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1 METHOD AND APPARATUS FOR APPLYI NG AND CURI NG A COATI NG ON A Cl RCUI T ‘BGARD
Thiis invention relates to a nethod and apparatus for applying and curing a
codting on opposed sides of a circuit board. Heat curing is currently the
nost widely used curing nethod for conformal coating. Mbst current
ultraviolet curing is perforned in a horizontal manner on a beRRGHHZyor .
The present invention seeks to pr.ovide an inprovéed nethod and apparatus for
coating a circuit boapmdTHODCAND APPARAROSASORCAPPLYIRE ANDSEURINGVENti on,
there is provided a method of AapphYING @NJACOLROUI® BOARDNg on opposed
sides of a circuit board as specified in claim1l. According to another

aspect of the present i nventipiy fﬂ‘féxﬂ:ioﬁn q&_qa,%gd Y By GRAMHIY ar at us
0 sides of a circult

for applying and curing a coating on oppose [ ~Cl oard as
speci fied in clai BPPatatufasEHeAPRIGINE I QUHING @ IKARAE U RRPased

coating and curingide® d¥ Lhrdit deand.e, it has been found that the
cycle can be performed in 3. Il nutes: with 20 secands.,of the cyc tinme .
bei ng devoted to curing. 30&%3";0?:» iOH 204 Jsils ‘ﬁf‘:en&gﬁui zg'oci}bl‘é‘iq%ﬁ’e utﬁed45
to 50 nminutesi of mbtistg 4@thodiEorn manfommad dwaliiay .+ o Mast mprdenteover,
circuit boards can RG-HrARGE FuRidfls Yerfited i PHAS Rt Mirher

conpared to a rate of 3?5 netres per mnute with sonme prior art systens. In
the preferred enbdt el 1RAWERA vrovi ded two or nore ultraviol et |anps
di sposed.directly opposite dhe predent ialventiion ceehs ttdqaralsideo axure on

both sides at the i Jddthetitiy U@ daHu S Wd"Eddting a circuit
10 board. ‘

According to an aspect of the present _
invention, there is provided a method of applying and
curing a coating on opposed sides of a circuit board as
specified in claim 1.

15 - According to another aspect of the present
 invention, there is .provided dip-coating apparatus for
applying and curing a coating on opposed sides of a.

¢circuit board as specified in claim 4.
| ‘It has been found that this method can reduce
20 the coating and curing time by 93%. For example, it has
been found that the cycle can be performed in 3.5
minutes with 20 seconds of the cycle time being devoted
to curing. Some prior art systems require a cycle-timé
of 45 to 50 minutes, of which 40 to 45 minutes are
25 devoted to curing. Moreover, ci:cuit boards can be
coated at a rate of about 1.8 metres per minute,
compared to a rate of 0.5 metres per minute with some
prior art systems.

In the preferred embodiment, there are

30 provided two or more ultraviolet lamps disposed directly
opposite one another, allowing circuit boards to cure on
both sides at the same time. The simultaneous curing of

AT
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2 both sides of a circuit board can prevent the dewetting problem found

w th systenms which only cure one side of a boardat a tinme. Preferably, a
dip coater which allows 100% solids ultraviolet curing material to be
contained in an open reservoir is provided. Advantageously, there is
provided an ultraviol et oven which contain® variable wattage | anps with
possi bl e settings of 100, 200 or 300 watts. Different curing steps can thus
be provided for different processes and naterials. Preferably, the oven

al so contains a shutter systemto protect the circuit boards when the

conveyor is shut whthadikié® @f%%iré@ﬁt'ﬁé@ﬁdfé&mﬁ@vém@tﬂ% déWe@Eh.ng
enbodi nent, there |§§frov ded.a nitro ?en bl a et for rotectin

tank from moi st urlre ound  whth UR}Y 1P DT V\fﬂ"g?l (?glﬁu n
on. t he equi prent boaird nalk va dcdme pi eces of toollng dedictated to each

product, which interface Wﬁpeﬁ&eaﬁ%l réi%r’@ga@&%&i/éﬁeﬁi%

enbodi nents._Therefore, angl ne product to ano onIy t he

i ndi vi dual t®ol i n‘@oh%%‘éisu}%r%‘él%%g@élﬂ% kR ik %&Pf?ﬁn%m% q nkp dn
t he machi ne for Fﬁg@WCfe§Qﬁﬁ@f@V£§ preidedbl y, neans are provided for

00RO, Ehel | g, 20 T PRt AGRbEPOSEALER B b il o o LT

provi ded for cooI¢¥@FQﬂR¢ﬂQhe0W¢mr@h@@he@om%§¢ESaﬁﬁrl e vatfage okarpes

thereby preventi rkGl@l'i‘Ypé’é!@iﬂS‘P@téé‘QtPﬁgé het cioe i 200 dso@nwaerapl i ng the

systemto ruPoat gi%férent 8@ 1ng steps can thus be provided for
dlfferent processes and materials.

Preferably, the oven also contains a shutter
system to protect the circuit boards when the conveyor
is shut off and to protect the lamps from one another.

15 ' In an embodlment, there is provided a nitrogen
blanket for protecting the dip tank from moisture.

A tool system including universal toolbars
which remain on the equipment and individual pieces of
tooling dedictated to each product, which interface with

20 the toolbars, may be provided in some embodiments.
Therefore, when changing from one product to another,
only the individual tooling needs to be changed, without
the need for shutting down the machine for product
changeover.

25 Preferably, means are provided for locating,
levelllng and maintaining the position of a circuit
board with respect to the level of coating material.

Advantageously, means are provided for cooling
both the ultraviolet lamps and the circuit boards,

30 thereby preventing any overheating of the circuit boards
and enabling the system to run at a lower temperature
than prior art systems of the same heating power.

A paper conveyor system is preferably provided
for catching excess coating material dripping from a
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than prior art systens of the sane heating power. A paper conveyor system
is preferably provided for catching excess coating material dripping froma
3 toated circuit board and for discarding the excess material. Preferably,
a conveyor chain is provided for conveying the boards in a manner in which
they cannot hang directly above one anotherd during any part of the cycle
after being coated, including the entire curing cycle, 'except just prior to
unl oadi ng. A sui tabl e conf or mal coating is disclosed in our copending

Eur opean patent applications, EP-A-0,501,550 and EP-A-0, 501,551 the

di scl osures of whigdatad diarcalit ibvard enal &drbo\ iiselagiddmee .the @xoeseonf or mal
coating may be a %l%: curable silicone liquid material, such as "100%
Solids Silicone Cbﬁ#orna "Coating, RTV Silicone product type For mul a

No. X- 125457 " (Loctite Cor p Pred@sakiyona crnveyon shailng ig5 prgosided for

pol ysi | oxane, O 1c7er’9v@y3_t HHd EHd&rrdsC&% 'Honﬁlq?x'éﬂiﬁwlﬁclr YRey cannot
phot0|n|t|atgT 74é§§iﬁ£§ de . 1@6 |ta m deri vative: %A
Ro_546- 68- 0. SThe. A i s o GG 200 % @ PaRte Rt EH%ur o
coating under neat leyedlec tafitrerc hmrqg)rumut:ed)n mimeludnngumebcmmis'e/\mmm; e
Loct i te corp. undSHee ?%"adéﬁ‘g tg&*ﬁlf?ﬁf&?ﬁ?“# T The S?LEeL{ o
i nvention is not Ilmtedto gcd-rﬁ Sisalases jifgs.
An enbodi ment of i wa;mamw\ﬁm:ﬁdpyan :paiﬁﬁ:r ieeitddnsly way of
T Tustration, oM t g of &f &KL d5d W FEARADONS s e Sirsd1beiled of
which are hereby incorporated by reference. Such a
" conformal coating may be a viscous, curable silicone
liquid material, such as "100% Solids Silicone Conformal
Coating, RTV Silicone product type, Formula No.X-125457"
15 (Loctite Corp., Newington, CT), containing 95-100%
polysiloxane, 0.1-1% photoinitiator: CAS No.6175-45-7,
0.1-1% photoinitiator: CAS No.7473-98-5, and 0.1-1%
titanium derivative: CAS No.546-68-9. The conformal
coating includes a moisture curing agent to cure coating
20 underneath electronic components on the circuit boards
which are not exposed to ultraviolet light. A suitable
material is available from Loctite Corp. under the trade
name Shadowcure 5291 ‘*™, The present invention is not
limited to the use of anyone of these conformal
25 coatings..

An embodiment of the present invention is
described below, by way of illustration, with reference
to the accompanying drawings, in which:

Figure 1 is an elevational view of an

30 ' embodiment of dip-coating apparatus;
' Figure 2 is an elevational view in
cross-section of a dip tank of the apparatus of Figure
1;
Figure 3 is a front elevational view of a
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Figure 1 is an el evational view of an enbodi nent of dip-coating apparatus;
Figure 2 is an elevational view in cross-section of a dip tank of the
apparatus of Figure 1; Figure 3 is a front elevational view of a 4

tool bar for use with the apparatus of Figure 1; Figure 4 is a perspective -
view of a supporting tool for supporting a4circuit board in the apparatus
of Figure 1; Figure 5 is a cross-sectional view of the tool of Figure 4,
taken along line 5-5 of Figure 4; Figure 6 is a perspective view of a
second enbodi nent of supporting tool for supporting a circuit board in the

apparatus of Fi guteolbaki @Bkcudel #ilh ehevabPaﬁatuy!ew pigheet 19f the
apparatus of Figure 1, shom%ng a plurality o CI#CUII board? sugﬁorteg.ln
respective tools carried by é P58I6a?? ?iéﬁfapgc §V§ Y1G¥ 8feBaPPBRYF-IREW
of a curing statitnodf fonesupparting af ckrguit bhoawmddifi thecapparatusi dé
el evat i onal ViEM/P&g%PQ guring station of Figure 8 when not in use.

Referring to_Figure an automatic vertical dip coating machine with
si mul t aneous>ul travi ol et cuFAABTENEl 48ed GXPSATFAGERPRADWIEWWAECKDSr 5OPYes
access to a circubf pagudet @9l taReficalibfd LOne 505! barFiduwki ¢h rotates on

Ta"and ciroui t” board t ool o’ TURFE S 28, Bbar opEEEIeF PREk, oY Bheohd” " S
conveyor chain l6empodimentt ofosnEpegtingbtoedafer spPROrting a circuit
' board in the apparatus of Figure 1;
10 Figure 7 is an elevational view of part of the

'apparatus of Figure 1, showing a plurality of circuit
boards supported in respective tools carried by a
toolbar; : _

Figure 8 is a side elevational view of a

15 curing station of the apparatus of Figure 1, and

Figure 9 is a side elevational view of the
curing station of Figure 8 when not in use.

Referring to Figure 1, an automatic vertical
dip coating machine with simultaneous ultraviolet curing

20  includes a loading window 10 which provides access to a
circuit board tool 12 secured to a toolbar 14 which
rotates on a double conveyor chain 16, driven in
conventional manner. Several toolbars 14 and circuit
board tools 12 are secured at regular intervals on the

25  conveyor chain 16. A circuit board 18 to be coated with
a conformal coating is positioned on a tool 12 by an
operator as the tool moves past the loading window 10.
The tool 12 is then advanced towards a dip tank 20 where
the circuit board 18 is immersed into conformal coating

30 22 to a predetermined depth.

To assure that specific portions of successive
boards are accurately coated each time, the system
includes a graphite guide bar 24 fixed to the dip tank
20. The toolbar 14 passes across the graphite guide bar
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a conformal coating is positioned on a tool 12 by an operator as the tool
noves past the | oading wi ndow 10. The tool 12 is then advanced towards a
dip tank 20 where the circuit board 18 is imrersed into conformal coating
22 to a predeternined depth. To assure that specific portions of successive
boards are accurately coated each tine, the systemincludes a graphite
guide bar 24 fixed to the dip tank 20. The tool bar 14 passes across the
graphite guide bar This is the replacenent sheet 5 24, preferably on

t ool bar bl ocks 26 (Figure 7), to assure that the circuit board 18 is dipped

to a specific depph,epeeferabBey Jhetséﬁﬁartﬁlbéks22609th§réeb?9ttMe|y

adjusted vert oal Lisugs shoRnchD LhecO A 0g8 50 (Db slien 1% B0LBRE A
to a predeterninedepeptevenytbemeoatThg gnaphite. bdhe2fucar bear 24 is
slidably secured %glgggl§§9¥ giugtﬁ& ?Qrégc§§%%o be gﬁ %h0§h|¥ djustable.

Mor eover, the too ure I.n eac en
thereof which aredFavinged £ Ehakecehendthg E?ﬂ%b?ﬁo%45569ﬁ§ 8Rre8FdEhehai n
16. This provi desghodeabant 22, Semh(@ﬂecuﬂthboafdvestisabcohﬁatenytbepped_

rovertent of Lhe . £8) BhrddeRBrhiRod hdEe RN ah AE: cHUERILNEAFLRL SR T Sogt, 11

operation, the dip tan OWere OM/t RATH-S and
pl aced on the tanguidepbayedt inestddabhy ﬁﬁ?@??@lt@r@ﬂ?séh@ﬂhgerhptﬂégéﬂ

is still used whegothg tbdbeSveresedlapdaggnseanlale maeébdeﬁ tehelln1nate
the possibilipy ofob08gE' 19 EOEnEQ"WER s YOS 28°(Fidurd B) 2SR each end
thereof which are received in corresponding pins (not
shown) on guide chain 16. This provides for about 2.5
cm {one inch) of vertical play in the movement of the
toolbar 14 on the guide chain 16.

15 When the system is not in operation, the dip
tank 20 is lowered below the chain sprocket and a lid
placed on the tank to prevent the coating material from
setting.

Nitrogen is still used when the lid is closed

20 and sensors are provided to eliminate the possibility of
indexing the conveyor with the lid in place. .

To resume operation, the tank 20 is raised to

dip the nearby circuit board into the coating material.

A nitrogen blanket of 45-51 cubic metres per

- 25 hour (1600-1800 cubic feet/hour) is provided in the dip
tank to prevent moisture curing of the coating in the

dip tank during operation. When the coating system is

not in operation and the lid is placed on the dip tank,
the nitrogen blanket is reduced to 14-17 cubic metres

30 per hour (500-600 cubic feet/hour). The nitrogen
blanket is produced using a porous diffuser tube 70 made
of powdered stainless steel. As a result, the velocity
of the nitrogen, even at large volume rates, is
approximately 60 metres per minute (200 feet per
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To resune operation, the tank 20 is raised to dip the nearby circuit board
into the coating material. A nitrogen blanket of 45-51 cubic netres per
hour (1600-1800 cubic feet/hour) is provided in the dip tank to prevent

noi sture curing of the coating in the dip tank during operation. Wen the
coating systemis not in operation and theelid is placed on the dip tank,
the nitrogen bl anket is reduced to 14-17 cubic netres per hour (500-600
cubic feet/hour). The nitrogen bl ankéet is produced using a porous diffuser
tube 70 nade of powdered stainless steel. As a result, the velocity of the

nitrogen, even at gighge )0l ¢ WAFERserS 70PREAX HERpERkeA0 JHRYL QbR tRHenut e
(200 feet per 6 mnute). The diffyser 70 can.be placed just above the

surface of the codYFf§CRaldr | gpaxipgsMakerigd ghpeod PXcentinetre
(1/2 inch) w thouapprekimatedyt e cengimetréhd 1¢2r dach )bedthobd idd stthedbing
noved by the conveyar 1GRai;g 16 through a drip well area 32 (Figure 1) where
excess conformal coating rs allowed to drip off the circuit boards 18. A
paper convey8r systemis us@®8 fifRudtepragdmdSt isothencmoyesedy &858 i ng

material when Coabbml irbehafin %GCithQ'bhEhbaaﬁd'iklfirv&Qlaarbg PIZOt(ﬁEutrfbel) i

of 't he mohi nb. andESEERREs: FOAEAIRAY PR IMBoRPna T oRES S0 &FaR BEL n 16

is arranged so asthe wdweuditt boardsr lBental ly or at an angle to the

vertical so that confornal gp%hbgg Ebgqbgb&cg&gtgﬁa&gsngggp&%dt%gsone_

tool bar doeslaot g&%%d&%g%tFELF%%%c Q%&%%s%e%%%%gngomaterial when coating
drips off a circuit board 18 so as to protect the
equipment. A paper roll passes through the dripwell
area 32 from the front of the machine and feeds out the
back of the machine.

15 The conveyor chain 16 is arranged so as to

- move either horizontally or at an angle to the vertical
so that conformal coating from circuit boards secured to
one toolbar does not drip onto circuit boards secured to
another toolbar.

20 The circuit boards 18 are then advanced from
the drip well area 32 to a curing station in which
opposed ultraviolet light sources 34,36 cure both sides
of each circuit board simultaneously. Preferably, the
ultraviolet iight'sources 34,36 include ultraviolet

25 lamps 38 and shutters 40 for preventing excess heating
of the circuit boards and damage to the electrical
components contained thereon. The shutters 40 are also
constructed and arranged to prevent the opposing
ultraviolet lamps 38 from subjecting one another to

30  unnecessary exposure to ultraviolet light, thereby
ensuring that the lamps 38 do not burn out too quickly.

After the curing stage, the circuit boards 18
advance to an unloading window 42 where they can be
readily removed from their supporting tools 12.
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anot her tool bar. The circuit boards 18 are then advanced fromthe drip well
area 32 to a curing station in which opposéd ultraviolet Iight sources
347,36 cure both sides of each circuit board sinultaneously. Preferably,
the ultraviolet |ight sources 34,36 include ultraviolet |anps 38 and
shutters 40 for preventing excess heating of the circuit boards and danmage
to the electrical conponents contained thereon. The shutters 40 are al so
constructed and arranged to prevent the opposing ultraviolet |anps 38 from
subj ecti ng one another to unnecessary exposure to . ultraviolet |ight,

thereby ensuring that the |p@pse 30 AoidPli tumd) st B é)qnmgégéa dftgr the
curing stage, the cirgcuit bq$rds 18 advance to an u éij 9 mﬁndom/42 mhere

they can be readifQPHEMRRS B tHids

followi ng itens ragetntonnstatxnh:nw a continuous baS|s mnth approprlate

di spl ays | ocated at an operator pfat q_ Viscosity Nitrogen Flow Rate

Hum dity Conveyor Speed and Coating ev@’ The system al so i ncludes a

| oadi ng wi ndow ventil ati on hoodNRFrQ9¢Quﬁ iBRFei ndow ventil ati on hood 74
and |lanp ventil ation hoods 76'Nhuﬁﬂd1@pnnected to a central ventilation
stack 80. The position of the I n&%[;iﬁ unlcf) adi pg wi ndows 10,42 may be

altered i n dependence upon the particul ar application.
Coatlng Level.

- The system also includes a loading window
10 ventilation hood 72, an unloading window ventilation
hood 74 and lamp ventilation hoods 76,78, all connected
to a central ventilation stack 80. .
The position of the loading and unloading
windows 10,42 may be altered in dependence upon the
15 requlrements of any particular application.

. Referring now to Figure 2, the dip tank 20
includes a primary reservoir 44 which maintains the
conformal c¢oating to a sufficient level to ensure that
when a circuit board is submerged in the coating, a

20 specific portion of the circuit board is reliably

- covered with coating material. The dip tank 20 also

includes a dam 46 and an overflow reservoir 48, thereby
to maintain a constant level of coating material in the
primary reservoir 44. An ultrasonic level sensor (not

25 shown) is also provided for actuating the addition of
more coating material to the dip tank 20 should the
level of coating material drop below a predetermined
level in the overflow reservoir 48 of the dip tank.
Coating material is transferred between and to and from

30  the two reservoirs 44,48 by means of a pumping system
which includes a Teflon ‘*** coated pump, such as pump
Model 100 obtainable from Trebor Inc, USA.

The pumping system allows for a minimum of
5 cm (2 inches) of adjustment to the level of the

e
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Referring now to Figure 2, the dip tank 20 includes a primary reservoir 44
whi.ch maintains the conformal coating to a sufficient level to ensure that
when a circuit board is submerged in the coating, a specific portion of the
circuit board i's reliably covered with coating nmaterial. The dip tank 20

al so includes a dam 46 and an overflow res8rvoir 48, thereby to maintain a
constant |l evel of coating material in the primary reservoir 44. An
ultrasonic | evel sensor (not shown) is also provided for actuating the
addition of nore coating material to the dip tank 20 should the | evel of
coating materi al . doagibg matariedddénethientédnksyelhienoves fdver damvabedsr voi r

48 of the dip ta”?re@%@%bﬁ? E%E%%bﬁ}ahsthéaﬁﬁEﬁrB?dtﬁétﬁﬁ§ﬂt§Bﬂ B %&ﬂc rom

the two reservoir ans I ncl udes
Teflon [err] coat epﬁﬁﬁcuéﬁc ogzrdsy,if ﬁﬁégﬁ 1§G°8bF§Fn§SP§tfFGWF?PePGFk
I nc, USA. The punpifngheytaa®.al | ows for a mninumof 5 cm (2 |nches) of

gsgrffgﬁpéahg4gh?slSygie?;b?hQFocagggggéog g%%?@'§%°b38%§'853§ﬁ 0 si nce
the circuit boardPuﬂwlmsaﬁaﬁtﬁﬂo#ﬁtﬁ§rﬁn§ﬁﬁ te mpdngadr acronstaninitignid

recircul ation systerelll ¢hatedatied hBemByEPithans¥yLew.5s mal [(379ed 020
mai ntain a constantﬂheggld | evel that varies no nmore than +/- 0.5 mMm

(+/-0.020 |nches) Sily accessi ble and changeable filter system (not
shown) is preferably provi dds, essifliyapcaesislibde ead bbavhgeapde fiifllreuort

shutting dowgot he soQWRMRbt RowRj2HR! Bre¥e2BBiF! bPoviRedSIdoPTRaL W a a
filter can be changed without shutting down the
equipment, for example by operating the equipment via a
bypass system. The filter system of this embodiment is
designed to remove tiny particles of cured coating

15 material, thereby protecting a viscometer provided with
the system and the pump. Preferably, the filter
consists of a prescribed wire mesh.

An. automatic material replenishment system
prdvided with the pumping system and which does not

20 affect the recirculation system or the ligquid level is
included. In use, material replacement is pumped into
the recirculation pumping system.

The dip tank 20 also includes a sensor for
measuring and displaying an indication of the viscosity

25 of the coating material so as to determine when the
coating material has degraded to an unacceptable level.

Referring to Figure 3, the toolbar 14 includes
a plurality of pins 50 and spring loaded clamps 52 for
releasably holding a supporting tool 12. The pins 50

30 fit into corresponding apertures 54 in the supporting
tools 14, while the bevelled spring loaded clamps 52
apply a biasing force to the top edge 56 of the
supporting tool so as firmly to secure the tool 12 in
position on the toolbar 14. The spring loaded clamps 52
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bypass system The filter system of this enbodinent is designed to renove
tiny particles of cured.coating material, thereby protecting a visconeter
provi ded with the system and the punp. Preferably, the filter consists of
a prescribed wire nesh. -. An. automatic material repl eni shnent system
provi ded with the- punpi ng system and whi chgdoes not affect the
recirculation systemor the liquid level is included. In use, materi al

repl acenent is punped into the recircul ation punping system The dip tank
20 al so includes a sensor for neasuring and displaying an indication of the

viscosity of the ﬁﬁatpaasnsme@u%b $9ne%1ba @etehgh@e what the %Q@bb&&ln

mat eri al has degrgggi ﬁ an unacce tab e.level Refﬁ g gﬁ g the

t ool bar 14 i ncl ud b urtg! | QPSF ¥i 95%618H8d38P| &elg (S(e{o he] aps 52 for

rel easably hol ding a suppor Refgrtrdag t2. Figerpsnd Badf 5t iomeo eaboddgseatdi ng

apertures 54 in thg %BBﬁoﬁgi&% 188%§ £4fle'h§aE§ evﬁ'bﬁgh% N %ahaggded
cl anps 52 apgly a biasing for orting tool

u
so as firmy>to sé@urépﬁﬁ@uﬁé§l5f2fpﬁ 5§§Pﬂwéﬁgoﬁlﬂﬁe5909¢b§Bel$°°
spring | oaded cl agpd 52u-shapaadresaalaatabaapfeactlmnet o-ehaped haadlehe

Flbires 4°and 5, 38 18hBagaske SPr, a8R1rs g 16 bRT1 IR s Hhetirgold 12
T-shaped handl e 5$romp¢hﬁu¢@9194rfdﬁ r e@bey iteglpmay Qésgflnnéudeoabaﬁoand a
U-shaped resilienfgecltior @dighia TaSE@E@dlhaﬁdhedSQGIinpkaéligélfqa

SR Y SRR A S g i s N T
designed such that a circuit board is inserted into the
clip to a predetermined position and held there during
the dipping and curing operations. The U-shaped cllp is
secured to the tool by a palr of screws 64.

15 Figure 6 shows an alternative embodiment of a
tool 12 which includes a flat plate 56, a plurality of
apertures for receiving pins 50 of a toolbar 14 and
bevelled spring loaded clips 68. The clips 68 are
arranged such that a portion of a circuit board 18 can

20 be pushed past the bevelled surface of the clips to push
the clips against their spring loading and then held in
position during the dipping and curing operationms.

The tools of Figures 4 to 6 are constructed
and arranged so that a circuit board held therein may be

25 easily removed at the unloading window 42.

' Referring to Figure 7, a view of part of the
system of Figure 1 is shown, in which two toolbars 14
are secured to the conveyor chain 16. Each toolbar 14
carries a plurality of supporting tools 12. Some of the

30 tools 12 are shown supporting a circuit board 18.

Referring to Figure 8, a side elevational view
of the curing station is shown. Two pairs of
ultraviolet lamp units 34,36 are shown disposed
side-by—side, A circuit board 18, supported by a
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As shown in Figure 5, the U shaped clip is designed such that a circuit
board is inserted into the clip to a predeterm ned position and held there
during the dipping and curing operations. The U-shaped clip i's secured to
the tool by a pair of screws 64. Figure 6 shows an alternative enbodi nent
of a tool 12 which includes a flat plate 5@ a plurality of apertures for
receiving pins 50 of a tool bar 14 and bevell ed spring | oaded clips 68.. The
clips 68 are arranged such that a-portion of a circuit board 18 can be
pushed past the bevelled surface of the clips to push the clips against

their spring |°adEE$§aﬂﬂ bhea Eﬁéﬁofﬁlﬁestébﬂncgﬂfiéa E?eadtBBlnﬁaﬁngz

curing operations e tool a B ures 4 to 6 are cqns ructs and arranged
so that a circuittBoSt8PREPH PREVEFR HR§ BWOcRRLr§ PENLIBRSacdrAB-unTBEdi ng
wi ndow 42. Referrgshgtterbki 40r ef7eaehviampotnpar aref opéa sysasntcfaEucwre 1

Each ool bar 14 carEFByi82eRTiiaht BHPIABEHEE oh bl ] POUTBORR, 15 8o
tools 12 aresshomﬂssﬁppéﬂfﬁnﬁhﬁ @paﬁang Bégeﬁleé therePRing to Figure 8, a

side el evational view of tthéulaﬁEsSBata?é H3£50988.- sd\asPebr e12hinate

ultraviolet |anp its 3 r p d_ side-by-side. Acircuit
board 18, supportgge 9856 §gf r§F$ 1 gké 13 Bﬁbrtlng tool carried by a

tool bar 12, is disposed beRefenring taoFpgiure 8¢ whipb 28, acvigwesimdidaers

40 of each 'a”p UﬂthigﬁrQPQ” §Reﬁ5n50c§kbﬁﬂtubbéﬁa'Qéelobhﬂah Bch&Bh”ge
on the C|rcu g board S ereon. The

coating materia T
| anps 38 are |ffE gqt¥s HglFﬁ Qflﬁ?ﬁatgnl 54 J6, the sLutters 40 are
closed to prevent ultraviolet light from impinging on

the opposing lamps 38, thereby prolonging the worklng
life of the lamps 38.

The shutter mechanism is tied to the machine

15 gswitch so that the circuit boards 18 are not
over-exposed when the machine is turned off. The system
automatically turns the lamps 38 to their lowest wattage
setting when the shutters 40 are closed to maximize lamp
life and minimise heat build up. When the machine is

20 started up again, the shutters 40 open and the lamp

~ output increased to an operating setting. For séfety,

. the lamps 40 are also tied to all viewing windows and
access panels to prevent an operator from looking'into
the machine while the lamps 40 are on.

25 The circuit boards 18 are exposed to a maximum
amount of ultraviolet energy without exceeding 85°C
during normal operating conditions. The low temperature
is due to special quartz plates 100 located in front of
the lamps 38. These plates 100 filter out the infrared

30  wavelength portion of the spectrum which isolates most

~of the heaﬁngenerated by the lamps 38 from the circuit
boards 18. Additionally, ventilation of around 85 cubic
metres per minute (3000 cubic feet per minute) also
assists in minimising temperature build up. |
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the need for rotating the lanps. Referring to Figure 9, which is a view
simlar to Figure 8, when no circuit board is |ocated between the two pairs
of* lanp units 34,36, the shutters 40 are closed to prevent ultraviolet

i ght frominpinging on the opposing | anps 38, thereby prolonging the
working Iife of the |Ianps 38. The shutter Itechanismis-tied to the machine
swtch so that the circuit boards 18 are not over-exposed when the nachine
is turned off. The systemautomatically turns the lanps 38 to their | owest -
wat t age setting when the shutters 40 are closed to maximze lanp life and

mnimse heat build up. WiephéhgafiBshitemay BaRet &dniRimami 8f theeshutters
40 open and the Iaag outggt i ncreased to.an ogeégtln% setélng Fog safety,
the | anps 40 .are 3fdpStaR{e: BaLFR9e; SFHLNYR nHBAE 2R SRREERI}EAPY 20
prevent an operatswitchnohoaknaini contrdk pasélne These seéttingpsshéudde
on. The circuit b age S i 0 Vi ghet
energy w t hout exggg |9§§§5fe%?iggdﬁg?%ga%%pgglg%%%§g?rﬁ%rc%ﬁ§# ?%n%QbThe

| ow t enper ature i 40Que wakEsht qhaetomprhedslight ) apd: agspriatediheathe

| anps 38. These pieteompletélyt £soDated heromf the edipavehkny0hapdr then of

t he spectrun1mhic§p%§gL§%es nost of the heat generated by the |anps 38 from
the circuit board : ditionally, ventilation of around 85 cubic netres
per minute (3000 cubic feetThersystemeinaludessaiselfreontainedi ghiller

b bt abl e ot t agcooeo9t LB LaMBS 30 B i ed by & switch on a i
control panel” These settinﬁipgﬂﬁgﬁdngflﬁﬂp?ﬁ?nﬁ ¥5?ﬁeF+ﬂEF%§s§ ?ﬂgeﬁergy

(for exanple 100,the conveyor chain 16 passes through the curing station
at an angle to the vertical, thereby ensuring that no
circuit board lies directly above a subsequent circuit

- board on the chain. '

15 The disclosures in United States patent
application Nos.843,385 and 926,114, from which this
application claims priority, and in the abstract
accompanying this application are incorporated herein by
reference. '
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200, 300 watts). The emtted |light and associ ated heat is conpletely

I solated fromthe dip tank 20 and the operator. The systemincludes a

sel f-contained chiller to cool the |anps 38. Al though not apparent from
Figures 8 and 9, the conveyor chain 16 passes through the curing station at
an angle to the vertical, thereby ensuring2that no circuit board lies
directly above a subsequent circuit board on the chain. The disclosures in
United States patent application Nos. 843,385 and 926,114, fromwhich this -
application clains priority, and in the abstract acconpanying this

application are iémagﬁgqaied herein by reference. 12 CLAI M5 1. A
nmet hod of applyi i and curi o) osed sides of,a circuit, board
conprising the steps of: po 1t %d‘%rpcﬁ?&ﬁé)lmc? SULNG & GRak NG

tool (12); provi dmgpppesed csides cpfata rglmnat Er ikda® Yomgr Lding dthelesteps

noi sture curing t t .
cont ai ni ng the C(a)&‘fetrjé ?giéoatl gghnéﬁaéﬁ# tﬁq}%d @r@eﬁgsl?r%%e&% ?ﬁ(t oard
to a predet et ni nebl pbsiadARGING Hehe 4Rk 49 &Slip-qeatdng SHesP ki des of
the circuit boar Obdriﬁélmzl.ﬁ@ A ha:xcmn‘mmrmdowmcj R Bt Qrmnfériﬁﬁj thglvanci ng

the tool (12) to oppased WlALFNE! £lpddiBekiflea BUb Y%A T WAL S

conformal coating
as to coat opposed sides of the circuit board; advancing

the tool to opposed ultraviolet lamps (38); and curing

10 the conformal coating on the opposed sides of the
circuit board substantially simultaneously by means of
the ultravioclet radiation emitted by the lamps. _

2. A method according to claim 1, comprising
the step of providing a moisture curing agent in the

15 conformal coating.

3. A method according to claim 1 or 2,
comprising the step of providing a nitrogen blanket over
the conformal coating in the dip-coating tank at a rate
of substantially 148 to 167 cubic metres/hour.

20 4. Dip-coating apparatus for applying and
curing a COating on opposed sides of a circuit board
comprising a supporting tool (12) for supporting a
circuit board; advancing means for advancing the tool
between stations of the apparatus; a coating station

25 (20) including a dip-coating tank (20) which in use
holds a conformal coating for coating a predetermined
portion of a circuit board; and a curing station (34,36)
including at least one pair of spaced apart opposed
ultraviolet lamps (38) each including an associated

30 shutter (40), the lamps being adapted in use

' substantially simultaneously to cure a coating on
opposed sides of a circuit board.

5. A toolbar and tool combination comprising
a toolbar (14) including a plurality of pins (50)
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mat.erial on both sides of the circuit board (18) substantially

si nul taneously by neans of the ultraviolet radiation emtted by the |anps
(38). 2. A nmet hod according to Claim1l conprising the step of: providing
a nitrogen bl anket over the conformal coating material (22) in the dip
coating tank (20) at a rate of substantialll3y 148 to 167 .cubic netres/ hour
3. D p coating apparatus for applying and curing a coating on opposed
sides of a ciruit board conprising a 13 supporting tool (12) for
supporting a circuit board; advanci ng nmeans for advanci ng the tool between
stations of the aggpdeadifg aheﬁefi-ag, saatooDd (29) inmcluding a dipp ¢62jing

tank (20) which i 095§e$8£9§b géﬁfgﬁé §0§%£991{950§9§t£?gr3t 3,20,

predet er m ned por ron of —a CI cur ron
i ncl udi ng at | eassecnsipgi me@nSSpééeES npEer ng-’fa@@e@lblnytsawm@q thﬁp’s0938)
each includi ng ancgsgpei ag8tbghutter (40), the Ianps bei ng adapted I n use

substanti al | si mul taneously to_cure coatln 0 osed. si des
cirecuit boaré g. A Eoolgar and &Blnatlon accorglng

to claim 5, wherein the securing means (54,58) comprises
a plurality of apertures (54) in the tool for receiving
cbrresponding pins of the toolbar, and a spring clip
(52) disposed on the tool and adapted to bias the tool

10 towards the toolbar, thereby holding the tool in
position on the toolbar.

7. A toolbar and tool combination accordiqg
to claim 5 or 6, wherein the tool includes a resilient
U-shaped clip (62) for releasably securing a circuit

15 board thereto.

8. A toolbar and tool combination according
to claim 5 or 6, wherein the tool comprises opposed
spring-loaded bevelled clips for releasably securing a
circuit board thereto.
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