PROCESS FOR WAVE SOLDERI NG COVPONENTS ON A PRI NTED CI'RCU T BOARD I N A
TEMPERATURE CONTROLLED NON- OXI DI ZI NG ATMOSPHERE FI ELD OF THE | NVENTI ON:
This inwention relates to a process for wave sol dering conponents on a

pri ntgd'm rcuit board, wherein the tempera- ture of the substantially

non- oxXidi zi ng at rmsphere Is 5 controll ed before and/or during its

i njection in the wave sol dering machine in order to increase the thernal
efficiency of the heat transfer fromthe atnosphere to the printed circuit
board. 10 DESCRI PTpdtESs THoR RRAER $6fipENENE QoMtoNENgsmoghanes have
been introduced for a | FRENTER q:mctmterlmmmtn mmm-mnt:l y sol der
conpo- nents on a print edCONTROI ) ‘ G D previ ously done
by hand. A typical wave sol der| ng rrachl ne 15 conpri ses at | east one
preheating zone to preheat the printed circuit board, at |east one

sol deri ng zonELELDSOF JRHE | INVENTTONents to the board by coating the bottom
side of the printed circuit board with nolten sol der contained in a sol der
pot, and at |east Babscihwenkicrmmelates to a process for wave soldering

-.A.'i

components on a printed circuit board, wherein the tempera-
ture of the substantially non-oxidizing atmosphere is
5 controlled before and/or during its injection in the wave
soldering machine i_.n order to increase the thermal
efficiency of the heat transfer from the atmosphere to the

printed circuit board.

10 ESCRI ON O (6) :

Wave soldering machines have been introduced for a
long time in the industry to automatically solder compo-
nents on a printed circuit board which operation was
previously done by hand. A typical wave soldering machine

15 comprises at least one preheating zone to preheat the
printed circuit board, at least one soldering zone to
éolder the components to the board by coating the bottom
side of the printed circuit board wj.th molten solder
contained in a solder ;Sot , and at least one cooling 2zone

20 where the solder is solidified. This soldering process, or
coating process, is usually conducted in the presence of a
fluxing agent which agent is used to improve the wetting of
the metallic surfaces ori the bottom of the printed circuit

board, which surfaces need to be joined or coated. The



20 where the solder is solidified. This soldering process, or coating
process, is usually conducted in the presence of a fluxing agent which '
agent ig used to inprove the wetting of the netallic surfaces on the bottom
of the printed circuit board, which surfaqfs need to be joined or coated.
The _ 2 fluxing agents are usually corrosive and the excess or residue of

t hese* agents nmust be cl eaned after the wave sol deri ng operation. Low
residue no clean fluxes or flux-less processes 5 have been devel oped

wherein it i ible_t t th | deri i t hout th
 nconveni ence HIUR{HY. agRRES: (458 nYeHaAYs SURRRALVE oBBS; FHS oFRGess or
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one of the ear wave S €ri ng process

an inert gas tébf&@&fhé”@ﬁk?ié{bﬁﬁ'the metallic surfaces of the printed

circuit board.
Low residue no clean fluxes or flux-less processes

5 have been developed wherein it is possible to carry out the
wave soldering process without the inconvenience of stan-
dard fluxing agents, under a substantially oxygen-free
atmosphere, such as nitrogen. |

U.S. Patent 3,705,547 discloses one of the earliest
10 wave soldering processes, including injection of an inert
gas to avoid oxidation of the metallic surfaces of the
printed circuit board.
U.S. Patent 4,538,757 discloses a wave soldering
process under a reducing atmosphere comprising nitrogen and
15 hydrogen, and nitrogen curtains at entrance and exit of the
machine to inhibit atﬁosphere exchange with the ambient
air; |
U.S. Patent 4,606,493 discloses a method and apparatus
for soldering printed- circuii: board under an inert gas
20 atmosphere to prevent oxidation of thé electrical (usually
in lead-tin coated copper) connectior;s due to the heat
produced during soldering and reduce thermal stress defects
from occurring in the circuit carrier. To this end, an
ine;t gas ishinjected through slits to provide a plurality
25 of jets of high velocity which impinge the bottom side of

the printed circuit board. As a condition of operation,



U.'S. Patent 4,538,757 discloses a wave sol dering process under a reducing
at nosphere conprising nitrogen and 15 hydr ogen, and nitrogen curtains
at entrance and exit of the machine to inhibit atnosphere exchange with the
anbient air. U S. Patent 4,606,493 discloges a nmet hod and apparatus for
sol dering printed circuit board under an Fnert gas 20 at nosphere to
prevent oxidation of the electrical (usually in lead-tin coated copper)
connections due to the heat produced during sol-dering and reduce thernal
stress defects fromoccurring in the circuit carrier. To this end, an inert
gas is injectcthe heemperature of (heyikhext pyasaliety 43 abowt ftwiseofashi gh
vel ocity which jnpinge the bottomside of the printed circuit board. As a
condi tion of JdpFhtdsokhe temperatuxie ofativee nell teme spdder das ther solldexhout
twice as high as the tenperature of the nolten solder in the sol der pot
[err]. pot (600°C).
U.S. Patent,4,64§,958 discloses a solder reflow, or
5 solder chip process which is carried out in a flux-less or
flux free system, under an atmosphere comprising nitrogen
and silane,-or hydrogen and silane.
U.S. Patent 4,821,947 discloses a process to coat a
molten metal on a metal comprising surface without using a
10 flux. This process is carried out in an inert atmosphere
in which the temperaturé is sufficiently low that to avoid
damaging to the metal comprising surface, and wherein no
damage is done to materials such as components adjacent to
the metal comprising surface. |
15 U.S. Patent 5,071,058 discloses a process for
' conducting a joining/coating operation which is carried out
in a controlled oxidizing étmosphere, having an oxidation
capability greater than that required to oxidize a metal
comprising filler material used for joining or coating, but
20 having less oxidation capability than that of air. 1In case
of a wave soldering process the oxygen content in the inert
gas atmosphere is at least 10 ppm and preferably at least
500 ppm.
. U.S. Patent 5,121,875 discloses a short hood for wave
25 soldering machines, wherein preheating of the printed

circuit boards is carried out under air. In this process



" U.S. Patent 4,646,958 discloses a solder reflow, or 5 sol der chip
process which is carried out in a flux-less or flux free system under an
at nrosphere conprising nitrogen and silane, or hydrogen and silane. U S.
Pat ent 4, 821,947 di scl oses a process to coat a nolten netal on a netal
conprising surface w thout using a 10 4|ux. This process is carried
out inh an inert atnosphere in which the tenperature is sufficiently |ow
that to avoid damaging to the netal conprising surface, and wherein no
damage is done ne mHiean ks uls used capdnant sxpgencethcévtEAEi 6t which
conpri sing surface. 15 US Patent 5,071,058 discloses a
process for ésndessi ¥pan S8 disngecoamenfathatatthensniidelr petcarried out in
a controlled oxidizing atnosphere, having an oxidation capability greater
than that requiredU&-oFpgent é:ﬁﬁﬂ-allséo%pﬁpépﬁgsfanl%ppmmiidham dor

 oi ning or coating, .but 20 havi ng | ess ,oxi dation capability than that
Lf air. In cﬁgg&gFlag GFdéPﬂnﬁgHPG§§§§gtHéaﬁﬂyﬁen RiRCER Prrtec-
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sealing skirt means protruding downwardly into the pool of
molten metal solder. Preferably the protective gaseous
atmosphere is comprised of nifrogen and possibly of some
reducing agent.

10 U.S. Patent 4,746,289 discloses a process for treating
parts under a non-reactive atmosphere with laminar flow
conditions. |

New developments in the wave soldering processes are
disclosed in U.S: Patents 5,203,489 and 5,240,169. With

15 this wave soldering process, it is possible to use surface
mounted components, to be placed on the bottom side of the
board before soldering. ihis new technology has two major
benefits. One is té allow for more components per square
inch to be placed on the bottom of the circuit board. The

20 second is to eliminate défects associated with through hole
components such as insufficient top side filets and voids
in the via barrel. Because these new components are much
smaller than the traditional through hole components they
replace, the thermal shock they can withstand is greatly

25 reduced. A normal maximum ramp temperature for such

components is 2°C/sec. Due to this, the preheating temper-



25 sol dering nachines, wherein preheating of the printed circuit
boards is carried out under air. In this process 4 ano clean flux is
used and an oxygen concentration which is less than 5%is recommended at
the solder pot. U S. Patent 4,921, 156 dis%ioses an apparatus having a

sol deri ng chamber and conprising nmeans to-nject a protec- 5 tive
gaseous atnosphere. in said soldering chanber and sealing skirt neans
protruding downwardly into the pool of nolten netal solder. Preferably the
protective gaseous atnosphere is conprised of nitrogen and possibly of sone
reduci ng agentatupe of a stand@aderwadve 746028Er thep ClmEcisime PrMESHSS KO
treating parts_under a non-reactive atnobsphere with.lamnar flow

condi tions. NeifeRRASeBnENt SrARTE Rotwdee d@@la@ﬁr ic:tnglppmeutssh_ edutr d‘:yd:?ﬁlr_ﬁ;sed

[ . S. , 203, 489 and_5, 240, 169. Wth 15 this wave sol dering
inU.s Patentéﬁigst%ﬁetpgoggg §g;pa@9mponents may not reach the proper

process, it is
temperature, thus increasing the defect rate.

5 Under general manufacturing conditions, a circuit
board may contain pin through holes (PTH) as well as
surface mount components (SMT). This type of board is
called a mixed technology board. The PTH components may
vary greatly in size and mass, and material such as heat

10 sinks made of metal and connectors made of plastic. The
SMT components by comparison are very small with - very
little mass. The problem of mixed technologj is that of

' temperature differential ingréasing the defect rate. These
defects come in two main categories. The first is over;

15 heating of SMT components, the second is under heating PTH
components, thus causing insufficient solder joints.
Because of the predominance of mixed technology boards in
industry, there is a requirement to solve the problem of
large temperature differentials across the circuit board.

20 . Moreover there exists a problem of varying board
assembly types being‘soldered in same machine in a contin-
uous process. When small.boards with relatively 1light
components are to be soldered in the same process line as
large boards witﬁ relatively heavy components, there is a

25 problem of maintaining the proper tempefature profile for

both types of boards. One solution is to use multiple



nount ed conponents, to be placed on the bottom side of the board before
sol dering. This new technol ogy has two maj or benefits. One is to allow for
nmore conponents per square inch to be placed on the bottomof the circuit
board. The 20 second’is to elimnategdefects associated with through
hol e conponents such as insufficient top side filets and voids in the via
barr®l. Because these new conponents are nuch smaller than the traditional
t hrough hol e conponents they replace, the thermal shock they can wthstand
is greatly 25 reduced. A normal maxi num ranp tenperature for such
conponent s i s {empelrathire tprdfilkes f heupr ehdést sndutdonewill decsbase ehea
standard wave sol dering machi ne nust be decreased in order not to danmage
conponent s, bwmadhingoithraughputhe thusujhcheasingnpodbneestay Tbe othelr t he
proper tenperature, thus increasing the defect rate. 5 ' Under
general manuf &elwtien chadite orre thecisanet tepperaguyec anafiidepi n Thisugh

hol es (PTH) as well, as .
solution has the drawback of increasing the defect rate.

5 As more assemblers use varying board types and compo-
nent types, this.prcblem will become even greater. Thus a
solution is needed to allow for varying board and component
types without sacrificing'quality on throughput.

Also, by increasing the number of products procéssed,

10 the set-up time required for each product will increase
thus decrease the machine throughput. This will increase

the product cost even more.

One of the aims of soldering components on a printed

circuit board, with a wave soldering machine, whether it is

15 with through hole componént or SMT components is to achieve
uniformly high quality solder joints. - Better quality of

' solder joints means more homogeneous solder joints to
decrease the electrical connections defects of components

on the printed circuit boards. This can be achieved by

20 avoiding solder skips, voids of solder in barrels of
through hole components, and also insufficient top side.
filets. All the different processes disclosed hereabove
regarding wave soldering of through hole components are

still not yet entirely satisfactory regarding quality of

25 solder -joints and there is still a need in the industry to



surface nount conponents (SM). This type of board is called a m xed
technol ogy board. The PTH conponents may vary greatly in size and mass, and
materi al such as heat 10 sinks made of netal and connectors made of
plastit. The SMI' conponents by conparisen are very snmall with -very little
mass. The probl em of mxed technology is that of tenperature differenti al

I ncreasing the defect rate. These defects cone in two nain categories. The
first is over- 15 heati ng of SMI' conponents, the second is under
heati ng PTH conponents, thus causing insufficient solder joints. Because of
the predom naniprdver tiedl wa&eénebaderions darddesddint sxdethebe achikve a
requirenment to solve the problemof |arge tenperature differentials across
the circuit bdmitter@uality of Mhewmeldéhejeimkssts a probl em of varying
board assenbly types being soldered in same machine in a contin- uous
process. When smal |l boards with relatively [ight conponents are to be

sol dered in the sane process I|ne as large boards with relatively heavy
conponents, MUFON bf mai ntaining the proper tenperature

profile for both t%Pes of boards " One solution is to use mul tiple
process of the present invention aims at

increasing the thermal efficiency of the heat transfer from
the surrounding atmosphere to the printed circuit board by
controlling the temperature of the incoming atmosphere in
order to improve the qu;lity-of solder joints. According
10 to one embodiment of the invention, the substantially non-
oxidizing atmosphere which is injected into the wave
soldering machine is preheatsd in certain areas of the
machine, such as the preheating zones, and is cooled to
substantially ambient temperature in other areas of the
15 machine such as the cooling zone and/or the wave zone.
When a hot substantially non-oxidizing atmosphere is
injected in zones such as at least one of the preheating
zones of the wave soldering machine, the process according
to the invention uses laminar forced convection flow, which
20 is preferably substantially perpendicular to the printed
circuit board and radiation to heat the printed circuit
'board, whereas on the contrary, the prior art used free
convection, sometimes associated with radiation. The term
lamipar forced convection flow means a floﬁ' having a

25 Reynolds number between 500 and 2,500 for each distribution



6 tenperature profiles, but this solution will decrease the nachine

t hroughput, thus increasing unit cost. The other solution is to use the
same tenperature profile. This solution has the drawback of increasing
the defect rate. 5 As nore assgnbl ers use varying board types and
conpo- nent types, this problemw || beCone even greater. Thus a sol ution
is né€eded to allow for varying board and conponent types w thout .
sacrificing quality on throughput. Al so, by increasing the nunber of
products processed, 10 the set-up tinme required for each product wl|

I ncrease thus decrease the machine throughput. This will increase the
product cost @¢ae.noiighenReinelds siunbaxs svlydbei agnebipescrnequined at
printed circuit board, with a wave sol dering machi ne, whether it is 15
with through kBBceBSRBBRBNECRE SRTPESRAGRcAESaker: Beathtrdastartorn y hi gh

quality solder joints. -Better quality of solder joints nmeans npre
honogeneous sol der Op8i REsthe ad eﬁgezzfﬁ’ée%?%gr?ﬂé%lam?%n%nm%ﬁﬁs of

component s in the wave soldering machine is to decrease the tempera-
5 ture gradient between the printed circuit board and the |

solder pot at the time where the printed circuit board

contacts the molten solder. If this temperature gradient

in the area of the solder wave is as small as possible, the

molten solder has enough time to penetrate into the differ-

10 ent areas, including the holes through the printed circuit

board, and fill all these areas and holes before being

‘solidified, while in the case where the temperature of the

printed circuit board is too low, the molten solder is

about immediately solidified, and the quality of the solder

15 joint is bad, which increases the number of circuits which

are rejected at quality control step after this wave
soldering step. |

According to the invention, it has been discovered

that the atmosphere in the zones of the wave sold_ering

20 machine which are upstream to the solder pot and particu-

larly in the vicinity of the printed circuit boards should

be maintained in laminar flow conditions and its tempera-

ture controlled between 20°C and 250°C (preferably 80°C to

200°C) in order to improve the quality of the solder

25 joints. However, in order to avoid damaging the printed

circuit boards, it is, according to one embodiment of the



on the printed circuit boards. This can be-achieved by 20 avoi di ng
sol der skips, voids of solder in barrels of through hole conponents, and
al so insufficient top'side filets. Al the different processes disclosed
her eabove regardi ng wave sol dering of thrQugh hol e conponents are stil

yet entirely satisfactory regarding quality of 25 ‘sol der joints and

ther'e is still a need in the industry to
process in order to achieve a better quality of the solder joints.

OF THE I NVENTION: 5 The process of the present invention

aims  at inciagentdohhertbemmahded§tsicssy tHe Pidnted chikaiitebohfanashe

surroundi ng at nosphere to the printed circuit board by controlling the

t enper at ure sbonhesi rdwriswldamiosphetepi dsocdmplietedmwinon tie wsaaily of
sol der joints. According 10 to one enbodi nent of the invention, the

subst ant i al | phashlyoRifdiez! rikheit end plodr cthhi contact| between ithe mokteave

10

i5

20

25

solder and the printed circuit board above the solder pot.
In order to achieve this cooling step, it is recommended to
inject an atmosphere ha?ing a temperature which is lower -
than the temperature of the atmosphere injected in the
preheating zone or in the solder zone.

The invention also relates to a process for providing
a substantially non-oxidizing atmosphere in a wave solder-
ing machine, wherein through holes components and SMT
components, or both, are electrically and mechanically
connected to a printed circuit board by a solder in liquid
state which is further solidified in order to electrically
connect and mechanically maintain the components on the
priﬁted éircuit-board, said machine comprising at least
one preheating zone to preheat the printed &ircuit boards,
at least one soldering zone to solder the components té the
board and at least one cooling zone to cool and solidify
the solder, wherein the temperature of said substantially
non-oxidizing atmosphere is controlled before and/or during
its injection in said soidering machine in order to
increase the thermal efficiency of the heat fransfer from
the atmosphere to the printed circuit board.

This temperature controlled, substantially non-

oxidizing atmosphere can be injected in at least one zone

7 inprove the wave sol dering
SUMVARY

not



sol dering machine is preheated in certain areas of the machine, such as the
preheati ng zones, and is cooled to substantially anbient tenperature in

ot her ,areas of the 15 machi ne such as the cooling zone and/or the wave
zone. \Wen a hot substantially non-oxidiging atnosphere is injected in
zones such as at |east one of the preheating zones of the wave sol dering
machi ne, the process according to the invention uses |am nar forced
convection flow, which 20 is preferably substantially perpendicular to
the printed circuit board and radiation to heat the printed circuit board,
wher eas on t¢of thetvave, sohdepingrmachinepdpfeferablyein iall thmEreidnes
associated with radiation. The termlam nar forced convection flow neans a
fl ow havi ng @f 28aid wayeocsaldeningrmachinen 500 and 2,500 for each

di stribution 8 zone.  Hi gher Reynol ds nunbers nmay be sonetimnmes required
at the entrance ZAPRCYGiRgr@td RFefexredcenbodinenterof Ghe dinventidms of

preheating the at nosphere injected .
the temperature of the substantially non-oxidizing atmo-

5 sphere is greater than the ambient tempei:ature and is
injected in at least one of the preheating zones of the
wave soldering machines.

According to énother embodiment, the temperature of
the substantially non-oxidizing atmosphere is lower than,
10 or equal to, the ambient temperature and is injected i‘n at
'least one of the cooling 2zones of the wave soldering
machine. |
According to another aspect of the invention the
temperature of the substantially non-oxidizing atmosphere
15 injected in the various zones of the wave soldering machine
can be different from one zone to another, but is prefera-
bly substantially the same. Similarly the composition of
the substantially non-oxidizing atmosphere injected in the
various zones of the wave soldering machine can be differ-
20 ent from one zone to another, or can be identical.
According to another embodiment of the invention,
vherein a substantially non-oxidizing atmosphere is
injected in a wave soldering machine comprising at least
two preheating zones, the temperature of the atmosphere
25 " injected in the different preheating zones is different

from one zone to another.



In the wave soldering nmachine is to decrease the tenpera- 5 ture
gradi ent between the printed circuit board and the solder pot at the tine
where the printed circuit board contacts the nolten solder. If this
tenperature gradient in the area of the spjder wave is as snmall as

possi ble, the nolten sol der has enough tinme to penetrate into the differ-
10 ° ent areas, including the holes through the printed circuit board,
and fill all these areas and hol es before being solidified, while in the

wh h f h h
ol ten solder i s Abact i $o B prlredoud %?%&%‘*ﬁﬁqﬁza | dsic®
sol der 15 thJeOtaani»afeasle YEi e €1 ﬁéeér%iﬁ“ TR ws%wnttaa%ych

are rejected at quality control Step dering s

Accor di ng t 0 nbhe ox1WaRHINg atodiiferieels dméfﬂaﬂﬁédtaet al B%e@h@%l%ﬁ in

the zones of the wave solderlng 20 machi ne whi ch are tpstreamto the

sol der pot arHisagredet |vdlge i Pelhg the Wame r theingi aiedegenhtUidrdypar ds
shoul d be maintained in lamnar flow conditions and its tenpera- ture

controBl ed beheceorieertd andthern] (Wswdrlwypl vhisr pgrdset evalgei dsortdrr to
I nprove the quality of the sol der
same for all the zones of the wave soldering machine where
a heated atmosphere is needed. This preset temperature
value is chosen usually in accordance with the process
temperature profile, as exemplified on Figure 2.

10 According to the invention the temperature of the
printed circuit board is gradually increased to reach a
maximum in the solder zone, and is then gradually
decreased.

The preheated gas atmosphere can be injected on the

15 top side of the printed circuit boards or on the bottom
side of the printed circuit board, or on both sides depend-
ing.on the requiremept of the circuit board, i.e. the mass
of the assembly and the distribution of the mass of the
assembly. (One of the advantages of the invention is that

20 it is no longer necessary to put an additional heat sink
which is thereafter removed by the operator, on the small
components of circuit boards having otherwise a component
permanently covered by a heat sink). When the preheated
gas is.injected on only one side of the printed circuit

25 boards, it is possible on the other side eiﬁher to provide

some heating means to heatithé surrounding atmosphere, and



25 joints. However, in order to avoid damaging the printed circuit
boards, it is, according to one enbodi nent of the 9 invention,
recommegnded to cool the printed circuit board as soon as the soldering step
is conpleted which is usually shortly aftqg the end of the contact between
‘'the nolten solder and the printed circuit "Doard above the solder pot. 5

In ofder to achieve this cooling step, it is recommended to inject an

at nosphere having a tenperature which is lower than the tenperature of the
at mosphere injected in the preheating zone or in the solder zone. The

i nvention al sothes atheat otheprpeinted ocipowitdibepuds mors sguickhyi &nd
non- oxi di zi ng atnosphere in a-wave solder- ing machine, wherein through
hol es conponerf?¥eBh¥r SNIF cohPontRiact dkheotsibshantdaddyr i awn-pxitizing
mechani cal ly connected to rinted circuit board by _a solder in |liquid
state which isa??ﬁ??ﬁﬁrEOIgﬁgfP§BmPﬁeoF&eﬁ“@@t@PE&PXFXaPPPlﬁ9t tenparaTt

and mechani CalétYrém or tea\'ré]nttt.]g l(fg\rr@ Ox%a nlgrselgenaéﬂgag on this side and no gas

5 injection on said side.

According to another preferred embodiment of the
invention, the preheated gas atmosphere is generated by
injection of a laminar flow of substantially inert gas in-
a plenum chamber, said chamber comprising a bottom perfo-

10 rated wall, heater means and gas injection means, which are
so related to each other that the gas is heated by convec-
tion by the heater means, the pfessure of the heated gas
inside the plenum chamber being slightly higher than the
pressure of the gaseous atmosphere outside said chamber,

15 the heated gas thus flowing laminarly through the openings
of the perforated wall of the plenum chamber. 'Thes'e
openings are chosen such that the Reynolds number of the
1aminar flow is maintained between 500 and 2,500, which
might be carried out by using about 60 holes per 2zone

20 having a diameter between about 6.2 mm to 0.4 mm.

According to another embodiment of the.invention, the
preheated gas atmosphere is generated by injection of
laminar flow of substantiaily inert gas in a plenum
chamber, said plenum chamber comprising a bottom perforated

25 wall, heating means integral yith the perforated wall and

gas injection means whichuerefso related to the heating



printed circuit board, said machine conprising at |east one preheating
zone to preheat the printed circuit boards, at |east one soldering zone to
sol der the conponents to the board and at | east one cooling zone to cool
and solidify 20 the solder, wherein tRe tenperature of said
substanti al Ly non-oxi di zi ng at nosphere is controll ed before and/or during
its injection in said soldering machine.in order to increase the thernal
~efficiency of the heat transfer fromthe atnosphere to the printed circuit
board. 25 This tenperature controlled, substantially non-

O 02110 2O SRR S lad SO FR a0 Ol gV
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' the gaseous atmosphere outside the plenum chamber, the
5 heated gas thus flowing laminarly through the openings of
the perforated wall.of the plenum chamber.

According to a preferred embodiment of the invention,
the plenum chamber comprises from top to bottom, in sub-
stantially parallel plans the top wall of the chamber, the

10 heating means, the gas injection means, and the perforated
wall. The heating means are for example heating registers
usually used in heating ovens. The gas injection means are
preferably in the form of a pipe or manifold arranged at
least on three sides of the plenum chamber, this manifold

15 is provided with holes for inert gas diffusion in the
plenum (first stage diffusion) said holes being arranged on
the top half of said manifold, preferably located on  a
diameter of said manifold parallely oriented to the perfo-
rated wall. However, when the heating means are ihtegral

20 with the bottom perforated wall of the plenum chamber it is
possible to inject the nit’rogen gas in any direction.

According to one preferred embodiment of the invention
a substantially non-oxidizing atmosphere is nitrogen gas
comprising less than 3% of oxygen, preférably less than

25 - 1000 ppm and most preferably less than 10 ppm of oxygen.

In order to avoid dross formation in the area of the solder



wave sol dering nmachi nes. According to anot her enbodi nent, the tenperature
of the substantially non-oxidizing atnosphere is | ower than, 10 or

equal to, the anbient tenperature and is injected in at | east one of the
cooling zones of the wave sol dering machjpne. According to another aspect of
the invention the tenperature of the substantially non-oxidizing atnosphere
15 :* injected in the various zones of the wave sol dering nmachi ne can be
different fromone zone to another, but is prefera- bly substantially the
same. Simlarly the conposition of the substantially non-oxidizing

at nospher e i npeet.egdakiocule experdnentd Have shitkm\@rats ahdeky§en NE&hede- can
be differ- 20 ent fromone zone to another, or can be identical.

According to &patien dénbsHemuitrofenhgasnimnthenarehcoei the wavet sHdurd | v
non- oxi di zi ng atnosphere is injected in a wave sol deri ng machi ne conpri si ng
at | east two peelessi thanoids ppmheofl coxygen uard chost cpre fesaibky caBdut 5
injected in the different preheating zones is different fromone zone to
anot her . ppn. In order to keep the purity of the nitrogen gas
5 injected into the wave soldering machine, it is preferable
to have separate zones, which zones are separated from each
other by'curtains, gasicurtains, etc. However, as the
oxygen content in the nitrogen atmosphere (or the inert
gas) is less important in the preheatin§ zones and/or the
10 cooling zone than the solder zone, it is possible to have
in these preheating zones, or at least some of them, and/or
the cooling zones, or at least some of them, a nitrogen
atmosphere comprising more than 10 ppm of oxygen. This is
particulaily advantageous when, for example, several wave
15 soldering machines are close to each other or are located
in the same plant, having a common hitrbgen or inert gas
source. In these conditions, it is possible to have for
example an injection of pure or substantially pure'nitrogen
(less than 1 ppm oxyéen usually), in the wave soldering
20 zone, for example nitrogen from a bulk liquid nitrogen
vessel, while the rest of the nitrogen gas at lower purity
is provided by a membrane generator or a PSA.
Of course, in the case of very large plants utilizing

tens of wave soldering machines at the same time, it is

25 also possible to have at least the solder zone of these



According to a preferred enbodi nent of the invention, the tenperature of
the tenperature controlled substantially non-oxidizing atnosphere is
mai nt ai ned at a preset value, this preset value being the sane or being
different from5 one zone to anothegs Usually, this preset value is
the sane for all the zones of the wave sol dering machi ne where a heated

at nosphere i s needed. This preset tenperature value is chosen usually in
accordance with the process tenperature profile, as exenplified on Figure
2. 10 According to the invention the tenperature of the printed

circuit boardmash§heduatbnnesté@ases tdn' &t fedniBrBden t paandl degczone,
and is then gradually decreased. The preheated gas at nosphere can be
injected on tarathple a tppogéentcodni-bd ter nitedgen @lianthoards or on the
bottom side of the printed circuit board, or on both sides depend- ing on
the requirement of the circuit board, i.e. the mass of the assenbly and the
distribution of the mass of the assenbly. (One of the advantages of the
invention is F_DES Q W :

5 Figure 1 is a front view of the cross section of the
machine comprising the various nitrogen injection manifolds
and preheaters means. |

Figure 2 is a graphic representation of the tempera-
fure profile throughout the wave soldering machine.

10 Figure 3 shows one embodiment of gas injectioh means
in a gas plenum chamber without heating means.

Figure 4 represents an overall view of a gas plenum
chamber for injection of preheated inert gas atmosphere in
the wave soldering machine.

15 Figure 5 represents the temperatufe differential
versus time for heat provided by radiation and by forced
laminar flow convection.

Figure 6 exemplifies the advantages of the forced

laminar flow convection.

20
ESCRIPTION O EF D DI H
Fig. 1 represents a schematic drawing (side-view) of
a wave soldering machine capable of carrying out a process
according to the invention comprising two preheat zones A
25 and B, a solder zone C, and a cooling zone D. The circuit

boards are transported on wave solder rails 23 and enter



20 it is no |longer necessary to put an additional heat sink which is
thereafter renoved by the operator, on the small conponents of circuit
boar ds_havi ng ot herwi se a conponent permanently covered by a heat sink).
When the preheated gas is injected on on one side of the printed circuit
25 boards, it is possible on the other side either to provide sone
heati ng nmeans to heat the surroundi ng at nosphere, and 12 thus heat the
printed circuit boards nore quickly and evenly, or to inject the
substantially non-oxidi zi ng at nosphere, for exanple at substantially
anbi ent tenpera- ture or even to have no preheating on this side and no gas
5 i nj ecti ctheofixsitd prietiea tAzomedidntHmowinttee entefaice dcwrbtaihsesnt of
the invention, the preheated gas atmosphere is generated by injection of a
| ami nar fl ow Bhisulfdirst ipttdheadting zenei tandpbthen comesertoshi totadbper
conprising a bottom perfo- 10 rated wal I, heater neans and gas
i nj ecti on nmeafYrr@unds Zhe transportation rails in order to provide a
controlled atmosphere shielding the circuit boards travel-

5 - 1ling through it. The first preheat zone A comprises a top
side skin 3 and a bottom side skin 6 with gas tubing
manifolds 1 as disclosed on Fig. 4, said tubing being close
to the walls of the respective skins 3 and 6. Heating
topside coil 2 and bottom side coil 5 are arranged between

10 the gas tubing manifolds and the gas diffusing perforated
plate which diffuses the controlled atmosphere above and
under the circuit boards. .

The second preheat zone B is substantially similar to
the first preheat zone A with a topside skin 11, a bottom

15  side skin 13, topside and bottom side heating coils 10,
respectively 12, gas diffusing manifolds 9 (top and bottom)
and gas diffusing plates 14 (top and bottom) with a curtain
system 8 between A and'B,'similar to the entrance curtain
system 4.

20 Separating the second preheat zone B and the solder
zone C is the solder zone curtain system 15 (the curtain
system substantially prevents air ingress in these various
zones): it is made of parallel vertical curtains, each of
them being made of separate, parallel strips in a substan-

25 tial sealing contact, one with another.



so related to each other that the gas is heated by convec- tion by the
heater neans, the pressure of the heated gas inside the plenum chanber
bei ng skightly higher than the pressure of the gaseous atnobsphere outside
sai d chanber, 15 t he heated gas thus ikomﬁng llami narly through the
openi ngs of the perforated wall of the pl&hum chanber. These openings are
chosen such that the Reynolds nunber of the laminar flow is numintained

bet ween 500 and 2,500, which mght be carried out by using about 60 hol es
per zone 20 having a di aneter between about 0.2 mmto 0.4 nm According

to another enbodi nBhe solder i zomet Corgonprd gEsehraseddeas son@spRdne is
generated by injection of lamnar flow of substantially inert gas in a

pl enum chanbefoVering plegaantsialiyer themevieziald sabeat sheras f that atbDien
wal I, heating neans integral with the perforated wall and gas injection
means whi ch aF@L4eF r &5 ae¥Rosed: k@ ABaatAgsphers, nbanthehsolder gt i22.

heat ed at | east tly, by the
cated a A séfger>§otysea1 20 is provided between the bottom of the

5 two lateral wave solder rails and the soider bath, compris-
ing the solder wave(s) 31, in order to prevent air ingress
above the solder bath.

The solder zone skin 18 comprise§ also a solder zone

gas diffusing manifold 16 eitending all around and cloéely

10 to the vertical walls of the skin 18. To provide a visual

control during the soldering operatioﬁ, this skin 18 has a

solder zone window 17, the solder zone gas diffusing piate

19 extending horizontally from the external wall on a short

distance and then vertically up to the tbp wall of the skin

15 18, which is level with the sides of the window 17, said

gas diffusing plate thus surrounding the gas diffusing
manifold 16. .

An exit qurtain system 21 is provided from the solder

zZzone C exit through the cooling zone D to preveﬁt also air

20 ingress. This cooling zone D comprises also a topside skin

29 and a bottom side skin 30 with a topside gas diffusing

manifold 25 and a bottom side gas diffusing manifold 26,

with topside and bottom side gas diffusing perforated

plates 27 and 28, respecti?ely. Both the solder zone C and

25 the cooling zone D do not comprise heating means, because

the solder zone is képt hot by the heat transferred to the



. perforated wall, the pressure of the gaseous atnosphere inside the plenum
chanber bei ng higher than the pressure of the gaseous atnosphere outside
t he pl enum chanber, the 5 heated gas thus flowi ng lam narly through the
openings of the perforated wall of the 38 enum chanber. According to a
preferred enbodi nent of the invention, the plenum chanber conprises from
top to bottom in sub- stantially parallel plans the top wall of the
chanber, the 10 heati ng nmeans, the gas injection neans, and the
perforated wall. The heating neans are for exanple heating registers

usual Iy used i8oheabiLREdO¥ERASspRBEIBY {:Hieeféieéh e End tHE Y t%ieﬂff

the formof a pipe or manifold arranged at | east on three sides o

pl enum chanberzoh8i provided dséhe codbimy OYadetiddL AR ﬁﬁfoﬁgﬁr leas

diffusion in the plenum (first stage diffusion) said holes being arranged

on the top halhanifsnids wsniand 26 prehar abErubongt eBreagh ¢hampliaeed #aid
mani fold parallely oriented to the perfo- rated wall. However, when the

heating neans amé 2&ttgrabol0down theéhcliheubbtbeaederdmd drethg\@tlemwftd he
pl enum chanber it is possible to inject the nitrogen gas in any direction.
Accordi nyj to cremperdturedwbebedtheyt are mioc longext oxidized (or rapidly
oxidizedf by the ambient aif. |
Fig. 2 represents a temperature profile along the
length of the wave soldering hood system (as exemplified on
Fig. 1), but comprising in this present example, three
10 preheating zones (instead of two as éhown on Fig. 1), a
wave solder zone and a cooling zone.
Nitrogen gas (used here as the inert gas to flow
throughout the manifold gas diffﬁser) at a flow rate of
100 scfh is injected in thé first preheat 2zone through the
15 . gas manifold, heated by rédiation of the heating coil in
the top skin (and bottom skin 'if necessary), then by
_ conduction while traversing through the holes of the
diffuser plates (heated by the heating coils). A flow rate
. of 200 scfh of the same gas as used in the first preheat
20 zone (or a different inert gas, usually with less dxygen in
it if the first gas used was “impure" nitrogen, i.e. 97 to
99% N, with 1 to 3% 0,) is injected the same way in this
second preheat zone, then a flow rate of 700 scfh is
injected in the third zone (same purity or even less 0;).
25 Increasing the flow rate means increasing the heat transfer

between the atmosphere and the circuit board travelling



a substantially non-oxidizing atnosphere is nitrogen gas conprising | ess

t han 3% of oxygen, preferably |less than 25 1000 ppm and nost preferably
less than 10 ppm of oxygen. In order to avoid dross formation in the area
of the sol der 14 pot,. various experiﬂgnts have shown that an oxygen
concen- tration in the nltrogen gas int area of the wave should be |ess
t han-10 ppm of oxygen and nost preferably about 5 ppm In order to keep
the purity of the nitrogen gas 5 injected into the wave sol dering
machine, it is preferable to have separate zones, which zones are separ at ed

fromeach oth t Sa¢U X n
content in thgf n?‘txr%lgéenég?fn?)ggﬁerg l%fra ﬁ?e | nert ;%Wﬂﬁ ess | ?t%ﬁ%‘i n
the preheatingoRomessSvd ti?n%r]s@s:.n% cenb! %my&%&ﬂ@ &Petﬁ%' de{r

it is possible to have I nThese prehedting zones, or at |east sone o
and/ or the cogboddd ZQAAS thel Giitsfast oiorﬁxé)fcéﬁ!ﬁﬂheﬂtﬁ' Ehaﬁeﬂ:zﬁ'témsé’sk?ae

conprising nore than 10 ppm of oxygen. This is

bears. Then the heat transfer phenomena continues even
5 when the flow rate of inert gas (which always remains
laminar or substantially 1aminai throughout the process) is
decreaséd to, e.g. 400 scfth because.of the presence in this
soldering zone of the solder pot at about 300°C. The
cooling step is conducted in the present example with ﬁ
10 zero flow rate of hitrogen injected in the gas diffuser of
this cooling zone. However, inert gas flows from the third
preheat zon; and the wave zone through this cooling zone to
- exit the system through the curtains of the cooling zone.
Fig. 3 a & b represents the gas diffuser system used
15 over the solder pot system, and comprising a plenum 1lid
101, a tubing manifold 102, having a rectangular shape and
surrounding the window 103 through which the solder bath

can be observed. ' o
This manifold 102 comprises holes 100 regularly spaced
20 (respectively on the top and bottom sides of the rectangu-
lar manifold on the drawing). The recténgular manifold 102

comprises a gas inlet tee 104.

Fig. 3a represents a top view of the gas diffuser
system, while Fig. 3b iepresents the bottom §iew of the
25 same diffuser system. On this Fig. 35, the diffuser plate

105 covers the manifold 102, sealingly surrounding the



pérticularly advant ageous when, for exanple, several wave 15 sol dering
machines are close to each other or are located in the same plant, having a
comon. Ritrogen or inert gas source. In these conditions, it is possible to
have for exanple an injection of pure or bstantially pure nitrogen (I ess
than 1 ppm oxygen usually), i'n the wave soldering 20 zone, for exanple:
nitrogen froma bulk liquid nitrogen vessel, while the rest of the nitrogen
gas at lower purity is provided by a membrane generator or a PSA O
course, in the case of very large plants utilizing tens of wave sol dering
machi nes at t HEIRIGE 39w the gas flowingafrompbheildbes mhate atarlifwsid t he
sol der zone of, .t hes , machi nes connected to an on-site nitrogen plant,
for exanpl e a TI§REHPEiRg.-QRl¥ khrpugBntheahelesrlos DESCRBPPIeﬁfoﬂ'aft'EdE
DRAW NGS: 5 Fi_gur.e is a front view of the cross section of the
machi ne conpr i SHHP9% %Q%ésosm t?’b&@nhFﬁFiﬁg i BRATHR AN PR vdsted davsdateer s
means. the plenum (as exemplified on Fig. 4), the inert gas is
"5 thus also heated (by conduction) when it flows through the
holes, such as 106, in the diffuser plate 105.
The gas diffuser system of the preheat zones is
similar to the system disclosed on Fig. 3 a & b, except
that there is usually no window in the top of the 1lid ‘101,
10 which allows having a continuocus, usually substantially
flat diffuser plate 105 covering substantially the whole
surface of the 1id and comprising holes, usually regularly
spaced all over the surface of the plate. It is possible
to provide different sizes and different patterns of holes
15 if a flow of gas having a preferred pattern is desired.
Fig. 4 is an overall view of a plenum used as a top
and/or bottom plenum in the preheat zones of the machine as
disclosed on Fig. 1. The plenum 208 (which is a paral-
lelepipedic box having plain walls, except the bottom wall
20 204 which is perforated) comprises from the top to the
bottom a gas manifold 201 comprising regqularly spaced holes
203 in its branches 209 and 210, which holes are usually
disposed in a plane which is parallel to the perforated
bottom 204. The branch 211 of the manifold usually com-
25 prises no holes (for gas diffusion). The inert gas enters

into the manifold in 202 and exits the manifold at 203 (or



Figure 2 is a graphic representation of the tenpera- ture profile

t hr oughout the wave sol dering machine. 10 Fi gure 3 shows one
enbodi ment of gas injection nmeans in a gas plenum chanber w thout heating
means. Figure 4 represents an overall vi of a gas plenum chanber for
injection of preheated inert gas atnosphere in the wave sol dering machine.
15 ) Figure 5 represents the tenperature differential versus
time for heat provided by radiation and by forced I'am nar flow convection.
Figure 6 exenplifies the advantages of the forced | am nar flow convecti on.

20 DESCRI PTI O¥ide VeEsBREFEMREDiEYBEDLMENLS Gut et Eﬁgrgﬁnhéuélighgg@ I c

drawi ng (side-view) of a wave sol dering nachine capa carryin at a
proecess accor dioey dlbédlefi:welthbo%fd&m({rétﬁﬂcé!‘rﬁ Q'E_Qﬁlﬁa?otfzgﬂ?é dﬁoaéing
e circui oar

and B, a solder zone C, and a cooling zone D. S are
transported 02083véheolddsignabeing3saet thia®r the repartition of the gas
in the plenum is even and no turbulences generated in it.
5 The inlet and outlet 202 and 203 (or vice versa) are
connected to a source of inert gas (e.g. nitrogen). Lying
between the gas manifold 201 and the perforated bottom
plate 204 are several heating coils 206 connected through
_theif connections 207 to an adequate source of electric
10 power. These coils lie parallel (or substantially paral-
lel) to the bottom plate 204, at a close distance to
increése heat transfer with the perforated plate without
disturbing the gas flow which must (preferably) remain
laminar Qr substantially laminar at the output of the holes
15 or slits in the perforated bottom plate 204.
Examples:

In order to evidence the improvement provided by the
invention, different experiments ﬁave been conducted in the
same machine comprising a gas plenum chamber as exemplified

20 on Fig. 4 in the sdldering zone, just above the solder pot.

The expériment disclosed hereunder was performed to
show the advantage of using a forced convection laminar
flow of heated inert gas as a more effective heat transfer
medium over radiation. Fofced-convection laminar flow (of

25 hgated'inert gas) can be defined as a flow of inert gas

héving'a pressure drop from 0.1 inch of water to 50 inches



16 the first preheat zone A through the entrance curtains 4. This first
preheating zone (and other zones too) totally surrounds the transportation
rails in order to provide a controlled atnosphere shielding the circuit
boards travel - 5 ling through it. Thg first preheat zone A conprises a
top side skin 3 and a bottom side skin 6 th gas tubing manifolds 1 as
di sctosed on Filg. 4, said tubing being close to the walls of the respective
skins 3 and 6. Heating topside coil 2 and bottom side coil 5 are arranged
bet ween 10 the gas tubing manifolds and the gas diffusing perforated
pl ate whi ch di éfuvaterhacross diedphénmpptatepbehitchnthednden Nladipi t
boards. The second preheat zone B is substantially simlar to the first
preheat zone Asubstantiapiydbetweenll, andbl0t mfsls si de skin 13,
topsi de and bottom side heating coils 10, respectively 12, gas diffusing
mani fol ds 9 (top arfh@ottesyy Mas ga‘gndl'flitlbl rgqmtﬁdescitcunup boardst tiom)
with a curtain system8 between A and B, simlar to the entrance curtain
system 4. fiberglass/epoxy resin (FR 4 type) with small components

5 and large components on the same board.

Fig. 5 represents the results obtained in both cases
of heat provided to the components by direct radiation of
the heaters and no gas injection in the plenum and of heat
provided by forced laminar flow convection by injection of

10 - nitrogen gas which is heated in the plenum and which flows
onto the circuit board.

It can be seen from Fig. 5 that the temperature
difference AT for the radiation case is much larger as a
function of time vs. the AT for that of convection. It is

15 this temperature differential that the laminar preheated
forced convection flow (of a substantially non-oxidizing
gas) will prevent. This temperature differential shows
that by using this system, the temperature across the board
can be controlled to eliminate the possibility of defects

20 due to overheating or underheating. The temperature
differential AT represents the difference of temperature
between the two sides (top and bottom) of the components.
This AT is about 15°C (or less) with forced laminar flow
convection of an inert gas after 30 seconds of contact with

25 " the heated gas, while for radiation, there is a quite



20 Separating the second preheat zone B and the solder zone Cis

the sol der zo
prevents air
vertical curt
a substan- 25
zone -C conpri
area where th
22. A sol der
| at eral wave
wave(s) 31, i

ne curtain system 15 (the curtain system substantially

i ngress in these various zones): it is nmade of parallel

ains, each of them being nad% of separate, parallel strips
tial -sealing contact, o 2 with another. 17 The sold

ses a solder zone skin 18 covering essentially the overal

e nolten solder is exposed to an atnosphere, in the sol der

pot seal 20 is provided between the bottomof the 5 t wo

sinstntandécusinATt ef sabdet @t ¢atpriixe | fgrdetsolidch

n order to prevent air ingress above the solder bath. The

in
er

pot

sol der zone slibouts 4VMPrafar A6 eecaudsler zone gas diffusing manifold 16

extendi ng al |

around and cl osely 10 to the vertical walls of the sk

n

18. To provide a Wigal6ax@nd @b mepnepeani respaetine ip cthe itempeadatiarski n

18 has a

10

in Kelvin versus time in seconds for heat'generated and
conveyed to the circuit board by radiation only and heat
conveyed to the circuit board by forced laminar flow
convection. In the case of Fig. 6a, the source of'tempera-
ture is heated to 600 K (convection only), while in the
case of Fig. 6B, the source of temperature is heated at 500
K only, i.e. 100 K lower. The final goal in both cases is

to reach a temperature of an average value on the compo-

‘nents of the board of about 355 K (keeping the same temper-

15

20

25

ature of 600 K for the heating elements in the case of Fig.
6b could have meant reaching faster (less than 30 seconds)

the targeted temperature of 355 K).

It can be seen from Fig. 6b that the temperature -

differential varies with the size of components when a
preheated substantially non-oxidizing laminar flow of gas
is used. The two comﬁonents that were evaluated varied in
size as well as material composition. The temperature
measurements were made at two locations for each component.

Fig. 6a exemplifies radiation heat transfer. The
large variation in temperature gradients within the compo-
nents indicate that the ccmponent'undergoes'undge stress to
achieve the desired tegpétature for soldering to take

place. Because of the variation in material properties



sol der zone w ndow 17, the sol der zone gas diffusing plate 19 extendi ng
hori zontally fromthe external wall on a short distance and then vertically
up to the top wall of the skin 15 18, which is level with the sides of
the window 17, said gas diffusing plate thyg surrounding the gas diffusing
mani fold 16. An exit curtain system?2l1 is provided fromthe solder zone C
exit*through the cooling zone D to prevent also air 20 ingress. This
cooling zone D conprises also a topside skin 29 and a bottom side skin 30
with a topside gas diffusing manifold 25 and a bottom side gas diffusing
mani fol d 26, wilthirwpsesdagiadcbrponant dehimtybd fofs gty aaey Wwildt edagl 8bes

27 and 28, respectively. Both the sol der zone C and 25 the cooling zone
D do not conpprematuate opmpenent fadiure.t he sol der zone is kept hot by the
heat transferred to the 18 control |l ed at nosphere by the nolten sol der

and the cool i ng zoFdgpr ot dexempidfies| ifierapss mmzat copvectdomh t h&n

this case, the temperature gradient variation is substan-
5 tially reduced over that of the radiation case only. The
reduction in temperature difference within a component will

lead to greater components reliability.



mani f ol ds 25 and 26, and diffusing through the plates 27 and 28 to coal
down the circuit boards and bring themto a 5 t enperat ure where they
are no l.onger oxidized (or rapidly oxidized) by the anbu“l“umlmllﬂuﬂ“ |
represents a tenperature profile al ong t%ﬁ | ength of th
hood system (as exenplified on Fig. 1), t conprising it thi$ pfesént
exanmpl e, three 10 preheating zones (instead of two as shown on Fig. 1),
a wave sol der zone and a cooling zone. Nitrogen gas (used here as the inert
gas to flow throughout the manifold gas diffuser) at a flow rate of 100
scfh is inject Q-Ahi’he first preheat zone through the 15 gas manifold,
heated by radi ation of the heating coil in the top skin (and bottomskin if
necessary), then by conduction while trave{sing th;ﬁugh t he hglggo off}]hef
di ffuser plates (heated b t he heati COi Aflowrate o sc o]
the sane gas as t(Jsed i 1?7‘?%? %rgggatprﬂyldlngzoﬂe s(‘@:téftﬁlf#%hénnonnert
as, usuall Jf the first used was "i nmpur
gltrogen |.y ng;dtl 23 % ?‘ﬁt 4D oA |§°]r‘£ﬁ inq MafRing newhayein
- this secgnd preRedhghOto1dd CBoflpbhdits 4be Yurfes Chiuht components or

both are electrically and mechanically connected to a

printed circuit board by a solder in liquid state' which is
further solidified in order to electrically connect the
components and mechanically maintain the components on the
10 printed circuit board, said machine comprising at least one
preheating zone to preheat the printed circuit boards, at
least one soldering z.'one to solder the components to the
board, and at least one cooling zone to cool and solidify'
the solder wheréin the temperature of said substantially
15 non-oxidizing atmospherg. is controlled before and/or during
its injection in said soldefing machine in order to
increase the thermal efficiency of the heat transfer from
the atmosphere to the printed circuit board.
2. A process according ‘Eo claim 1, wherein said
20 temperature controlled substantially non-oxidizing
atmosphere in injected in at least .one zone of the wave
soldering machine.
3. A process according to claim 1, wherein the
temperature of the substantially non-oxidizing atmosphere

25 - is greater than the ambient temperature and is injected in



|nJected in the third zone (same purity or even less [err])

Increasing the flow rate means increasing the heat transfﬂ“ﬂﬂj“ﬁi “u H“IL
at mosphere and the circuit board travelling 19 fron1t

systemto the wave zone and then progr? gsi vely increasing thé tenperature
of the circuit board and the outside of the conponents that this board
bears. Then the heat transfer phenonena continues even 5 when t he
flowrate of inert gas (which almays remai ns | am nar or substantially

| am nar througho the I ocess 2 s decreased to, e.g. 400 scfh because of
the presence %t r?ﬁg Rreheating #ongs the wayet spddering The

‘cooling step is %? ducted in the present exanple with a 10 zero flow
rate of nltro ®tted in the gas diffuser of this cooling zone.

e 1 ol ik NI LA
cooling zone. {dherhufe PokCRhES ElLEtARR 1939y nbhU3R1aT%ThE a¥88here
5 is lower than or equal to the ambient temperature and is
injected in at least one of the cooling zones of thé wave

soldering machine. |

5. A process according to claim 1, wherein the .
temperature of the substantially non-oxidizing atmosphere

10 injected in the various zones of the wave soldering machine
is different from one zone to another.

6. A process according to claim 1, wherein the
composition of the substantially non-oxidizing atmosphere
injected in the various zones of the wave soldering machine

15 is different from one zone to another.

_ 7. A process according to'qlaim 5 or 6, wherein a
substantially non-oxidizing a;tmbsphere i;s injected in a
wave soldering machine comprising at least two preheating
zones, the temperature of the atmosphere inﬁected in the

20 different preheating zones being different from one zone to
another.

8. A process according to claim 1, wherein the said
substantially non-oxidizing atmosphere is provided to the
soldering machine after preheatihg under laminar flow

25 conditions.



15 over the solder pot system and conprising
tubing mani fold 102, having a rectangul ar shape and surroundi ng the w ndow

103 through which the sol der bath can be observed. lﬂlﬂl rlmllﬂlllﬂ I
conprises holes 100 regularly spaced 2 (respect and

bottom si des of the rectangu- |ar manifdl d on the drawirg) " The rectangular
mani fold 102 conprises a gas inlet tee 104. Fig. 3a represents a top view
of the gas diffuser system while Fig. 3b represents the bottom view of the
25 sane diffuser system On this Fig. 3b, the diffuser plate 105
covers the manifold B2, AePriosgsg s@r¢¢wd§n@g tcheclaimQ 1 nwberedsn, the
gas flowng fromthe holes of the manifold, then flow ng only through the
hol es 106 of (IFNBRGFSIER @ d|$$%sé?eqﬂ%% contropdedi mphakantialdy
provi ded inside the pIenunr(as ex ig the inert gas is 5

Fig.
thus al so heat"r?d“@&‘f' t%ﬁp%gﬂttﬂepreset value.

10. A process according 1;0 claim 1, wherein the
5 temperature of the printed circuit boards is gradually
increased to reach a maximum in the solder zone and is
gradually decreased, the temperature of the non-oxidizing
atmosphere in a pr;'eheating. zone being lower than that of

the subsequent zone.

10 - 11. A process accbrding to claim 1, wherein at least
some of the printed circuit board comprises SMT compqnents
on their top side.

12. A process according to claim 1, wherein a
preheated gas atmosphere is _injected on the top side of the
i5 printed circuit boards in _at least one of the preheating
.zoqes.
13. A process according to claim 12, wherein the
‘bottom side of the printed circuit boards is alsoc preheated
in at least one of the preheating zones.

20 14. A process according to claim 12, wherein a non-
preheated atmosphere is injected on the bottom side of the
ptinted circuit board in at least one of the preheating
zones.

15. A process according to claim 1, wherein a

25 preheated gas atmosphere is injected on the bottom side of



hdles,'such'as 106, in the diffuser plate 105. The gas diffuser—system-of

the preheat zones is simlar to the system disclosed ‘o

naEi b _
except that there is usually no windowin the top of lt mﬁ.ﬂﬂ'g’ﬁuf “m :
whi ch al | ows havi ng a conti nuous, usuall¥§substantiahly* - "™l at e

105 covering substantially the whol e sur

ce of the lid and conprising

hol es, usually regularly spaced all over the surface of the plate. It is
possible to provide different sizes and different patterns of holes 15
if a flow of gas having a preferred pattern is desired. Fig. 4 is an

overal | view ofh@ pbieEn Ei9¢uit ol ARJAE 14wt WRO IS ¥R prheakiggeat
. zones of the machine as disclosed on Fig. 1. The plenum 208 (which isa

paral - | el epi pesthés box having plain walls, except the bottomwall 20
- 204 which is perforated) conprises fromthe top to the bottoma gas

mani fol d 201 conpri sibg. T priocdss ageording €6 CD3imMn S} wHuraithaehe2@8pand
210, which holes are usually disposed in a plane which is parallel

perforated botsisde 208 thecphinted ¢ivcwitibeardinisoalisospukhpated: insat
prises no holes (for gas diffusion). The inert gas enters into the

nani fol in 20beaskl ene tof tthe Ruelieating zomes.or

10

15

20

25

17. A process according to claim 15, wherein a non-
preheated atmosphere is injected on the top side of the
printed circuit board in at least one of the preheated
zones.

18. A process according to claim 1, wherein a
preheated gas atmosphere is injected on both sides of fhe
printed circuit board in at least one of the preheating
zZones.

19. A process according to claim 1 ,' wherein the
preheated gas atmosphere is created in by injection of a
laminar flow of substantially inert gas in a plenum cham-
ber, said chamber comprising a bottom perforated wall,
heater means and gas injection means which are so related
that the gas is heated in contact with the heater means,
the pressure of heated gas inside the plenum chamber being
slightly higher than the pressure of the gaseous atmosphere
outside said chamber, the heated gas thus flowing laminarly
through the openings of the perforated wall of the plenum
chamber.

20. A process according to claim 1, wherein the

preheated gas atmosphere is created in by injection of a

to the

-~



21 vice versa). The inlet 202 and outlet 203 are usually not too close from
the side (vertical) walls of the housing 208, the desi gmuHItHMIM$me
the repartition of the gas in the plenumis even and n

generated init. 5 The inlet and outlet 202 and 203 * (&r Vic® verga)
are connected to a source of inert gaszg(e.g. nitrogen). Lying between the
gas manifold 201 and the perforated bottom plate 204 are several heating

coils 206 connected through their connections 207 to an adequate source of
electric 10 power. These coils lie parallel (or substantially paral-

lel) to the bpitoRa '%fm?o‘&fhatsui‘: ( Ia%%gg:iir} ?Eﬁgﬂ.‘o 'FF%\rNei\ fcﬁe%%%ﬁégsfer

with the perforated plate wi thout distur e gas

(5 °120) e | Werpuns Sebasiiobbiptasiag o Yokt Bt et e
order to evi GedTE, theatity oneaRst iAteytrdedwi¥h! ke perforated wall and
gas injection means which are so related to the heating
5 means that the gas is heated in contact with the perforated
wall, the pressure of the gaseous atmosphere inside the
plenum being higher than the pressure of the gaseous
atmosphere outside the plenum, the heated gas thus flowing
laminarly through the openings of the perforated wali of
10 -the plenum. -- |
21, A"pro?::e'ss according to claim 19, wherein the
heating means comprises heating rods parallely arranged
inside the plenum and in a plane substantially parallel to
the perforated wall, and gas injection means in the form of
15 pipes parallely arranged between heating rods, said pipes
comprising openings arranged on the top half of said pipe.
22, A procesé according to claim 20, wherein the gas
injection means are in the form of a pipe comprising

openings arranged at any place of the surface of said pipe.

20



i nvention, different experinments have been conducted in the sanme machi ne
conprising a gas plenum chanber as exenplified 20 on Fig. 4 in the

sol dering zone, just above the solder pot. The experinent disclosed

her eunder was perfornmed to show t he aQ*ﬁntage of using a forced convection
| am nar flow of heated inert gas as a re effective heat transfer nedium

over “radi ati on. Forced convection |am nar flow (of 25 heated i nert gas)
can be defined as a flow of inert gas having a pressure drop fromO.1 inch
of water to 50 inches 22 of water across the plenum plate, which neans a

vel ocity substanti al | yprutuseneoR an/B GIUIERTN dombontiarg @i W th print ed

circuit boards in fiber 3raerEy QIR BAARD 4N WerMbERATYX | conponent s
5 and | arge conponent SONURODEEDANONBORIDIZENG APMOSPHERENt S the results

obtained in both cases of heat provided to the conponents by direct
radi ati & of the heaters and no gas injection in the plenumand of heat

Abstract of the Disclosure.

The present invention relates to a wave soldering

10 process wherein an inert gas atmosphere is injected inside
‘the wave soldering machine, said inert gas atmosphere
having a temperature which might be controlled. Particu-~

larly, the atmosphere can be heated at the same or
different temperatures before injection, for example in the

15 preheating zones, in the machine. The atmosphere can also
be cooled (or injected at ambient temperature) e.gq. in the
cooling zone. Various atmospheres can be used (similar or
different from one 2one to another). The thermal
efficiency of the heat transfer between the atmosphere and

20 the printed circuit boards is thus greatly enhanced, which
means less solder defects, higher components density and

decrease of energy cohsumption and inert gas flow rate.



provided by forced | am nar flow convection by injectio i

"gas which is heated in the pl enum and which flows onto {heisisHEET HASIH
It can be seen fromFig. 5 that the tenperature differejce ATRERWFAG k
radi ati on case is nuch larger as a func}ion of time vs. at of
convection. It is 15 this terrperat1u & differential that the lamnar —
preheated forced convection flow (of a substantially

will prevent.

non-oxi di zi ng
C'NFhi s tenperature differenti al
system the tenpgr-ature_acros

as)wd
shows t hatnibsheet 3} ¢ ,,
t he board can be controll \ t he
possibility frect © Sq.le to overheating or under [ e
tenperature dN ferienti Al repfesents the difference pf enperature '
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" i nstant aneous AT of about -[err] (at time zero) to reach-about 43 C after 30
seconds. Fig. 6a and 6b represent respectively the tenperatu Fn:nz&e::ﬁﬁ
versus time in seconds for heat generated and 5 conveyedﬁ GHl&éHEETHGﬁBEE
1 by FEPLAGED

board by radiation only and heat conveyed to the circuit boar

| ami nar flow convection. In the case of F¥& 6a, the source Lenpera-

ture is heated to 600 K (convection only), while in the case—

the source of tenperature is heated at 500 10 K only, ?hnsghggl-&ﬁe%

The final goal in both cases is to reach a terrperature of an

on the conpo- nents of the board of about 355 K (keeping the

ature of 600 K for the heating elenents in the case of Fig 6

meant reaching faster (less than 30 seconds) 15 t he target ed
i 6b that the tenperature

tenperature of 355 K). It can be seen from Fig.
differential varies with the size of conmponents when a preheated

conmponent s

substantially non-oxidizing |am nar flow of gas is used. The t
that were evaluated varied in 2Q____size as well as materjal 'cgnposition.
The tenperature measurenent scbvere made(D t rv\ﬁ‘l ocations fof eaclf conponent.
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Fig. 6a exenplifies radiation heat transfer. The large variation in

tenperature gradients wthin the conpo- nents indicate that the conponent
under goes undue stress to 25 achi eve the desired ternpers o=
sol derjng to take pl ace. Because of the variation in natf&iS SHEDT 6peBEERS
24 within a single conponent, this type of stress will L.ea d_t BEpteaadUr e
.conponent failure. Fig. 6b exenplifies f?{}:gd | ami nar convecti om S
case, the tenperature gradient variation“’'s¥substan- tially reduced over

that of the radiation case only. The reduction in tenperature difference— -
within a conponent will lead to greater conponents reli al¥his 5k .HasBeeBiTilaced _

CLAI MS:

il

|




1. A process for providing a substantially non- oxidizing atnosphere in a

wave sol dering nmachine, wherein 5 t hrough hol es conponents_or surface
nmount components or both are electrically and nechanically g CL.
printed circuit board by a solder in liquid state which is fiﬁ}ﬁé %gii%égBEEN
solidisfied in order to electrically connee/ghe conponents aEQ=ﬂ§£Laﬂtﬁéiﬁﬁ&===_
mai ntai n the conponents on the 10 printed circuit board+~S§LQ_ﬂEEDLﬂS_____
pr eheat i ng zone to preheat the prlnted circuit
IES'KE dlahBerni Hc laced

conprising at |east on
§/ déridg ZbneTroT s ppanent s H"I”

boards, at |east one 9§
and at | east one cooli 1e “sol der
tenperature of said st ngaumw)
controll ed before and during its injecti ifd sol dering nachlne
ermal efficiency off the heat| transfer fromthe
circuit board. 2.§ A procgss according to claim
per at ur e contrdq{ | ed sybstantial ly

order to increase thelt
at nosphere to the pri

1, wherein said 20 _
non- oxi di zi ng at nospherel An injected in at }} east on¢ zone of the wave
sol dering machi ne. 3.FA g@griocess according tjp claim}, wherein the
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terrperature of the substantlal | y non-oxidizing at rmsphere 25 is _greater
t ha eReplacedand i's injected in *C Ms oM
HIS SHEET H
at Ieast one ng zones of the wave sol deri mac“g{l..;g ,,Af
process accor “wher e| the t enperature of . -
|

non- gxi di zi ng atnDsp ere 5 S than or equal to t’he anbi ent
tenperature and is |nJected I n at Ieast one of the cooling zones of the
wave sol dering nachine. 5. A process accordlng to cIa|n11 wherein the

temperature of the suﬁ@@a'r ) i nj ected
in the various zones of tRewav tern dtfHf erent §rom one
zone to another. 6. 39Q)r-f» eSS ;rc@y %%Elo&@ dﬁE_LNf rjei n t he
conposi tion of the substagti-artyPALHOMQPRISMAL CQMR)@ E@ﬂ'e injectgd in the
vari ous zones of the ggwe1 d—derT%OMHGECOMPONENT o
][ BOTTOM OF LARGE COMPONENT
370 4
p
360 -
TEMPERATURE :
(9 350 -
340 4
y
330 4
320
]
310 4
300 4+

FIG. BA 0 5 10 15 20 25 30
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15 ~is different fromone zone to another. 7. A profcREPLHNCEMENTSHEST
claim5 or 6, wherein a substantially non-oxidizing at npspher® & symnj eq
in a wave sol dering machi ne conprising at |east two prepesdté ng%%%@ﬁﬁe
tenperature of the atnosphere injected in the 20 - di&f = :
zones being different fromone zone to gnother. 8. A process according to
claim1, wherein the said substantially non-oxidizing atnosphere is

provi ded to the sol dering machi ne after preheating under |am nar flow 25
conditions. - 9. A process according to claiml1, wherein the tenperature
of the tenperature controlled substantially non-oxidizing atnosphere is

mai ntai ned at a preset value. 10. A process according to claim1, wherein
the 5 terggerature of the printed circuit boards is gradually increased
to reach amrra‘%:i.num in the solder zone and is gradually decreased, the

tenperatur® @fi thg gn- oy di zi ng
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at nosphére in a preheatlng zone being |l ower than that of tHE

zone. 10 o 11. A process according to claim1, wh r@FﬁL%@EMEH$@HtET
some of ‘the printed circuit board conprises SMI conponent.s /o '

side. 12. A process according to claim1, wherein a prehea et
at nosphere is injected on the top side. ofh the 15 printed ciT
in at | east one of the preheating zones. . A process according to clalm
12, wherein the bottomside of the printed circuit boards is al so preheated
in at |east one of the preheating zones. 20 14. A process
according to claim 12, wherein a non- -'eated ahynsphere is injected on
the bottom side of the printed gt y east one of the
preheating zones. 15. A process 1, wherein a 25
preheat ed gas atnosphere is inj¢ 182de of

104
ol

: kK
: G




[err] .the printed circuit board in at |east one of the pre|)eRERUNSEMENISSHEET
16. A process, according to claim 15, wherein the top side §f théfgrypkeg &
circuit board is also preheated in at 5 | east one of tfieDgw eheall gngm

zones. 17. A process according to claim15, wherein a non- prerested

at nosphere is injected on the top side of the printed circuit board in at

| east one of the preheated zones. 10 /5 18. A process according to
claim1l1, wherein a preheated gas atnosphere is injected on both sides of
the printed circuit board in at | east one of the preheating zones. 19. A
process according to claim1l, wherein the 15 preheat ed gas at nosphere
Is created in by injection of a lamnar flow of substantially inert gas in
a pl enum cham ber, said chanber cgRprif\ng a bottom perforated wall, '
heat er neans and gas injection nea are so related that the gas is
heated in contact with the heate the pressure of heated gas
I nsi de the pl enum chanber bei ng




siightly hi gher than the pressure of the gaseous atnosphei
chanber, the heated gas thus flowing lamnarly through thg

perforated wall of the plenum chanber. 25

20. A

i

cRERLAGEMENTSHEET

opew ggﬁovf,,;.,he

Patos

according to claim1l1, wherein the preheated gas atnospheréTs created rn by

injection of a * C L M S * 49 baninar flow of substantially -
inert gas in a plenum chanber, sald pl enum chanber conprising a boettom
perforated wall, heating neans integral with the perfgrated wall and gas
i nj ection neans whi cRare—go TEratred o Whe Thear g means that the

gas -is heated in conffact with the perforafed wall,

gaseous at nosphere i{nRi de the pl enum bei n hi gher t
gaseous atnosphere oulgi de the plenum thg heated g
| am narly through the \qpeni ngs of the pergorated wg
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21. A process according to claim19, wherein the heating np&iRPLAGEMENISHEET
heati ng rods paraliely arranged inside the plenumand in pl an'€8 NOV g
substantially parallel to the perforated wall, and gas i njledeteon. ¥ a-ns-Hgn------

the formof 15 pi pes parallely arranged between heati ng-Tous, sarad
pi pes conpri sing openi ngs arranged on 5%%top hal f of said pipe. 22. A
process according to claim?20, wherein the gas injection nmeans are in the
formof a pipe conprisi rlt%oopeni ngs arranged at any place of the surface of
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