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LE OF | NVENTI ON | NERT GAS DELI VERY FOR REFLOW SOLDER FURNACES Thé

i nvention is directed to providing an-inert atnosphere in a furnace

for reflow sol dering of electronic conponents. Mre particularly, the

invention is directed to providing a nitrogen inert gas in a

non-turbul ent manner in the heat charter of a refl ow sol der furnace.

sol dering is enployed extensively in the surface nount industries and
particularly in the autonated_&ﬁéﬁiﬁﬁlﬂﬁﬁﬂﬁﬁgéﬁinted circuit board
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surface mount industries and particularly in the automated
manufacture of printed circuit bocard assemblies.
Generally, miniature electronic components are surface
mounted on a printed circuit board to which a solder in a
creamy oripaste—like consistency has been applied by a
method, such as screen printing, steneiling or dispensing.

The printed circuit board is then subjected to a
sufficiently high temperature, generally 30°- 50°C greater
than the melting point of the alloy, to cause the flux and
the alloy in the solder to liquify and to contact the
component so that upén subsequent cooling of the printed
circuit board, the components are soldered in place on the
board. The heat can be supplied by, for example, infrared,
vapor phase, heated.convéyor belt (hot belt) or convective
means.

The solder paste is conventionally comprised of a soft
powdered metal alloy dispersed in a liquid medium
containing a flux, an organic solvent, and a thickening
agent specially selected to impart the desired consistency
to the mixture. Ideaily, the flux componeht should be
noncorrosive, thereby yielding flux residues after
completion of soldering, which are themselves noncorrosive
and nonconducting. In practice, however, such is not the
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-2- case. Rosin-based flux materials, such as abietic acid- based flux,- are
_used in nost commercially avail able solders specifically fornulated for use
“in the surface nount industries. These fluxes comonly contain activators,
such as halides, particularly brom des, which |eave corrosive and
conductive residues requiring expensige and tinme- consum ng renoval
techni ques. Conventionally, these renoval techniques utilize organic
solvents, e.g., fluorochl orocarbons which give.rise to envi ronnent al
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such systems to achieve the required cleaning.
Additionally, removal of flux residues is difficult,
particularly from areas of printed circuit boards beneath
the components soldered thereto.

Rosin-based fluxes have additional disadvantages
whether or not they contain conventional activators. For
example, corrosive, rosin-based flux residues tend to be
sticky, thereby inhibiting the automatic testing of the
circuits and proving aesthetically objectionable.

The use of rosin-based or mildly activated rosin-based
flux-containing solders can also result in poor wetting by
the solder of the substrate and of components to be
soldered depending upon the degree of oxidation on
metallized regions.- and the oxygen content in the
atmosphere.

Flux residues tend to be hygroscopic, thereby causing
spattering, and some fluxes alsoc undermine solder joint
integrity by mechanisms such as permitting alloy particles
in the solder to migrate from the solder site, giving rise
to the formation of numerous small discrete balls of soft
solder around the soldered joint, in effect creating



~solder around the soldered joint, in effect creating. -3- electrical
short circuits. Therefore, the industry has cone to no-flux or no-clean
*sol ders used in | ow oxygen sol dering environnents. US-A-5,076, 487 di scl oses
t he use of | ow oxidizing atnospheres for reflow sol dering processes. The
| ow oxi di zi ng at nosphere conprises anjhert gas wth hydrogen wherein the
hydr ogen reduces the oxidation potential of water vapor and oxygen.
US- A-5, 044, 542 di scl oses a wave sol dering process, in contrast to refl ow
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"I nfrared Veten\WwEpbrcandt oxydemnt of Surface Munted Devices" by David K

Flattery appearing in Connection Technol ogy, February 1986, pp 24-29,

di scloses at p 28,_.3rd columm, that the use of nitrogen or nitrogen
US-A-5,044,542 discloses a wave soldering process, in

contrast to reflow soldering, in which a hood is placed
over the solder pot and a shield gas is dispensed above and
below the conveyor for the elements to be soldered.

US-A-4,921,156 discloses an additional wave soldering
apparatus with an extended travel path through an enclosed
tunnel. A protective nitrogen gas is dispensed within the
tunnel.

US-A-4,491,610 discloses a chamber for curing flat
substrates in which an inlet knife and an outlet knife are
positioned at the outer perimeters of the chamber.

US-A~4,696,226 discloses a furnace with fluid barrier
curtains at the inlet and outlet ends of the furnace. The
fluid barrier curtains provide laminar flow based upon the
orifice and vaned exhaust of the fluid barrier curtain. A
gas, such as hydrogen, is introduced into the main portion
of the furnace, while a gas, such as nitrogen, is used for
the fluid barrier curtains.

The article "Infrared Reflow Solder Attachment of
Surface Mounted Devices" by David K. Flattery appearing in
Connection Technology, February 1986, pp 24-29, discloses
at p 28, 3rd column, that the use of nitrogen or nitrogen



~-4- and hydrogen are known in reflow solder furnaces. Despite the efforts
of the prior art to provide various furnaces and wave sol dering operations
*with inert atnospheres, the art of reflow soldering still experiences
difficulties in efficient soldering operations, disturbance of sol dered
conponents prior to the solidificatieg-of solder by localized high velocity
gas currents, the efficient utilization of inert gases, and the need to

adj ust inerting operations and retrofit existing air-based refl ow sol dering
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The present invention is directed to a reflow solder
furnace apparatus for soldering electronic components
conveyed through said furnace in a hooded heating chamber,
comprising: a furnace frame; a heating chamber on the
furnace frame with an inlet and outlet to introduce
electronic components to be soldered by heating including a
source of heat and a hood constituting at least a cover for
the top  of the heating chamber; conveying means situated on
the furnace frame to support electronic components and to
convey them through the hoocded heating chamber; a first
baffle compartment at the inlet of thg heating chamber and
a second baffle compartment at the outlet of the heating
chamber; paired distribution lines juxtaposed to each of
two opposing sides of the conveying means for delivering
inert gas to. the heating chamber; one or more porous' '
diffuser tubes connecting the paired distribution lines
across the conveying means and situated above the conveying
means for dispensing inert gas into the heating chamber;
and an inert gas knife situated in each of the first and
second and baffle compartments for dispensing inert gas
onto the conﬁeying means and to prevent outside atmosphere
from entéring the heating chamber.



second and baffle conpartnents for dispensing inert gas onto the conveying
"means and to prevent outside atnmosphere fromentering the heating chanber.
. Preferably, distribution |lines conprise paired lines that are parallel to
the sides of the conveying neans. Preferably, a manifold bl ock connects the
source of inert gas to the distributigqa.lines. Preferably, the porous
di ffuser tubes are fornmed of a sintered netal having m croporosity.
Preferably, the inert gas knives are slotted tubes which dispense inert gas

t hrough the sl ab 0 | | conveyor
belt or an edggﬁﬁ%fr%%% ] %%’?%‘g’r%%%ﬂ?%g@ Ir'Jégee g?gﬁé%% .?gﬁgﬁe or
nmor e i nfrdekat | 3nesparabliel 4o the (wides \@f the conveying apearsi he
conveying neans to dispense inert gas at an angle downward toward the
conveyi ng neans_and outward fromthe_baffle conpartnments. Preferably, the
di stribution |iFeRIPERI%, A FARIE9131PLAFREPNBRSES oFhe oFAREFR NBEt he

porous di fineet dadesotfhéh@istrBSutiosi 1inee.t he porous diffuser tubes at
varied positions in the heating chanber. Preferably, the apparatus includes

a gasket sealing neans for providing a gas tight seal between the hood and
a renuai nder of Pheféeablyg thenberoudhdipfesenttubesnarenfosmadsofaanet hod

of sol deri ropnLc,C soldering in an inert gas
atnDsphereggﬁgéf%%oﬁgggﬁea%?%%ggﬁgﬁg%$5§%£§%$éfIOM/solder furnace wherein
the el ectronic conponents are conveyed
Preferably, the inert gas knives are slotted tubes
which dispense inert gas through the slots.

Preferably, the conveying means is a metal_ﬁésh
conveyor belt or an edge card conveyor.

Preferably, the source of heat is one or more infrared
lamps.

Preferably, the kniveé are situated aboﬁe the _
conveying means to dispense inert gas at an angle downward
toward the conveying means and outward from the baffle
compartments.

Preferably, the distribution lines have a plurality of
connections for connecting the porous diffuser tubes to the
lines to situate the porous diffuser tubes at varied
positions in the heatihq.chamber.

Preferably, the apparatus includes a gasket seaiing
means for providing a gas tight seal between the hood and a
remainder of the heating chamber;

The present invention is also a method of soldering
electronic components by reflow soldering in an inert gas
atmosphere in a hooded heating chamber of a reflow solder
furnace wherein the electronic components are conveyed



t hrough the heati ng chanber on a conveyor and heated to reflow a sol der or
sol der paste,. wherein the inert gas atnosphere is provided by delivering an
“inert gas froma source of inert gas through paired distribution Iines
j uxt aposed to the conveyor and dispensing the inert gas through one or nore
porous diffuser tubes into the heating_chanber to inert atnosphere around
the el ectronic conponents as they are sol dered, and further dispensing the
inert gas through a first and a second inert gas knife, each situated in a

respective baffled conpartment at an inlet and outlet tqQ the heating
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each situated in a respective baffled compartment at an
inlet and outlet to the heating chamber to strip away
oxygen-containing atmosphere and prevent the ingress of
bxygen-containing atmosphere into the heating chamber.

Preferably, the inert gas is selected from nitrogen,
carbon dioxide, helium, argon and mixtures thereof.

Preferably, the inert gas is nitrogen having a purity
of at least 99.5%.

More preferably, the inert gas is nitrogen having a
purity of at least 99.998%.

Preferably, the electronic components are soldered to
a printed circuit board. '

Preferably, the electronic components are heated by
infrared radiation.

The following is a description, by way of example only
and with reference to the accompanying drawings, of a
presently preferred embodiment of the invention. 1In the
drawings:

Fig. 1 is a side view in partial section of a
preferred embodiment to the present invention;



"hood;" Fig. 3 is a plan view of the inert gas knives of said enbodi nent; and
Fig. 4 is a plan view of the diffuser tubes of said enbodi nent. ‘The inert

: gas delivery and control systemfor reflow solder furnaces of the present

i nvention allows electronic conmponent and printed circuit board assenblers
to introduce inert gas into a furnace.qgither by original design or by a
readily fabricated retrofit of an existing noninerted furnace. This allows
for a reduction of oxygen within the preheat and refl ow zones of the

furnace. A significapt,reduction.in sgldet _joint_ defects,when usjng RVA
(i.e. rosin niP%+?'ggt+%a?eﬁ?pp3§?¥s°$ssﬁF§oeBB§§¥Tﬁ¥F Vﬁﬁgﬁﬁﬁa Bus of the
present inweod;on also assists in the use of | ow residue and no-cl ean

sol der paste systens which elimnate the need for a post-sol dering cleaning
usi ng chl orof | uorocarbons. The present invention allows manufacturers to

i ntroduce inertFids, 3sighaaBlant vbgenofciheoinerbxgae, kndvesnesr saidon into
sol deri ng PrReRSReRt MOgRAEr €S in various reflow sol der furnaces, either

originally manufactured w thout inert gas or nmanufactured with the
provi sions of the present invention. In the present invention, inert gas is

di sbursed to seyggal apsodsplanf ysew bebeneWalibeldsbhethpesase. sahia di f fuser
tubes are |ocated throughout the furnace preheat and reflow zones within a

hooded hea??ﬁa th&hber to ensure | ow oxygen levels in the entire processing
at nosphere. The inert furnace atnosphere allows users to nore easily reflow

D e ol Lo TRA s 458! A8, 008L9, WRESsoREL ey BHag bRt ow
solder furnaces of the present invention allows electronic
component and printed circuit board assemblers to introduce
inert gas into a furnace, either by original design or by a
readily fabricated retrofit of an existing noninerted
furnace. This allows for a reduction of oxygen within the
preheat and reflow zones of the furnace. A significant
reduction in solder joint defects when using RMA (i.e.
rosin mildly activated) pastes is also possible. The
apparatus of the present invention also assists in the use

- of low residue and no-clean solder paste systems which
eliminate the need for a post-soldering cleaning using
chlorofluorocarbons.

The present invention allows manufacturers to
introduce inert gas, such as nitrogen, carbon dioxide,
helium or argon into soldering process atmospheres in
various reflow solder furnaces, either originally
manufactured without inert gas or manufactured with the
provisions of the present invention. In the present
invention, inert gas is disbursed to several porous
diffuser tubes within the furnace. The diffuser tubes are
located throughout the furnace preheat and reflow zones
within a hooded heating chamber to ensure low oxygen levels
in the entire processing atmosphere. The inert furnace
atmosphere allows users to more easily reflow printed
circuit board soldering operations. Printed circuit board



clean or | ow residue sol der paste show'inproved refl ow characteristics when
~reflowed under inert gases as administered with the present invention. The
* present invention provides the follow ng specific advantages, including
inert gas knives producing a curtain of inert gas to reduce anbient
at nosphere infiltration into the reflaga sol der furnace at |ower tota
nitrogen flows; inlet and outlet baffle chanbers which further assist to
reduce infiltration of anbient atnospheres such as air; a plurality of

porous sintered netal diffusear es. for_ ev. on-+tyrbuyl e |,stribution
b nert GREISTT I, vHEAh TR i onat el g Saee o8 82! abal
end feed ofléamror ghewtresidueli $élder pasics showrimprhvesh|xaflaw even fl ow
f rom par al Leh ot & et €l oL il | 8 dNG8 ulidd USRILY UBsesiddiated above the
el ectroni ¢ conmponents_Del ng sol dere 0 € ect]véfy athe the conponents
wi t h i nertadministerediwith cehe presentolavenitien. t he diffuser tubes
allowi ng optim zation of furnace inerting; high tenperature insulation
material to further reduce air or,anmbi ent, at nos nfjltration,., gasket

X here. |
"material at joi Me PHeFRRY eIR¥ECHHLOR RFOVILEF | %ﬁéq{i?ﬂﬁﬁﬁrﬁRﬁF onent s;
modest rmdgairs?tlza@@sp}‘ ‘éne_m@i?cy ineracgss dtn beeptpitsducimy i esertain 4
constructed.reg SO in naces_t rovide ine t . and a
systen1mhi3ﬁ fgeéﬁn??%igét¥§d5§%e$$%1%m§ g?ﬂ&ﬁéb%ﬁ?agﬁggfggggdé%t%%?% and
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screen pripiypgl #tPobeepoPatsesoitarbdrfePal NaLresss UtibeoatSr QV@sENENt
of el ectr o g B eRtSa28e L Bublon 8F EREEE §a8 0 th %Al *heating
chamber of the solder reflow furnace; dual end feed of
inert gas to the diffuser tubes to provide balanced even
flow from parallel paired distribution lines; diffuser
tubes situated above the electronic compohents being

soldered to effectively bathe the components with inert

- gas; ease of placement and movement of the diffuser tubes
allowing optimization of furnace inerting; high temperature
insulation material to further reduce air or ambient
atmosphere infiltration; gasket material at joints to
increase the seal and fit of furnace hood components;

- modest modification of retrofit furnaces or adaptation in
presently constructed reflow soldering furnaces to provide
inert gas operation; and a system which is sufficiently
generic and simple so as to be adaptable and modifiable for

multiple furnace model use.

A particularly attractive form of reflow soldering is
soldering using infrared heat as the source of heat for
solder reflow. Infrared soldering is one method of
attaching electronic components to printed circuit boards.
Traditionally, the process involves screen printing a
solder paste on a bare printed circuit board, placement of
electronic components on the printed circuit board and the



-9- soldering of the conponents to the board through controlled heating
-frominfrared radiation in a reflow sol der furnace. Typically, the board is
< cleaned after soldering to renove flux residues |eft by the sol der paste.
The net hod of cl eaning used depends on the sol der paste enpl oyed. C eaning
met hods i nclude the follow ng: (1) chLerofl uoro- carbons-based sol vents
such as Freons and 1,1,1-trichloro- ethane, (2) water cleaning, and (3)

t erpene- based sol vents. One formof reflow sol dering mhich does not require

post - sol der.i cl.eanu sol derln in th sencge m.l.evel s of
oxygen by ﬁ?ggﬁFlPﬁePE Sgg C?HPSBS EEHEO ﬁﬁgeﬁﬁ éttgﬁ° P%% f or
refl ow sol Heatdgg tfremf dhfrared had&&ttencan herechbevsdldeklmummhb@n of
nmetal surf ti Qn ol
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conmponents. In addition, recgent internationa as the
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circuit board_cleani erl I n_the S an ef rt to r duce the use

of chl or of PYBP8Ear B4 E 8|8€P%Bﬁvc Bgcﬁad %ﬁmpﬁ@&bng (ﬁﬁ%ﬁ‘ng to

find new nethods to clean boards or to elimnate the cleaning step

al toget her. Wategr and Ler %$ﬁ fs r th i ng,
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chem cal ly refove sol der oxi dés agg' to protectgra Tﬁr rQm

r eoxi dat i odmPlementation of an inert gas for reflow solderlng, the
following benefits can be achieved: elimination of metal
surface oxidation, reduction in overall soldering defects,
improvement of first-pass soldering yields, reduction in
labor costs, improved wetting, increased wetting force,
decreased wetting times, reduction in flux polymerization

and ease of inspection of soldered components.

In addition, recenf international mandates, such as
the Montreal Protocol, have limited the use of
chlorofluorocarbon materials for solvent cleanup.
Chlorofluorocarbons have been the most popular printed
circuit board cleaning material in the past. In an effort
to reduce the use of chlorofluorocarbons, the electronic
packaging industry is attempting to find new methods to
clean boards or to-eliminate the cleaning step altogether.
Water and terpene cleaning are interim methods of cleaning,
while acceptable no-clean technology for reflow soldering
is deveioped.

No-clean soldering is possible through the use of less
aggressive fluxes contained in pastes. The purpose for
using flux is twofold: (1) to chemically remove solder
oxides, and (2) to protect the alloy from reoxidation



"-10- during reflow. The presence of sol der oxides hinders the wetting of
the nmolten alloy, thereby affecting sol.derability. Air has been shown to

: oxidize nolten alloys within the time-tenperature regime of infrared sol der
reflow Elimnation of atnospheric oxygen by displacenent with an inert

‘at nosphere conpl ements | ow resi due, bpgcl ean sol der paste flux by
protecting the nolten solder fromoxidation. This all ows sol der paste

manuf acturers to enploy | ess aggressive flux in | ow residue sol der paste
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Wit hout aldsnder pumTh esfz}mblby r%ﬁtéf@wﬁi@ e ahd1ten iétflidéf afteonk he _
processing area.. The r ow er nace system of the present invention
al | ows re%f?‘f%’f?m t ’&P%U’Cﬁ?‘iﬁ ik %Fés?ﬁ‘ée f%mﬁ{%‘ﬁ?r&%ﬁ of°to maintain
i nert at nosyhboesless hggreseive v Iux nbtclow res piwey | skebdemepastpabi ity of
usi ng exiqgiégku&gyipnent wi t hout having to purchase new inert gas
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conpati bl qul pnent or to incorporate the design into currently
manuf act ured furnaces and at significant savings.

Typical solders that are used in reflow solder
furnaces and are amenable to the present invention are tin-
lead combinations, preferably at an approximately 63%/37%
composition. The addition of minor amounts of silver is
also contemplated. Tin-bismuth solder combinations are
also possible.

One advantage of the present invention is that many
reflow solder furnace users desiring no-clean solder paste
applications use inert gas athbspheres when reflow
soldering in order to achieve optimal paste performance.
However, é-la:ge percentage of the reflow solder furnaces
in existence today do not have the capability to hold an
inert atmosphere without allowing unacceptably high levels
of air to infiltrate the processing area. The reflow
solder furnace system of the present invention allows ready
retrofit of such furnace designs for modification to
maintain inert atmospheres within a reflow furnace. This
provides the capability of using existing equipment without
having to purchase new inert gas compatible equipment or to
incorporate the design into currently manufactured furnaces
and at significant savings.

Suitably, the present invention utilizes a source of
inert gas, such as nitrogen, which flows through a



‘Suitably, the present invention utilizes a source of -inert gas, such as.
nitrogen, which flows through a pressure-reducing flow run apparatus for
scontrol of inert gas to the refl ow solder furnace. This apparatus |owers
inert gas pressure from approxi mately 100 psi (700 kPa) to 120 psi (825
kPa) to the present invention's flowmter operating pressure of 40 psig
(275 kPa) to 50 psig (350 kPa). The conponents that would typically make up
the flow run are an isolation valve, a strainer, a pressure regulator, a
pressure relief valv
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Swagel ok fithi aget Bat ivblht3dAPE1BEr b GR%alifelQt B prdgs@kepaired,
preferably Earglgelt di stribution aLn s feeding a diffuser tube.Bgﬁenplary
materi al s” GFIBSAEPFucRi BROSSHERI $811rE VALNSr 0 PERFSHER PR 8BCHG f or
connect i ngchkekf aiwet.ers to the distribution lines. A diffuser tube and
distribution line assenbly suitably conprise a hollow sintered stainless
steel tube of approximately 3/8 inch (1 cn) outside dianeter that is wel ded
to 314 stainl esThet daertugas wbuldsalschflows tharpught @ gandifedd dlogk bot h

ends of thgnhdkhf ¢anktidhe at"@he distribution system for the inert
gas. The gas is distributed from the manifold to an
appropriate number of flowmeters for the size of the reflow
solder furnace. The manifold could typically be fabricated
from aluminum to accommodate threaded Swagelok fittings.

Flowmeters would be utilized to distribute the inert
gas wherein each flowmeter typically has a maximum inert
gas flow rate of 307 standard cubic feet per hour (SCFH)
(8.7 m®/h) at 50 psig (350 kPa). The outlet side of each
flowmeter has a union "T" Swagelok fitting that will supply
inert gas to both ends of paired, preferably parallel,
distribution lines feeding a diffuser tube. Exemplary
materials of construction cbmprise 1/4 inch (0.6 cm)
polyflow tubing for connecting the flowmeters to the
distribution lines.

A diffuser tube and distribution line assembly |
suitably comprisé a hollow sintered stainless steel tube of
approximately 3/8 inch (1 cm) outside diameter that is
welded to 314 stainless steel tubes of 1/4 inch (0.6 cm)
outside diameter at both ends of the diffuser tube. The
latter tubes constitute the distribution lines that are
juxtaposgd or parallel to the reflow furnace conveyor bhelt.
The distribution lines can have multiple outlets for



| atter tubes constitute the distribution lines that are juxtaposed or
parallel to the reflow furnace conveyor belt. The distribution |lines can
have nultiple outlets for -12- diffuser tubes at different points al ong
their length or they can, through couplings, be substituted for |ines of
various different lengths, so as to at2ow the placenent of the diffuser
tubes in the heating chanber at precise and adjustable | ocations dependi ng
on the particular requirenents for inert gas on a particular refl ow sol der
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process at m)sphere In addition, of ,1nert gas to the reflow

sol der furkfeo %tp:‘g%ge%,%gergqlgq o’tri &:F%Y’eﬁ'ﬂ%s%v%‘%-eé}mlhbes of
pref er abl yeuitsalareh £lownds s Sieppli et efthd A iffuser tube from both

of its ends through the distribution lines. The stainless
steel tube usually is bent downward at 90° coming out of
the diffuser tube and then bent at a 90° angle that carries
the tube to the distribution lines. This configuration
suspends the diffuser tube across the width of the process
area in the heating chamber of the reflow solder furnace.
Inert gas is supplied via 1/4 inch (0.6 cm) outside
diameter stainless steel tubing that is attached to the
diffuser tube and distribution line assembly via Swagelok
unions. The diffuser assemblies are placed inside the
furnace preheat and reflow zones at locations throughout
the process area to provide low oxygen containing process
atmosphere.

In addition, for supply of inert gas to the reflow
solder furnace, inert gas knives or slotted stainless steel
tubes of preferably 3/8 inch (1 cm) outside diameter form
inert atmospheric curtains at both the inlet and outlet of
the hooded, heating chamber of the reflow solder furnace.
The slots are preferably 1/64 to 1/16 inch (0.4~1.6 mm)
wide by 0.100 to 0.750 inch (2.5-1.9 mm) long on a
1.25 inch (3 cm) center of the knives. Alternétively,
perforated tubes with apertures of 1/64 to 1/32 (0.4-0.8
mm) diameter can be used. Preferably, each knife is



“inert atnospheric curtains at both the inlet and outlet of the hooded,
.~ heating chanber of the reflow solder furnace. The slots are preferably 1/64
-t0-1/16 inch (0.4-1.6 nmm w de by 0.100 to 0.750 inch (2.5-1.9 mM)- | ong on
a 1.25 inch (3 cm center of the knives. Alternatively, perforated tubes
Wi th apertures of 1/64 to 1/32 (0.4-038-mm) dianeter can be used.
Preferably, each knife is -13- supplied fromboth of its ends, typically.
via 1/4 inch (0.6 cm polyflow tubing. The knives are located at a first
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of the baffle compartment and the second baffle compartmént of the
respective inlet and outlet of the hood of the heating
chamber of the present invention adaptation of a reflow
soldering furnace. Typically, the first and second baffle
compartments are constructed from galvanized sheet metal.
The inert gas knives are located near the outer edge or
directed toward the outer edge of the opening or apertures
where the conveyor bearing electronic components passes
through the hood of the reflow solder furnace. The baffle
compartments and the inert gas knives reduce the
infiltration of ambient atmosphere, such as air carrying
oxygen into the reflow solder furnace, affording low oxygen
levels in the preheat and reflow furnace atmospheres of the
heating chamber. In addition, when an edge card conveyor,
which carries boards only by contact with their edges, is
used as the conveyor of circuit boards, adjustable baffles
can be situated at the entrance and exit at the baffle
compartiments to adjust the lateral dimension or width of
the entrance to the baffle compartment.

In the situation where the reflow solder furnace
comprises a hinged hood creating the top half of the
heating chamber of the reflow solder furnace, it is
important particularly in retrofit adaptations of the



"heating chanmber. In addition, when an edge card conveyor, which carries
boards only by contact with their edges,” is used as the conveyor of circuit
- poards, adjustable baffles can be situated at the entrance and exit at the
baffl e conpartnments to adjust the lateral dinension or width of the
entrance to the baffle conpartnent. +pst+he situation where the refl ow

sol der furnace conprises a hinged hood creating the top half of the heating
chanber of the reflow solder furnace, it is inportant particularly in
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typically consist of gaps Tn insulation placed between infrared panels and
the preheat and reflow zones, as well as optical sensor ports. These areas
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built for initial inert gas operation in light of the
numerous areas within the preheat and reflow zones of the
heating chamber which are open to the ambient atmosphere
from under the base or furnace frame of the reflow solder
furnace. These areas typically consist of gaps in
insulation placed between infrared panels and the preheat
and reflow zones, as well as optical sensor ports. These
areas allow for infiltration of air into the reflow solder
furnace, compromising the inert atmosphere. The high
temperature ‘insulation ﬁateriai, typically composed of
amorphous silica products, fills these voids to greatly
reduce air infiltration.

The key advantage of the present invention is using
porous metal diffuser tubes connected to the parallel
paired distribution lines which can be adjusted to
different spacial arrangements readily within a reflow
solder furnace without effecting the heating chamber,
particularly the hood or conveyor of the reflow solder
furnace. The arrangement of the diffuser tubes and
distribution lines are advantageous for retrofit
installation and for removal to conduct maintenance or
future modification. Providing the diffuser tubes by means
of the distribution lines above the path of the electronic
components conveyed through the furnace by the conveyor



reduce air infiltration. The key advantage of the present invention is
usi ng porous netal diffuser tubes connected to the parallel paired
‘distribution lines which can be adjusted to different spacial arrangenents
readily within a reflow sol der furnace wi thout effecting the heating
chanber, particularly the hood or conveyor of the refl ow sol der furnace.
The arrangenent of the diffuser tubes=a8d distribution |ines are

advant ageous for retrofit installation and for renoval to conduct

mai nt enance or future nodification. Providing the diffuser tubes by neans
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i nert gas f$Q##%%%§e|oser%tient%iﬁbinvﬁhq_heating chamber. With this
system, oxygen levels have been reduced to less than 100

ppn in the reflow zone of the heating chamber.

The presént invention will now be described in greater
detail with reference to a particular preferred embodiment
as illustrated in the drawings. With reference to Fig. 1,
a reflow solder furnace 10 is illustrated which is supplied
with nitrogen inert gas from vessel 30 or alternatively

. house nitrogen of the facility where the soldering
operation is performed through flow control and pressure
reduction apparatus 56 and line 54. This inert gas is -
introduced into a manifold block 52 which provides for
discrete supply of nitrogen through various condﬁits_trom
the single main line 54. Although five separate lines are
shown emanating from the manifold block 52, it is
understood that more or less distribution could be
performed. The nitrogen inert gas then flows through flow
control meters 42, 44, 46, 48 and 50, respectively, for
each of the distribution lines emanating from the flow
control meters. The flow control meters allow precise
metering of nitrogen inert gas to each of a plurality of
dispensing points to be described below. The distribution
lines include lines 32, 34, 36, 38 and 40 paired to branch
distribution lines 72, 74, 76, 78 and 80 (viewed in Fig 2),



house nitrogen of the facility where the sol dering operation is perforned
through flow control and pressure reduction apparatus 56 and line 54. This
*inert gas is introduced into a nmanifold block 52 which provides for

di screte supply of nitrogen through various conduits fromthe single nmain
line 54. Although five separate |inesig+e shown emanating fromthe manifold
bl ock 52, it is understood that nore or |ess distribution could be
performed. The nitrogen inert gas then flows through'flom/control net ers
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frame 12, as best illustrated in Fig. 2. Wthin the refl ow sol der furnace

situated above a conveyor belt 24 for electronic conponents to be sol dered
are an array ofWitkperthegrefiow solkder sfurnace csktuatedrapvietal diffuser
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from each end such tubes, through parallel,” branched distribution |ines
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sintered n?ﬁlchcgggt ugtégﬂu Eggégﬁgly from each end of such tubes
through parallel, branched distribution lines 34/74, 36/76
and 38/78, respectively. The combination of simultaneous
feed of nitrogen inert gas from both ends of the diffuser
tube and the porocus sintered metal construction provides
for very fine non-turbulent and consistent flow of inert
gas onto the delicate electronic components to be soldered.
It should be understood that as the electronic components
enter the reflow soldered furnace of the present invention,
they are. attached at best by the tackiness of solder paste,
and duriné.the reflow operation, this adhesion may be
compromised until the solder that has reflowed has
solidified once again at cooler temperatures after the
reflow solder furnace. Therefore, it is critical for high
yields and low defects to provide inert gas in the reflow
stage of the solder in a gentle non-turbulent form while
simultaneously performing complete and thorough inerting of
the reflow zone for best performance. Therefore, the use
of dual-end fed porous diffuser tubes arranged above the
electronic componenfs to be soldered on a conveyor belt has
been found to be particularly appropriate for acceptable
high yield solder operations.



for very fine non-turbulent and consistent flow of inert gas onto the
delicate electronic conponents to be soldered. It should be understood that
as the electronic conmponents enter the refl ow sol dered furnace of the
present invention, they are attached at best by the tackiness of sol der
paste, and during the reflow operation, this adhesion may be conprom sed
until the solder that has refl owed has | dified once again at cool er
tenperatures after the reflow sol der furnace. Therefore, it is critical for
hi gh yields and | ow defects to provide inert gas in the reflow stage of the
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outlet 18 of the heating
An important aspect of maintaining the inert

atmosphere of the heating chamber 14 is the inclusion of
the first and the second baffle compartments 26 and 28,
respectively, at the inlet 16 and outlet 18 of the heating
chamber of the reflow solder furnace. As can be seen,
these baffle compartments are fully baffled both on their
interior side and their exterior side to prevent undue
turbulence from entering the heating chamber where solder
is in a molten state during reflow conditions and

- electronic component alignment could be jeopardized from
such turbulent flow. Within the baffle compartments are
situated inert gas knives 58 and 66, best viewed in Fig. 3,
comprising tubes similar to the diffuser tubes, but having
slotted apertures 70 and 68, respectively, aligned
preferably at a 45° angle downward and outward to the
surface of the conveyor belt 24 or edge card conveyor, so
as to direct a forceful stream of inert gas at the inlet 16
and outlet 18, respectively, of the reflow solder furnace.
This flow, which may reach turbulent flow conditions, is
designed to strip barrier layers of oxygen near the surface
of components and printed circuit boards and preclude
ambient atmosphere infiltration as they enter the furnace
and leave the furnace. Under these conditions the
components are either on the entry side adhered by the

" stickiness or tackiness of solder paste or the reflowed




chanmber of the reflow sol der furnace. As can be seen, these baffle
conpartnments are fully baffled both on their interior side and their
exterior side to prevent undue turbul ence fromentering the heating chanber
where solder is in a nolten state during reflow conditions and el ectronic
conponent al i gnment coul d be jeopardi zgd, from such turbulent flow Wthin
the baffle conpartnents are situated inert gas knives 58 and 66, best
viewed in Fig. 3, conprising tubes S|n1Iar to the diffuser tubes, but
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edge card cahecyeflowo sadder duraatea fwneebubrenreaarefgaaekhlgas at the
inlet 16 an S t e reflow sol.der furnace.

flow, mhlchﬁhggkbéag%%Pﬁ%% gg k#ﬁ tggﬁd% Rgroug §é§%§ﬁ8& £Y0eS; | e
barrier IayéF§e@ﬁab%$genIneaddﬂhéogurtacs strongpunédby efidgpsi nted circuit
boar ds and dagebede ekblodgh 31BRSPBGEAENthl Boralle?sukBakethth bl

f urnace and ggave furnace. Under these conditions € conponents are

either on tr8eeResy §|&§ éﬂﬁéﬂé&gb}nfﬁét§ﬁtéﬁﬂn9§saﬁblﬁﬁﬁkﬁﬁ§§§Pbﬁr§blder

paste or th@aﬂ:&f:.bn\lﬂd'ly aiel dearhiag brygkndihitedtake hBateny ehadber 14
downst r eam si de 8& t.he refl m/solder furnace.. Therefare, inert gas knives

havi ng stroffef §lPPo%°tﬁ 1PﬁénHoP36§1&Ffﬂ6§@FstGGeQXXEEHaP 28 e. In
addi tion, tes seaenghke Sumfack gdsther eompdnchtsugb deokssldeikar, t han
porous surfaces achieves the result of avoiding infiltration of anbient

at nosphere, particularly air bearing oxygen into the heating chanber 14 in
addition to stri gm ﬁgpb&ﬂﬂu6ﬁfﬂayesgldﬁroiyg@acbsarthg gagdnéarlshe surface

of Lhe compgeerlisnid hesqsdfiitded! RokyBbeR! abllanesel deivienages. the

hood 22 i's S%%LE%%%&O%Q &% o&geg to ensuig %EZ?iier%rcig;gbgiragf the
heating chamber, these sections of the hood, if hinged for
opening, co-act with the furnace frame 12 through gasket
sealing material appropriately arranged around the
perimeter of the hood where it contacts the furnace frame.
In addition, amorphous silica based insulation is provided,
but not illustrated, in the furnace frame 12 around various
components which would constitute apertures or sources of

infiltration of ambient atmosphere from below.

The benefit of the present invenﬁion, as illustrated,
is the provision of individually controlled inert gas
dispensing to various points of the solder reflow furnace
through thorough, equal, but non-turbulent, flow by use of
parallel distribution lines which feed both ends of porous
diffuser tubes. These tubes are most appropriately
situated above the conveyor belt to dispense inert gas,
such as nitrogen, gently downward on the electronic
components to be soldered. This also allows for retrofit
of existing non-inert reflow solder furnaces with the
apparatus of the present invention without making
significant adaptations or modifications to the reflow
solder furnace structure. The inclusion of the first
baffle compartment and the second baffle compartment and



"observation. In order to ensure the inert character of the heating chanber,
t hese sections of the hood, if hinged for opening, co-act wth the furnace
-frame 12 through gasket sealing material appropriately arranged around the
perimeter of the hood where it contacts the furnace frame. In addition,

anor phous silica based insulation is provided, but not illustrated, in the
furnace frane 12 around vari ous conpoﬁ%%fs whi ch woul d constitute apertures
or sources of infiltration of anbient atnosphere from below. The benefit of
the present invention, as illustrated, is the provision of individually
control | ed imexrt gfs Kikyasm A lsp tlends iihselbhity wasy tdnirdzsm::ieras & | ow

i <t 7 but PL%*?f*’nes o e SRy SR A rld Rl Y i dilgrp? O

tubes are rB¥ ARRATAFISRARAS 1ERR LY %(ﬁkﬁqucmlw't k% i@ spense

‘inert gas, @a?érsa@oéu tﬁmmnaaﬁéa&me €371 ﬁf&é&@%ﬂﬁhﬁ&pﬁponent s
retrofit, of eX|st|n refl ow

to be sol dere hIS ws_for 0 non- |

sol der fur fd %ﬁl%%b% ot A 1§ SHHARMANYG RRAHTHHF S ’Hiut ‘maki ng
si gnifi cants'eiﬂabt;mom&e cthenshme chenefists mf easefddvEaint it fan pace
structure. h nd
bt {1 e comPut a4 "efed ncodsi Bt &y IRE RN by 6

addi ti on asturnage d?ﬂ@@%ﬁstwmlhﬂaﬂ¢ﬁlmftﬁmﬁ Al t hough t he
apparatus |gaigenideRdtidR s£LiNéEE R ﬁé%:?n £4 dfa WERESE DN {d@de the

apparatus of the 1'p"(’esent nventl op cou r| cated 1nto a new eqw prment

structure HRF FYTFIRIRT dof ( B shﬂ%e%éﬁqu%th?t&%eaoFe$Wli%¥4
avoi dance ofurspice® imcoressi vhéetéygredter s Séw rﬂﬁéﬂ'iﬁe%eﬂﬂme

i trogen. RS SrRESRTEEREE pRERLAY. Nnd b SELEL Loitedl 8 LIS
dispensing unit all with an economical equipment
utilization.

The present j.nventi'on has been set forth with regard
to a specific preferred embodiment however, it is
understood that the scope of the present invention should
be ascertained from the claims which follow.



éas'curtaining of the inlet and outlet of a reflow solder furnace in areas

where greater flow rates are perm ssible-and appro

di screte control of each‘H““‘ensrng unit all with an ' ment
utilization. | nvention has -been set fort m}f‘umnm
specific prefer “%hmever-zm% S understoe e sscepe of
the present inv e ascertalned fromthe clalns whi ch foll ow.
Substitute shee A refl ow sol der furnace apparat us

for sol dering electronlc conponents C ¥@d through said furnace in a
hooded heati ng chanber, conpri sing: 52¥%§L“’a furnace frame for supporting
nmeans for conveying el ectroni c conponents through sai d heating chanmber and

to surogo][t Bn sou:g Cﬁﬂoﬁlﬁlﬂdé&" f{aﬁ{d@ﬁd artﬁm;t %d@ somdﬁarqd nlg ctharrber
on sai urnac rajje W an Jinlet an Qu Q roduce .l ectronic
conponent s & %e”%’bﬁ"ﬁle‘fwwrhte%ﬁ%? 3&?’%?@‘93& lsdo[# A7 1At and a
hood constihqndeq;hgatzugtchamhnny damprismingyp of said heating chanber; 10
(c) conveyi ng nmeans situated on said furnace frame to support el ectroni c
conponents and to convey themthrough said hooded heating chanber; (d) a

first baffle confittnenfUrRacefra®eet of said heating chanber and a second
baffl e conpartnent at said outlet of said heatlng chanber (e) a source

of an inert gas §.0 rting. sai.d eatln ed
di stribution Iin{e)é)]u?t %&g ?Fo? %bpfg‘b'ls"f s‘ir%@é 6&%@
conveyi ng means for dEmleEramg amesutels tm sn&rbduaﬂretpatznﬂmn (9) one
or nore porous diffusg | r I hes
P EbmbURETES A0S a5L é’%ﬁ%%vep@g rﬁé’aconﬁée iﬁ%’iﬂ&{h g'd

across said conveyi ng neans and sit uat means for

di-spensing inert gas PPREC:PE Reakiard chdmeed; c%FPﬁFJZ‘EPYh‘)g a%nl?%?tagas

knife situated i n eacBo@ér Sgbd ﬁhéstoﬁr@fsggﬂdlthéﬁiﬁiﬁ@ cldaeed prent s for
di spensing inert gas onto said conveylng neans and to prevent outside

at nosphere fromentering said heating chanber. 2. The apparatus of claim
1 wherein said d{s)ribonveyihgmeeansnpityatedi ondsaidefurnace ofxame to

support electronic components and to convey them
. through said hooded heating chamber;

(d) a first baffle compartment at said inlet of said
heating chamber and a second baffle compartment
at said outlet of said heating chamber;

(e) - paired distribution lines juxtaposed to each of
two opposing sides of said conveying means for
delivering inert gas to said heating chamber;

(f) one or more porous diffuser tubes connecting said
paired distribution lines across said conveying
means and situated above said conveying means for
dispensing inert gas into said heating chamber;
and '

(g) an inert gas knife situated in each of said first
‘and second baffle compartments for dispensing
inert gas onto said conveying means and to
prevent outside atmosphere from entering
said heating chamber.



25 parallel to said sides of said conveying neans. 3. The appar at us of
claim 1l whererrn—a mani fold bl ock connects said source of Inert gas to said

Gi ftuser 1 8Be2ﬁ§ﬁ-‘eﬁmﬁ“"%t e st cut e sWINI RGN FEIIN:

havi ng mi cropor e apparatus of claim 1*whéretn %ai’d i'nert gas
kni ves are slott di spens@j-ert gas-through said slots. 5 6.
The apparatus of claim 1l wherein said conveying neans is selected fromthe
group consisting of a netal nesh conveyor belt and an edge card conveyor.

7. The appar atus ' Lel.n +said ce O] . S_Qne or nore
infrared 1 gﬁps.§¥Oa§%dga%*%;£§gggfq gg g gﬁ%##i?'w%ggg?%nsgﬁgaknives are
si tuat ed ab8d-8tTibYTieon dineg FoRPTise padpedsdinesr thghsaxe parailjed

dovinwar d t 0w da3al 40V Y B418PREAVIYAGIREARG. [ T o Sai d baf 1 &
conpartnments. 15 9. The apparatus of clfaim 1l wherein said distribution

lines have a plurality of connections for connecting said porous diffuser
tubes to said |i ams appaxiatuast assaldimedodn dlafivsar orulpaaist 2yari ed

posi tions i Lchs i . . The apparatus _of clai.m 1 _including
gasket seal ?‘r?%a‘#gé%?%orqgﬁlr&g%:{?len%&%cggg?rﬂew & SHTS& \?Aggﬁngfitd 9R5od
and a remai fgesadd ddiskridatiion dimessr. 11. A met hod of sol dering

el ectroni c conponents by reflow soldering in an inert gas atnosphere in a
hooded heating chanber of a reflow solder furnace wherein said electronic

conponents &re cOR ARRRATATRI@S Sliadnedadimanmanecofothe arereddndel t and
heated to 22ladhsiWwhetr@ifeisadid Pirdvs REYMugHICRidesSArd ifdtueddIT a

at nosphere i rovided b el i,vering an inert gas froma source of inert
gas thr oughsgﬁﬂ%lg&f%i q‘%b&ﬁ"&ﬁ’ﬁi ﬂaﬁ’fﬁ"éﬂtﬁg‘d to said conveyor belt and
di spensing said inert gas through one or nore porous diffuser tubes into
sai d heati ng cha 8 | re ! ' . <
component s 35 t nayt AEPARAtHe o' {TIRRL I SHE GHp A e Mg (.
need for f|@ladms, stheneimmeaid inent Fasilpives are Alottest tuhes t hrough
a first and v iaf Yibpdidd Gert Yds Bidugh e idts: baffled

6. An apparatus as claimed in Claim S, wherein said slots
are directed outwardly and downwardly at a 30° to 60°
angle.

7. An apparatus as claimed in Claim 6, wherein said angle
is 45°. '

8. An apparatus as claimed in any one of the preceding
claims, wherein said inert gas knives are supplied with
" inert gas from both ends.

9. An apparatus as claimed in any one of the preceding
claims, wherein said conveying means is a metal mesh
conveyor belt or an edge card conveyor.

10. An apparatus as claimed in any one of the preceding
clainms, wnerein said source of heat is one or more infrared
lanmps. ' ' '
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said heating c nﬁe&;ﬁgag i amay oxygen contalnlng revent
-the ingress of g at nosphere into sal F!E uﬂ

12. The netho erein said inert gas |s sel ec

group consi sting o carbon_QQQX|de hel i um argon and n1xtures

t hereof. 13. The nethod of claim12 wherein said inert gas is nitrogen

havi ng a purity of at least 99.5% 10 14. The net hod of cIa|n112 wherein
sai d |nert | V|n rity_of at 99. 998% The
method of & a|n1 1 ?ﬁég%ﬁﬂs § g?éggaoﬁPcaEgnﬁﬁﬁeﬂ?s£aFep§8F8 33 to a

printed 15ctaissaitwhenedn $8id kiliveseahedsibtuatednabdvehsaddn said

el ect 1 oni coGAgRORRY' feght BRAhedolKsLNthErLedal ki oBng1e aBTmudda A

net hod as ¢ erern sal ner gas I s°Sel ec
ni trogen, ansﬁﬁ aaé§|GenVﬁﬁnngnweangoanénguhwardr romhspddf baffleA net hod

as cl ai medcbiipst-eh8hts. Wherein said inert gas is nitrogen having a purity
of at | east 98 5% 17. A nmethod as clainmed in Caim 16, wherein said

nitrogen has a purity of at |east 99.998% 18. A nethod as clained in any

one of C aip\ l4ahoapparakascas eahdmeaeihraﬁyCoﬁenaﬁnenESpaéeethdered to a

U5, "wher o GL8ME" oPBEFPAR: 4B ORSRADuE BN ARE] BYVRARy RIPERLERE BE on.

connections for connecting said porous diffuser tubes to
said lines to situate said porous diffuser tubes at varied
positions in said heating chamber.

13. An apparatus as claimed in any one of the preceding
claims, including gasket sealing means for providing a gas
tight seal between said hood and a remainder of said
heating chamber.

14. A method of soldering electronic components by reflow
soldering in an inert gas atmosphere in a hocded heating
chamber of a reflow solder furnace wherein said electronic
components are conveyed through said heating chamber on a
conveyor and heated to reflow a solder or solder paste
wherein said inert gas atmosphere is provided by delivering
an inert gas from a source of inert gas through paired
distribution lines juxtaposed to said conveyor belt and

- dispensing said inert gas through one or more porous
diffuser tubes into said heating chamber to inert an
atmosphere around said electronic components'as they are
soldered and further dispensing said inert gas through a
first and a second inert gas knife each situated in a
baffled compartment at an inlet and an outlet to said
heating chamber to strip away oxygen containing atmosphere
and prevent the ingress of oxygen containing atmosphere
into. said heating chamber.



*20. A nethod as clained in any one of Caims 14 to 19, wherein said |nert'

gas is deli vere’rhnsGSheeZEa"'sEea, kPa (40 to 50 psigj—2%—An—apparatus.

s claimed in Clal |aIIy as herei nbef
reference to the A nethod as cl ai maﬁmmj lmga Qmjw
substantially as descrlb WwWth reference 1o ngs. 23.

An apparatus as clalned |n any one of ains 1 to 13 and 21 when used in a
method as claimed in Claim 14. 24. A soldered el ectroni c conponent prepared

by a nethod as clal d.in an ne_of d ai 14 to 20 and
y £§2d as ¢ afhed {n c1a{§ 14, whereln saza inert

gas is selected from nitrogen, carbon dioxide, helium,
argon and mixtures thereof.

16. - A method as claimed in Claim 15, wherein said inert
gas is nitrogen having a purity of at least 99.5%.

17. A method as claimed in Claim 16, wherein said nitrogen
has a purity of at least 99.998%.

18. A method as claimed in any one of Claim 14 to 17,
wherein said electronic components are soldered to a
printed circuit board.

19. A method as claimed in any one of Claim 14 to 18,

wherein said electronic components are heated by infra-red
radiation.

20. A method as claimed in any one of Claims 14 to 19,
wherein said inert gas is delivered at 275 to 350 kPa (40
to ‘50 psig)

21. An apparatus as claimed in Claim 1 and substantially
as hereinbefore described with reference to the drawings.

22. A method as claimed in Claim 14 and substantially as
hereinbefore described with reference to the drawings.

23. An apparatus as claimed in any one of Claims 1 to 13
and 21 when used in a method as claimed in Claim 14.

24. A soldered electronic component prepared by a method
as claimed in any one of Claims 14 to 20 and 22.



