, by virtue of its
bquancy is caused to move to a second position.

. In a second embodiment, the present
invention consists in a method for the electrolytic
deposition of a coating of metal om an electroplatable
substrate as cathode in an electrolyte bath equipped
with anode whereiﬁ the substrate is supported in a
substantially vertical plane and 1is automatically
clamped at its lower edge as it enters the electrolyte
bath.

In a third embodiment, the present invention
consists in a cathode shielding deQice for use in an

electrolytic plating bath, said device comprising :

to
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an elongated trough adapted to be inserted in said.

| bath;



net &l r;ts wel I, which netal nust then be scraped off; 5 and thirdly,
in view of the above drawbacks, the electroplating process is rather slow
The object of the present invention is to overcone the above di sadvant ages
or difficulties or at least to provide publ i3c_ with a useful choice. 10
OCOr Oy, o sl TS P bRt gD, cOnStsLo Lo @ clamp
L cl anp. when {LOSLA% 90 (9P 96,2 9ol b LA st postiion, but
Consi sto i a met Rod % R RHaub URTEr0T TR JehttR s iYLt LPAsRg o oFomet al
op " €l ert 1 onl ot = SUIARLE SRR BBl B ELY e BRLP supreec
5 submerged, by virtue of its buoyancy is caused to move
to a second positionj;
said clamps being aligned substantially in parallel
vertical planes transverse to the longitudinal axis of
said trough, for securing one or more electroplatable
10 substrates in a substantiélly vertical plane with the
lower edge of each of said substrates located below
the plane in which lies the uéper edges of said
trough; and
said trough having a plurality of perforations in the
15 upper region of the sides thereof.
In a fourth embodiment, the present
invention consists in an apparatus for electrolytic
deposition of metal on a substrate comprising a
container fér eléctrolyte; a cathode bus bar; and a
26 clamping means, wherein an electroplatable substrate
is attachable at an upper edge to the cathodé bus bar
and the clamping means clamps lower edge of any
substrate attached to the cathode bus bar as the
substrate enters the container.
25 - Preferred embodiments of the invention will

now be described with reference to the drawings in

which:



suﬁ%taqtiafly vertical plane and s automatically clanped at its |ower edge
as it enters the electrolyte bath. In a third enbodi nent, the present

i nvention 25 consists in a cathode shielding device for use in an
el ectrolytic plating bath, said device conp?ising an el ongat ed trough
adapted to be inserted_..n said bath; 3 s%bd tr. ugh.bein% provided with a
plurality of clanps cofpPi&ing tW PeFEPE™RU6t S0y YiecRd HhE <alampt her
at a ful crum wherein the clanp, gge@hglo%ﬁégaﬁrLtgg of aliquid,_ isin a
first position but when 5 sOBmE e d SR rt U9 siBuly SS9
caused to nove position.
Fig 2 is a scheﬁatic side view of the clamp
5 of the present invention in an open
position.
Fig 3 shows in perspective view, partially

cutaway,. a cathode shield of the
present invention.

10 Fig 4 is a cross-sectional view of a cathode
shield incorporating the clamp and with
an electroplatable substraté in place.

Fig 5 is a perspective view partially cutaway
showing the cathode shield of Fig 3
15 mounted in a plating bath.

Fig 6 is a schematic, cross-sectional view of
a cathode shield of the invention
installed in an unloaded condition in
a plating bath.
20 _ Fig 7 is a perspectivé view of the cathode
shield of the invention moﬁnted in a

frame with electroplatable substrates

loaded.
Fig 8 is a perspective view of a cathode
25 -shield of the present invention showing

one end of the shield in detail.
A preferred embodiment of the clamp of this
invention is 1illustrated in figures 1 and 2. As

clamps operable by buoyancy have not previously been



to 'a second pdsition; said clanps being aligned substantially in parallel
vertical planes transverse to the |ongitudinal axis of said trough, for
securing one or nore el ectroplatable 10 substrates in a substantially
vertical plane with the | ower edge of each ®f said substrates |ocated bel ow

the plane in which |lies.the.upper edges of said trough; and said trough
having a pluralit Qﬁnpb?fBFi?igﬁsq qLsEops ékatlﬁﬂﬁﬂ & egl 3APofroudd si des

thereof. In a f éh ”bQQi”%%hb t [ ' ion cpnsists in
an apparatus for %P{ectrgﬁytic deposietri ogg%f %?Z?Bgﬁégyéu%str% cERbri si ng

a container for elariiqindeion skéwodenbrbgdar;ardd aif0urelyCh ”Q'apg
means, wherein an electroplatable substrate is attachable at an Upper edge
to the cathode bt isamme + helrel Arpirey Zedihe clanpsisosbowndgs béiagy

5 - made up of two levers 52, 5S4 which are Pivotally
attached to each other at a fulcrum 56. For s;ge
applications it may be desirable for the levers s2,
5S4, to be formed in two parts 58, 62 and 60, 64 on
either side of the fulcrum, the first parts 58, 62

10 lbeinq buoyant and performing the clamping function and
the second parts 60 and 64 performing an auxiliary
function. In the open position shown in figure 2,
gripping members 66 are spaced apart from each other.
The second parté 60, 64 conveniently form, in the open

15 position, a pathway to guide an object to be clamped
into the space between the gripping members 66. The
second parts of 60, 64 therefore act as guide members;'
The clamp is buoyant so it will float on the.top of a
liquid in the position shown in Fig 2. '

20 When the clamp is forced downwards into the
liquid the tendency for the buoyant first parts 58, 62
of the levers 52, 54 is to move in an upward direction
until they reach the limit of upward movement which is
defined by the gripping members being pressed together

25 on either side of the object to be gripped (or pressed
against each other if no object is present).

. Upon return to the surface of the liquid the
clamp will again assume an open position.
The clamp may of course be configured so

30 that it clamps when floating and releases when

submerged. This may most conveniently be achieved by

‘m..-:i.__ _



substrate ‘attached to the cathode bus bar as the substrate enters the

cohtainer. 25 Preferred embodi ments of the invention will
now be described with reference to the drawi ngs i n which: 4 Fig 1l S
a schematic side view of the clanp of the Bresent |nvent|on in a closed

position. Fig 2 a_schemati c_side. vi

of the present |ﬁ%@Féﬁpﬁﬂgaﬂe%%ﬁS@%}??g\vh\cl’cq'—ﬁe sn kgrrp’ﬁsgxgnijnp"“rts
perspective viewgqgargi abky tqldt ayerd 62t hafde shi ehddfndth®ely, the

gripping members could be located on the under side of

the first parts 58, 62 of the levers 52, 54. As

5 mentioned above, the clamp’s configuration is not
limited to the example shown in figures 1 and 2 but

can be configuréd to suit the overall function it
performs in whatever apparatus it may be utilised in.

One particularly appropriate use of the

10 clamp of the invention is, ho.wever, as part of a
cathode shield in an elecfroplating bath where the
clamps hold electroplatable substrates in place and is
advantageous in that very flexible substrates can be
securely retained in the electroplating bath.

15 Figure 3 shows a perspective view, with one
side partially cutaway to show details of the
interior, of a shielding Qevice shown overall as 4
according to a preferred embodiment of the invention.
The shield 4 comprises an eloﬁgated trough 5 bounded

20 by sidewalls 6 and 8, and stfut engaging members 10
and 12 and a floor 14. It will be understood that the
strut engaging members 10, 12 need not be positioned
at the ends of the trough but are most suitably so
placed. The floor 14 is raised above the level of the

25 " lower edges of the sidewalls 6 and 8 thus leaving an
open compartment 16 beneath the floor 14 of the
shield. Disposed within the shield are a plurality of
clamps 18 which serve to secure the substrates which
are to be electroplated. The lower edge of a

30 substrate 24 is received as shown in cross-section in.

Figure 3. As shown in Figure 3, the gripping members



pféhenf i nvention. 10 Fig 4 is a cross-sectional view of a
cat hode shield incorporating the clanp and with an el ectropl at abl e
substrate in place. Fig 5 is a perspective view partially cutaway
showi ng the cathode shield of Fig 3 15 7 mounted in a
plating bath. Fig 6 IS a schematic, cross-sectional view of a cathode
shield of the infdfiRMhdihg 1@Veh @R GheouBRET ceddet PEnWahla Hl aning
bat h. 20 [ A | S .@.0er specti v ie f,th cathgdg shield
of the inventioni%3>nfg81§ﬁ§€é rame Wit %&ﬁ%égplg%%b?ésgﬁﬁg?ra¥esl§oaded.
Fig 8 IS a periiaat it ViaNyef o2 @dhede Zms to about 10 cms and

shield of the present invention show ng
preferably in the range of about 3 cms torabout 6 cms

-5 '~ although values of "x* higher than or lower than this
can be employed if desired. Preferably, however, the
distance "x" 1is not less thén about 1.5 cms.

The clamps 18 all pivot about a rod 70 which
is secured at either end by the strut engaging members
10 10, 12 or in some other way so that the clamps may
pivot freely. For convenience the entire of side
walls 6, 8 need not be attached to the levers 52, 54,
bﬂt can be formed in two parts as shown in figure 8.
The lower part of the side walls 6, 8 will therefore
15 be remain substantially vertical at all times, whereas
as the upper part will be at an angle to the lower
part when the trough is floating on top of the bath.
Referring again to figure 3, each of the
sidewalls 6 and 8 has a plurality of perforations 26
20 in the upper regions thereof to permit ‘electrolyte in
the bath to flow therethrough into and out of the
trough 5. The number and arrangement of these
perforations is not critical although it is preferred
that no perforations are present in either sidewall
25 below-the level the gripping members (see figure 4).
In the loaded condition the device 4 is
immersed in the bath to the depth required by exerting
a downwards pressure on the trough.
Referring to figure 8, a downwards pressure
30 is conveniently exerted on the trough 5 by struts 72

attached to the cathode bus bar 38 (see figure 7).



one end of the shield in detail. A preferred enbodi ment of. the clanp of

this i.nvention is illustrated in figures 1 and 2. As cl anps operabl e by

buoyancy have not previously been 5 known it w Il be understood that

such a clanp could take on a nunber & configurations and the

configuration shown in Figs 1 and 2 is purely by way of exanple. In figure

2, the clanp is Ehewatast b2 nlgas a strphdendp 74f Whwsh engeges2withg anhi ch
sone

Appl Tcations it FegubeeRaRdTin e (1) S S iepd 7 gt BERIE | 1 1o
ggrts 58, 62 and,£0,yPdq0RembiPeioShie Sholhe dsuaify (e delshdnaldy S 58,
v-shapes, but many have other corresponding shapes,
5 such as a.tooth affangement. The strut 74 and the
strut engagement member 10 must, however, engage in
such a manner so that lateral movement in the strut 72
creates a correspénding lateral movement in the trough
5 and does not cause the strut 72 to became disengaged
10 from the strut engaging member 10. To aid ‘such an
engagement, the strut end'74 is preferably provided
with a retainer 76 to retain the -strut 72 in position
relative to the_strut'engaging member 10. The strut
engaging member 10 could be formed by one of the
15 clamps 18 in the trough S as illustrated in figure 7.
The strut could alternatively extend upwards
from the -trough and engage with a strut engaging
member on the cathode bus bar 38. Or, both the trough
and the bus bar could be provided'with struts which
20 engage with each other.
Thus, in operating an electroplating process
in accordance with the inventiqn; the cathode bus bar
38, with the substrates 24 attached by me&ns of clamp
39 and connecting harness 40 moves into position over
25 the electrolyte bath 30 and the trough 5. The cathode
bus bar 38 then lowers the substrates down towards the
trough and the guide members (second parts) 60, 64,
guide the lower edge of the substrates into the space
between the gripping members 66. At the same time the
30 strut 74 engages the strut engaging member 10. The

bus bar continues to move downwardly and pushes the



10% bei-ng buoyant and perform ng the clanping function and the second

parts 60 and 64 perform ng an auxiliary function. In the open position
shown i.n figure 2, gripping nenbers 66 are spaced apart from each ot her.
The second parts 60, 64 conveniently form ?n t he open 15 position, a

pat hway to guide an object.to ace. between the

gri ppi ng menbers %ﬁOug heV:8ch ﬁ {:ﬁ‘?geﬂf %E g?‘é'FB?ﬁyﬁ%t &S dihsle
menbers. The cla u t | at o] uid in

t he position shomnﬁulaﬁ bel g)éghﬁeégmé éMblmerB'eQ e élhﬁt)%ﬂp%l Reﬁb%ggf oérjsced
downwards into thelbsequon ¢heheensibde)off ahet babbtogees £4rtd HEUd T 62
of the levers 52, 54 is to nove in an upward direction until they reach the
limt of upward mmemaﬁt weugs iantdatlilyed BPTtASadr i ppilagenenber s Wamg
pressed toget her e gri %ggd 3(80r

th d f t t b
pressed agai nst e% ﬁc’éfﬂﬁgafghﬁo%trjsof‘éoﬂe Jloest#estg}é )egathOde bus

and attached substrates move upwardly and the trdugh,
by virﬁue of its buoyancy, also moves upwardly. When
the trough reaches. the top of the electrolyte
solution, the clamps 18 open .and the gripping members
.10 move apart to release the substrates 24. The
substrates are then lifted clear of the electrolyte
bath and moved away by the cathode bus bar.
The struts 74 are conveniently placed one at
each end of the trough 5, however more struts 74 could
15 - be provided if desired. If only one strut 74 is
utilised the corresponding strut engagement member 10
would need to be exactly centrally placed.
A guide (not shown) may be situated on each
side of the bath 30 to prevent gross lateral movement
20 of the trough, but such a guide would obviously allow
for the reciprocating motion which is part of the
electroplating process as described below.
A feature of the clamp illustrated in
figures 1 and 2, is that the guide members 60, 64
25 which form a steep sided V-shape when the clamp is in
the open position, form a very wide V-shape when the
clamp is in the closed position.
If the guide members were to retain a steep V-
shape.aftei immersion in the electrolyte, they might
30 hinder electroplating by creating a “"shadow" on the

substrate. However, 1if the gquide members were to

oot

oot



Upan return to the surface of the liquid the clanp will again assune an

open pesition. The clanp may of course be configured so 30 that it
clanps -when floating and releases when subnerged. Thi s may nost
conveni ently be achi eved by 6 the gripptRg nmenbers being | ocated on the
second parts 60, 64 of the |evers 52, 54. Alterpatively, the gripping

menbers coul d be FBEAER® ot Ehe UHRRR® sivtY Tt Wqﬂéqiq%ﬁ ipgrersese wézhof the
et s nEssirs BRAACTRY, SBBMEeert e AT el ANL L
to suit the overabEffuneatDP Ghi@erierivg i sudbataves BRRARIdIS idy My be
utilisedin. Th'e components of trough 5 and clamps 18 are
5 advantageously prepared by injection molding or like
means as a single unitary whole or in pieces which.are
assembled by melt sealing or like means from plastic
material such as polyethylene, polypropylene and the
like which impart sufficient buoyancy to the device 4
10 to enable it to float in the electrolyte 27 of the
plating bath as shown subétantially in cross-section
in figure 6. The components of trough 5 and plates
18 may also be fabricated from plastic material such
as polyvinyl chloride which is of a density such that
15 device 4 does not have sufficient buoyancy to float.
In this event, material such as a block or blocks of
polystyrene foam or polyurethane foam is attached to’
device 4, advantageously by placement of the
appropriate amount of such foam block in compartment
20 16 (see figures 3, and 4), to impart sufficient
buoyancy to the device 4 to enable it to float. The
appropriate amount of auxiliary buoyant material
required can be determined readily by a process of
trail and error.
25 Figure 5 shows 1in partial cutaway a
perspective view illustrating another manner in which
. the device 4 is mounted in a plating bath 30 in
éccordance with the invention. In this émbodiment the
strut 72 of device 4 is moﬁhﬁéd'in the second parts
30 60, 64 of a clamp 18. The struts 72 are attached to

a cathode bus bar 38 (Figure 7) to which limited



One particularly appropriate use of the 10 clanp of the invention is,
however, as part of a cathode shield in an el ectroplating bath where the
cl anps -hol d el ectropl atabl e substrates in place and i s advantageous in that
very flexible substrates can be securely rétained in the electroplating
bath. 15 Figure 3 shows a perspective view, with one side
partial |y cutawayaopaesatdarcinetisdn t¢an ihe dmpgrteds 1 Shecdiregtioni ce
shown overall as 4 accaqrdj to, a preferred enmbodi nent of the invention.
The shiel d 4 conprICEEESH d%nbhF B FPETgRY 5 SBBLRRELE 0 TeC1PEyCeFabdal | s 6
and 8, and strut ifh JENRESS Aoy, 12 and a floor 14. It will be
understood that the strut engagi ng nenbers 10, 12 need not be positioned at
the ends of the trough but Te mosipsetdtairiy exiphatedarfee €dodevidei s

rai sed above the level of the 25 | oner edges of the sidewalls 6 and 8
thus | eavifig an 4 in the above manner encourages circulation of

electrolyte around the substrates suspended in the
plating bath. This motion takes place in the gap
between twin anodes 36 and 36’ shown in cross-section
in figure 6 which anodes each extend substantially

10 across the-width of bath 30 in a direction parallel to
the longitudinal axis of device (4). These anodes 36
and 36‘ are not shown in figure 5 in order not to
obscure the details of the manner in which the device
4 is mounted in bath 30.

15 The buoyancy activated ciamp, the cathode
shielding.device using a clamp and using the clamp of
the invention and the methods of utilizing said device.
in an electroplating bath have been described above by
reference to various specific embodiments shown in the

20 drawings appended hereto. The scope of the invention
is ﬂot.limited to these particular embodiments, and
various modifications which will be readily apparent
to those skilled in the art can be made to said
illustrative embodiments without departing from the

25 . scope thereof.

The invention provides an improved cathode

shield device for use in an electroplating bath and

- process. The device is very easy to load, relatively
simple in construction and contributes significantly

30 to the economics of an electroplating operation by
reason of the time and labor which 1s saved by its
utilization. Furthermore, the device is particularly

useful with very light and flexible substrates which



open corrpartrrent 16 beneath the floor 14 of the shield. D sposed within the
shleld are a plurality of clanps 18 which serve to secure the substrates

which are to be electroplated. The Ilower edge of a 30
substrate 24 is received as shown in cross-section in Figure 3. As shown
in Figure 3, the gripping nmenbers 7 are below the | evel of the upper

edge of walls 6 arard hpta susfantentky. selcmrgdgersetalimed didulrdmee tke 1S

wi thin the range of_ about 2 cns to about 10 cns preferably in the range
of about 3 cns to WARFKTWPIAHERY procegs; hBLFQﬁ?‘(Pé?‘ngté’ gisclosgdgaathedan or

lower than this cay,fig &l %fﬁ%ddflﬁ%% rt%% buo?&ﬁE?r g@kxvaégﬁex%npt bg

di stance "x" is not |ess than about
a significant contrlbutlon to the art in that no

S external clamping means is required. This makes the
buoyancy activated ciamp particularly useful in

automated processes.



The cl anps 18 all piv a rod 70 which is secured at either end by
the strut engagi ng WHM M‘Uﬂ\” 12 or in sone other way so that the
cl anps may pivot freel ence the entire of side walls 6, 8
need not be attached to the Ievers 52, 54, b8 can be formed in two parts
as shown in figure 8. The Iomer part of the side walls 6, 8 will therefore
15 be remain —ally vertical at all tines, whereas as the upper
part will be at an angle to the |lower part when the trough is floating on
top of the bath. Referring again to figure 3, each of the sidewalls 6 and 8

has a plurality of erf r S 20 . in th per re I ons, thereof to
permt electrolyt eln t%e%t}ggﬂ) g\plrg\?/lpﬁe‘?gt %ao gﬁa ES §h8 RAVREalhe
trough 5. The r d r hese erfor tions i s not
critical although |atrulrgs?: perdeggr ?33‘% ﬁgﬁsgggéer rl§% Fﬁlﬁrgg%rﬁlﬁmp,
ei ther sidewall ~when floating on top of a lquld, is in a first

position but when submerged is caused, by virtue of

its buoyancy to move to a second position.

2. A clamp as claimed in claim 1 wherein the first
position is an open position and the second position

is a closed position.

3. A clamp as claimed in claim 1 wherein the first
position is a closed position and the second position

is an open position.

4. A clamp as claimed in claim 1 wherein each lever
has first and second parts, each part being situated

on opposite sides of the fulcrum.

5. A clamp as claimed in claim 4 wherein the second
part is at an obtuse angle to the corresponding first

part of each lever.

6. A clamp as claimed in claim 4 or claim 3 wherein
one of the two parts of each. lever extends upwardly

when the clamp is floating.



25 ° bel ow t he | evsgl ri ppi ng nmenbers (see figure 4). In the | oaded
condition the device ZMEEM' eﬂﬁ””"t he bath to the depth required by
exerting a downwards pr«€ g ough. Referring to figure 8, a
downwar ds pressure 30 i s conveni‘ently ¥kerted on the trough 5 by
struts 72 attached to the cathode bus bar 38 (see figure 7). 8 The strut
72 has a strut end 74 #hi Ha8Ryafs FiHTeSt At SEITg ekurtherThe
strut end 74 and strut .engagi ng nenher 10 are shown as havi ng correspondi ng
V- shapes, but nmanyfdRFe @ PPN RSy edhafddated on eqin ofs the oot h

arrangenment. The st rlut 74 gnd Ehe strut engagenent nber 10 nust,
however, engage i R east two levers wherein®when the clamp is in a

closed position the gripping members are adjacent each
other and on either side of any object to-be clamped
and in an open position are spaced apart from each

other.

8. A clamp as claimed in claim 4 wherein a gripping
member is situated on the first parts of each of the

levers.

9. A clamp as claimed in claim 4 wherein a gripping
member is situated on the second parts of each of the

levers.

10. A clamp as claimed in any one of claims 7-9
wherein the second parts of each lever form guide
members which when the clamp is in the open position,
guide an object to be clamped into the space between

the gripping members.

11. A clamp as claimed in claim 10, wherein the guide
members form a substantial V-shape, each member
extending upwardly and outwardly from the space
between the gripping members when the clamp is in the

open position.
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su¢h a manner so | at eral novement in the strut 72 creates a
correspondi ng Iatlw gmlm gy t he trough 5 and does not cause the strut
72 to becane di sen 0 ”"H”;!romthe strut engagi ng nmenber 10. To aid
such an engagenent, the sttuts emd 74 is pref®rably provided with a retainer
76 to retain the strut 72 in position relative to the strut engagi ng nenber
10. The strut engagi.ngAnedbmp t0adomeldd ipe clermedl®yon el adfm tlhe wHerein
clanps 18 in the trough 5 as illustrated in figure 7. The strut could
alternatively ext¢he angredsbétropenr hbher gugheamgmbagagéswismblaest mien
engagi ng nenber on the cathode bus bar 38. O, both the trough and the bus
bar coul d be provithedchamp dsrdns thigi Opepopositiengehan wihen ddeh adtdme .
Thus, in operating an el ectroplating process in accordance with the

i nvention, the caftfodd Bhe K3OsB8 PBHSITiMe substrates 24 attached by neans
of clanp .

13. A method for thé electrolytic deposition of a
coating of metal on _an electroplatable substrate as
cathode in an electrolyte bath equipped with anode
wherein the substrate supported in a substantially
vertical plane and is au.tomatically clamped at its

lower edge as it enters the electrolyte bath.

14. A method as claimed in claim 13 wherein the
substrate is automatically clamped by a ‘clamp or

clamps of the type claimed in any one of claims 1-12.

15. A method as claimed in claim 13 or claim 14
wherein the substrate is automatically clamped by a
.plural.ity of clani_ps in a trough or forming part of a
trough, the clamps being aligned substantially in
parallel vertical planes transverse to the

longitudinal axis of the trough.

16. A method as claimed in any one of claims 13-15
wherein the substrate is automatically clamped when a

downward force is exerted on the trough.



-

39 and connecti 40 anes |nto position over 25 t he
el ectrol yte bat ﬂﬁ The cat hode bus bar 38 then | owers
t he substrates rough and the gui de menbers (second parts)
60, 64, guide the | ower edge of the substrages into the space between the
gri pping menbers 66. At the same tine the 30 strut 74 engages the
strut engagi ng mepper AlGhethbide aBuslhamedoih i cilein ti mheeedawaher dkymand
pushes t he 9 trough, via the strut 74 into the electrolyte. As the
cl anps 18 becone ewdwes gedidwisvagrd fuinwe mentkdes tdéughosbrongki éhstratde of
the substrates 24 to hold themin a substantially wvertical pl ane.
When 5 el ectoppstatitg estendiphet ellthehedewnhaddl hufrdmra 38athode
bus bar which struts engage with the trough, or
upwardiy from the trough which struts engage with the
cathode bus bar; or extending downwardly from the
cathode bus bar and upwardly from the trough which
struts engage with each other.
18. A method for the electrolytic deposition of a
coating of metal having uniform thickness on an
electroplatable substrate as cathode in an electrolyte
bath equipped with anode, wherein said substrate is
supported in a substantial vertical plane in an
elongated trough, wherein the lower edge of said
substrate is located below the plane in which lies the:
upper edges of said trough wherein the substrate is
held in the trough by providing clamp comprising two
gripping members situated on either one of two levers
pivotally attached to each other at a fulcrum, wherein
the clamp, when floating on top of a liquid, is in an
open, or a closed, position but when forced into the
liquid is caused, by virtue of its buoyancy to move,
if it were open to or towards a_closed position, or if
it were closed to or towards an open position, the
grippiné members, 1in the closed position, adjacent
each other and on either side of an objecting to be

clamped when such an object is presents and in the

open position being spaced apart from each other.



and attached substrates nove upwardly and the trough, by virtue of its
buoyancy, al so rmvejl“!“ﬁ mlmummmn)he trough reaches. the top of the
electrolyte solutio ! pen and the gripping nenbers 10

nove apart to rel eas€ the" stbstrates The substrates are then
lifted clear of the electrolyte bath and rmved away by the cathode bus bar.
The struts 74 are Ebnvénimeatiiod 9Paé§§°§ﬁén§? whigh cdird o 8t Weex e bugha bd
however nore struts 74 could 15 provi ded if desired. | f only one
strut 74 is utilisEePude iopreypord; Hgtgt?&l‘&@d@@ﬁtpmtl@nmd
need to be exactly centrally placed._ A guide (not shown) nmay be situated on
each side of the bHth WPH o rds ides a&‘eﬁ’ﬁﬁﬂent 20 of the
trough, but such a guide would obV|oust allow for the reciprocating notion
which is part of the electroplating process as described bel ow '

20. A method in accordance with claim 18 or claim 19
wherein said metal is copper and said substrate is a

printed circuit board.

21. A cathode shielding device for use in. an
electrolytic plating bath; said device comprising :
an elongated trough adapted to be inserted in said
bath;

said trough being provided with a plurality of clamps
as claimed in any one of claims 1-12;

said clamps being aligned subétantially in parallel
vertical planes transverse to the longitudinal axis of
said trough, for securing one or more electroplatable
substrates in a substantially vertical plane with the
lower edge of each of said substrated located below
the'plane in which lies the upper edges of said
trough; and

said trough having a plurality.of perforations in the

upper region of the sides thereof.

22. A cathode shielding "device for use in an
electrolytic plating bath, said device comprising :
an elongated trough mounted in a frame, said frame

being provided with drive means for imparting



A feature of the clanp illustrated in figures 1 and 2, is that the guide
menbers 60, 64 25 UWF w"u"”m steep sided V-shape when the clanp is
in the.open positi o A muﬂﬁde V-shape when the clanp is in the

cl osed position. If the gui de fenbers wereigo retain a steep V- shape after

i mersion in the electrolyte, they m ght 30 hi nder el ectropl ating by
creating a "shadowec@prbbel subsémane. in didvevezonid]l thergiivie nignena wer e
to 10 retain a wide V-shape, which would not interfere with the

el ectropl ati ng pr deese, ahleyowsalid todugh ebdntednin ysagid derdamyj ng

substrates into position. The conponents of trough 5 and clanps 18 are
said trough being provided with clamps for securing
one or more electroplatable substrates in a
substantially vertical plane with the lower edge of
each of said substrates located below the plane in
which lies the upper edges of said trough, said clamps
being as claimed in any one of claims 1-12; and

said trough having a plurality of perforations in the

upper regions of the sides thereof.

23. A cathode shielding device as claimed in claim 20
or claim 22 wherein said elongated trough is

fabricated from buoyant plastic material.

24. A cathode shielding device as claimed in any one
of claims 21-23 wherein said elongated trough is

fabricated from polypropylene or polyethylene.

25. A cathode shielding device as claimed in any one
of claims 21-24 wherein said elongated trough is

provided with auxiliary buoyancy material.

26. A cathode shielding device as claimed in any one
of claims 21-25 wherein the substrate is a printed

circuit board.



5° advantageous ared by injection molding or |ike means as a

singl e.unitary whol ﬂ' HHﬂMLCh are assenbled by nelt sealing or
| i ke means fron1p|as as pol yet hyl ene, pol ypropyl ene and

the |like which inpart suff|C| ent bdoyancy tpgthe device 4 10 to enabl e
it to float in the electrolyte 27 of the plating bath as shown

substantially in @uss-aedpparatud i goif ete eledtrto BARONBYSsAf1d4 oygh 5
and plates 18 may also be fabricated fromplastic material such as

pol yvinyl chlori de whitetl icn ohnaclleasroylstablé haibstrate colgph i dy dges
not have sufficient buoyancy to float. In this event, material such as a
bl ock or bl ocks ofcoralajisteyr efer f eberbropptyur @t hahkodeabuks batt;adird 40.
device - 4, advantageously by placement of the appropriate amount of
such foam bl ock i cleopiag mean0 wherelp ay sekecfrigplatsabld; subskrde - to
| mpart suff|C|ent buoyancy to the device 4-to enable it to float. The

is attachable at an upper edge to the cathode bus bar

and the clamping means clamps the lower edge of any

substraté attached to the cathode bus bar as the

substrate enters the container.

28. An apparatus as claimed in claim 27, wherein when
the container contains electrolyte, 'the clamping means
clamps the lower eadge of any substrate attached to the

frame as the substrate enters the electrolyte.

29. An apparatus as claimed in claim 27 or claim 28,
wherein the clamping means comprises a plurality of

clamps.

30. An apparatus as claimed in claim 29, wherein the
clamps are in a trough or forming part of a trough and
are aligned substantially in parallel vertical planes

transverse to the longitudinal axis of the trough.

31. An apparatus as claimed in claim 29 or claim 30,
wherein the clamping means clamp the lower edge of
substrate when a downward force 1is exerted on the

trough.



appropri ate anmount of au'Xi_I'iatyi"buoyant material required can be determ ned

readily by a procH“s, ﬂ,ﬂMﬂﬂﬂHﬂerror. 25 Figure 5
shows -in partialld spective view illustrating another manner

in which the device 4 is mfunfed*in a pl at RAg bath 30 in accordance with

the invention. In this enbodi ment the strut 72 of device 4 is nounted in
the second parts 39- An Fpopavate$s ascthaimed in cligdmsBlyt yheZedme thet ached
to a cathode bus bar 38 (Figure 7) to which limted reci procating notion
can be inparted ifrthedelibesiban e¥eF At W Pvare 4PL6Rs OBy thgptapugat e

reci procating drive neans (not shown). The reciprocat i,n% notion inparted to
devi ce through a strut or struts extending either downwardly

from the cathode bqs bar which struts éngage with the
"trough, or -upwardly from the trough which struts
engage with the frame, or downwardly from the cathode
bus bar and upwardly from the trough which struts

engage with each other.

33. An.apparatus as claimed in any one of claims 27-
32, wherein the clamps are clamps of the type claimed

in any one of claims 1-12.

34. An apparatus for electrolytic depqsition of metal
on a substrate, said apparatus being comprised of a
container for electrolyte, a cathode and an anode
mounted in said container, and a cathode shielding
device, said cathode shielding device comprising :
.an eléngated trough in said container;

said trough being-provided with a plurality of clamps
as claimed in any one of claims 1-12;

said clamps being aligned substantially in parallel
vertical planes transverse to the longitudinal axis of
said trough, for supporting one or more
electroplatable substrates in a substantially vertical
plane with the lower edge of.each of said substrates
located below the plane in which lies the upper edge§

of said trough; and



5 -i-n the above nanner ~encourages circulation of electrolyte
around the substfmm n the plating bath. This notion takes

pl ace in the gap M%des 36 and 36' shown in cross-section.in
figure 6 which anodes dacl ext el substanteal |y 10 across the width of
bath 30 in a direction parallel to the |ongitudinal axis of device (4).
These anodes 36 asalid@6trangh ndavimgwn plurdaljitre  iperdicdertioais e ebgcur e
the details of the manner in which the device 4 is nounted in bath 30. 15
The buoyancy actiwpped oé@bpnstde the hetkeshikexkal). device using a clanp
and using the clanp of the invention and the nethods of utilizing said
device in an electroplating bath have been descri bed above by reference to
vari ous specific enbodi nrents shown in the 20 draw ngs appended hereto.
The scope of the3%nvelniappasaties f¢Ian§FQR9hMﬁ¥ﬁaQﬁQQﬂhﬁubarOénmede&ents

and
on a substrate, said apparatus being comprised of a

container for electrolyte, a cathode and an anode
mounted in said container, and a cathode shielding
device, said cathode shielding device comprising :

an elongated trough;

said trough being provided.with clamps for securing one
or more electroplatable substrates in a subétantially
_vertical plane with the lowe:.edge of each of said
substrates located below the plane in which lies the
upper edges of said trough; and

said clamps being as claimed in any one of claims 1-12
said trough having a plurality of perforations in the

upper regions of the sides thereof.

36. An apparatus as claimed in claim 34 or claim 35,
wherein said elongated trough 1is fabricated from

buoyant plastic material.

37. An apparatus as claimed in any one of claims 34-
36, wherein said elongated trough is fabricated from

polypropylehe or polyethylene.

38. An apparatus as claimed in any one of claims 34-

37, wherein said elongated trough is provided with



vari ous nodi f mhlch Wi | " be readily apparent to those skilled in
the art can be muﬁzﬂﬂw’ml l"n.lstrati ve embodi ments without departing from
t he 25 nvention provides an inproved cat hode
shield deV|ce for use in an electroplatlngzbath and process. The device is
very easy to load, relatively sinple in construction and contri butes

significantly 3quiliaff blhieyeaeponhesrohlan el ectropl ating operation by
reason of the tinme and |abor which is saved by its utilization.

Furthernore, the device is particularly useful with very Iight and flexible
substrat es which 12 are not sufficiently securely retained during the
39. An apparatus as claimed in any one of claims 34-
38, wherein said substrates are printed circuit boards.

40., A clamp substantially'as herein described with

reference to the accompanying drawings.

41. An apparatus for the electrolytic deposition of a
coating of metal on an electroplatable substrate
substantially as herein described with reference to the

accompanying drawings.

42. A cathode shield substantially as herein described

with reference to the accompanying drawings.



eIeCtropIatlng process in previously disclosed cathode shields. In addition

t he buoyancy activated clanp is a significant contn?ﬂm\ﬂ eerhReplaced | n

that no 5 - external clanping nmeans is required
buoyahcy activated clanp particul arIA(bggﬁthul in auto

CLAI MS: - 1. A clanp conprising at Teast two clanping rrenbers pI vota
attached to each other about a pivot point wherein the clanp, when floatl ng
on top of a liquid, is in a first configuration, but when submerged is

caused, by virtue of its buoyancy, to nopve to a segon onfg%rat o, 2.
A cl anm chmp aingriseg atilest @oahemrsylvqmyraéﬁaﬁhed[tﬁé!ab pihgyat @ fulcrum wheréin

when floating on top of a liquid, is in a first position but when submerged is

the clamp,

caused, by virtue of its buoyancy to move a second position.



confi. guration. __Q __open position and the second configurationis a

cI osed p05| ti on . A clanp as claimed in Caim 1 wherein the

i rst Hasenee la¢ea a closed position and the second
conf| pen position. 4. A clamp as clainmed in Caim1l
V\,herel n menber has _first and second parts, each part bec/
si t uat ed on opp05| sid of th@opi vot point. 5. A clanp as imed in

Claim4 wherein the second is at an obtuse angle to the
wherein one of the two
the clanmp is floating. T.

conprising a gripping ng i epclp®f
menbers wherein when the S\ I

8 ) JCZIs I/ |
\/—\ \\\\\ \ II /\/ 6
| / l i ] ‘I.’ g




ﬁosrtion'the gri pping nmenbers are adjacent each other and on either side of
any object to be clanped and in an open position are spaced apart from each
ot her. 8. A clanp as claimed-in_C aim4 wherein a gfipping menber Al

4

situated on the fir 3bis SRk <Qf each of the cl anpi ng nenbers 1479. A
clanp as clained in ' laceda. Qri ppi ng nmenbel | It yat£d on the
second parts of each a' g nenbers. 10. A Y \ﬂ ed in any
one of Clainms 7-9 wher ' nd parts of each of N menber s

f orm gui de nenbers whi ch when t he clanmp is in18he opge S R gtide_an
object to be clanped into the space between the\gri g




ll.‘A clranp as clainmed in Caim10, wherein the guide nenbers forma
subst anti al V-shape, each nenber extending upwardly and outwardly fromthe
space between the gripping nenbers when the clanp is in the-open-position._

12. Aclanp clained in daim10 ofzgfigherein t he angl e ﬁﬁl en_t he guide
menbers is smaller when the cl ang t he_open positiort’f aced
clanp is in the closed positioK _A nethdd for the ele

2% ode

deposition of a coating of Yropl atable su
: mhégstgxthe substrate is
RE 8 automatical ly cl anped at

in an el ectrolyte bath egu
by 14. A nethod as cl ai ned
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S automatically clanmped by a plurality of clanps in a trough or formng
part of a trough, the clanps being aligned substantially I n

par al | el verti cal pl anes transverse to the |ongitudinal axis of the
trough. 16. A nmethod as clained in any one of Cains 13-15 wherein the

15 substrate is automatically cl anped when a downward force is exerted on
the trough. 17. A method as clainmed in Caim1l6 wherein the frane exerts a
downward force on the trough through a strut or struts extending either
downwardly from a cat hode bus bar which struts engage with the trough, or
upwardly fromthe trough which struts engage with the cathode bus bar; or
ext endi ng downwardly fromthe cathode bus bar and upwardly fromthe

. "



trough which struts engage with each other. 18. A nethod for the

el ectrolytic deposition of a coating of netal having uniformthickness on
an el ectropl atabl e substrate as cathode in an el ectrolyte bath equi pped
with anode, wherein said substrate is supported in a substantially
vertical plane in an elongated trough, wherein the | ower edge of said
substrate is located bel ow the plane in which lies_the upper—edges of said
trough wherein the substrate is held in the trough by providing clanp
conprising two gripping menbers situated on eit hBs $iwes Hag Bee npi ng
menbers pivotally attached to each other about a j %mﬁ i erein the

clanp, when floating on top of a liquid, is in an sed,
position but when forced into the lid®id is cause by virtue of its
buoyancy to nove, if it were open to or towards a closed position, or if it
were closed to or towards an open posijtion, the gripping nenbers, in the

cl osed position,
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fadjaaenf-eaﬁh”ot ern and on elthe pf an obj ecting to be évﬁnped when
such an ohj &€ TS pt: ?sen-ts ésld; bgp%h% open position being spaced apart from
each ot herj. M QhsirA: nethaQ,lﬁ acg eQance with Cdaim 18 wherein said trough

is provided with a pIurdflty of “perforafions in the upper region of the
sides thereg{; Lo/ accordancelmdth G aim18 or 19 wherein said
6 RS BRAME AT MG FloNteAMPE! Sb L THE 3 HE&@O?l A

metal ‘is d ROGEMRNES . )
cat hode shleldlng deV|ce for use in an electrolytic plating
devi ce conprising: an elongated trough adapted to be inserted in sai d bat h;

sai d trough: belng provided with a plurality of clanps
5 This lnventlon relates to a clamp.
In particular this invention relates to a
buoyancy activated clamp. |
In addition this invention relates to a
cathode shield, electroplating apparatus and method
10 .~ -using a clamping means.
'Known clamps are not very sutiable for use
in automated processes.
In U.S. Patent No. 4879007 (to the same
assignee, and incorporated in this specification by
15 - reference) a means for increasing the efficiency and
speed of automated electroplating 1is described.
Substrates to be electroplated are automatically
clamped at the top and brought in to be suspended over
an electrolyte bath. The substrates are then lowered
20 o into the bath, at which time their lower edges contact
a cathode shield device floating on the top of the.
bath. The weight of the substrates and the pressure
bearing down upon them is sufficient to overcome the
buoyancy of the shield and to move it down into the
25 electrolyte bath. Flexible substrates, however, even
if they are able to bear down enough on the cathode
shield to push it into the bath, tend to warp and
_wobble, creatlng -an uneven pattern of electroplating
on the substrate. This problem is usually over come

- 30 by plaéing around the perimeter of  flexible



as clai'med in any one of clains 1-12; said clanps being aligned
substantially in parallel vertical planes transverse to the |ongitudinal
axis of said trough, for securing one or nore el ectropl atable substrates in
a substantially vertical plane with the | ower edge of each of said
substrates Focated bel ow the plane in which Iies the upper edges of said
trough; and said trough having a plurali23¥ of perforations in the upper
regi 6n-of the sides thereof. 22. Ac shi el ding device for use in an.
el ectrolytic plating bath, said devi cgbg@%%ri sing: an el ongated trough
mounted in a franme, SaMEROVEMENTSIIN OR RELATINGY TG QlAMPS ABBNS for
inparting reciprocal novenent |1 n EZHOMUSEORHBEREQK ane wthin said franme and
to said trough nmounted in said frame;, sajd troegqhﬁ%gi r\%{groe/u'h'ded vgth
cl anps for ssdempcomposiag atrleashpveo levess pivaailnttiaphed 1Q B8 a2 fyiFrym wherein
substantial ly )
the clamp,

when floating on top of a liquid, is in a first position but when submerged is

caused, by virtue of its buoyancy to move a second position.

Fig. 1



verticadl plane‘with'the | ower edge of each of said substrates |ocated bel ow
the plane in which lies the upper edges of said trough, said. clanps being
as clainmed in any one of clainms 1-12; and said trough having a plurality of
perforations in the upper regions of the sides thereof. 23. A cathode
shielding device as clainmed in Caim21 or 22 wherein said el ongated ough
is fabricated from buoyant plasticipgterial. 24. A cathode shieldLng‘ Vi ce
as clained in any one Qf O ai@® 21-23 wherein said el ongated ough is
fabricated from pol ypfo e or polyethyl ene. 17 25. A _cat hode
shi el ding device as clained\in any one of C ains

64




21- 24 Wwherein said elongated trough is provided with auxiliary buoyancy
material. 26. A cathode shielding device as clained in any one of d ains
21-25 wherein the substrate is a printed circuit board. 27. An apparatus
for the electrolytic deposition of a netal on an el ectropl atable substrate
conprising: a container for electrolyte; a cathode bus bar; and at |east
one clanp according to any one of Clains 1- 12; wheregn an el ectrop bl e -
substrate is attachable at an upper edgé/%o the cathode bus bar aid the
clanp clanps the | ower edge of any substrate attached to the ﬁ@ hode bus
bar as the substrate enters the container. 28. An apphprat | [
Claim 27, wherein when the container contains,electr
the | ower edge of any substrate attached to t A

39




substrate enters the electrolyte. 29. An apparatus as clained in Caim?27
or: 28 further conprising a plurality of the clanps. 30. An apparatus as
claimed in Caim?29, wherein the clanps are in a trough or form ng part of
a trough and are aligned substantially in parallel vertical planes
transverse to the | ongitudi nal agts o /the trough. 31. An apparatus as
claimed in Caim29 or 30, Wnereh clanp clanps the | ower edge of
substrate when a downward forfe s €Xertedzan the trough. 32. An apparatus
as claimed in daim 31, whereinhe~eat hode bus bar exerts a downward force

- on the trough through a extepndi ng either downwardly from
; hrough, or

t he cat hode bus bar
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. upwardly fromthe tfough which struts engage with the frame, or downwardly
fromthe cathode bus bar and upwardly fromthe trough which struts engage
with each other. 33. An apparatus for electrolytic deposition of netal on
a substrate, said apparatus being conprised of a container for electrolyte,

a cathode and an anode nmounted in said container, and a cathode shiel ding
devi ce, said cathode shielding device4ddnprising: an el ongated trough in

- said container; said trough being provided with a plurality of clanps as
claimed in any one of Cains 1-12; said clanps being aligned substantially
in parallel vertical planes transverse to the |ongitudinal axis of said
trough, for supporting one or nore electroplatable substrates in a
substantially vertical plane with the | ower edge of each of said substrates
| ocated bel ow the plane in which |ies the upper edges of said.trough; and




sal d.trough having a plurality of perforations in the upper regions of the
Sidés thereof. 34. An apparatus for electrolytic deposition of metal on a
substrate, said apparatus being conprised of a container for electrolyte, a
tathode and an anode nmounted in said container, and a cathode shielding
devi ce, said cathode shielding device conprising: an el ongated trough; said
trough being provided with clanps for securing one or nore el ectropl atable
substrates in a substantially vertical plane with the | ower edge of each of
said substrates | ocated below the plane in which lies the upper edges of
said trough; and said clanps being as clainmed in any one of Clains 1-12
said trough having a plurality of perforations in the upper regions of the
si des thereof. '

I

—

o0

144




94031534 Tfas

193 ~An: apparat us as cl ai rred in Caim33 or 34, mmmmmm@ﬂmg‘at edsG
trough i s faﬂ;’lmﬂ GLI ant plastic material .0 BG:crAmcappagat Us tapaged ..
claimed in a 3-35, wherein said jelpngated tredgh s paged ,;5_,
fabricated from poI ypropy ene or pol yet hyl ene. 37. rAn appar-at us...as CL@ m .....

in any one of Clains 33-36, wherein said#$longat d{_tr,-._._vugthl S .Pr ovg ded) %IJBI _____
auxi liary QuhYM8cy material. 38. An apparatus as {clainmed in any~ one” of .

A ains 33- 37 wherein said substrates are printe %A,fél (BFti&aégﬁ’T 7loi's
' 1. A clamp comorlslng at least two clamping members pivotally

attached to each other about a-pivot point wherein the
clamp, when floating on top of a.liquid, is in a first
configuration/ but when submerged is caused, by virtue of
its buoyancy, to move to a second configuration.

2. A clamp as claimed in Claim 1 wherein the first
configuration is an open position and the second
" configuration is a closed position.

3. A clamp as claimed in Claim 1 wherein the first
configuration 1is a closed position and the second
configuration is an open position.

129

A clamp as claimed in Claim 1 wherein each clamping member
has first and second parts, each part being situated on
opposite sides of the pivot point.

5. A clamp as claimed in Claim 4 wherein the second part is at
an obtuse angle to the corresponding first part of each

clamping point.

5. A clamp as claimed in Claim 4 or 5 wherein one of the two
parts of each clamping member extends upwardly when the
clamp is floating. '

7. A clamp as claimed in Claims 2-6 further comprising a
gripping member situated on each of the at least two
clamping members wherein when the clamp is in a closed
position the gripping members are adjacent each other and
on either side of any object to be clamped and in an open

position are spaced apart from each other.

A clamp as claimed in Claim 4 wherein a gripping member 1is

(¢ 4]

situated on the first parts of each of the clamping members



20 3t2 Andappar atus as claimed in claim 31, wherein the cathode bus bar
exerts a downway rough through a strut or struts extending
ei ther downward !Illﬁmlﬂnmlmunde bus bar which struts engage with the
trough, or upwardly*fromthé t*ough which ruts engage with the frarre or
downwardly fromthe cathode hus:bar d upwardly fromthe t.rough

struts engage vé?‘t%laé‘%ﬂ:ﬁsof:ﬁéllme%mA% era‘fa"( S & PR (?ﬁ:el&f
claims 27- 32, yharfida tbe arNpseasedclpams obft haidlypefcl ahered liampdmy one
of claims 1-12. 34. An apparatus for electrolytic deposition of netal on a
substrate, sai d"¥pParatus being conprised of a container for electrolyte,

a cat hode and an anode nounted in said container, and a cathode shiel di ng

devi ce, Sai;éj. Caighgf§mg§hcji§| giQQmQ&‘VEﬁeaﬁ9”T&{e5iJ@ Claims 7-$9 wherein the
second parts of each of the clamping members form guide
members which when the clamp is in the open position, guide
an object to be clamped into the space between the gripping

members.

11. " A clamp as claimed in Claim 10, wherein the guide members
form a substantial V-shape, each member extending upwardly
and outwardly from the space between the gripping members

when the clamp is in the open position.

12. A clamp claimed in Claim 10 or 11 wherein the angle between
the guide members is smaller when the clamp is in the open

position than when the clamp is in the closed position.

13. A method for the electrolytic deposition of a coating of
metal on an electroplatable substrate as cathode in an
electrolyte bath equipped with anode wherein the substrate
is supported in a substantially vertical plane and 1is
automatically clamped at its lower edge as it enters the

electrolyte bath.
14. A method as claimed in Claim 13 wherein the substrate -is
automatically clamped by a clamp or clamps of the type

claimed in any one of Claims 1-12.

A method as claimed in Claim 13 or 14 wherein the substrate

[
wn

is automatically clamped by a plurality cf clamps in a
trough or forming part of a trough, the clamps being
aligned substantially in parallel vertical planes

transverse to the longitudinal axis of the trough.

16. A method as claimed in any one of Claims 13-15 wherein the



an; el ongat-ed ' | d _container; said trough being provided with a '
plurality of m,mwﬂlmudl n any one of clains 1-12; said clanps being
al i gned substantra s |1 el vertical planes transverse to the

‘| ongi tudi nal axis of said t rough, for  supporting one or nor e

el ectropl atabl e substrates in a substanti 3P y vertical plane with the | ower

edge of each ofsudmitdrasiebssr atbsmhoteaklly mdleowetdhwnpn ameddunwalridciokicesis he

upper edges ofe&@er%ngtheaquuchsaid trough having a plurality of
perforations in'the upper regions-of the sides thereof. 35. An apparatus

for electrolytic deposition of nmetal on a substrate, said apparatus being
conprised 6f ap method as claimed in- Claim 16 wherein the frame exerts a

downward force on the trough through a strut or struts
extending either downwardly from a cathode bus bar which
struts engage with the trough, or upwardly from the trough
which struts engage with the cathode bus bar; or extending
downwardly from the cathode bus bar and upwardly from the
trough which struts engage with each other.

18. A method for the electrolytic deposition of a coating of
metal having uniform thickness on an electroplatable
substrate as cathode in an electrolyte bath egquipped with
anode, wherein said substrate is supported in a
substantially vertical plane in an elongated trough,
wherein the lower edge of said substrate is located below
the plane in which lies the upper edges of said trough
wherein the substrate is held in the trough by providing
clamp comprising two gripping members situated on either
one of two clamping members pivotally attached to each
other about a pivot point, wherein the clamp, when floating
on top of a liquid, is in an open, or a closed, position
but when forced into the liquid is caused, by virtue of its
buoyancy to move, if it were open to or towards a closed
position, or 1if it were closed to or towards an open
position, the gripping members, in the closed position,
adjacerit each other and on either side of an objecting to
be clamped when such an object is presents and in the open

position being spaced apart from each other.

19. A method in accordance with Claim 18 wherein said trough is
provided with a plurality cf perforations in the upper

region of the sides thereof.

20. A method in accordance with Claim 18 or 19 wherein said

metal is copper and said substrate is a printed circuit board.



contalner for a cathode and an anode nounted in said

cont ai ner, @ﬂ Mﬁiﬂl dlng devi ce, said cathode shiel ding device
conpri sing an €l on , said trough being provided with clanps for
securing one or nore elecfroplatable sub tyrates in a substantially vertical
plane with the | ower edge of each of salg'substrates | ocat ed bel ow.t he

pl ane in wiilch Bi eathpdeyppeiedyed 8EVESRd H9%ulRe afH §&<f%ﬁ%£ﬁ£}w5|
as cl ai med in apyeenagobaw Aigwid b ieal dokpaughnbaving a plurality of

Bl ped 1 ool arm 34 Bh eranefesd sRbrefoBapERel AL hspia ERTRIY o
fabricated fromplunyant plastic material. 37. An apparatus as clained in
any one of claims 34..36. WOeneiL ;Y 8698081 §dch Qugiular f@PdLahgthsr om
as claimed in any one of claims 1-12;
said clamps being aligned substantially in parallei
vertical planes transverse to the longitudinal axis of said
trough, for securing one or more electroplatable substrates
in a substantially vertical plane with the lower edge of
- each of said substrates located below the plane in which
lies the upper edges of said trough; and
said trough having a plurality of perforations in the
upper region of the sides thereof.

22. A cathode shielding device for use in an electrolytic
plating bath, said device comprising:
an elongated trough mounted in a frame, said frame
being provided with drive means for imparting reciprocal
movement in a horizontal plane within said frame and to
said trough mounted in said frame; -
said trough being provided with clamps for securing
one or more electroplatable substrates in a substantially
vertical plane with the lower edge of each of said
substrates located below the plane in which lies the upper
edges of said trough, said clamps being as claimed in any
one of claims 1-12; and
said trough having a plurality of perforations in the

upper regions of the sides thereof.

23. A cathode shielding device as claimed in Claim 21 or 22
wherein said elongated trough is fabricated from buoyant

plastic material.

24. A cathode shielding device as claimed in any one of Claims
21-23 wherein said elongated trough is fabricated from

polypropylene or polyethylene.



pol ypr opyl ene thyl ene. 38. An apparatus as claimed in any one of
clains 34- 37’W@j zﬂﬂ'”mgngat ed trough is provided with 22
auxi liary buoyanc [ 4 An apparatus as claimed in any one of
clains 34- 38, wherein said Substrates argqprinted circuit boards. 40. A
clanp substantially as herein described with reference to the acconpanying -
drawi ngs. 44%. Anh applredessifiglding devdteobytdla depbsin iany ane abaligigsof

nmetal on an el eciioph at.ad,Qisubshiat e Pt g;:kg%ﬁs her %;%\&Q%c({i bed

with reference to the accaonpanying draw (Izls. 42. at hode
substantial |y as?Wetbidrgdyiayangy material.

26. A cathode shielding cevice as claimad in any one of Claims
21-25 wherein the substrate is a printed circuit board.

27. An apparatus for the electrolytic deposition of a metal on

an electroplatable substrate comprising:

a container for electrolyte;

a cathode bus bar; and

at least one clamp according to any one of Claims 1-
12;

wherein an electroplatable substrate is attachable at
an upper edge to the cathode bus bar and the clamp clamps
the lower edge of any substrate attached to the cathode bus
bar as the substrate enters the container.

28. An apparatus as claimed in Claim 27, wherein when the
container contains electrolyte, the clamp clamps the lower
edge of any substrate attached to the frame as the
substrate enters the electrolyte.

29. An apparatus as claimed in Claim 27 or 28 further
comprising a plurality of the clamps.

30. An apparatus as claimed in Claim 29, wherein the clamps are
in a trough or forming part of a trough and are aligned
substantially in parallel vertical planes transverse to the

longitudinal axis of the trough.

31. An apparatus as claimed in Claim 29 or 30, wherein each
clamp clamps the lower edge of substrate when a downward

force is exerted on the trough.

32. An apparatus as claimed in Claim 31, wherein the cathode

bus bar exerts a downward force on the trough through a



mhlh\Teferencé to the acconpanyi ng draw ngs.
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33.

strut or struts extending either downwardly £from the
cathode bus bar which struts engags with the trough, or
upwardly from the trough which struts engage with the
frame, or downwardly from the cathode bus bar and upwardly

from the trough which struts engage with each other.

An apparatus for electrolytid deposition of metal on a
substrate, said apparatus being comprised of a container
for electrolyte, a cathode and an anode mounted in said
container, and a cathode shielding device, said cathode

"shielding device comprising:

an elongated trough in said container;
said trough being provided with a plurality of clamps
as claimed in any one of Claims 1-12;

" said clamps being aligned substantially in parallel
vertical planes transverse to the longitudinal axis of said
trough, for supporting one or more electroplatable
substrates in a substantially vertical plane with the lower
edge of each of said substrates located below the plane in
which lies the upper edges of said trough; and
said trough having a plurality of perforations in the upper

regions of the sides thereof.

An apparatus for electrolytic deposition of metal on a
substrate, said apparatus being comprised of a container
for electrolyte, a cathode and an anode mounted in said
container, and a cathode shielding device, said cathode
shielding device comprising:

an elongated trough;

said trough being provided with clamps for securing
one or more electroplatable substrates in a substantially
vertical plane with the 1lower edge of each of said
substrates located below the plane in which lies the upper
edges of said trough; and

said clamps being as claimed in any one of Claims 1-12
said trough having a plurality of perfbrations in the upper

regions of the sides thereof.
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An apparatus as claimed in Claim 33 or 34, wherein said
elongated trough 1is fabricated from buoyant plastic

material.

An apparatus as claimed in any one of Claims 33-35, wherein
said elongated trough is fabricated from polypropylene or
polyethylene.

An apparatus as claimed in any one of Claims 33-36, wherein
said elongated trough is provided with auxiliary buoyancy
material.

An apparatus as claimed in any one of Claims 33-37, wherein
said substrates are printed circuit boards.



