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. MULTI AIR-KNIFE BOX.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit'devices, and more particularly, to an apparatus for drying

semiconductor components as part of their processing sequence.

(2) Description of the Prior Art-

In the field of high den51ty 1nterconnect technology, 1t is
necessary to fabricate a multllayer structure on the substrate to
connect integrated circuits to one another. To achieve a high wiring
and packing density, many 1ntegrated c1rcu1t chips are phys1cally
and electrically connected to a 51ngle substrate commonly referred
to as a multi-chip module (MCM). Typlcally, layers of a dlelectrlc
such as a polyimide separate metal ‘power and ground planes in the
substrate. Embedded in other: dlelectrlc layers are metal conductor
lines with vias (holes) providing electrical connections betmeen
signal lines or to the metal.power and'ground planes.dAdjacent
layers are ordlnarlly formed so that the prlmary s1gnal propagatlon
directions are orthogonal to each other. Slnce the conductor
features are typlcally narrow 1n width and thlck in a vertlcal

direction (1n the range of 5 to 10 microns thlck) and must be
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patterned with microlithography, it is important to produce
pattefned layers that are substantially flat and smooth (i.e.,

planar) to serve as the base for the next layer.

Surface mounted, high pin eeunt integrated citcuit packages
have in the past been configured using Quad Flat Packs (QfP's) with
various pin eonfigurations. These eaCkages have.cloeely spaced leads
for making electiical connections distributed along the four edges
of the flat package. These packages have become llmlted by belng
confined to the edges of the flat package even thOugh the pin to pin
spacing is small. To address this 11m1tatlon, a new-package, a Ball
Grid Array (BGA) is not so confiaed beeaqse the electrical contact
points are distributed over the entire boteom surfaee of the
package. More contact pointsecan thus.be located_with greater
spacing between'the contact_points than with the'QFP's.lThese
contacts are solder balls that facilitate'flow soldering of the

package onto a printed circuit board.

A Ball Grid Array (BGA).is an'array of solderable_balls_placed
en a chip carrier. The balls eonfact a‘printed circuit board in an
array configuration where, afeer reheaf, the balls connect the chip
to the printed circuit board. BGA;e are knoﬁn with 40, 50 and 60

mils. spacings in regular and staggered arfay patterns.
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Interconnecting lines and vias are p1anérized by multiple
coatings of a dielectric matérial such és polyimide Which-afe ﬁéed_
to achieve an acceptable degree of planarization. Applicaﬁion of
multiple coatings of thick pq;yimide_is.time—consuming and creates

high stress on the substrate. -

Chemicai solutions haveibeen_used.extépsively.fé# the
manufacture of semiconduct§r déviceé.jWet cheﬁigal prbcessing baths
have been 'used for cleaning'semiCbhduétqr wafefs;,as wéll as for
etching deposited films on these wéfers. For'éxamplé;_thé use of
hydrogen pefoxide (ka,),-cohtainingfsolutioﬁs for-cleanihg silicon
semiconductor wafers, is well known. iﬁ addition to Wéfei cleaning,
hydrogen peroxide is utilized in combination With suifuric acid.for
photoresist removal and in COmbiﬁation-with phosphbrié acid,

sulfuric acid or ammonium hydroxide for selective titanium etching.

At most semiconductor fabxi¢€tion facilities, iiquid
processing baths are used for a éertaih time'éeriod and then
discarded. This praétice not only resﬁlfé in.high.chemical costs,
but it also leads to the'géneration of more waste than would be

required. Environmentally, it is preférred to reduce such waste.
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In more advanced manufacturing,facilities;.autpmated.
controllers are utilized to'achieﬁe‘some degree df chemical
composition control. These contfolle;s-séike_the.bath.with certain .
'chemicals at predefined intervalé:and can also add 6ne or ﬁore
chemicals to the bath to make up fof a drop in the bath 1iquid
level. With the exception of liéﬁid level sehSOrs; no analytical
instrumentation is employed to provide feedback for'guiding'the
chemical composition adjustmént proqegs; Thﬁs, departure from
“normal” operéting conditions is nét detecﬁéd; nor aré_apprgpriate

corrective actions taken.

After semiconductor deviCes_havé been-attached to a

substrate, the substrate is cleaned to remove any remaining

. residue from the surface of'the'board, Thié,process.typidally

involves washing of the substrate in.aisolveﬁt thgt'is selécted
such that residue on the surface of the boa?d:is'dissdlved-in thé
solvent after which thé solvent'isﬁremdved from the cleaning
apparatus. This however resuits in a solvent that:méy.contain
chemicals that are harmful to the eﬁ%irbnment, which requireé
special treatment of the solvent sqlutioﬁ. One'of thé'mefhods
that ié used to prevent impuritiés in a solvént is to apply sqlid
carbon dioxide (CO2) particles to-tﬁe surfaée that pééds to be
cleanéd. These particles, upon striking the:surface tﬁat needs to

be cleaned, sublimate in the process of which residue on the
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. surface of the boara is absorbed and-remqved;from that surface.

The use of CO2 however does result-in'the buiidéup of'an
electrostatic charge on the surfaCe of the boafd that is being
cleaned. This electrostatic chargé must either be prevented from
building up or must be removed béfore_thé board is passed on to
further processing steps. The former can’be'accbmplisﬁed by
grounding the board while it is beiﬁg treated by th¢:COz; the
latter can at least partially be acéoﬁplished by1mixin§ fhe CO2
with another substance, such as a water'mist;.thét'préQents or
alleviates the accumulation of tﬁe ele§trostatic chéfge during

the cleaning.process.

Solvents that are used tb clean semiqoﬁduqtoridévice
packages must meet a numbef of_réqﬁireménts that.reléte ;o_ﬁo;h
the effectiveness of the cleaﬁiﬁg 6pe£ation and to the t&iicity
of the waste products that are:préducéd during the cleaning |
operation. The by-products of.thé ¢1eaning éperatioh mqst not
result in products that are coﬁtaminating,.diﬁfiéﬁlt to dégrade,

have a long retention period and.have in' any other way an.

undesirable impact on the environment in which they'are

deposited. For these reasons, chlorinated hYdrocarbonﬂand
chlorofluorinated solvents have lé:gely,beén abandoned even
though these substances have excellent qualities as solvents of

rosin flux and other by-products of éblder cperationé, In recent
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years, terpene compounds appeared.fo offeruan'attractive
alternative to the previous generatipn of solvents, this because
terpene compounds offer signifidant advantages for the cleaning
operation. It is for instance ﬁnowa tﬁat terpene combounds are
widely available and are safe'endugh_that they'ﬁave seen use as a
food additive. Terpene compounds-aré'aiso raadily.biodegradable
and can readily be handled be reguiar'waste diaposal'facilities.
Terpene compounda can be applied'uﬁdef'room temperatUré}athey are
not volatile and have a boiling'poiﬁt_thatais considerabiy higher
than halogenated solvents. Fuﬁtheimbre,.térpena-compaunds can |
penetrate between densely mounted qompohents and can thérefar
provide excellent cleaning of_surfacas 6£ high-densit§. Whe?e the
indicated advantages of terpene compoundsaaie cbnsidérable,
terpene compounds however have.tha disadvahtage'that Ehay_are
flammable under relatively low:té@peraturea (iOO to 200'degreés
F.) and that they readily solidifyuﬁheﬁ broﬁght_into cbntaat with
water. Terpene compounds further have a'profgundly objectiopable
odor while terpene compounds, because they ara'nc£ ﬁolatile, must
be rinsed away after application..Tﬁis.proceas of rinsing,however.
can readily result in the gelling of the'#erpene'pompounds, which

makes the process of removal of the terpene compounds cumbersome.

One of the more frequently used'tYpe of apparatus for

cleaning printed circuit board using- terpene compounds'is
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manufactured by the Vitronics Corporatiop-ofoNewmarkét; N.H. U.S.
patent 5,103,846 and U.S. Patent 5,240,018 detail such an
apparatus as marketed by the Vitronics Corporation. The apparatus

of invention U.S. Patent 5,103,846 and U.S. Patent 5,240,018

. includes three different components, o'first housing that

contains the terpene washing apoaratus, a second housiné that
_contains a water rinsing apparatus ond an'intefmediéfé-conveying
means for transporting the devices.from the first houéiog.to the
second housing. The intermediatolconveying.meano'is poé;tioned at
an angle such the end facing the.éecbnd housing-is'positioned.
lower than the first end. Exhaus£ fans'ére proVided-for the first
housing to prevent esoape or'terponejooors or'vapors, similar
fans in the second housinglpréveﬁi the eoogpe-of-wéter vapor.
Scrubbers are provided in the_exﬁoust dﬁCts from the first
housing that prevent terpehe compoﬁnd§ f:oﬁ éscooing into the
atmosphere. A flame detector is_ﬁrovided that prevents thé.
introduction of boards that have'éither an oéen”flaﬁe on the
surface or that are of_too high'a temperature{ Tﬁe_femperature of
‘the terpene vapor is controlled l.oy'a“ series of téni_perat’_ure’ |

controls to prevent the terpene vapors from igniting;'

The current aqueous cleaner and drying’dycle for:the
Vitronics cleaner uses a five air-knife manifold for drying the

flip chip assemblies. Of the five air-knives, three are top air-



knives and two are bottom air-knives. The flip chip,as$emblies
that are dried using this apparatué-éan be'singulatea |
semiconductor devices or they can'be strip mounted; multiple
devices. During the drying prbéésé; the Vitronics cleaner has a
hold-down belt that keeps the pérﬁs that are beingjcleaned.in a
downward position. High preSsuré,blbwing'(airzgirgulation) is
applied to the parts:that are_being_cleaned during the drying and
cleaning process, this high pressure:biqwing can'resulf_in
individual devices being lifted.ﬁp from_thé.carrier beit on which
they are transported. This and other pfoblems that'are
experienced with the current pxéceés.of Blow?dfying'assemblies of

electrical components will be subsequently highlighted.

The invention addresses thé:problems:that.afé-at fhisltime
associated with the drying of_semicondﬁctor éésemb1ies.whiie
these assemblies pass through a drfing chaﬁbef.-it must be
emphasized in this context that the term air is‘used in -the broad
sense éf the word in that not only air but also any other
suitable drying gas can be applied during“the.drying §pération

using the apparatus of the invention.

US 5,240,018 (Clark et al.) assigned to Vitronics - teaches

a cleaner having air knives.
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US 5,916,374 (Casey et al.) shows a maék cleaner with air

knives on both sides of the mask being cleaned.

US 5,103,846 (Clark et al.) -assigned to Vitronics - teaches

cleaning tool having air knives above the part see fig 3, col.

‘12, line 48.

Us 5,722,582 (Gibson) shows a hot”air circulation for a

soldering machine using air knives.
SUMMARY OF THE INVENTION

A principle objective of the inveﬁtion.is.to prpvide an
apparatus for drying electronic c§m§oneht$.where5y these
components can be dried using a.ﬁniqué method of introducing air
into the drying apparatus whereby thé_flow_of thé_cémppnenfs
through the cleaning apparatus is not impactéd-by.the f;oﬁlof the

air.

Another objective of the invention is to providé'an apparatus
for drying electronic components whereby the cOﬁponents are firmly

secured in place during the proceés of dfyihg;, -



.Another objective of the invention is to provide an apparatus
for drying electronic components whereby. the components are not

scratched or otherwise damaged dnring the process of drying.

In accordance with the.objectives of the invention,'a new
apparatus is provided for the.drying'of'eleCttonic components.
Prior Art uses five air-knives to_direct high—pressnre air flow at
the components that are being dried, that is three air—knives that
are mounted above the component assembly that is belng drted and
two air-knives that are mounted below the component assembly that
is being dried. The 1nventlon replaces to top mounted three air-
knives assembly and provides in.its place.a mnltip;e air-knives
box that has multiple holes through,which the air is passed before
striking the components. The multiple air-knives of the invention
break the major air flow into muitiple eddy:curtents Whereby these
eddy currents have a low enough air pressure gradlent such that
the electronic components are not damaged or 11fted from the
conveyer belt on which they are transported. In addltlon, the
apparatus of the invention has eliminated'a hold-down belt thereby

removing a significant contributor to component damage.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross sectidn-of,a;drying Statioq_qf the Prior
Art that demonstrates components being dislodged from their

position in addition to being 5cratchedi,

Fig. 2 shows a cross sectioh of a_drying station of the
invention that demonstrates the removal of the top belt and the

installation of a new, multiple éir—knife air distribution box.

Fig. 3 shows an expanded threefdimensionél view .of the multi

air-knives box of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS :

A typical BGA package is cleéhed,du?ing the-fi#al
manufacturing stages using a ﬁater¥§oluble_fiux wheréby cleaning .
procedures are used that areﬁeégally applicable to PCB cleaning.
The apparatus of the invenfiQn addresées problems.that haﬁe been
encountered following these procedurés. Thg_apparatus of the
invention provides a new air—knifé cqpcépt.tﬁat aiibws fo£ the

effective and damage free cleaning of small electronic assemblies.

11



During the process of BGA bail fiow and attach,-flux_is used
for the cleaning of the oxide from the solder balle and the
surface of the ball pad. The fluk'that is used is'prone tc
introduce ionic contamination_cf'the packaged componente,'which
can have a serious detrimental effect.on product yield and is
therefore a serious concern. Innaddition; additives;thaf are
frequently made part of the flux are often difficult fc_remove.
Water—-soluble flux is therefore the preferred mediuﬁ in cleaning
electronic assemblies. The key requlrement for the cleanlng
process is that the flux is completely removed from the assemblles
and from the solder balls and frcm'the substrate cn-whlch the
components are mounted. The invention”addresses a hign—preseure
spraying system that is used for the c;eaning of electronic

assemblies.

BGA assemblies are typically processed in One of two forms,
that is in strip form (contalnlng multlple BGA packages) or as
singulated units (containing only one BGA package). When BGA
assemblies are processed in 51ngulated form, a-carrler”belt is
used to transport the singulated_units'thrcngh the aQueons

cleaning system.

12
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The problems that are typically.experieﬁced during high—
préssure cleaning of electronic assemblies cah:be sumﬁarized as’

follows:

a hold-down belt that is in;place.abovésthe processed BGA
assemblies exerts excessive.pressure on the assemblies
resulting in damage to the balls of the units
- strong pressure exerted by the ﬁir flow”qf the ﬁrééently in
place two air-knife assembly'teﬁdé'to push thg éssehblies from
the transporting belt, and o
- the combination of transpoft-belt ahd hold-down'beit frequently
interferes with linear and orde;ly traﬁspo:£ of'the.assembly
with the result that the assemblygis draggéd along_the
transport belt resulting iﬁ SC;atching of.the asgembly or.other
damage to the assembly. Identificétioﬁ markings:that have been
applied to the surface of the assembly.a:e in ﬁhis manner

frequently made illegible{

Referring now to Fig. 1, there_i; Shown'a_crosé Section of a
drying station of the Prior Art théﬁ.deﬁohstrates compornents being
dislodged from their position in additicn to being scratched. A
unit 10 of anlelectrical assembly,'typi¢aily an.aséembly such as
an BGA package on which a number_6f elec£rical components such as
semiconductor devices, capacitors, filters and the like have been

assembled, is passed through the-dryihg_station'of the cross



section. Most electrical assemblieslthét'are passed fhfough the
apparatus that is shown in cross section in Fig. 1 are singulated
assemblies of a relatively smaii physical nature that havé
previously been processed in st:iﬁ.form. The main belt 18 of the
station is provided with rotating mo#ion 34 by means of a rotary
motor {not shown), the component;iolthat:is'béing dried ié
positioned on top of belt 18. SuppoftS-ls are prcvidéd to
essentially separate belt 18 f;om-belt'14. Belt 14 is:driven in
direction 36 so that both belts.'-14. and 18 'mio%re“in__the same
direction as the component 10. Beit 18'is.the béttom be1t of the
drying station; belt 14 is the top or hoid?doﬁﬁ bélt of the drying
station. Belt section 20 is the return frajecﬁory of belt 18 while
belt section 12 is the return traje¢t§;y of belt 14..While
component 10 is positioned between b§lts 14 and 18,_thé-component
undergoes the process of drying..The,cémponent 10_is; as p;rt of
the drying process, blown dry by the_high pieésure air—knifé
manifolds 24 and 26 fhat are mounted feSpeétively above.aﬁd below
the component 10 as it passes through the staﬁiQn: Air-knife
manifolds 24 and 26 create a high-préssure airflow (ﬁétfshown). It
must be noted that air-knife manifdlds 24 directs the air in a
downward direction thus striking the tob-surface of the assembly
10 while air-knife manifolds 26 di}ect.the air at the'assembly 10
in an upward direction thus striking-thé bottom oflthé:assembly

10. The high-pressure airflow is further directed at the surface

14



of the assembly by airflow directdrsjzs_that;force the.ai;.to
strike the surface of the assembly in concentrated form. This
high-pressure airflow thereforé'strikes £he compoﬁents_that are
mounted on the assembly 10 with coﬁsidérab;e'force thereby
potentially dislodging these comﬁonén;s_from the assembly 10. It
must be noted that this prior art drying Stﬁtioh uses.two belts
for the transport of the assembiy.ld. The.top hold;déwn belt 12 is
under tension in.section 14 of_the:beit whefe the.belt,éésses over
or is close to passing over assémbly.lO% The.two.bglts:of the
drying station are required bécgu?é-of.the dualldifeétion {up and
down) under which the airbkniﬁes direét air atiﬁhé assembly. Belt
14 therefore offsets the upward pféésure that_is exertéd by the
air-knife manifolds 26 while belt 18 offseté theAdqwnward pressure

that is exerted by the air-knife_manifoids 24.

The cutout 28 indicates that, within the final:séction of the
passage of assembly 10 through the'station, componeﬁtsf36,'38 and
3% have been dislodged thereby'having a serious négétive yield

impact on the process of drying the assémb;y 10.

Fig. 2 shows a cross section of th§ drying'statioﬁ of the
invention. The high pressure, relétively:large;airfknifé-manifolds
of conventional design have been partially replaced with 'a new

air-knife box that contains multiple air-knives. The air-knife box

15



of the invention takes the place bf_the topiair—knife manifolds
(24, Fig. 1) of conventional desigh.'Itimust be néted £hat, where
the high pressure air-knife mapifoids of éonventional'design aim
the air under a concentrated stream and thereby exert pressure on
the surface of the assembly 10_ih a very 16Calizéd.manner,_the
air-knife box 48 of the invention.sp;eaaé the.delivery of the air
over a wide area, that is the exhaust area 50 of the air-knife box
that faces the aésembly 10. The pressﬁfe that is'therefpre exerted
on the surface of the assembly id-ié distributéd over é_wide area
and can in this manner not exert a high force oﬁ'anyslbcalized
section of the surface of assembly 10 or:onfany of the components
that are mounted on that surface. 0ne of the méjorfsouxces that
cause component damage or componeﬁt_dislodging has therefore been
eliminated. Also, since the d;schafge régién 50 of fhe.ai:-knife
box 48 is relatively large, the apparatus oi the infeﬁtion can
discharge relatively large quantifies.of.air over the'éurfaée of
the assembly 10. Where ‘the flow of air that 'é_xits the multiple
air-knife box 48 needs to be increased,-the pres;gré under which
the air is released can be incréased: This increase ih_pressure
however will not result in increasing preSsure on narrow,
localized areas on the surface of.the.a$sembly 10 since the
increased air pressure will reSult ih.an incfeased,.finely
distributed flow of air that will exit air-knife box 48 not as a

massive, concentrated flow that can damage the surface of the
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assembly 10. It must further be noted that the apparatus.of the
invention has eliminated the Eop hqid;down'belt'of.the
conventional station. The top ﬁold-down'belt of'the-conVentional
st%tion is partially required to keep the aséembly 10 in piace
while it passes between the tﬁo belts of_the'convéntional cleaning
station due to the high pressuré-that is exértéd on_thé.assembly
by the high pressure air-knife manifolds (24 and 26,iFig. 1).
Since, under the apparatus of the invéntion, the hiéh ?féssure
air-knife manifolds that are likely to,diélbdge gompoﬁénts from
the assembly 10 or the assembly_itéelf.h%ve beeﬁ parfially
eliminated, the constraint thét.has_uﬁdei conVéﬁtional stations
been provided by the top hold—dowﬁ belt is no longer required. By
eliminating fhe top hold-down belt, anéther.caﬁseIfof'assembly
damage has been eliminated in thét'the;éssembly br'components that
are contained within the assembly ho_ionger neé& to be pfeésured
in entering the space between the top_(lé,_Fig."l) énd the.bottoﬁ

(18, Fig. 1) belt of conventional Hesign.

The multiple air-knife box 48 cbﬁtéins the output nozzle 50,
air-slots 54 and a multitiude of small Opénings 56 that |
collectively form the output noZzie.soﬁ-The flow.thrgugh the
multipie air-knife box is aé follbws: thé air (provided.by a high-
pressure blower) enters the_box.48.vié thé méin channel 52 from

where it is distributed over the top surface of the Output nozzle
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50 via the air slots 54. Item 53 is:the housing of the multiple
air-knives box that, other than providing_méchanical suﬁpoxt for
the various parts of the box and sérving as conduit for the air
channel 52, serves no function thaf reéuires further.explanation.
Unit 57 is the sealing unit of the multiple”air—kniﬁes box in-that
lthis unit assures that no air eséapes'frém thé multiple air-knives
box around the periphery of the output nozzle 50_but.£hat:all air
that flows from the multiple air—kniyeé:box flows via'fﬁé
multiplicity of small openings 56. from tﬁe tdp.surfacé pf thé
output nozzle, the air is dischargedfth;oﬁgﬁ multiple:openiﬁgs 56
" that are provided for that purpo$e'in-the outbﬁt hozzie 50ﬁ"The
details of the construction of théimultiple air-knife box afe
further highlighted under Fig. 3.following._Fig. 3 ﬁill in
particular explain the existencequ tﬁe'air_sloté'54 in better
detail. The air blower and othér étruétural detéils_of the
multiple air-knife box 48 have been omitted from Fig. 2 in order
to highlight only the details df“thg épparatus of ﬁhe invention

that are germane to the invention.

Cutout 52 that is shown in Fig. 2 furthef'highlighté fhe more
salient detailé of the flow of air under the multiple air-knife
box 48 of the invention. The exitlSO of the mﬁltiple air?knife box
48 contéins an arrangement of multip;e 6pehings that_ail aim at

distributing the air stream into multiple sub-étreams'while also
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aiming the air that exits the-multiple'aif-knife-box 48 at the
surface of the assembly 10. Aif*flow 51 that is'aimea at the'top
surface of the assembly 10 is, because this ai;.flow'sl.is not
concentrated in relatively massive éhannels_of flow, readily.
distribute (53) over the surfaée'of thé.assembly'lof-lt.is to be
noted from cutout 52 that the o;iginai boftoﬁ air—knife manifolds

26 remain.in place.

Fig. 3 shows an expanded threé¥dimehsional ﬁiew ofithe multi
air-knives box if the invention. Tﬁé main air-éhannei.SZ that_is
contained in the housing 53 of tﬁe_multiple aif-knives box 48 is
clearly visible as are the slots 54 thét are pfdvided_to
distribute the air from the main channel 52ito the:multiplicity pf
small openings 56. The slots 54 aie_typically 0,5 mm}déep_while
the pitch between the slots is aboﬁt 53mm,-Thé height-of thé
output nozzle 50 is about 10 mm whilé-each of-the openings-SG have
a diameter of about 1.2 mm and a'p;tch 6f about 5 mm. The
dimension 58 is the blow heighf, that is the distéh¢e between the
bottom of the output nozzle 50 and the éufface of ihe belt 18 on
which the assembly 10 is transpér;ed through ﬁhe:drYiﬁg chamber.
This dimensioh is typically kept at aﬁoﬁt 10 mm in'ordér'ﬁo avoid
the “back pressure” effect whereb}'the flow that exits.fhe-output
nozéle 50 is seriocusly hampered by air ihat is reflected:from the

surface of the assembly 10.
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In sum, the apparatus of the invention eliminates-the_yield

detractors of:

damaged or dislodged components due to concentrated impact of
drying air on the surface of the assembly that is being dried
damaged or dislodged componéﬁtsldue to pressing the assembly
between two belts, belts'that_ﬁndefféahﬁénﬁional.design are
required to counteract the concentfatéd“impact of drying air on
the surface of the asseﬁbly : | | | |

dented solder balls due to preésiﬁg_the_asseﬁbly'bgtﬁeen two
belts

parts lifted from the.surface,oi_the_franspoiﬁ belt due to
concentrated air delivery, and -

parts being dragged over the éurface-of the tranSportation belt

causing scratching of parts during d:Ying.

Although the invention has 5een described aﬁd_iliﬁstrated
with reference to specific'illustrative'embédimenté_thereof, it is
not intended that the invention beilimited tb_fhose illustrative
embodiments. Those skilled in the art will recognize thét
variations and modifications can be_madé'withéﬁt_deﬁarting.from
the spirit of the invention. It ié therefore intéhded to include
within the invention all such VariétiOns and modificéfions which

fall within the scope of the appendedfclaims and equivalents

thereof.
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What is claimed is:
1. An apparatus for removing moiétﬁre ffom afwater—based flux on the
surface of assemblies that are mpviné th;ough a drying station, said
apparatus to comprise:
a high-pressured gas deliﬁerylapparatUS;'
a heating apparatus for heating,fhe.highfpfessured_gas;iand
a multi air-knife box that contains.a hblidw cylindfieal member in.
addition to containing an air distfibutién ﬁozZlé"whergby said
 hollow cylindrical member is on.éﬁe éﬁd conﬁected'tq said high-'
pressured gas delivery apparatué wheréby:the other eﬁd of said
hollow cyliﬁdrical member is connected ﬁq said aif di#tribution
nozzle whereby said air distributioh nozzle.directs said heated and
pressurized gas at said water bésed fluxnwherébf séid'air
distribution nozzle contains éir'dist;ibu#ion slots'ih addition to a
multiplicity of narrow openings-whéieﬂY'Said air distribution slots
are connected on one side to said hoiléw dylindrical member and on
the other end to said multiplicity-§f.narrow openings.that-function

as multiple air-knives.
2. The apparatus of claim 1 wherein said high-pressured gas is air

or any other suitable géseous'Substahce that is typically used to

dry electronic assemblies.

21



-_—

LT

3. The apparatus oflclaim 1 wherein-said assembly of said multi air-
knife box that contains said hollo& cylindrical membér is a first
sub-assembly of said multi air-knife box'whéreby éaid air
distribution nozzle is a second sub-assembly of said multi air-knife
box whereby said bottom surface_éf'said fiﬁstlsubfassembly is
mechanically connected to the_tob suffade of.said #econd sub-
assembly whereby said connection forces the gas-frbﬁ said first sub-
assembly into said second subfaséembly:thereby aSsQring that no gas
escapes from the interface betwéen said first ;nd Saia sub-assembly

other than through said openings in said second subféssembly.

4. The apparatus of claim 1 wherein said air aistfibution slots are
provided in the top surface oflgaid-aif diétribﬁtion nozzle whereby
the direction under which said éir distribﬁtion slots are provided
in said top surface of said air distribution nozzle is the.direction
in which said assemblies move th¥¢ugh said.dryihg_station_whereby
furthermore said air distributioh'slots are pxovided in two or more
groupings or clusters of air disgribution-slqts eéch'grouping or
cluster to contain between 3 and 5-air_distribution slbfs whereby
said air distribution slots have a.depth.of bétwéen.about 0.3 and

0.7 mm and a pitch of between about ‘3 énd 7 rnam.

5. The apparatus of claim 1 whereiﬁ:Said multiplicity of narrow

openings that function as multipie air-knives.éontains'openings that
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are essentially perpendicular to the'direction in which said
assemblies move through said drying station whereby.each of said
openings has a diameter of between about 1.0 and 1.4.mﬁ and a pitch
of between about 4 and 5 mm and a'depth'that protrudes'throﬁgh-said

air distribution nozzle of between about- 9 and 11 mm.

6. The apparatus of claim 1 whereiﬁjsaid-aif distriﬁutiqn nozzle has
a height in the direction that ;s peféendicular to_thé.direCtion in
which said assemblies move thrdﬁgﬁ-saiq drying statioﬁ.Of between
about 9 and 11 mm and a width acro$s the means of transportation or
belt that is.used to move said assemblies thfdugh said'drying
station that is about equal to thé widfh of said méaps of
transportation and a length in the direction in'wﬁich.said
assemblies move through said drying stafion of between about 3 to 15

times its width.

7. A method for removing moisture from é waterfbased flux on the
surface of assemblies that are.moving,through_a d;ying station, said
method to comprise the steps of: | |

providing a high—pressured'gas delivery épparatus;'

providing a heating apparatus for heating the high;pressured gas;
and |

providing a multi air-knife box thét.contaihp a hollow cylindrical

member in addition to céntainihg an airldistribution nozzle whereby
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said hollow cylindrical member is én'one end connected to said high-
pressured gas delivery apparatus whereby thé other end of said
hollow cylindrical member is conneéted_tQ.said air distribution
nozzle whereby said air distribution nozzle directs said heéted and
pressurized gas at said water baéed flux whereby.Said air
distribution nozzle contains air'distfibﬁtion Slots.in addition to a
multiplicity of narrow openings Wheréby'said air distribution slots
are connected on one side to said holibw‘cylindrical'member and on
the other end to said multiplicify 6f narrow bpeningé'that function

as multiple air-knives.

8. The method of claim 7 wherein said high*pressuféd gas is air or
any other suitable gaseous subétaﬁce that ‘is typically_used.to dry

electronic assemblies.

9. The method of claim 7 whereinjsaid assembly_éf.said multi air-
knife box that contains said hollqw cylindrical member is a first
sub-assembly of said multi air-knife box whéreby.Said air
distribution nozzle is a second suﬁ—éSsémb;y of said mnlti air-knife
box whereby the bottom surface of said first sub?aséembly'is |
mechanically connected to the top_surfaée of said.sécond sub-
assembly whereby said connection forces the gés from said first sub-

assembly into said second sub-assembiy thereby assuring that no gas
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escapes from the interface between said first and said sub-assembly

other than through openings in said-sécond sub4assembly.

10. The method of claim 7 wherein saiduair distribution slots are
provided in the top surface of said air;distribu#ion nozzle whereby
the direction under which said air distiibutibﬁ éiots are provided
in said top surface of said air distribuﬁion nbzzlé iS:the direction
in which said assemblies move thrAugh said ering station whereby
furthermore said air distribution.élots ére provided iﬁ two or more
groupings or clusters of air diStribution Slots.each grouping or
cluster to contain between 3 and $.aif aist;igution'sloﬁs whereby
said air distribution slots have a depth of between about 0.3 and

0.7 mm and a pitch of between about 3 and 7 mm. -

11. The method of claim 7 whereiﬁ.said multiplicity of narrow
openings that function as multiéie air-knives contains opénings that
are essentially perpendiculé: to the difectidn.in which ;aid
assemblies move through said drying statipn whereby éach.of said
openings has a diameter of between-aboﬁf 1.0 and 1.4 mm and a pitch

of between about 4 and 5 mm and a'depth'that'protrﬁdes through said

air distribution nozzle of between about 9 and 11 mm.

12. The method of claim 7 wherein said air distribﬁtion nozzle has a

height in the direction that is perpendicular to the direction in
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which said assemblies move through Said drying station-of.between
about 9 and 11 mm and a width across the means of traﬁsportation or
belt that is used to move said assemblies move thrbug_h said drying
station that is about equal to.thé width of said‘means 6f
transportation and a length in thefdirection in which said
assemblies move through said dryingtsfétion of'between about 3 to 15

times its width.
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