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Q;ERQ"I'I ON The present invention relates to the operations of wave sol dering
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15 The role of the fluxing is then to prepare the
metallic surfaces to be soldered (performing actions
such as degreesing, deoxidation, decontamination of
adsorbed layers or other surface preparation), this
belng with the aim. of facilitating the subsequent

20 wetting of these surfaces Dby the solder, and also to
eliminate oxides which might form thermally on the

" soldering alloy.
This fluxing operation is most commonly carried
out using chemical.fluxes which are often obtained from

25 resin bases, supplemented in particular by acidic

' compounds. After soldering, flux residues remain on the
article, often requiring the manufacturer to carry out
a cleaning operation, most often using chlorinated
solvents, which cleaning operation .is highly contro-

30 versial, in the context of the "Montreal Protocol" and.
its subsequent revisions, which very strictly regulate
or even, in the case of some, depending on the
countries, completely prohibit such solvents.

’ The design of wave soldering machines is such

35 that the articles to be soldered are brought into
contact with one or more'wavee of liquid solder which
are obtalned by cxrculatxon of the solder bath con-

The arllclea (for exampla the circuits to which



35 that. the articles to be soldered are brought into contact with
:one or nore waves of liquid solder which are obtained by circulation of the
sol der. bath con- tained in a vat through one or nore nozzles. The arlcles
(for exanple the circuits to which -2- conponents have been attached)
have generally been fluxed beforehand in gn upstream zone of the machine,
using a flux spray or a flux foam the Fléxrng operation being generally
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30-100 Pa. provide a . solution replacing  the . use ' of these
compounds. _
15 Among the solutions envisaged, mention may be

made - of dry fluxing methods such as plasma fluxing of

surfaces before soldering, thereby avoiding wusing

chemical fluxes and therefore the actual requirement of

a downstream cleaning operation. The mixtures envisaged
20 use, in particular, hydrogen.

In this field, mention may be made of document-
EP-A-0,427,020, which proposes treating the assembly
parts to be soldered using a plasma of a process gas,
recommending the use of low pressures for this treat-

25 ment "with the aim of avoiding thermal damage to the
assembly parts'. All the examples given, in conjunction
with tle figures provided, relate to pressure condi-
tions varying in the range of 30-100 Pa.

The same comment can be made in regard of

30 document EP-A-0,371,693, which relates to a method of
cleaning metallic surfaces before soldering using .
microwave piasma containing hydrogen. Here again, it is
recommended to use low pressures "in order to make it
possible to limit the level of residual oxygen in the

35 plasma'. _

This consensus of opinion in favour of the use

- of low préssure condifions for carrying out this plasma
fluxing operations, despite the drawbacks which are in
particular linked with the cost of obtaining such



The same comment can be made in regard of 30 docunment EP-A-0, 371, 693,
which relates to a nmethod of cleaning netallic surfaces before sol dering
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power density (@gHRelBBtric 1layer placed above the article to be

treated. Although this document provides an advan-

15 tageous solution to the problem in dquestion, the
Applicant Company has demonstrated the fact that the
proposed method might be improved, especially as
regards: _

- its efficiency (ratio of power input for

20 creating the plasma to the density of species produced
which actually interact with the support to Dbe
treated), or else the permissible power density (in the
case of dielectric~barrier discharge, it reaches only a
few W per cm? of dielectric), which, if they were to be

25 enhanced, might permit shorter treatment times,

- and also the fact of 1limiting "geometrical"
factors: in the case of corona discharge, the elec-
trode/sample distarice is highly critical and must be
kept very small, which may cause a problem in the case

30 of substrates whose surface structure is relatively
convoluted; in the case of microwave discharge, it

- gives rise to the formation of a plasma-generating spot
which has deflned dimensions 1limited by the plasma
source,

35 - moreover, a plasma as created in this
document contains, by definition, ionic species and
electrons (and therefore electrically charged species)

which are always difficult to use on electronic
components.
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b) the surface to be fluxed is treated, at a

Eghere

pressure close to atmospheric pressure, with a gaseous
treatment atmosphere comprising excited or unstabie
species and substantially free of eléctrically charged
species which is obtained from the primary gas mixture
in gquestion.

The examples developed in this document clearly
demonstrated that it is possible, using this method, in
particular:

- to operate substantially at atmospheric
pressure, _

- to obtain a high degree of flexibility as
regards the distance between the object to be treated
and the device used for carrying out this treatment,

- to avoid contact of the articles with the
charged species, _

- to offer an improved power density, making it
possible to achieve an enhanced treatment rate.

The treatment atmosphere which is obtained from
the primary gas mixture, itself obtained at the gas
outlet of an apparatus for forming excited or unstable
gas spécies, may furthermore according to this document
also comprise, if appropriate, an adjacent gas mixture
which has not pdssed through the apparatus.

This configuration can therefore be termed
“post-discharge" since the primary component of the
treatment atmosphere, which comprises excited or



species which is obtained fromthe primary gas m xture in question. The
-exanpl es devel oped in this docunent clearly 20 denonstrated that it is
possi ble, . using this method, in particular: - to operate substantial ly
at ~ atnospheric pressure, - to obtain a high degree of flexibility as 25
regards t'he distance between the object-tg be treated and the device used
for carrying.,out this treatnent, - to avoid contact of the articles with
the charged spgastsble §asObpecias,i ABr ovedineweatdas toutT@KidE the 30

possi bl e to achieve_an enhanced treatnent _r ._Jhe treat t nospher e
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- : resulting from the -operation of fluxing. the surface
from contaminating the interior of the apparatus, for
15 example its electrodés), and also in terms of
reproducibility of the atmosphere encountered by the
article.
Finally, the article, which is not treated
within the apparatus (for example within a discharge
20 between the electrodes), benefits from much better
flexibility. with regﬁrd to the “distance" aspect
mentioned above.
In this document, this method was more
particularly exemplified and illustrated with the aid
25 of a particular device for forming excited or unstable
gas molecules, operating substantially at atmospheric
pressure, which the Applicant Company had previously
developed and which is described in document FR-A-
2,692,730,
30 The Applicant Company has since continued its
" work on this subject, with a view to further improving
the method for dry fluxing a metallic surface before
soldering or tinning . according' to document
FR-2,713,528, and in particular its adaptation to the
35 gpecific case of wave soldering, in which double-sided
circuits, equipped with eéelectronic components of the
"surface-mounted" and of the "wire-bonded" type some-
times need to be soldered. This work has made it
possible to demonstrate that when repla._cinq chemical



the | apparatus (preventing t he various. releases resulting fromthe -
-operatlon of fluxing the surface fromcontamnating the interior of the '
apparatus, for 15 exanple its electrodes), and also in terns of

repr oduci b| lity of the atnosphere encountered by the article. Finally, the

article, which is not treated within %he apparatus (for exanple within
?I di ;ghfirge 20 between the el ectrodes), benef [ ts from much better
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wor kK has made |prgtgsamﬂg bxpughﬁngntqquntact with the gas outlets of
at least two apparatuses for forming excited or
unstable gas molecules, arranged in series. '

15 | The method for wave soldering a circuit,
according to the present invention, during which the

‘eircuit is brought into contact with at least one wave
of a liquid soldering alloy; this wave being obtained
by pumping a liquid bath of the alloy contained in a

20 'vat, through at least one nozzle, is characterized in
that each of the faces of the circuit has previously
been brought, at a pressure close to atmospheric
pressure, in front of the gas outlet of at least omne
apparatus for forming excited or unstable gas spedies,

25 through which an initial gas mixture comprising an
inert gas and/or a reducing gas and/or an oxidizing gas
is passed, in order to obtain, after conversion, at the
gas outlet of the apparatus, a primary gas mixture
comprising excited or unstable gas species and

30 .substantially free of electrically charged species.

Advantageously, the upper face of the circuit
is successively brought in front of the gas outlets of
at least two apparatuses for forming excited or
unstable gas species, arranged in series.

35 The %circuit" according to the invention may
consist of any assembly which may be involved in' such
soldering operations, such as an electronic circuit
onto which components have been attached with a view to
soldering them (whether they are inserted components or



that,, in the case of wave soldering, it is particularly advantageous to
ibring each face of the circuit into contact, upstream of the solder bath,
'Wth the primary gas m xture obtained at the gas outlet of at |east one 10
appar at us for form ng excited or unst abl e gas nol ecul es, t he
upper face of the <circuit being preferably brought into contact-with
the gas outlets of at |east two apparatuasds—for formng excited or unstable
gas nol ecul es, arranged in series. 15 The nmethod for wave
soldering a @curfgice-mouasdedi ngeeBPeRRntFese®T | ndentFHEaHur i F§THRYVch t he
circuit is broughictirdnd CostpsériV ipaidtingeassoDaerivwy e thle astripli dnto _
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al | oy cont ai nedi% S¥PRPTY 4t through at |east one nozzle, is characterized
in that each of the fa@m of'alheyli racserding pitovi thel yiweentinmu@ill at a
pressure clgse é&ﬁ%@se? Chhy RIcEpo4itioh! WHidH xﬁ’aiytﬁé avigubbkal fYr at

| east one apparatus tor for ng_e cited or unstabl e gas species, 25 _
t hrough whi-ch s#tfh | mri appgBatienxt upBchcoAdri siftRy  S&F¥MRder g&P-ERY or a
. reducing gas angd-ospaiyOxdeb.zi ng gas is passed, in order to obtain, after
.conversion, at the gas outle
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conprising- excited orPCREL T e‘t"° g&ge R?B&E‘gég“' a% egg'rééélgbigégn%%‘g? y
free of electrichsy thargembsgleiiss. prevsunetcdas|intandedipper mpave »f the
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cally charged species" is intended to mean ions or

15 electrons. The treatment atmosphere encountered by the
circuit and obtained ‘from the primary mixture is
therefore distinguished from the plasma atmospheres
used in the prior art 1literature in that it is
substantially free of electrically charged species,

20 that is to Say ions or electronmns.

The atmosphere for treating the cirduit,.which

is obtained from the primary gas mixture, may also

- comprise, if appropriate, an adjacent gas mixture, the
primary gas mixture being obtained at the gas outlet of

25 the apparatus for forming excited‘ or ‘unstable dgas
species in which the initial gas mixture has been
‘converted, whereas the adjacent gas mixture has not
itself passed through the apparatus.

As previously developed in the paragraph given

30 over to document FR-2,713,528, this configuration can
be termed "poét-discharge#, with all the advantages
which result therefrom and which have already been
listed. ' _ '

The inert gas may, for example, consist of

35 nitrogen, argon, helium or a mixture of such inert
qaseé. The reducing gas may, for example, consist of
hydrogen, CH; or else ammonia or a mixture of such
reducing gases. The oxidizing gas may, for its part,
for example consist of oxygen or CO; or else N0, H20 or



-7+ surface-nounted conponent s) or a contact strip/ electronic
!support pairing (soldering the strip onto the support). The "all oy" -
according to the invention will 5 consist of any conposition which may be
envi saged for such an operation, such as, for exanple, Sn-Pb,

Sn- Pb- Ag, etc. According. to the invention, the term"pressure close to

at nospheric pressure"” is intended to nean8a-10 pressure advant ageousl y
| yi ng in t he range [0.1 X 105 Pa, 3 x 105 Pa] and therefore .
bet ween appr oxianemizkture 10§nEWChAxidiingi gyses-. L Bhe| it ioh, JaEeSterm

"electri- callyiGhal 91 eRER' ategbsy! Bs§NEAd ddurRBN & #h 1hagkactrons.
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primary nixtur &ion and dmplded 20 AdBLEAEYCRr om t he pl asma at mospheres used

in the prior art |iterahe e appahatust ascerlthgnt ital | ythe ee invention
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mxture, nay alayo twhpiakegast mipbuspr iint order 4 Rktrinasati khar g2st he
prinmary gas m xdii€ hef nopwdt ad tud e Otnitt | fas0f mixtuilee (Rep@r atus
for formng excited  or unsta gas.species_in which the  nitial gas
m xture has bectPk¥FRAA t &P AfhetPEs PRAMATY acERE JuXTHE& - 05

‘itself passed tistglé her agpeitdd Syasspecidsgudihe destteapehs miktare

par agr aph gi.ven_ 30 _ov t FR2, 713,52 ' i g ' can
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i nert gases. The,reduci ng gas may, for exanple, consist of : )
: discharge tébe. : .
Document FR-A-2,692,730, in the name of the
15 Applicant Company, which was mentioned above describes
an apparatus for forming excited or unstable gas
molecules which is suitable for implementing the method
according to the present invention.

The adjacent gas mixture 'according_ to the

20 invention may consist of any gas or gas mixture, for
example an inert gas or mixture of inert gases making
it possible to maintain, if appropriate, a protective
atmosphere around the samples, or else a reducing gas
or an oxidizing gas, or even a mixture of gases

25 belonging to one of these three categories. -

According to one of the aspects of the
invention, the adjacent gas mixture contains silane
8iH4. The presence'bf such an adjacent mixture contain-
ing silane is advantageously used for its reducing

30 action with regard to certain metal oxides present on
the surface of the article to be treated and also,
depending on the initial gas mixture used, as an oxygen
"getter" (or trap), that is to say in its interaction
with the residual oxygen in the atmosphere present

35 above the circuit, with the aim of reducing this level
of residual oi&gen to a minimum, when this is deemed
necesgsary.

According to another aspect of the invention,
during the time in which the circuit is in front of the



hydrogen, CH err] or else ammonia or a m xture of such reducing gases. The
‘oxidizing gas may, for its part, for exanple consist of oxygen or Clerr] or
else Nerr]O Herr]O or -8- a mxture of such oxidizing gases. The i st
of gases given in each category is, of course, only an indica- tion and
inplies no limtation. The apparatus according to the invention 5
consi sts of any device making it possible% o "excite" an initial gas

m xture in order to obtain, at the gas exit of _the apparatus, another gas

mxture (here 9amerPBEleb £F t AE preaml yoP8s 9 xthhiee) APPRFHIRF undhni e
- or-excited gas 3pRAii%s,id hReh Bl ekogas ﬂexxpwad& bei bgtweahsabiiealt! y
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cor ona
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Conpany, which JEHJ oapgra@%ﬁ dem@ bggpes qamartawmoru{eqremm
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met hod accor di rﬁfHQP r@p#%éﬁlqmm%rﬁndmet Wiy Lyc AT r%??é“ 'xt
accorldl ng to {hetRe va&&aitynorfammwﬁt eﬁeaaasgaafortlgassmmaa f or
exanpl e an inert gas t i nert ase ki SSi t _
maintain, if appPr oﬁﬁsgt 8933 §F§t AL afﬁﬁ aﬂg% &sgﬁe sanp e‘% or
el se a reduci ngge@ssly, aranki diepend g, on e‘vletr-l aP#ﬂ'MQHJ@IDf ypses o

bel ongi ng 4@ 0 aeicwesoert@h%g oFAl egPbhe8a, ACLRT dirder t @0 ONEni0f thde
aspects of the invention acent gaS m xture contains sil ane Si H4
The presence ofggﬁ%hhaﬂfaﬂ¥5%€%?t licse ?fﬁﬂ%ﬁ?}“*#&)gﬁlﬂﬂﬂf'ﬁ? adopt

advant ageousl y aSse@nperatuie’ eeliie1gi80 wet i @Bowidlvdecgto d the aselwdmg et al
oxides present gemperature of the alloy wused, for example not.
exceeding i60°c ~in the <case of 8né63-Pb37 or

15 8n62-Pb36-Ag2 alloys.

| According to one of the aspects of the inven-
tion, the circuit is brought in front of the gas
outlets of the apparatuses by a conveyor system which
passes through an internal space which is bounded by a

20 covering structure (for example a tunnel or a set of
elementary coverings or hoods) and is isoclated from the
surrounding atmosphere, the structure being connected
in a leaktight manner to the apparatuses or including
the apparatuses. _

25 According to one of the embodiments of the
invention, at least one of the apparatuses in which .an
initial gas mixture is converted is the seat of an
electric discharge created between a first electrode
and a second electrode, a layer of a dielectric

30 material being arranged on the surface of at least one
of the electrodes, facing the other electrode,'with the
initial gas mixture converted in this apparatus passing
through the discharge transversely to the electrodes.

The power used in the apparatus, per unit

35 surface area of dielectric, will then advantageously be
greater than or equal to 1 W/cmz, preferably greater
than or equal to 10 W/cmz, and most often lying in the
range [10 W/cmz, 100 W/cmz].

According to one of the embodiments of the



“the surface of the article to be treated and al so, depending on the initial
‘gas mxture used, as an oxygen "getter" (or trap), that is to say inits
interaction with the residual oxygen in the atnosphere present 35 above the
circuit, with the aimof-reducing this |level of residual oxygen to a

m ni mrum when this is.deemed necessary. According to another aspect of the
i nvention, during the time in which thedi@cuit is in front of the -9-
gas outlet of at | east one of the apparatuses, the circuit is heated to a

t enper at ure of ip¥enédenanbtbat indtialat gpe aixEpre NEIANVRF kedhpédRat dke of
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-an epen [ 9 t d
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F'rmt I nter
- adopt a tenperét%r@macﬂgq d3& ppde A Gde @YY RETRePERAGTRRAPeLRL GF‘G of
the alloy useéngd sooe I egooloogggceedl ng 160[err]C in the case

of Sn63- Pb37 or 1 -.Pb 3%% tr'i?%é%ﬁéﬁ\? ﬁg?g ?n% getf t he

aspects of the inven- ﬁ&?
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tunnel or a set el enentary cov or is 1sqQlated fromthe
surroundi ng at AAHHRY e casige sF?ﬁct‘RﬁYQe@el fentenhe@fedthf airkkial g¥@shanner

to the apparat ysBst@e | 05| dvagtifeodPDArRépiSchelow a few hundreds of
ppm. _

According to another of the embodiments of the

15 invention, the initial gas mixture converted in at
least ‘one of the apparatuses consists of a nitrogen/
hydrogen/water vapour mixture.

According to another of the embodiments of the
invention, the initial gas mixture converted in at

20 least one of the apparatuses consists of a nitrogen/
- hydrogen/water vapour/oxygen mixture.

According to one of the embodiments of the
invention, the initial gas mixture converted in at
least one of the apparatuses- comprises hydrogen, and

25 its hydrogen content will then advantageously lie in
. the range [1000 ppm, 50 %], and preferably less than or
equal to 10 %. '

According to one of the embodiments of the
invention, the atmosphere successively encountered by

30 the circuit along the conveyor is zoned in the
following manner: |

a) at least one of the apparatuses for formlng
excited or unstable gas species converts a different
initial gas mixture from that converted by the appara-

35 tus preceding it in the said structure, and/or

b) the adjacent gas mixture employed in at
least one of the appatatuseé for forming excited or
unstable gas species is different from that empléyed'in
the apparatus preceding it in the said structure.



.25 . According to one of the enbodinments of the invention, at
Ieast one of the-apparatuses in which an.initial gas mxture is converted -
is the seat of an electric discharge created between a first el ectrode and
a second electrode, a layer of a dielectric 30 material being arranged on
the surface of at. |east one of the el ectrodes facing the other electrode,
with the initial gas mxture converted Tnlthfs apparatus passing through

- the discharge transversely tqQ the el ectrodes. The Bower used in the

apparatus, per unit 35 Wﬁ&é‘@ aF8a e diof cLhei conhpdimenty, of the |

advant ageousl y :bﬂ.rdﬁtﬁ&txﬂr dtes o) epubl b} caBoVvé cn{xgrr}alapéeter ahky agi@eat er
t han or equal L9, saWe %{# and nost often lying in the 2 2
range 110 Wcnf err] err] According to one of the enbodi ments of

t he 2710 - inventi omccqrrdemq ik i ahe gaf rkibet Laspectmveft she imven | east
one of the @ppaxr?&wseﬁ?sefpamse& V@éﬁswrofa%é her @S €beV appidracont ent
of the initial .gas mxture in question, whic nprises water _ vapour,

is then 5 ad/EHEeReBREPYRFST e DY aFle [’55°Bbﬁl (Bn% therefersperf ithe he
range [ 100 ppmtﬂe%merﬂﬂdomammfehﬂdiﬁythﬂstbeoupngarﬁ:iaﬁ o) ,5(1ﬁﬁ: ppni .
Aocor ding 10 2NoLiela € 1408 B0RRRRIPHS T ptLRA EYED bRBrabDENL Nik! 3, 02
m xture convert &t 0 SedST 8he Sf T hBTEPPAra rises oxygen
In the latter ctles, tﬁ'eroﬁyg!m%t)npeﬁ?lblet he IGHP?FNaIOUQ‘-asthﬁ xiakloWing

advant ageoyy) Y &eptedelONs of eyedpandreds of ppm According to another of
t he enbodi nents of the 15 Jinvention,,K _the initial gas mxt converted
in at |east one of the dbphh &l tRERE cHAEing ) faceq tﬁVd ¥ wat er

vapour m xture.tion (cold or hot) followed by a preheatlng operatlon
(followed by soldering); '
- a preheating operation followed by a treat-
15 ment according to the invention (cold or hot) (followed
by soldering); -
- a treatment according to the invention
(cold), followed by a preheating operation, followed by
another treatment according to the invention (hot)
20 (followed by soldering), _
this list of successions being,'of course, only
an illustration of the numerous possibilities afforded
by the invention.
| After the circuit has been brought into contact
25 with the solder wave or waves, that is to say
downstream of the soldering operation proper, at least
one of the faces of the circuit may, if approprlate, be
brought in front of the gas outlet of at least one
apparatus (whlqh may be referred to as "“downstream")
30 for forming excited or unstable gas species, through
which an initial gas mixture (which may here again be
referred to as "downstream') comprising an inert. gas
and/or a reducing gas and/or an oxidizing gas is
passed, in order to obtain, at the gas outlet of the
35 apparatus, a downstream primary gas mixture comprising
excited or unstable gas species and sﬁbstantially free
of electrically charged species, this making it
_possible, if necessary, to carry out after-cleaning of
the surface of the circuit. '



According to another of the enbodinents of the invention, the initial gas
Imixture converted in at 20 least one of the apparatuses consists of a

ni trogen/ hydrogen/ wat er vapour/ oxygen mixture. According to one of. the
enbodi nents of the invention, the initial gas mxture converted in
at | east .one of the apparatuses conprises hydrogen, and 25 its hydrogen
content will then advantageously lie in_t{e range [1000 ppm 50 %, and
preferably | ess than or equal to 10 % According to one of the enbodi nents

of the invention, the %tem@h%&%o &§§ﬁ$i’é" ¥oCNGRHY dtﬁatBOawein@wcu't
al ong the conveyor is zoned in | ow ng manner: &) -at. | east one of t he
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enbodi nment s I nvent’ on steps a) and b), above may rel ate to one'and

the sanme appar a?%"l%coit&i-'ﬁb}gt‘o WHe o f a{‘hem&stﬂé@-t 93F PRELERGen(WhiCh | o
upstream or dowhgyr 828bO0bet e feir@en @b Zﬁwafﬁdiﬁmmcmﬂpﬂrm:i@y damhe

circuit (andtheref re of ¢ Lreal nt o t rles
out), the circuf?® f' @ %%?g‘c’irto #‘%;g ai(;ﬁpodra i on. &*:‘?d for
exanpl e, pddsi bie poseaqlr yinuerder mwbmng. 1t %%c%%lﬂh%lﬂ %ﬁ -
treatment (fi uxaagara‘e&g)rdaﬁg--aaai‘efowy-enprimﬁy (g£4 dmﬁtﬁlﬁ)é)cé@iwed by

a preheating operation
ing excited or unstable gas species and substant:l.ally

free of electrlcally charged species.
As will be clearly apparent to the person

15 skilled in ‘the art, this ‘'additional" treatment,
carried out during the actual soldering, may appear
highly advantageous with a view, in particular, to
substantially eliminating the oxides which could form
on the soldering alloy.

20 According to one aspect of the invention,
provision is made to set up a regime which may be
referred to as "waiting" of the treatment carried out
' before soldering, when the soldering operation has to
be temporarily interrupted.

25 Provision may thus, according to the invention,
be made for situations in which, for example as a
result of an intentional action by the user, or because
no circuit has Dbeen detected at the entry of the
structure during a period of time which has Dbeen

30 predetermined, at least one of the follpwing measures
is initiated:

_ - the supply of primary gas mixture to each
apparatus is stopped; . '
- a reduced flow rate of the primary gas

35 mixture which circulated in the apparatus in question
(for example a few % of a few tens of % of the flow.
rate ‘circulating in the nominal regime used for the
treatment) is malinta.ined in each apparatus;

- when an adjacent gas mixture is employed in



. (followed by soldering); - a preheating operation followed by a treat-
“ment according to the invention (cold or hot) (followed by sol dering);
treatment according to the invention (cold), followed by a preheating
operation, followed by another treatnent according to the invention (hot)
20 (followed by soldering), this Iist of successions being, of course,

an illustration of the nunerous possibidit3 es afforded by the invention.
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The invention also relates to a device for wave
soldering circuits using a liquid alloy, comprising:

- a covering structure bounding an internal
space through which means for conveying the circuits
pass, which is isolated from the surrounding atmosphere
and which defines a path for conveying the circuits
inside the structure,

- at least two apparatuses for forming excited
or unstable gas species, mounted in series, comprising
at least one tubular gas passage which has an axis and
is formed between an outer electrode and an inner
electrode, at 1least one of the electrodes having,
facing the other, a dielectric.coating, the electrodes
being connected to a high-voltage and high-freQuency
source, the outer electrode surrounding the dielectric
and'having at least one inlet for so-called initial gas
and at least one outlet for so-called primary gas,
which are elongated, parallel to the axis and
substantially diametrically opposite, the said gas
outlet opening inside the said structure, the said
structure surrounding or being connected in a 1eaktigh£
manner to the apparatuses,

- at least one of the apparatuses being located
above the path, at least one other of the apparatuses
being located below the path, and

-a vat suitable for containing a bath of the
alloy, located downstream of the structure (and
therefore outside the structure), or else located

ArpeangC 2dihecun yh i8p0thend! |



,species, t hrough which an initial gas m xture (which may al so be referred
"to as "additional") conprising an inert gas and/or a reducing gas and/or an
oxidizing gas 10 is passed, in order to obtain, at the gas outlet of the
apparatus, an "additional™ primary gas m xture conpris- ing excited or

unst abl e gas species and substantially free of electrically charged
species. As will be clearly apparent td‘ﬂﬁb'berson 15 skilled in the

art, this "addltl nal reatment, _carri ed out during_.the actual
ol dering. may SANPELF eRRGIAS, Gif aREAYcORBARRERESS o1 &R, WHHTn HA%AI P o
‘substantially ehigi s&irueguree saxrdaadshbehisoubinéotedoint Aeleaktbghtg

al | Oy 20 n nnerA%(aO'i;ﬂ' Ng,¢l 0 oOne aspect of the, invention
provision is nmade tO set up a regime which may be referred to as "waiting"

of the treatment carri éecemhasf ote snejepfngthehcgmhaotimentser pfg theration

has to be t®nPaheention)t Q:'HeUFHtﬁ.Chthﬁ'e is equxpﬁ@\ﬂﬂlprhﬂalfeibﬂsone
according to the inventiaqn,, e{lmade for xanpl e as

ti r
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initiated: - the supply o as mxture to eac us'is
stopped; - a r&®Yds® f| anplutlesm tWP@t[SPiaNBr yoRjas dSBRS#F%FBr e afhi ckhe

circul atedipn tappaAAtaIsRIsYS nie‘&n%UQ%E:' aeaeiﬁg exarraifc@lww % of a few tens
of %of the flow rate Gircul atln he nom nal ea%]rre used for_ the

treatment) is maintai n@FR&F eg(!‘ﬁ‘ SE}&F&FE%"S in AVanhagetht °fas et ure

i s enpl oyed i npresent3 -invention will emerge from the following
description of embodiments which is given by way of
illustration but without implying any limitation, and

15 made with reference to the appended drawings, in which:

- Figure 1 is a schematic view of a covering
structure according to the invention, which is
connected to three apparatuses for forming excited or
unstable gas species, suitable for implementing the

20 method according to the invention.

- Figure 2 schématicaliy represents, in sec-
tion, an example of an apparatus for forming excited or
unstable gas species, suitable for implementing ¢the
method according to the invention.

25 - Figure 3 is a schematic representation of a
wave soldering device (machine) suitable for imple-
menting the method according to the invention. '

Figure 1 sl;ows the’ presence of a circuit 1 to
be soldered (represented by a single thickness, the

30 electronic components not having been represented in
this figure), brought using a conveyor system (not
shown for reasons of clarity) (for example of the type
including two chains of fingers gripping the circuit on
either side of the tunnel)', along a conveying path 2,

35 :i.p front of the gas outlets of three apparatuses 4, 11,
12 for forming excited or unstable gas species. The gas
outlet of the first apparatus has been referenced 6.

The conveying path 2 passes through an internal
space 13, bounded by i covering structure 3 (here a



at -l east one of the apparatuses, the supply of adjacent gas mxture at at

Il east one of these apparatuses is stopped; - instead of the primary gas

m xture which 5 circulates in the apparatus in question, a primary gas

m xture which may be referred to as standby (for exanple a neutral gas or

el se a neutral gas/hydrogen mixture, etc.) is passed through each
apparatus; - each apparatus is switched-ffgmthe treatnent 10 regi ne which
it was in to a standby reginme ih which the power density used therein is

only a few Wcrmiﬁtfeli)r],vem\}maaj&hsuql ohhectea AQViaCeal dakit (WREE madndg! | NY
circuits using 'd q:ﬁ’ corrprl sing: - a covering structure boundi ng
an internal 15 spaceaf roug Wii'ch nmeans for conveying the circuits pass,

which is isolated from&te &ur riundi3gy amrmsmmtanasmd:aMchh sdxbmmea:lﬁ pat h

for conveyi ng tydyelnfd ¥ WdsS nliist I rat uses
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conpri si ng at I%“{ﬁb’ﬁ%b‘m%ﬁe% s eRfouRtenedn by dhendiromid iand or med
bet ween an out esbted irodd aﬁke corversiomein G LFH I Dffaratiud Casd st i¥fe1lyle

el ectrodes havi e.q a . di Iectrl coating, the electrodes
25 being conne &? dﬁ? qhmlé{}t%ffg a?r‘[d i 8Rs ﬁgquency source, the outer
el ectrode’ surroundi ng t’-ﬁee dlqalsecu.nletandf habheng appalrazss ose has etbdel
so-called initidrdsncdy sit | east one outlet for so-called prinmary. gas,
which are_ _el ongated, aral lel to the axis and 30 substantially

di anetricalPy opposit &€ { REeSeRFE igasadee| dotefenimg thesianbadimesdi d
structure, t he sepresénted Uip Filgudendi NGEOR nheitag «,0NHecleagd |48 Fadekt | ght

manner to the rf | east _qne _of .the apparat uses bei'ng | ocated
35 above the gﬁ% a:%éqas%gstatontepeotaf?é’ra %"t%é *appar at uses being | ocated

bel ow the path, and - &heit ingitadlagibor tent@intheymoreat protidée, if
.required, with a means (not shown in Figure 1) for

15 heating the circuit 1. Infrared lamps present in the
tunnel or convection heating (hot tunnel walls) or else
the fact that the article i.:; placed on a heating
substrate holder may, for example, be envisaged for
this heating means.

.20 _ The structure in Figure 1 has been represented
independently of any wave soldering machine, but, as
broadly developed above, numerous possible arrangements
of this structure may be envisaged:

- the fact that, for example, at the exit of

25 this tunnel structure 3, the circuit enters a wave

'~ soldering machine (direction referenced 33), the
circuit being, if appropriate, being kept under a
protective atmosphere between the exit of the . tunnel
and the entry of the machine;

30 - or else the fact that the treatment according
to the invention and the soldering operation are
carried out within the same tunnel structure 3 (the
solder vat then being located downstream of the last
apparatus which is encountered, here 12). The direction

35 of the entry of the structure has  therefore been
symbolized by the reference 34 and the direction of the
location of the solder bath by the reference 33.

As detailed abov_e, the assembly A consisting of
the tunnel portion incorporating the three apparatuses



al | oy, | ocated downstream of the structure (and therefore outside
“the structure), or else located - 14 - downstream of the said
apparatuses, in which case the said structure surrounds or is connected in
a l'eakti ght manner to the vat. According to one of the enbodinments of
the 5 invention, the structure is equipped with at |east one neans for
“injecting a so-called adjacent gas whi ch Ifoes not pass through at |east one
of the said apparatuses. According to one aspect of the invention, the
device inclufes12: st fREmEosRIngR¥Sitedmorofunstahle (gas 8pesieSes,
means for heat y¥Rg1lt k@egi h@uehsar@mebecmaeaeéerupatﬁsanndfaduanaageerof the

present inventi | energ fro t he |OMA des Li P
enbodi ment s vvh?’&ﬁgi'smb}lgenm5¥ §e%?nﬁ?%st?’htl bl?{;%V?ll't h%ut ?%%Fyl ng any
linmtation, amgstFeamnder widdvnsdinzamncett a t I#é‘.eappeﬁdestrMWgs the

which: - Figurgslehged.schematic view of a covering structure according
to the invention, whi ch is. connected to three apparatuses for formng

excited or unstable ga§3sp§éiés be i SLBRELY 0r2RRANHent g tife PETSRBt hod

?ccor ding to tltgquu]rc]_\éant fAN.the Fb,gfur e ?]_ﬁfrhﬁﬁﬁt Fdglubg nepimﬁﬂimtem aec-
ion, an exanpl e an appar at us r, for exci ted,or. un 593

speci es, suit &5 3 q#;Frp ﬁ n °%;Q t KGTPSCEASi % ?ﬁe ot

i nvention. 2.5the apparat\ﬁw eaBl | conf Eghweabions repr epentxagu dmt@rbea wave

soldering devi Ghd Maplladakudidsl ahag 8E | gRYEsaded!t | ibd bt e ageor d ng

to the invention. shows t presence of a circuit T to be sol dered
(represent ed b¢R¥%ﬂﬁﬂﬁﬂat%ﬂQﬂ&ﬂ%ﬁ9 e SRctefFBREr SHPC 20BREBNEALS HEY
havi ng been repegdAka iohd bdvie 3WeehtheEought using a conveyor system

(not As represented in the. embod:.ment of Figure 2,
the apparatus for this embodiment is -of cylindrical
15 geometry and comprises a first tubular electrode 14,
formed for example by an internal face of a metallic
block 15, in which an assembly comprising a tube 16 of
dielectric material, for example made of ceramic, 1is
placed concentrically, a second electrode 17 whose
20 thickness is exaggerated for clarity in Figure 2 being
deposited by metallization on the internal face of the
dielectric tube.

The -assembly comprising the dielectric 16 and
the second electrode 17 thus bounds, with the first

25 electrode 14, a tubular gas passaQe i8 and, internally,
an internal volume 19 in which a coolant is circulated,
advantageously a Freon for its electronegative charac-
ter or else deionized water. The internal gas passage
18 has an axial extent of less than 1 m, typically less

30 than 50 cm, and its radial thickness e does not exceed
3 mm and is typically less than 2.5 mm.

The block 15 includes two diametrically oppo-
site longitudinal slots 20 and 21 respectively forming
the inlet for the initial gas to be excited in the

35 'passage 18 and the outlet for the primary gas flux
containing the excited or unstable gas species.

The slots 20 and . 21 extend over the entire
axial length of the cavity 18 and have a width which,
in the case of the embodiment represented in Figure 2,



shoewn. for reasons of clarity) (for exanple of the type including two chains
of fingers.gripping the circuit on either side of the tunnel), along a
conveying path 2, 35 in front of the gas outlets of three apparatuses 4,
11, 12 for formng excited or unstable gas species. The gas outlet of the
first apparatus has been referenced 6. The conveying path 2 passes through
an internal space 13, bounded by a coveriyng structure 3 (here a - 15 -
tunnel ), advantageously connected in a | eaktight manner to the apparatuses.
At 8, 31, 32 aaeeschﬁantleﬁbéadsheuwlt&uadnﬂdgyﬂyegasnalxﬁureﬁypp&alnyd at

th tlet t d th
circuit and obPUPRERIE;SAARURREREHSRE BHCRRE,BAFEe (SPBRPOBOPERYYERC! ¢ he
initial mxtur &sons 29udddbe0 enviisaged, i sleh a8, tﬁerappamales 4 wadtheen

referenced 5. § JOE: P n S eyl n qﬂﬁgpi nt
repr esent ed I n gllgtljl}éylepz;?é\@%t gﬁi,ﬁ %ﬁ)hé ofﬁgé}aggg%\t cLg’as ?nﬁgture a?'?t he

apparatus 4° TREV Un¥n§1P9PPheﬁﬁmﬁ?ﬁwﬁﬁﬁkﬂhﬁrﬂf°§eﬁ%¢r§§r3ﬁﬁth a

means (not showlectrbagurna,l)a fg¥urdlitieass noudtie 24 reot tpdssdgd réged | anps:
present in the tugpel or,_ convect | n he tlng éhot t unn malls%Bor el.se the

fact that th&°CAARTe FOF SR era FB& 975 sthSh ot ROPBUPiFmy,
for exanple, beades sddd af homogenilgastiong chember 20 plenum 23 Fhemed

structure in Fijgune chdiagy tﬁera g%%%g%‘og@gg“%%%ﬁd%t 'amofmawdmge

sol dering machine, but, as broa above, nunerous poss
ar r angement @ oﬁqhﬁs?%tFﬁEt&PBPﬁﬂynSe1§H$P§&g&&s f%?ﬂa#%c%n% 1l gas
exanpl e, at thaocitde afs 28ndt kherefopacht U rpEéssersd, whidie ghyCwhakygnters

a Wwave depending on this source, typically from a few bar to
100 or 200 bar. The electrodes 14 and 17 are connected
to a high-voltage and high-frequency electrical

15 generator 27 operating at a frequency advantageously
greater than 15 kHz and delivering a power of, for
. example, the order of 10 kW. It may furthermore be
advantageous to express this power delivered by the
generator by normaliging it per unit surface area of

20 dielectric. _ ' _

The gas flux containing the excited species
which is available at the gas outlet 21 is sent to a
user station 28, for example for fluxing metallic
surfaces.'

25 Figure 3 schematically illustrates one of the
embodiments of a wave soldering machine according to
‘the invention. | . _

This machine may be divided into thrée zones:

"= a zone 35 for preheating the circuits (using

30 means 39 located in the lower part of this zone),

- a zone 36 for treating the circuits before
soldering (using three apparatuses,- 4, 12, 11, the
apparatuses 4 and 12 beini; located in front of the
upper face of each circuit which passes through the

35 machine, whereas the apparatus 11 is located in front
of its lower face),

- a zone 37 for wave solderiﬁg (the wave being
formed by pumping a bath of solder contained in a vat
46 through a nozzle 44). ‘



.sobdering machine (direction referenced 33), the circuit being, if
tappropriate, being kept wunder a protective atnosphere between the exit
of the tunnel and the entry of the machine; 30 _ - or else the fact
that the treatnent according to the invention and the sol dering operation
are carried out within the same tunnel structure 3 (the solder vat then
bei ng | ocat ed downstream of the | ast apbé“%tus whi ch is encountered, here
12 The direction 35 entr the ,structure has therefore
be)en symbol i zed by theTgsf e‘F’e’H‘b‘é‘%Ménd(?w dWRieh; SLeFLRIRLG oEQBPEN of

t he sol der batMeuﬁmrnfreherammaéﬁbndaudEYpeIad.ahmwesukhecasaeﬁhhﬁdA

consisting of 1Radl YaNg, RO rtathld) © EBPQeLh‘ErBHr SﬁeaQBﬁ‘FfB?'s%ﬁe T

16 - 4, 12, 11 r formn ex0|te as species W
necessarily bemMashdined tep aexd,, the @Glcéienebbtehngbl!mnnajzledepen@rem on

the. case, be Ilwt@&typétieaemr GQWRS tEHRa M P4 afstaepceﬁvef&hee SRgm the S
circuits. As wi Il be cle arent _to, the person skilled in the art,
al t hough Fi gur dreluding q’éf%sc’gf‘p t?%u?h?g%'b?rf‘l'ﬁ%ﬁ%t gﬁhPthFhé‘lFé’gﬁect ive

posi tions of thm appaherusseisxe abt‘ e | gunﬁélonsrh@f spgar &g rb@'&:\éﬁelfﬁtlso t he
appar at uses e nyention, including
the fact that tvvo par at 3’2‘ %a aa]gb%%r g}@gggdttglr?e clu Y:%hgrgt I‘T'(?Pvel@g
represent ed i n ingd Qﬂﬁhﬁh@ﬂﬁhlkﬁrF¢gﬂﬁ¥h€F Yi@haﬁbﬁr&Yﬁtem0r43tMmsch

enbodi ment 10S mdife XHd wdv@yorlihagggrret ry and conprises a first tubul ar
el ectrode 14, forned f xarrple by an_internal face of a netallic block

15, in which an assenbRPRE6RS i EhgPLePEREIRG 3ZPNEi ANt Fhe $edderdmd for
exanpl e made ofzamer,anieach s cirandd cundenyoesaldy,trestanantd dyectbedawy 17

whose successively brought into contact with the primary gas
mixtures obtained at the gas outlets of the apparatuses
15 4 (circuit upper face), then 11 (circuit lower face)

and finally 12 (upper face again).

No adjacent mixture inlet in the tunnel has
been mentioned for this embodiment.

The reference 38 schematically represents the

20 treatment atmosphere encountered by the circuit in this
zone,

A device such as that described with reference
to Figure 3, incorporating three apparatuses such as
that described with reference to Figure 2, was used for

25 carrying out examples of implementation of the inven-
' tion. '

The common implementation conditions of these
examples are as follows:

~ each apparatus uses a power of the order of

30 3 kw, correspond;ng to a power density of the order of
35 W/cm '

- the preheating zone maintains a temperature
at the circuits of the order of 150 to 160°c,

- the speed at which the circuits are conveyed

35 in the zone 36: 8 cm/min,

~ at each of the three apparatuses, the circuit
is heated (temperature of the circuits maintained at a
level of the order of 150 to 160°C) by the presence,
opposite each apparatus, of a radiation tube (at each



.20-thickness is exaggerated for clarity in Figure 2 being deposited by
‘metallization on the internal face of the dielectric tube. The assenbly
conprising the dielectric 16 and the second el ectrode 17 thus bounds, with -
“the first 25 electrode 14, a tubular gas passage 18 and, internally, an

i nternal volunme 19 in which a coolant is circul ated, advantageously a Freon
for its electronegative charac-. ter or 2132 dei oni zed water. The internal

gas passage 18 _has an. axial, extent of, less th 1 typi,cal ly .l ess 30
‘than 50 cm an(?‘I’lpt"'?”‘rq"é_l iral %ﬂ?ckﬁé‘§§“étdoe’ss no?ﬂgﬁgéﬁeB m’ﬁaélt‘%'licg’ei
typi cal |y | ess hettyeed Sthen apharatuwskand ianctadissting thbert notalshpwappo-

site |l ongituding rsﬂ?er% and 21 respectively formng the inlet for the
initial gas torlb e C|te§qi'n t he 35 passage 18 and the outlet for the

primary gas flux contaihith§ t IFiTSUditsed tastedst Mere g&F sidE ePripteds| ot s
20 and 21 est ergir@ifiit t hepewy i r eypej al pr@bghhed) tHB6ub2ki t ¥idRaanaiave a

¥ Goes not  excAFLHE 1 CRRLES 2t PelvelFEaFPyeRnsaAntial Fbe1 Bt cal
to the latter (ecRYegoxrimd i‘tauxface meunted'dabd Ewirsaheudedtich as, for
exanple, a wdth slightlyegreabeh tgﬁﬂmé{ngl t h._i,,ﬁém SRbeYr- dfe %@eﬁlﬁ‘é
advant ageously includes, at the periphery of the first electrode , a
plurality of dtekecks ior Bhes¥Hgeegr cRupeReRts, whicheakifp|RANE B arle gas
inlet 20 caonundif£fdebt Witoh er8aDRIEFEY 0B£Cheshdsr Oriliagunin3 fiy med
Suppl yi ng 1 ni 115 UL AR e £7 aromnEet HPE SSR i iy fased 2
pressure whi ch Eagh vexampliepthdrafona glivessthecayveragec®fl ytiher ammbdrew bar
to 100 or 200 b@f'dgf'gcéé e&ﬁégp@éd ]ée@r@oégd,arfofoé@eféfgt 10 sqlderle_d

) boards, with a knowledge of the fact that one board

15 includes 100 soldering points of the "metallized hole"
type. )

For the first example of implementation, the
operating conditions and the results obtained are as
follows: '

- 20 - initial mixture converted in the first and
second apparatuses: 17 m3/h of an Nj/H; mixture with 4 %
of hydrogen; |

- initial mixture converted in the third
apparatus (12): 17 m’/h of an Ny/H,/H,0 mixture with 4 %

25 of hydrogen and 1000 ppm of H;0,

- average defect rate: < 10 %

For the comparative second example, only one
apparatus (11) wasfhsedlin the zone 36, in front of the
lower face of the circuit.

30 . For the type of circuit treated, the rate of
defects for the particular soldering points constituted
by the metallized holes was close to 60 %, regardless
of whether the initial mixture treated in the single
apparatus was the N;/H;/H,0 mixture used in Example 1 or

35 an N3/H; mixture with 4 % of hydrogen. _ _

The results described above illustrate the very
.substantial improvement in the results observed on the
points of the | circuit which are most difficult to
solder (wired components,'metiilized holes) by using at



{0 a high-voltage and hi gh-frequency el ectrical 15 generator 27
‘operating at a frequency advantageously greater than 15 kHz and delivering
a power of, for exanple, the order of 10 kW It may furthernore be. :
advant ageous to express this power delivered by the generator by
normalizing it per unit surface area of 20 dielectric. The gas fl ux
containing the excited species which is—a%®itable at the gas outlet 21 is
sent to a user station 28, for exanple for fluxing netallic surfaces. 25
Figure 3 schengt9®3t | P18 | BBPREREUS ok ofRHE eRB0dPRERL SERAC a Afavihe
sol deri ng machicieraccgr dhage | 0 speeifficablypn.twbhi sppacttiuiesrayn berdnd ded
into three zoness -h@&%g_,g or preheating the circuits (using 30 neans
39 located int effovve part  of this zone), - a zone 36 for treating the
circuits before sol deriThe (veswits hobtaippdr aaisas al, singlel appagatus
appar at usess4 al dre Dgppr | £ edid add XorPtd Nehe Rifardadts Ylocateld
circuit which p ss§§ tgrou h the 35 machi ne, whereas the apparatus 11 is
| ocated in frorft® of PPt ' RFer 13Gk) 414 Andsed preve RardsiarBerYndon he

wave bei ng for ntte byipemnpt Neestdift butf mdedet aitielisadd ith aedaiced&Her ough

a nozzle 44). o 18 - LI cHi 0. [ ctronic,.conpq- nents
of the wire- bonlapé%etéﬁeai?%é%% §gr%3§e9r’f%§ﬁ§‘gdwg§}%g }é‘%haa aﬁ@é:Hsat(t’ﬁ’Ched)
passes from one"PRRALH1OR el kRckhfe raget IRf mdyanqshewhiehi Aanbbengised
tunnel l ed 300veihén w6 SppdrLrifdidve Wididithed GOt GRHUPEY Facwyst em

i ncludi ng two chain f fingers which grip the circuit on ei.ther side of
t he tunngl. The fvéﬁfet?%ﬁégéﬁﬁugf unéLrJ%ood that it is nec¢essary to

find the best compromise depending on the case of each
user (circuits treated, desired productivity, etc.).
Although the present invention has been
15 described with reference to particular embodiments, it
is in no way limited thereby but, on the contrary, is
susceptible of modifications and variants which will be
apparent to the person skilled in the art in the
context of the claims hereinbelow.



merely .the path 2 along which the circuits are conveyed inside the

together with the systems 43 which 10 nove the conveyor chagﬂﬂl“ﬁﬂlmunu['k"ﬂ"
preheating zone and the sol dering zone, each circuit underg

by bei ng successively brought into contact with the primary gas m xtures
obtai ned at the gas outlets of the apparatuses 15 4 (circuit upper face),
then 11 (circuit lower face) and final l'y2k2-(upper face again). No adjacent
m xture inlet in the tunnel has been-nentioned for this enbodi ment. The

reference 38 schematically represents CR3IM§ treat ment atnosphere
encountered by the circuit in this zone. A device such as that described

with reference,to Figure 3. _i rporatin ree apparat.uses su as that
described with'tef er encec i’ Firkgﬁfr e"3Vena °£€%ﬁnﬁ)r 25 5P Eng ‘g‘b’t' R anpl es

of inpl enent atWbhehf thiee dimewit t (Xn. ighbroughtn intpl eontaxiti ortdonst t i ons

of these exanp r S o] - o£28M 13RRAEA 4 dE155
order. of )?fﬂ ié&vgecgrges%a?#dlﬁs)t oog %oweQﬁlﬁl‘a’nsﬁfb’t$l of tf]le or e'rott'l? %5

WecnR; - the pFa¥eadtieigd opletadned apys RRmpPingpar Aiguwid bake 6if cthes of
the order of laDiép adtarimed intlae dPpeeqss) , WiHdoudie &tr Qalst abke

d 35 t h, of _t h t :
conveyed 35 | nabDE8oRRaBC: cRafRbILieen 2tn PRl ke ok VAR PRBEL LSS
the order of 1tbeteir60dt hap tHrevicewsdyc heeappoxiughtgact apppresssreof a
radi ation idibec§ghe®atd atmokpne?RA’ fEéSsure! NGn CELGHE! of StnkNegglore

"sandw ched" .
outlet of at 1least one apparatus (4, 12,°' 11) for

forming excited or unstable gas species, through which
an initial gas mixture (7, 29, 30) comprising an inert
gas and/or a reducing gas and/or an oxidizing gas is

15 passed, in order to obtain, after conversion in the
apparatus and at the gas outlet of the apparatus, a
primary gas mixture (8, 31, 32) comprising excited or
unstable gas species and substantially free of elec-
trically charged specles.

20 2. Method according to cClaim 1, characterized in
that the upper . face of the circuit is successively.
brought in front of the gas outlets of at least two
apparatuses (4, 12) for forming excited or unstable gas
species, arranged in series.

25 3, Method according to either of Claims 1 and 2,
characterized in that the circuit is brought in front
of the gas outlets of the said apparatuses by a
conveyor system (43, 2) passing through an internal
space (13) which is bounded by a covering structure (3)

30 and is isolated from ¢the surround:.ng atmosphere, the
said structure being connected in a leaktight manner to
the said apparatuses or including the said apparatuses. .
4. Method according to Claim 3, characterized in
that the circuit emerges from the said structure and

35 enters a machine in which the said contact with the
liquid solder wave or waves takes place, the article
being kept, if approizriate, under a protective atmos-
phere between the exit of the said structure and the
entry of the said machine.




between the apparatus and a radiating tube, not shown in Figur o

circuits tested were of the printed 5 circuit (PCB) type, mlm(‘uu“‘mﬂﬁlm““‘
double sided wth nmetallized holes and including conponents'ly L .5 %
cat'egories "surface nmounted"” and "wi re bonded"; - for each exanple, the

nunber of soldering defects on the wired conponents which are particularly

10 difficult to treat (defect of soldé&? rising in the netallized holes)
is counted for _each circuitsol dere

. Each | e t her.ef th
average of theSnunber ¥pthedearse g§@ﬂv§’d’ Séfgg‘bgf’a, e‘if’{e)afroa‘rﬁetﬁq"lééeﬁ% 1b‘$
sol dered boar dshawi ttfhga dm:tm{ edgtaot wi¢hf aie t hiqubdesbdded I@mve net udes
100, sofdering RELELS Af LOF{ER bl AL CinbY Renel Ua {d1%s LhistuedaTP! ©

of inplenmentation, the o con ons and the results obtained are as
follows: 20  downstream aftthe aaid ARPR¥ALRIG®d in the first and second
apparat usess 1376/ ofielRoll! kostalage b ! forts Yotf bdiagen; tol nsiial
m xture converte Ln .t thir apparatus, (12):. 17 m/h_.af .an

N2/ H2/ R0 i xt GPBTACERTAZ68,cin oFgﬁgdr_ o 4 RBocF ism 3P FBECR  5B8r age
defect rate: <ci@ciforist him cOmgmt aof véheegasd cartdietl @f atn| yeas appar at us

(11) was used i}t z 3 ' of e Qe of iJcyit. 30
. For the typeogf %??c%?‘?‘dt ?aepaé%dg,é%se' r‘é%‘g Qéfl(}ggflgcf‘ggf g%a{tﬁg géaétiucul ar
sol deri ng poi nttemperatiure: e@fhybehvennt Anpient hdieapagaturg ogadi othe o,

regardl essiof wWhalthglg tempeattudle BEXtHeeshi@aatloyn the single apparatus

was the N2/H2/H20 m xture_ used in Exanple 1 35 _an N2/ H2 mixture.with 4
% of hydrogen. The resgﬁet °&es%???)’é%”g038 'i(ﬁw 4t ecgl?'l agkF 48hs it i al

i nprovenent i n titeet rtdssinel tiheprtemperatiire of the said alloy is close
' to 180°C, and in that the said temperatﬁre to which the
circuit is heated does not exceed 160°C. _
15 8. Method according to one of Claims 1 to 7,
' characterized in that, upstream or downstream of the
said apparatuses, the circuit is subjected to a
preheating operation.
9. Method according to one of Claims 1 to 8,
20 characterized in that the initial gas mixture converted
in at least one of the said apparatuses comprisés water
vapour, and in that the water vapour cbntent of the
initial gas mixture in question, which comprises water
vapour, lies in the range [100 ppm, 1 %], preferably in
25 the range [500 ppm, 5000 ppm]. . _
10. Method according to one of Claims 1 to 9,
characterized in that the initial gas mixture converted
in at 1least one ‘of the said _apparatuses comprises
oxygen. :
30 11. Method according to one of Claims 1 to 9,
characterized in that the initial gés mixture converted
in at ldast one of the said apparatuses consists of a
nitrogen/hydrogen/water vapour mixture.
12. Method according td Claim 10, characterized in
35 that the initial gas mixture converted in at least one
of the said apparatuses consists of a nitrogen/
hydrogen/water vapour/oxygen mixture.
13. Method according to one of Claims 1 to 12,
characterized in that the initial gas mixture converted




‘points of the circuit which are nost difficult to sol

‘:cprrponents, netallized holes) by using at - 20 - Ieast onﬁmlt)m"mﬂ “I‘H”“l
front of each face of the circuit, here, specifically, two apparatuses I8 *
front of the upper face.

The results obtained using a single apparatus 5
at the upper face (in addition to the apparatus |ocated at the |ower face)
did i ndeed prove satisfactory for the cTrédit tested, but made it necessary
to reduce the rate of advance of the circuit, under the a arat us (in
conpari son wit o hatr aleagt RRan@f whhen 8ahd be‘?&ae‘if"'i‘tgp S ETTPRASes
3;;8? a: usgst ﬁr ?,ymsjgtéﬁ;neanat the u]!me; thacehydrbgen| | coineeref orcef béhe

rst oo a |, necessar o find th o] e [ on
the case of eadmifd® (c‘ﬁ%w?g %‘?’é%t et® d ?rggg‘)ﬁ(gg&gqc\?l ty, gﬂ.q's)%g
Al though the hydmyen, iddestioin hdhe be@nngs de[sb??%&l"w t h 5% fidrence -

to particul g I dgt hereby but, th
contrary, i§ s%i’%&f%ésdﬁ}mwewl £8) Lol oy on ©

I cations and variants_whi ch. w

apparent to thelderson Nethadkd aceording, (ton g Ofnt S}R1BP f‘h <?:I aﬁams
herei nbel ow.  chardctefiAdd/Bid. that a%nbadt Bae wvethescﬂacieruarp;,a-a-
circuit, durin gv\,hécrith circuit &? IS br r Ei?LS%BQL‘ gt wd

| east one wave B2GS of1 % &w%e%%l rlﬂﬁ a'T Jﬁ'l wav e e| ng o al ned
by punping.a Illqeltwledmtb, dfinste eléahraimt al‘hbdahﬁ a \gRcqb)eleqkradmh at
| east one ngzzl g, ﬁ4) a CHAY rfegz[er(h%‘?d bP thatgRackteiid hlatages) ofpd iy
circuit has previ ou$ bee rought, at a pressure

arranged on the surface ‘of at least one of “the elec-
trodes (17), facing the other electrode, and in that
the initial gas mixture which is converted in this
apparatus passes through the discharge transversely to

15 the electrodes.
1s5. Method according to Claim 14, characterized in
that the power used in the said apparatué, normalized
per unit surface area of dielectric, is greater than or
equal to 1 W/cmz, preferably greater than or equal to
20 10 W/cm?."
16. Method according to one of Claims 3 to 5,
charé.cterized in that at least one of the apparatuses
(11, 4, 12) for forming excited or unstable gas species
converts a different initial gas mixture (7) from that
25 converted by the apparatus preceding it in the said
structure (3).
17. Method accordlng to one of Claims 1 to 16,
characterized in that, at at least one of the said
apparatuses, the circuit is brought into contact with a
30 gaseous treatment atmosphere obtained from the primary
gas mixture output by the gas outlet of the apparatus
in question and from an adjacent gas mixture (9, 10)
which has not passed through this apparatus.
i8. Method according to Claim '17, characterized in
'35 that the adjacent mixture contains silane SiH,.

- 19. Method according to Claim 17 or 18, characteri-
zed in that the atmosphere successively encounter_ed by
the circuit along the conveyor is zoned in the
following manner:




oe
and/or a reducing gas and/or an oxidizing gas is 15 passed, in order to

obtain, ‘after ‘conversion in the apparatus ,and at the gas outlet of the
apparatus, a primary. gas m xture (8, 3I,2§2f conprising excited or unstable
gas species and substantially free of eleg~ tricall g spgci 20
2. Met hod accor d?hg‘?oxﬁ’ﬁgnﬂf? 8ﬁa§:§¥ﬁe fpzaér%u%%%aﬁ'heaupgg)r face
of the circuitfofoaunaﬂgsbwdﬂﬁehr@mﬁ“ndt&ﬁhﬁﬂﬁa&ﬁsm¢m&%ﬁw°@ﬁﬂ¢%§% ®f at
| east two a'ppaﬁ?&k‘éggggl&njl%)iaflorﬁsﬂ] Pécg,tl?d QYont NER 2P| eofi*E€rERaci es,

) 0

arranged in series. | according to either of Clzéys 1 and
2, characterizby ithe hapPaKatupr RFeCeding odbhiil ntPRoICIICYYRE g4 butl et s

of the saidgapgghgbgses by a conveyor system (43, 2) passing through an
internal space (13) which. is bqu

nded, by a cqvering,str ur O;and is
i sol ated fromthe surr8dn&PRg2 ﬁ8§Bﬁe§8? mfﬁ§u§5ié§ét#§ t&?@agéfﬁglﬁ
connected in aatcaldasghton@nnerthe appasatuseppfent forwing encibeAngrt he
sai d appar at uses.

+ab 239 24 GOTdirFd fed tCrdoll $hath@mpdbgeazas i n
that the circui s&ﬁé?ﬁé?‘fro e%ﬁ%ssg%dfgf?%hture and 35 enters 9]émachine I n
whi ch the sai d thenteerrrats preceddnsdisoibethfadaid sFEREERTaKEY i ace,
the articl egbeiyy kept mdthoPisdsidiry tddeladmplLo} echaracterbzedphiar e
between the exit of the said styycture and the . of ' | ne.
- 22 - 5. %&ﬁﬁuﬁfﬁﬁﬁxﬁ%n?ﬁﬂth)t%i%?néia%ﬁniﬁg%?é}??%%Qﬁﬁfﬁﬂgiq%he sai d
contact with theppdrutiubsol der wave or waves is carried out within the sane
said structure,,,, Method according to one of Claims 1 to 20,
characterized in that, downstream of the said contact
15 with the solder wave or waves, at least one of the

faces of the circuit is brought in front of the gas

10-cl ose to atnospheric pressure, in front of the gas outlet |
one apparatus (4, 12, 11) for form ng excited or unstabduﬂ Hﬂ&ﬂ“'ﬂﬂiu""
t hrough which an initial gas mxture (7, 29, 30) conprising ar | mer Ss *

outlet of at least one downstream apparatus for forming
excited or unstable gas'species, through which a down-
stream initial gas mixture comprising an inert gas

20 and/or a reducing gas and/or an oxidizing gas is
passed, in order to obtain, at the gas outlet of the
apparatus, a downstream primary gas mixture comprising
excited or unstable.gas species and substantially free
of electrically charged species. '

25 22. Method according to one of Claims 1 to 21,
characterized in that, during all or part of the said
contact with the solder wave or waves, at least one of
the faces of the circuit is in contact with the gas
outlet of at least one additional apparatus for forming

30 excited or unstable gas species, through which an
additional initial gas mixture comprising an inert gas
and/or a reducing gas andfor an oxidizing gas is
passed, in order to obtain, at the gas outlet of the
apparatus, an additional primafy gas mixture comprising

35 excited or unstable gas species and substantially free
of electrically charged species.

23. Method according to one of Claims 3 to 22,
characterized in that means for detecting the arrival

of the circuit at the entry of the said fffgg&ggg_ggg::::::
——



downstream of the said apparatuses. 5 6. Met hod accord

I n t O ..
of dains 1to 5, characterized in that, during the tine in mm““ﬁﬂmmll f
circuit is in front of the gas outlet of at |least one of the R S Y
apparatuses, the circuit is heated to a tenperature of between anbi ent

tenperature and the 10 nelting tenperatul® of the said alloy. 7.

Met hod according to Caim®6, characterized in that the-nel gi B:%[ten%e&at ure
of the said al fbyted cipsdaean 180[ orr |adseundti FeenfPYRe 84 F ' %enpetGture
to which the cpigybtuts, Padednloggatpt agxacaksiA® cff |&n iftegtional
Met hod according, to _one_of "Cains t 7, .¢ch | zgd gl NpEBAL,
upst r eam or doﬂﬁgF-PEa'n’Plﬁf thee L5eg a‘b’ba}’a cuaglgsﬁ f‘ﬁea‘(g:?’%ﬁ% isss_ubj ected to
a preheating ogetakited. #& the ehitrigocdfactbedsadd tbxetuse WS 2 to

8, 20 charagterized i.n that, the |niidal ;025 eds¥! Yne CONVEREECEoLNORENGEAST
one of the sai 8”&5&5# & sg"su}cfo%‘%ﬁééeds' w%ter evapour, and in that the water
vapour content mefasures dist iaitdaseditxt ure in question, which conprises

wat er vapour, lies in thgpeangpdilPboptidaty gaefeizbhyei ho28acheofange
[500 ppm 5000 ppnj. 10. Method, according to one of

. . Clains 1 to
9, charact eri zdde Pt ARRAFALYSSS 28 3SORPREfre converted in at | east one

of the said apparatuses maiquddsestlowgamtes0 ofi]l the pyRaTyy 92as
according _to one  of 45 eubQted iGNHRE appaLaAtas lihatquditiion ti al
gas m xtur &toco e‘{% i"ﬁ%%‘i'r%&s%tcu%%geof 1the sai d{)gppar atuses consists of a
ni t r ogen/ hydr ogiem/mwet taingbukn reagh APParatus; (et hod accoring to Caim
10, characterized in 35.t{iedd® id¥ t ithe gpTimaryur gasomnmixtexe i rwhiich east
one of the said apparatuses, congists _of a nitroge LQAJen, Wad €4 nab
vapour/ oxygen nfiFgpiates 1in hBBPREREPR nlg]'gt g{u(?%)e‘:qgﬁg(} A 1 to
characterized iprihatyt §&simiktate gbs pisded cluomuglh ea¢h apparatus.

15 24. Method according to one of Claims 17 or 18,

12,

characterized in that means for detecting the arrival
of the cirt:ui.t at the eﬁtry of the said structure are
fitted upstream of or else at the entry of the said
structure, and in that, as a result of an intentional

20 action by the user or because no circuit has been
detected at the entry of 'the said structure du;ing a
predefined time period, the supply of adjacent gas
mixture used in at least one of the said apparatuses is
stopped. _

25 25, Method according to one of CIaims 14 and 15,
characterized in that means for detecting the arrival
of the circuit at the entry of the said structure are
fitte& upstream of- or else at the entry of the said

: s'tructure, and in that, as a result of an intentional

30 action by the user or because no circuit has been
detected at the entry of the said structure dur._ing a
predefined time period, each apparatus is placed in a
standby regime in which the power density used therein
is only a few W/cmz. '

35 26. Device for wave soldering circuits using a
liquid alloy, comprising:

- a covering structure (3) boupdi'nq an internal
space (13) through which means for conveying the

circuits pass, which is isolated from the surrounding



- 23 - in at least one of the said apparatuses conprises hydy i

that the hydrogen content of the initial gas mxture in quesimj‘m“@mmm"l“l ;
conpri ses hydrogen, “lies in the range [ 1000 ppm , L5 s x
preferably less than or equal to 10 % 14. Met hod according to one

of Cainms 1 to 13, characterized in that at |east one of the said appara-
tuses is the seat of an electric dischar @6 created between a first

el ectrode (14) and a second el ectrode 10 (17), a layer (16) of a

dielectric naatmpaphepei pgdarwhigfeddefine® auppidec @) ofoX cE2RVENENGf t he

el ec- trodes (Lfd cipehigst PRsoabcEne! setiddereand in that the initial gas
m xture which is converted in this a pagg%giwgasses hrough. t he di scharge -

transversely to 15 thé BFect¢dtfes.t BABH attor ditrg £6°a 5Ph 14,
characterized fermnlial téwcpoad®r cxsednstable saisd sppeies s movnmted | 2ad per

unit surfacg area.of di F1C, . 1S.0r - t han I 1 ,
preferabl ycgreggg%gfshang%l?g%ﬁ%% 9t %tz S%LgﬁO %cmg{lﬁg.ggg gta'%et R%%gm;%
according to (383 wifichClhasisaR akds BndcHa Lexmed chetweeman gputezst one

of the apparat kjeetrble 414)) ah@" 0T fhnGr C¥Gebefole WIF)3D| £r JaBagRECI €S
converts a different initial gas mxturgﬁ(y?,) fromthat 25 converted by the
appar at us prec@¥engoft Fhet eltestrPdas ybayiades) faesng thepbher 4cR0r di ng
to one of ( d@ieebtirdc toatdngr qaieyr,i the edlectiraies deiag lcoaniected of

th id t . | [t is hE ' i
gaceous. 120 mit S heBTEFLEQds Cahd RAGHIEERLILRAFOR0BEE Y Mol olter: 1

by the gas out ledlecdfradee d@3ddr asysrpundiingt i bhe ardiiekestit adjlddenangas .
mxture (9, 1043y 42SiAELPR2Gd fdi HbdiNeu ANPPEAILSgas - and at
least one outlet (21) for so-called primary gas, which
are elongated, pardllel to the axis and substantially
15 diametrically opposite, the. said gas outlet opening
inside the said structure, at least one (4) of the saiad
apparatuses being located above the said path, at least
one other (11) of the said apparatuses being located
below the said path, the said structure surrounding or
20 being «connected in a leaktight manner to the
,apparatuses, and '

- a vat (46) suitable for containing a bath of
the said alloy, located downstream of the said
structure, or else located downstream of the said

25 apparatuses, in which case the said structure surrounds
or is connected in a leaktight manner to the vat.
27. Device according to Claim 26, characterized in
that the said structure is equipped with at least one
means (9, 10) for injecting a so-called adjacent gas
30 which does not pass through at least one of the said
apparatuses.
28. Device according to one of Claims 26, and 27,
characterized in that it includes, upstream or down-

stream of the said apparatuses, means for heating ‘the .
35 circuits. ‘

//:‘



18. Met hod according to Claim 17, characterized in 35 that the
adj acent mi xture contains silane S[err]H[err] 19. Met hod according to
Craim 17 or 18, characteri- zed in that the atnosphere successively
encountered by the circuit along the conveyor is zoned in “the
fol |l owi ng manner: - 24 - a) at least one of the apparatuses (11, 4, 12)
for formng excited or unstable gas spetﬁ%% Ttonverts a different |n|t|al
gas mxture (7) fromthat converted by the apparatus preceding it in the
. structure (3), 5 and/or b) the adjacent gas m xture (9, 10) enployed in at
| east one of the apparatuses for form ng excited or unstable gas species is
different fromthat enployed in the apparatus preceding it in the said
structure (3). 10 .20. Met hod according to Claim 19, characterized in
that steps a) and b) take place within one and the sane apparatus. 21.
Met hod according to one of Clains 1 to 20, characterized in that,
downstream of the said contact 15 w th the sol der wave or_wave at | east"
one of the faces WETHOR AND REYICE Qﬂ&nﬂﬂ“ﬁ|59H935§FG0FNFH§PB§§TB§§I%t of at
| east one downstream apparat us f pryYf PLUKDSGESRPERETION unstabl e gas species,
through which a down- streaminitial gas mxture conprising an inert gas.20
and/ or a reducing gas and/or an oxidizing gas is passed, in order to
obtain, at the gas outlet of the apparatus, a downstream primary gas
m xture conprising excited or unstable gas species and substantially free
of electrically charged species. 25 22. Met hod accordlng to one of
Clains 1 to 21, characterized in that, during all or part of the said
contact with the solder wave or waves, at |east one of .

Abstract

The invention relates to a method for wave
soldering a circuit using a soldering alloy, during
which the circuit is brought into contact with at least
one wave-of liquid solder, this wave being obtained by
pumping a liquid bath of the soldering alloy contained
in a vat, through at least one nozzle, characterized in
that each of the faces of the circuit has previously
been brought, at a pressure close to atmospheric
pressure, in front of the gas outlet of at least one
‘apparatus for forming excited or unstable gas species,
through which an initial gas mixture (7) comprising an
inert gas and/or a reducing gas and/or an oxidizing gas
is passed, in order to obtain, at the gas outlet of the
apparatus, a primary gas mixture (8) comprisihg excited
or unstable gas species and éubstantially free of elec-
trically charged species.

Figure 3 to be repfoduced.



the faces of the circuit is in contact with the gas outlet of at |east one
addi tTonal apparatus for form ng 30 excited or. unstable gas species,

t hrough which an additional initial gas m xture conprising an inert gas
and/ or a reducing gas and/or an oxidizing gas is passed, in order to
obtain, at the gas outlet of the apparatus, an additional primry gas

m xture conprising 35 excited or unstg%%e gas species and substantially
free of electrically charged species. : Met hod according to one of
Clains 3 to 22, characterized in that neans for detecting the arrival of
the circuit at the entry of the said structure are - 25 - fitted
upstream of or else at the entry of the said structure, and in that, as a
result of an intentional action by the user or because no circuit has been
detected at the entry of the said structure during a 5 predefined tine
period, at |east one of the follow ng neasures is i-nitiated: - the supply
of primary gas m xture to each of the said apparatus is stopped; - a
reduced flow rate of the pri - gas 10 %nixture whi chi\circul ates in the

apparatus in question is mafn ned in efch appar at us; i nstead of the
primary gas m xture which cfrculatgs in §he apparatus ifp question, a
standby primary gas m xture}is pasEed t hjough each appagatus. 15 24.

Met hod accordi ng to‘Qpe of ainms 17 or 18, characterizgd in that nmeans for

detecting the arrivasof th¢ circujt atyghe entry of t said structure are
t the énté&L f the said strgcture, and in that,
20 aqctioh}by the user orfgbecause no circuit

has been detectede®t th Ky the saJd structure diling a
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predefined tine perlod the supply of adjacent gas mxture used in at |east
one of the said apparatuses is stopped. 25 25. Met hod according to one
of Clainms 14 and 15, characterized in that neans for detecting the arrival
of the circuit at the entry of the said structure are fitted upstream of or
else at the entry of the said - structure, and in that, as a result of an
intentional 30 action by the user or use no circuit has been detected
at the entry of the said structure dur?ﬁé?a predefined time period, each
apparatus is placed in a standby reginme in which the power density used
therein 2 is only a few Wcm 35 26. Device for wave soldering
circuits wusing a liquid alloy, conprising: - a covering structure (3)
boundi ng an internal space (13) through which neans for conveying
the circuits pass, which is isolated fromthe surroundi ng * C L M
- .26 - atnosphere and which defines a path (2) for conveying the.circuits
inside the structure, - at |east two apparatuses (4, 11, 12) for
form ng excited or unstable gas species, nounted in 5 series,' conprising
at | east one tubular gas passage (18) which has an axiessyand is forned
between an outer electrode (14) and an inner rodé/(17), at |east one
of the el ectrodes having, facing the Q%Zer a dielyec ig coating (16), the
|

electrodes bei ng connected 10 a vol frequency
source,' the outer electrode (14))\sunroundinc AL ic (16) and | east
one outlet (21) for so-called priwar ted, parallel to
the axis and substanti al | - 25
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15+ diametrically opposite, the said gas outlet opening inside the said
structure, at |east one (4). of the said apparatuses being | ocated above the
said path, at |east one other (11) of the said apparatuses being |ocated _
bel ow the said path, the said structure surrounding or 20 being connected
in a leaktight manner to the apparatuses, and - a. vat (46) suitable
for containing a bath of the said alipy, |ocated downstream of the
said structure, or else |ocated downstream of the said 25 apparatuses, in
whi ch case the said structure surrounds or is connected in a |eaktight
manner to the vat. 27. Devi ce according to Claim 26, characterized in
that the said structure is equipped with at | east one neans (9, 10) for
injecting a so-call ed adj afent gh ch dogs not pass through at |east
: - M@ accqrding to one of Cains 26,

11 $,pstrleam or down- stream of the

$5 circdits.

and 27, characterized in
. sai d appar at uses, neans

AL

FIG.3




