METHOD AND DEVI CE FOR MEASURI NG VWETTABI LI TY UNDER CONTROLLED A PI—FRE The
I nvention relates to apparatuses for neasur- ing solderability{s .
wettability, conmmonly called "neni scodynanographs” or "meni scogr aphs”,
orv el.se "wetti.ng bal ances”. 5 - 1 -1t concerns in particular the
steps of evaluating the solderability or wettability of netallic surfaces
whi ch are curr ¥FEHPDc ANP; PEVEJE FORt MBASURING' WERTTABII&arvOooNDERSO! deri ng,
either in the case of refl owWCONTROLLED ATMOSPHBREcCase of wave sol dering. 10
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and also for tinning terminations of electronic com-

15 ponents or else for soldering contact strips onto elec-
tronics supports such as hybrid circuits.

The design of these machines is thus such that,
afte; they have been fluxed in an upstream zone of the
machine (principally so as to deoxidize the metallic

20 surfaces in order to facilitate their subsequent wetting
by the soldering material), the components to be soldered
or to be tinned are brought into contact with one or more
waves of liqhid soldering material obtained by pumping
the solde;'ing material bath contained in a vat through a

25 nozzle. '

. Application of the chemical flux at the entry of
the machine generally gives rise to the requiremént for
the user to carry out, at the exit of the machine, after
soldering or tJ.nnJ.ng, an operatlon of clean:l.ng the

30 'products , "often with theiaid of chlorinated solvents,
mak:.ng it possible to remove the flux residues which
remain on the circuit or the component.

Although these machines are traditionally open to
the ambient air atmosphere, growing use of an inert

35 atmosphere in these wave soldering machines is in prac-
tice observed, principally with the aim of avoiding thé
formation of oxide layers on the surface of the soldering
material bath because of its exposure to air, but also in
an international environmental protection context, in



the anbi ent air atnosphere, grow ng use of an inert 35 at nosphere in

t hese,wave sol dering machines is in prac- tice observed, principally with
the -aim of avoiding the formati on of oxide |ayers on the surface of the
sol dering material bath because of its exposure to air, but also in an
~international environmental protection context, in -2- conbination with
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comprises, in partidt;lar, a powder of a metallic alloy
15 (most often a tin-lead alloy).
Here again, increasing use of controlled inert
atmospheres is observed, both with a desire to improve
the quality of the solder joint obtained and also here
again to allow the use of soldering pastes containing
20 low-residue fluxes for which it is possible to avoid the
final operation of cleaning the circuits.
In this context, the meniscograph is often a key
element of the workshop or assembly site in electronics.
It is used in particular for evaluating the solderability
25 of the components (qualification test of the components),. .
‘the wettability of the substrates used for fabricating
-the circuits, both in the case of substrates of the -
printed.circuit type or hybrid circuits (qualification of
the substrates), the ‘wetting time, the efficiency of the
30 fluxes, the efficiency of the soldering creams, etc.
Its principle, which is well known to the person -
skilled in the art, is that of determining the wetting
angle of a solder on a sample (both in the case of a
sample of the component type or of the substrate type),
35 by measuring the wetting force exerted by the solder on
the surface of the sample during immersion of this sample
in a liquid solder bath. A classical relationship-
connects, in particular, the resultant force (between the
wetting force proper and the buoyancy), the wetting



the wettability of the substrates used for fabricating the circuits, both
In the case of substrates of the printed circuit type or hybrid circuits
(qualification of the substrates), the wetting tine, the efficiency of the
30 fluxes, the efficiency of the soldering creans, etc. Its principle,
which is well known to the person skilled in the art, is that of
determning the wetting angle of a solder on a sanple (both in the case of .
a sanple of the conponent type or of the Substrate type), 35 by neasuri ng
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commonly carri eq-) strictly greater than 70°, the wettability is qualified
as being poor. |
15 As indicated hereinabove, soldering processes
(both in the case, for example, of reflow soldering and
wave soldering), have to date been most commonly carried
out under ambient air atmosphere. Commercially available
meniscographs were therefore perfectly adapted to this
20 situation, having a structure which is open to the
surrounding atmosphere.

In the new context of increasing use of con-
trolled inert atmospheres during the soldering processes,
the users of these industries are currently showing

25 increasing interest in being able to obtain meniscographs
which can 6perate under protective atmosphere, containing
residual concentrations of oxygen which are as low as a _

few tens of ppm, or even a few ppm of oxygen.

The aim is thus to be able to reproduce the

- 30 atmosphere conditions produced on a day to day basis in
their soldering furnace or machine, including the most
severe and restricting ‘conditions of residual oxygen
concentrations.

Thus, the requirements most commonly expressed

35 are as follows: '

- capability of carrying out comparative evalu-
ation tests of the solderability (the two expressions-
solderability or wettability are both often used
equivalently) of  the surfaces between a nitrogen



out under anbient air atnosphere.

t herefore perfectly adapted to t-his 20 situation, having a struct
which is open to the surrounding atnosphere. In the new context of
i ncreasing use of con- trolled inert atnospheres during the sol dering
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concentrat:.ons, J.ncludJ.ng very low concentrations.

In this context, it was apparent to the Applicant
Company that the solution to be applied to inertness
problems posed by users was not only the production of
optimized inertness (rapid ineértness time, very low
residual oxygen concentrations, economically acceptable
gas consumption), but also that the atmosphere set up
(therefore the corfesponding’ gas injection) does not
constitute interference with the measurement, that is to
say the high-precision tool constituted by a wetting
balance or meniscograph.

Once defined, these two conditions of efficient:

and rapid inertness and non-interference with the
measurement appear relatively incompatible.

In a more general context, the Applicant Company -

recently proposed, in the French Patent.Application filed
under “No. FR-A-93.15503, a gas injection device for
forming a controlled atmosphere in a confined space,
which was particularly suitable for setting up a con-
trolled atmosphere in one or more zones of a wave sol-
dering machine, or else in all or part of a continuous
furnace used for applications such as soldering or else
annealing, tampering, sintering or any other heat
treatment. :

The object of the present invention is to provide
a novel device for measuriné wettability, the con-

figuration of which makes it possible to perform the.

measurement both in classical conditions of operating
under air and in controlled (in particular inert)



10 possible to obtain perfectly controlled residual oxygen
concentrations, including very |ow concentrations. In this context, it was
apparent to the Applicant Conpany that the solution to be applied to

i nertness probl ens posed by users was not only the production of 15

optim zed inertness (rapid inertness tine, very |ow residual oxygen
concentrations, econom cally acceptable gas consunption), but also that the -
at rosphere set up (therefore the correspofldi-ng gas i nj ection) does not
constitute interference with measyr enent that is to 20 say the
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condi tions, for c%h:out wettability measurements under a controlled

' atmosphere according to the invention comprises an
apparatus for measuring the wettability of at least one

15 surface portion of a sample by a liquid metallic solder,
which apparatus is of the type making it possible to
measure the wetting force exerted by the solder on the
surface during immersion of all or part of the sample in
a bath of said liquid solder,

20 and wherein the apparatus is at least partially included
in an enclosure, making it possible to isolate at least
the solder bath from the surrounding atmosphere, the
enclosure including at its upper part or at its lower
part a gas injector which comprises at least one set of

25 ducts mounted in series and/or in parallel, at least one -
duct portion of which includes gas injection orifices,
said set being fed by at least one gas supply pipe, each
pipe being connected to the set at a primary connection
node, the dimensioning of the set respecting the follow-

30 ing relationship:

Z0;/3¢; > 1 preferably 2> 1.5;
where Jeo; represents the sum of the internal
cross sections of the gas supply pipes which feed the set
and X¢; represents the sum of the cross sections of the

35 gas injection orifices of the set of ducts.

' According to one of the embodiments of the
invention, the enclosure includes at its upper part or at-
its lower part a chamber which is separated from the rest
of the enclosure by a diffuser structure and inside which



- an atnosphere substantially depleted in oxygen (residual oxygen
concentration which may range froma few ppmto a few tens of thousands of
ppm dependi ng on the 5 application of the user). may, if necessary, be
reached in a rapid tinme (not exceeding a few mnutes), and with an

econom cally acceptable gas flow rate; - setting up of the controlled
atnosphere is produced without interfering with the bal ance, and 10
thereforée without interfering with the neadwenent. To this end, the device
making it possible to carry out wettability neasurenents under a controlled
at nosphere acccwtﬁang gest imjeckpenisoareangedi-ses an apparatus for measuring
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material, ceramics may, for example, be envisaged.. The

15 -materials used will need, in particular, to suit the
temperature conditions .and also the desired residual
oxygen levels, so as not to introduce additional
contamination. )

The injected gas may be both a neutral gas (such

20 as nitrogen, argon or else helium), in the case of

setting up an inert protective atmosphere, and a more

' active gas such as, for example, hydrogen or inert

gas/hydrogen mixtures, or else inert gas/silane mixtures

when it is desired to test atmospheres which are desired

25 to play a more active role such as, for example, strip-
ping surfaces. '

" As regards the inert part of the atniosphé're set
up, use may be made of a gas obtained cryogenically and
also, depending on the desired characteristics (for

30 example the oxygen content), a gas source obtained by air
separation by permeation or adsorption.

According to the invention, the term "controlled
atmosphere" is used to mean an atmosphere, the com-
position of which is simply predetermined, optionally

35 measured (either continuously, sequentially or on start-
ing up the device) or regulated (that is to say an
atmosphere, the composition of which is kept at the-
predetermined desired composition by supplying fresh
gas).



I nvention, the enclosure includes at its upper part or .at its |lower part a
chanmber which is separated fromthe rest of the enclosure by a diffuser
structure and inside which -6- said gas injector is arranged. The

di ffuser may then, for exanple, consist of a perforated sheet. The cavity
percentage of the perforated sheet will then advantageously be |ess than
40% and 5 preferably |less than 20% According to anot her enbodi nent of
the invention, the diffuser consists of-a7ptate nade of a porous naterial.
In order to produce the perforated sheet, use 10 will advantageously be
“made of a material whi cTh‘#se5|hYsW§Me°€emié+U§ttmnésonl asoneidening obeed in

the environment eghmpl e %Qﬁs@ourﬁwhcasltfgé &é@iﬂ@@,tosmamksﬁﬁ sieel or
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The injected gas ma th .a neutralﬂgas (such 20 as” nitrogen, argon or
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previously calculated and produced mixture of cryogenic
nitrogen/oxygen) ;
- injecting such a mixture and checking by at
least one measurement (either a single measurement, for
15 example an initial measurement, or regular measurement)
of the atmosphere inside the device as to the residual
oxygen concentration; or else
= injecting such a mixture and regulating the
atmosphere inside the device by regular measurement of
20 the residual oxygen concentration and action on the fresh
gas supply when a drift in the measured concentration
from a selected set-point is observed.
As will be clearly understood by the person
skilled in the art, the device according to the invention
25 makes it possible to perform measurements under a con- -
trolled atmosphere, and also under classical air atmos-
phere in order to make comparative measurements. ]
According to one of the aspects of the invention,
at least one of the gas supply pipes of the injector
30  itself includes gas injection orifices.
The dimensioning of the set then follows the
following relationship':' o
2o,/ (Z2¢; + Za;) 2 1, preferably 2 1.5,
where 3w; represents the sum of the internal
35 cross sections of said gas supply pipes which feed the
| set, X¢; represents the sum of the cross sections of the
gas injection orifices of the set of ducts and Za; repre-’
- sents the sum of the cross sections of the injection
orifices of the pipe’ (s) in gquestion which includes



al so, depending on the desired characteristics (for 30 exanple the oxygen
content), a gas source obtained by air separation by perneation or
adsorption. According to the invention, the term"controlled atnosphere"
is used to nmean an atnosphere, the com position of which is sinply
predeterm ned, optionally 35 nmeasured (either continuously, sequentially
or on start- ing up the device) or regulated (that is to say an atnosphere,
t he conposition of which is kept at the‘p?éﬁeternined desired conposition
by supplying fresh ga -o(-. Thus. by, of illustration, considering
the exanpl e of a&%ﬁ%@é%ﬁ 98T SRIertien LRI o mintai n an i nert
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m xture of cryogenic nitrogeg{&éygenl); - 1Nnj ec{i ng such a m xture and
checking by at |east one nea wehitl o Breferabl%indi-@ measurenent, for 15
exanpl e an initial neaswherenle; orepezrandis nees usemewf) tie t hsterndiphere

inside the devi Ge-fs GRctidnd &F ¢Hal soppigeneoncentration; or el se -
i njecting such a mxture and regul atjng the atnosphere inside the_ device by

regul ar neadlirement of 3B suqh@ FRRFIFHAEtIOPGBAVERGA A UPSEFSA™aRAdS et i on on
the fresh if one (or more) of the gas supply pipes itself (them- '

selves) includes (include) gas injection orifices, the
dimensioning 'of the set then follows the following
relationship: ,

15 ' Q/(Z¢; + Zay) 2 1 preferably 2> 1.5,

where I¢; represents the sum of the cross sec-
tions of the gas injection orifices of the set of ducts,
Ja;, represents the sum of the cross sections of the
injection orifices of the gas - pipe (8) which includes

20 (include) gas injection orifices and Q represents the
internal cross section of the feed conduit.

For each duct or supply pipes including gas
injection orifices, these orifices are preferably
directed toward the top of the enclosure when the

25 injector is located in the upper part of the enclosure
and toward the bottom of the enclosure when the injector
is located in the lower part of the enclosure. -

As regards definitions of the intended meanings
of “node", *“"ducts" and ‘“"conduits", "gas injection-

30 orifices" according to the invention, reference will be
made to the abovementioned document FR-A-93.15503. It
will here simply be mentioned that, according to the
invention, the terms ""duct* and "conduit" mean ‘any type
of gas transport or feed duct, whether it be straight, as

35 is the classical case, or curved, of, for example,

. circular or else square or rectangular cross section,
made of materials which vary widely depending on the gas-
in question (chemical compatibility), for example made of
stainless steel, copper, PVC., etc.



gas supply when a drift in the nmeasured concentration froma sel ected
set-poisnt is observed. As will be clearly understood by the person skilled
in the art, the device according to the invention 25 makes it possible to
perform neasurenments under a con- trolled atnosphere, and al so under
classical air atnos- phere in order to make conparati ve neasurenents.
Accordlng to one of the aspects of the invention, at |east one of the gas

supply pipes of the injector 30 itself |ﬁcTudes gas injection orifices.
The di nensi oni ng of the t I,hen follqQus: the I el on [err]
, preferably [err] 1.5, aﬁere err’]Jerc%r sé’ﬁf‘ Lf% atatl % é%rlltél

Cross sections ofons#oleyes §995Pydb¢b%s°%|wp¥aeeapetlhé §é1°“1{ieFan be
represents the sundekstbod dbeifgChoXuis a0floieg dafe glkeEd iadtapel froms of

the set of ducts ang &I EEP Sssp3o0 ® SO O lisvalansy Soat | g0s of

the-injection orifices g
(i ncl ude) gas® i njddeershonrof |@&" t EEB‘E’GHW ld(‘}cﬁnﬁ%'hemlpasped@eaﬁn@h@
i nvention, the pidgethkoshapedhthgaholesjhe set all come from an upstream
node, |tself fed with ga e G " ction
[err], ‘the dinensioni naf:co%{r&[l{?es ups r;h'ef}n’e%% gnbelitﬁ% é’?]c {%8?& [%%r] 1,
preferably [err] iptegdednhtpemean r¢ithay e%e?&@%é’%ﬁF&#OPhE%WEe‘PF\a# Cross
sections of the &mﬁmhblélaeﬁlcéIXof the bufféf ehuwbét(xyﬂa)guk&&nﬂﬂghaV|ng
an upstream qpde,, ne. ( t p pipes it hem
sel ves) i nclit}ges TQ' gn M[légplrtﬁ%eg%l oé]n&brl 2 L%(Tﬁ bive Bhekgld]

and from whlch it departs to the duct subassembly with

_8-

which it communicates.

In the case in which the injector is reduced to

a simple duct including orifices, which is fed with gas

15 at one of its ends, the relationship Zwe;/I¢; 2 1 will take
into account a single «; which represents the internal
cross section of the duct itself and I¢; which represents
the sum of the cross sections of the injection orifices
of the duct, the "primary node" according to the inven-

20 tion then being in this case an "imaginary" intermediate
connection point between the end of the duct and the part
of the duct including orifices.

According to one of the embodiments of the
invention, when the assembly contains one or more duct

25 portions of square or rectangular cross section including -
gas injection orifices and/or one or more: supply pipes
including gas injection orifices, these portions or gﬂmiy;

pipes” consist of a lower non~-perforated U-shaped part
on which a perforated sheet of inverted U-shape is

30 mounted.

According to one of the embodiments of the
invention, the enclosure is equipped with at least one
channel for removing the injected gas.

The invention also relates to a method for

35 measuring under controlled atmosphere the wettability of
a surface by a liquid metallic solder, wherein use is
made of a device such aé that previously described and
wherein a gas is injected through said injector, the
speed of the gas at the outlet of the gas injection



di nensioning of the set then follows the followi ng relationship: 15
[err]/~([err] + [err]) [err] 1 preferably [err] 1.5, where [err] represents
the sum of the cross sec- tions of the gas injection orifices of the set of
ducts, [err] represents the sumof the cross sections of the injection
orifices of the gas pi pe (s) which includes 20 (include) gas injection
orifices and [err] represents the internal cross section of the feed
“conduit. For each duct or supply pipes- 1g0iscluding gas injection
orifices, these orifices are preferably directed toward the top of the

encl osure when tfifizes jaf ddreorseaty s)) ot ethdts tihenupmferablyobetng

encl osure and t oydaterhethan t @US0metBesPoEEORY € aReMmbhe | gHeaelrabliyS

| ocated in the lg%& e&ar&hegf t%q_'et%gcl gﬁgéne - As regards definitions of the

i nt ended neanin condui ts", "gas injection 30
orifices" according to AgeoTdinshitPopne raff sherrepadtis ofethe inveatidone t he
abovenent i ongd dieuReghoEds Anfiibe56@3the | Jasiidllowhet cché NG L e ofeghé oned

that, according det ldia/LavSRl i, duRSRLers ehdUat zeRld, " 4QNdUbL" (HERN 1Y

type of gas trags% rt or uct,, whet Rer %b is the
cl assical case CUF9eGs t%faCh"Fthe éxéﬂ“ﬁ?’ere%’r’%u’f*&rc iscle§ccigeare or

rectangul ar cross secsible tadthef lamimar atsgiste oftheaReysicldsy ndfpendi ng on
the gas in questdelng (EQféﬁf@HedCQMé Rialeli BV iy e%ﬁg?éevrﬁ g¢e@bnelai nl ess
|

as II’leCtIOI’l orifices" optronally

st eel , COPPEY - PXP h
present on sorre f“ﬁ@gevﬂﬁ%cf’s Yor° | gaFi pE(Ehe Woety ahéR BBIBRTer st ood
as bei ng hol es &ioswerifi¢te, Fasepvesentmc:ie dmteanal ddidmetier pifpehis

general ly transweigeb¥ hAdiy Srepresents the kinematic viscosity of the
gas in question).

Other features and advantages of the present

15 invention will emerge from the following description of
embodiments given by way of illustration but without
implying any limitation, made with reference to the
attached drawings, in which:

- Figure 1 of the present application gives a

20 - schematic perspectlve representation of a chamber accord-
ing to the invention including an injector;

- Figure 2 of the present application
schematically illustrates an example of a device suitable
for implementing the invention;

25 - Figure 3 gives a schematic representation in
plan view of the chamber of the device in Flgure 2 and of
the ln]ector whlch it lncludes, and

- Figure 4 gives the detail in cross section of
the structure of the two ducts in Figure 3.

30 Figure 1 of the present application schematizes
a chamber suitahle for implementing the invention,

including a set of ducts 1 (simply schematized here
in the form of a broken line), included in a hood 2, the
upper part 3 of which consists of a diffuser structure

35 partially schematized at the corner 4 of the hood.

Figure 2 illustrates an example of a device
suitable for implementing the invention. This figure:
shows the presence of a meniscograph schematized at 5,
included in an enclosure 6 including in its lower part a



5 direction of flow through the duct or pipe (depending on the shape of the
hol es). According to the invention, the term"node" is intended to nean
either a sinple connection point or a suitable device (of the buffer _
chanber type) defining a 10 vol une in which the gas conveyed by the pipe
energes, and fromwhich it departs to the duct subassenbly with which it
comuni cates. In the case in which the injector is reduced to a sinple duct -
includinhg orifices, which is fed with gasil5~ at one of its ends, the
relationship [err] 1 will take into account a single [err] which
represents. the ichesbeal 8crigssvwisiht iam bnjeaferdhicht sdild BRd de&rtfedni ch.
(rjepreseﬂts the $ePe@hbbNewCiPSths adntert 6f Fihvurdj3essi anranged,cebisf the
uct, the "primary node" .according to | RWENm. 20 | LOAg in
this case an "i Fﬁ§P§"lﬂﬁiﬁ?h%%?%Y%‘%gﬁﬁ%gproﬁh%o?%?&%g?&ég%E%ﬁg%gnd of
the duct and thdnpdts vbpekepauttai dtffupery sfructess. Lhgapadatd™@olbne of

the enbodi ment s gQfont heel P¥8EL bENthehefc1dkuras 2db| ¥nCpaitticularpe foomnor e

duct 25 portions of square or regtangul ar gr on_in L ngeQas

i nj ection orifi & dﬁ?ﬂ’%’-‘@&%’@l’%‘r ?g}’ree %ﬂr%wf yfpgéégé%\ﬁ: su?ﬁélgg#%&a% i ﬁiect i on
orifices, thesemagmiitode of thepheighp then emedogrrey |hefer F6R- BBRf or at ed
U-shaped part olrxahisld zepeeéontédd cthatle okdenvet tlad heshape is 30

mount ed. According to o&sﬁogfbpgrggpgdiqg §sé§g%%§§)ingengggesﬁthgo;

encl osure is equi pped w east one ann

renmpovi ng the néected
gas. The irMent iexamplee PB| atBEster L ErRBAVEETe Rors Rk f 653#85
control | ed at nogphevguicbe2yeitrdnded \thabughstiné auxlopure|dta greeter|ic

sol der, “hereincﬂ§§e¥§egag§segnﬁeQQM&E§tﬁﬁchifﬁuiéﬁﬁ previously described"
and wherein a gas is 1 n ected through s%{d I nj ector tPe ggeed of .the gas
at the outlet of the gaSPPnPEEPPRGE iR the upper part of ‘the enclosure

of a gas removal channel 9, fitted with a flap valve 12
15 making it: possible. to maintain the enclosure under
pressure, and the presence at 13 of a safety valve will
be noted.
Figure 3 allows better visualization in plan view
of the structure of the chamber 8 and of the injector
20 located therein (the structure of the diffuser is not
représented for reasons of clarity). The injector 14
includes two ducts 10 equipped with injection orifices.
. The symbolized arrows 15 and 16 give an order of
magnitude of the dimensions of the chamber 8, for the
25 case represented here, of the order of 80 cm in the case -
of one of the dimensions and 60 cm in the case of the
second dimension. B ' ’
Each of the two ducts 10 ‘includes, for example,
two rows of fifteen orifices'having a diameter of 4 mm,
30 thus giving rise to the presence of 60 holes overall. For
the example illustrated, and for each duct 10, which is
here made of plastic, the two rows of holes are directed
toward thé bottom of the enclosure (Figure 4), that is to
say toward the face of the chamber opposite the diffuser
35 structure 11, with the presence of a 60° angle between
" the two rows of orifices. o
The duct 10 given as an example in the context of
Figures 2, 3 and 4 has an external diameter of 32 mm, the
thickness of the material being 2.4 mm.



- 10 - orifices of the set(s) of ducts then preferably being greater than
0.5 neters/second, and nore preferably greater than 1 neter/second.
According to one of the aspects of the invention, 5 t he Reynol ds nunber
of -the gas flow at the outlet of the set and/or at the outlet of the
diffuser is less than 2,000, so as to achieve a flow regine which is as

cl ose as possible to the |ami nar regine (the Reynol ds nunber being
calculated by the ratio V x D'v, where ¥ t2pfesents 10 t he nean vel ocity
of the gas at the outlet of an injec- tion orifice, D represents the

i nternal dianeter of thRsdeyide sachnas thadpdeseriked Ha Rﬁﬂe‘l’&ﬁ%"'&/i%osi ty

of the gas in quesddr 2, A heid herdsnesteaduady iRy €51 Déwillg e 15
invention will emerge fromthe follow ng description of enbodinments given
by way of illustt®i dﬂrg%%fthout inplying any linmitation, rmade with
reference to the attachedtheaseldgrabiditpimersuratieptr eppanttused phedent
appl i cation give eﬁs%%grﬁﬁﬁhéf%zf&f@m@ﬁéﬁtﬂﬁc{ﬁm&%@:@%&él £140f 2 c][]amtaﬁr
accord- ing to the invéntion ,including an injectar: - igure 0 e
present. application sé'h’%’i‘%t’i’@ﬁciéﬁri qu 5???5{’% éhé gﬂ‘ﬁ‘ﬁﬁfgpﬁ?n% R e
suitabl e for i nphesentinggtehthe nrerenitdep; 25 - Figure 3 gives a

schematic representation {RePhffrudedW18f isNe SAMIRVEs0ELEEE MEIN CHen
Figure 2 and of the injector which it bﬂnc udeS'?"%‘:\_nd - Figure 4 gives the
detail in cross 3ReXEHH® BPTERRLagS % YPECBf 1812340 ducts in Figure 3. 30

Figure 1 of 10he present -aphéi emtiasurecessf lusied thirongbr thedibfuser
i npl ementing the;j nkeNth9&ting a flow rate of 20 m*/hour of nitrogen
into the injector 14. The nitrogen used is nitrogen of
the cryogenic type containing less than 5 ppm of residual
oxygen.
15 The tests carried out had the purpose of demon-
strating that thé device according to the invention:
- does not introduce overheating of the atmos-
phere around the soldering bath;
- while allowing rapid conditioning of the
20 atmosphere;
- without interfering with the measurement
obtained by the wetting_force sensor.
First test: removal of heat: With the force
measurement apparatus 5 turned on (the soldering material .
25 bath therefore being hot) and placed inside the enclosure .
6, the enclosure was flushed with the aforementioned gas
flow rate. ' B ' '
A thermocouple present in the vicinity of the
soldering material bath made it possible to check during
30 all the operations that the act of working in an enclosed
system did not cause overheating of the measurement
atmosphere.
Second test: conditioning of the atmosphere:
With the enclosure 6 initially containing an air
35 - atmosphere, 20 m?’/hour of nitrogen are injected. After
flushing. for 15 minutes, an analysis of the atmosphere
present inside the enclosure made it possible to measure
a residual oxygen level of less than 20 ppm. The device
according to the invention therefore allowed rapid



i ncl udi ng a set of ducts 1 (sinply schematized here in the formof a
brokernr line), included in a hood 2, the upper part 3 of which consists of a
di ffuser structure 35 partially schenmatized at the corner 4 of the hood.

Figure 2 illustrates an exanple of a device suitable for inplenenting the

i nvention. This figure shows the presence of a neni scograph schenatized at
5, included in an enclosure 6 including inits |lower part a - chanber 8 in.
which an injector which will be detail ed jgecei nbel ow i n the context of

Figure 3 is arranged, this injector including two ducts 10. The chanber .8
includes in its conddtipaitg @fdthé usarosphevet uite viewsepabet iragatively from

the rest of the g °§Hi\‘§mé'1ﬂﬁ thd Qﬂéib&ﬁléiravroﬁhﬁnth@eaﬁ%ﬂaﬂﬁ%gBaph The
arrow 7 repr esents "an or f th r the gnc Réure

here, for the exanple ref Per i ) »
apparatus (neni mm- rests, for 10 exanpl e, on a system of

transverse bars (not rep i ehgagwrhqszaaeﬁrﬁ@gﬁ&me%aaetnfth
encl osure at a g{eater or esser di stance above the di T%n gresence
in the upper partheofeppireRritosdyectarsetiyag PRl 2 “c‘l’féﬁﬁ‘?é‘l Pfed with

a flap val ve 12 gHere &Bduintythetmgaassichleat dpparatosai dﬂomﬂsaa:aaalwbotas‘es under
Do b 20r Ve B3EPEE Uue' ¥uth g oribuiaby Selibibndfedio b0 T e 3

all ows better visualiza he“structure of the chamber 8
and of the injector 20 = %‘@datlﬁeK@P?P(scWé‘eﬂ)ructure of the diffuser is
not represend ed for reasopscestiltatiedy hir T(80$ N Etcifen],4 20AC bugigen) wo duct s

Tt L s
the order of 20 m*/hour;
- nitrogen alone (cryogenie- source): closed
system with overall flow rate of the order of 20 m*/hour.
15 For each measurement atmosphere, the efficiency
of commercially available wave soldering fluxes was
evaluated, while respecting the operating procedure
described in French Standard NF C 90-551.

Fluxes tested:

20 .= Flux A: non-volatile residues = 25% (high
residue level); ’
- Flux B: non-volatile residues = 2:5% (low

residue level).
These commercially available fluxes A and B are
25 widely used in the industry and are therefore represen-
tatlve of commonly employed industrial conditions.
Calibrated samples, the wettability of which was
tested: Grade I and grade II copper samples according to
Standard NF C 90-551. '
30 Solder - used: A liquid bath of approximately
1.4 kg of tin/lead solder (Sn60-Pb40).

For each set of parameters tested (one atmos-
phere, one flux, one grade of copper), approximately ten
tests were carried out, the result of each test being the

35 maximum wetting force recorded throughout immersion of
the sample.

The results given hereinbelow in each case’
represent the maximum force “"averaged" over the ten tests
and the corresponding standard deviation,



25 case represented here, of the order of 80 cmin the case of one of the
di nensitons and 60 cmin the case of the second di nmension. Each of the two
ducts 10 includes, for exanple, two rows of fifteen orifices having a
diaméter of 4 nm 30 thus giwving rise to the presence of 60 hol es
overall. For the exanple illustrated, and for each duct 10, which is here
made of plastic, the two rows of holes are directed toward the bottom of
the enclosure (Figure 4), that is to say tgward the face of the chanber
opposite the diffuser 35 structure 11, W|th the presence of a 60 angle
between the two rows of Hliuixf Agesppdieqshimt 110 given as an exanple in the
context of Figures 2, Sﬁr%e%m thegxtaq@aan{y,@rmtqr fmﬁz

t hi ckness of t-he_materjal belin A deV| ce 'suc

described in thedeRHREQD & Fpgures 2, 3 and 4 was tested under the

foll owi ng operat- ing condirkoFsax = tmessmNdesiadmdaﬁw depdstiement0.@Bpar at us
5 is a 5 nengscograph of_ brgnq  oNERRONERLGY, refergngg mjA0; stgx{}faljdnj ector
14 respects the dingnsjonin rules according to the invention; -

diffuser 11 is ad%‘f’aﬁtrﬂ%’ss gt‘éel rresh the aperture percentage of WhICh is
23% 10 - b ddesI&d t hrough the diffuser 11 by
injecting a flow rate of. Z&égn%rtrl}:(llg_gur aq_fr Nigg0en yNEP e ol R 14
The nitrogen us ‘gil's n,|trog(8n 9; the cryogenic type contal ni ng less than 5
ppm of residual TAfRCMS The tests carried out had the purpose
of denon- sifating that - hérdebmae sndcs7dmNg $vandexd cesnatbon = 0.08

- nitrogen: Fmax = 8.34 mN, standard

deviation = 0.11
Flux B/copper grade I:
: - reconstituted air: Fmax = 7.3 mN, standard
15 deviation = 0.33 '
- air: Fmax = 7.51 mN, standard deviation = 0.36
- nitrogen: Fmax = ° 8.19 mN, standard
deviation = 0.28
Flux B/copper grade II:
20 - reconstituted air: Fmax = 6.45 mN, standard
deviation = 0.99
- air: Fmax = 6.29 mN, standard deviation = 1.07

- nitrogen: Fmax = 7.82 mN, standard
deviation = 0.42 :
25 The result of these comparative tests clearly

shows that the results of the tests obtained under

ambient air (open systém) and under reconstituted air

(closed system) are statistically identical, and there-~

fore that setting up a controlled atmosphere in the
30 enclosure did not interfere with the measurement.

The results of the tests obtained under nitrogen
made it possible to verify the results published in the
literature, according to which the wetting obtained under
protective atmosphere (reduced residual oxygen concen-

35 tration) is systematically improved compared with classi-
cal operation under air (Fmax under N, greater than Fmax
under air).

Thus, these tests therefore made it possible to
demonstrate that the wettability measurement device



- does not introduce overheating of 'the atnos- phere around the sol dering
bath; .- while allow ng rapid conditioning of the 20 at nosphere; - wthout
interferi ng with the nmeasurenent obtained by the wetting force sensor.

First test: renoval of heat: Wth the force nmeasurenent apparatus 5 turned
on (the soldering material 25 bath therefore being hot) and placed inside
the enclosure 6, the enclosure was flushed with the aforenenti oned gas fl ow.
rate. A-thernmocouple present in the vicingy of the soldering material bath
made it possible to check during 30 all the operations that the act of
working in an emecozdiingyssdectheli thwwtticausekeveitapissidplef tohperfasmr enent

at mosphere. Sec%gshﬁéﬁenﬁgndh&éi?nbaﬂtﬂinté?ﬁ heee: ew_hért hﬁdeﬁcl osure
6 initially contalning an ai rafnmi atm) her n}err%n%(%ur ttrogen
are injected. AP&Er °FPu £OF RF e153k SRASFSsi ﬁlg EF+8spher e
present inside undeenciepide amde ¢¢ormm<::|ab[l¥ t aceeptahle aatmepphereoxygen

level of |ess t%ﬁd%@lsﬂﬂhg Tosnddenbas arearidinat! ontderdfivrniien therefore
al l owed rapid i oni nggof tge at m)%ﬁhere in view of the

relatively'Ilar gé’P\?EF‘g?ano?Pt’f‘fée ARG OGP e ar R &A1& “appar atus 5. _ Third
test: lack of interferehtthough ﬁh?mr?ﬁaeastu#em'@mrshas "been despgiBeder to
check this | ackvakni pépefeiced pai-fu&mﬁreasaamﬁs,d&e i® ivembiwgyup of a

controlled atnog hgnc. ALOUA KRS ABAS %E%fpgaéf&a%mmemye tests
were carried out- WthRot w g, a
10 and variants which w:.ll occur to the person skilled in
'~ the art in the context of the claims hereinbelow.



- anbient air (open system; 10 - reconstituted air (80% .
nitrogen, 20% oxygen): injected in"a closed systemw th an

rate of the order of 20 nB/hour; - nitrogen alone (cryogemlmmmllummmIHIII
cl osed systemw th overall flow rate of the order of n{ er*r] /chour .

For each neasurenent atnosphere, the efficiency of connerC|aIIy avallable
wave sol dering fluxes was evaluated, while respecting the operating
procedure described in French Standard NF i@ 90-551. Fluxes tested: 20

- Flux A- non-volatile residues = 25% (high residue level); - Flux B:
non-vol atile residues = 2.5% (|l ow resi dgrAmsel ). These commerci aI |y

avail able fluxes;A and B, arg.Ae %thg u?@deﬁd&.stl €el NEAYStLY-3Nd 3k e

therefore represen- tative of conmon ustrial con tlons

Cal i brated sanpl¥ettabilifst (masqurepey SV\W‘@‘I’F viscqnizptled G“'a‘b%sﬂ eXfd grade
Il copper sanpl esomprixidiqi@nt appireatoer (5NFfér #@abdding3@he wettabiliSpl der
used: A liqgid Qﬁtﬁh Péa@@pé@('s@:tfghlé éoéltf&x f X EH“*?%S_ 'aﬂ% uid

(Sn60- Pb40) . For set paranmeters tested (one a one
flux, one grade Bttabbife®Pldesy ¥hiGh fEPFTRERS s PE %@YEﬁr‘P?‘%‘d‘go&F t he
result of each t psssitsiengtohmedsure mikemuattdhyi fgré@r erereadr Hed the
throughout i mer g4 e 0ford %é@@!fgcemﬁ'ln‘;?s%tgrgidﬁe@’fhgif'&bpﬂa@ﬁ’ bg each

case represent the naximum forc era ver en tests and the
correspondl ng st SRR FPRAR iR i gﬁld iquid s°1éer' wherein th

apparatus is at 1east partlally included in an enclosure

(6), making it possible to isolate at least the solder
bath from the surrounding atmosphere, the enclosure
including at its upper part or at its lower part a gas
injector (1, 14) which comprises at least one set of
15 ducts (10) mounted in series and/or in parallel, at least
one duct portion of which includes gas injection ori-
fices, said set being fed by at leasé one gas supply
pipe, each pipe being connected to the set at a primary
connection node, the dimensioning of the set respecting
20 the following relationship:
Z0;/%¢; 2 1 preferably 2 1.5;
where Zo; represents the sum of the internal
' cross sections of the gas supply pipes which feed the set
and 2¢; represents the sum of the cross sections of the
25 gas injection orifices of the set of ducts.
2. " The device as claimed in claim 1, wherein the
enclosure includes at its upper part or at its lower part
a chamber (8) which is separated from the rest of the
enclosure by a diffuser structure (11) and inside which
30 said gas injector (1, 14) is arranged.
3. The device as claimed in claim 2, wherein the
diffuser (11) consists of a perforated sheet.
4. The device as claimed in claim 3, wherein the
cavity percentage of the perforated sheet is less than
35 40%, preferably less than 20%.
5. -The device as claimed in claim 2, wherein the
diffuser consists of a plate made of a porous material.
6. The device as claimed in one - of claims 1 to 5,
wherein the sqpply pipes for feeding gas to the set all come



Fl ux Al copper grade |I: - reconstituted air: Fmax =

dar d
deviation = 0.05 - air: Fmax = 7.58 nN, standard devi atlgHI mﬂﬂl ,"Il””“l
- ni trogen: Fmax = 8.18 nN\, standard devi ation il
Al copper grade Il: - reconstituted air: Fmax = 7.52 nm\, standard devi ati on
= 0.065 10 air: Fmax = 7.57 nN, standard deviation =.0.08 -
nitrogen: Fmax = 8.34 nm\, standard deviation = 0.11 Flux B/ copper
grade |:' - reconstituted air: Fmax = 7.3 nm,-standard 15 deviation = 0.33
- alr: Fmax = 7.51 nmN, standard deviation = 0.36 - ni trogen: Frax =
8.19 m\, st andérem dewi apsbream onode | iseet ofpser wikhdeas| by @ tfeed

_ g eggnfﬂt\l i tuz eddal émacfmt& @n&éiﬁ%% dcvidaedt dew @) ithid diflefiBionhig :of-max
: , Standar eV|a|on— nitro Fmax = 7.82 mN,
st andard devi atlgh"rrl ypefyesn node being _ﬁ;]1g51 gﬁ &Ft of these conparative

tests clearly shows that theWBeuIZt ¢, retweahlestzS leBrai ned under anbi ent

air (open sygtem) and URgRiof eEONStddrdsRetai ftheC! HER oSy HIR) idternal
statistically identical, gnd there- h‘;oreutpf% 5?sesttl ng up a controlled
at nosphere in t hEregs sestaogsuP not °FH ere with the measurenent.

The results of the testThebidevied amdelaimed otreronmdef i ¢laiaesibleo tdr verify
the results publ {;g0egd; ) nat hgegé'{:e[:ﬂ&u'iﬁ s%(i.‘aordasngsﬁﬁb]ly“ﬁfpéé"euﬂ@élf ng

obt ai ned under protective atnp er.e X n c 35
tration) is systé&netndes 1928 rﬂﬂ?ﬁfé:&%‘oﬁﬁégéﬁeﬁ\n i) g%’é? o Seble “dimén-

10 sioning of the set then follows the following
relationship:

o,/ (2¢; + Zey) 2 1, preferably 2 1.5,
where 3Zo; represents the sum of the internal
cross sections of said gas supply pipes which feed the

15 set, I¢, represents the sum of the cross sections of the
gas injection orifices of the set of ducts and Z«; repre-
sents the sum of the cross sections of the injection
orifices of the piper(s) in question which includes
(include) gas injection orifices.

20 8. The device as claimed in claim 6, wherein at
least one of the gas supply pipes itself includes gas
injection orifices and wherein the dimensioning of the
set then follows the following relationship:

Q/(Z¢; + Za;) > 1 preferably 2 1.5,

25 . where I¢; represents the sum of the cross sec- -
tions of the gas injection orifices of the set of .ducts,
Ia; represents the_ sum of the cross sections of the
injection orifices of the pipe (s) which includes
(include) gas injection ‘orifices and 0 represents the

30 internal cross section of said feed conduit.

9. The device as claimed in one of claims 1 to 8,
wherein, for each duct or supply pipe including gas
injection orifices, these orifices are directed toward
the top of the enclosure when the injector is located in

35 the upper part of the enclosure and toward the bottom of
the enclosure when the injector is located in the lower
part of the enclosure.

10. The device as claimed in one of claims 1 to 9,
wherein the enclosure is equipped with at least one



cal operation under air (Fmax under N2 greater than Fmax under air) Thus
thesetests therefore nade it possible to denpnstrate thﬁf“lmmlm ﬂlll“l“l :
measur enment devi ce - 15 - according to the invention

to-perform neasurenents under control | ed atnosphere, either* ufidet afr %r,
for exanple, an inert atnosphere, and to do this under rapid and

econom cal |y acceptabl e at nosphere 5 condi tioning conditions and w t hout
interfering with the operation of the neasurenent apparatus. Although the
present invention has_been described with reference to particul ar

enbodi ment's, it Gh@opRlng2hefPy memovdnghebeA®ut, noreover, nay receive
nodi fications 1Q1. and Kametivd Pt ClessurtineCourdero ddm:pélednasmbki-ed in

the art in the %%@E%Xrthgf wé&%ﬂl@[ﬁgfs o@eregﬂpfi\(? vve% a lJ]ijud ﬁ'e%la&@lé

A device carry  out w fy neasurenents
under a cont roI Is9ér &FWD‘S‘}!#F@JQ uggnHT i”adeyohn2 é%?d’dﬁ?:t B§ ¢ines 1Re9R%r i ng
the wettabilstydf claimatl [t2A90,08adsuhérsait poyhsofls Ofnjeckadpbbrbygh |iquid

metal i o sol der . uhi 6118003 A1kS. s o8, OF i GESTEE! Dl ueiBRoL! Enbo

i) e

measure the wetting Pce ex'erted the so r on sur ace during

i mer si on of algasorllpfbﬁ‘-‘tthP t‘Hé‘-fslé’r‘Pﬁl % nthe bé@ﬁ(éﬁ s%ﬁ d9¥F%Ri @eiBFder
wherein the 10 greagetrathani 6.%imdtsasd/seedbhdpl pyeferxdhldedrieaten ehahosur e

(6), making it Flofr%ltgk?s%% l&éol ate at | east the solder bath fromthe
surroundlng atnDsp ere e encl osure
12. The method as claimed in claim 11, wherein the

Reynolds number of the gas flow at the outlet of the set
and/or at the outlet of the diffuser is less than 2,000.




including at its upper part or at its lower part a gas injector (1, 14)
whi ch «conpri ses at | east one set of 15 ducts (10) nounted in series
and/-or in parallel, at |least one duct portion of which includes gas
inj*ection ori- fices, said set being fed by at |east one gas supply pipe,
each pipe being connected to the set _atqga_primary connection node, the

di mensi oni ng of the set respecting 20 the following relationship: [err] 1
preferably [err] 1.5, where [err] represents the sumof the internal cross
sections of the gas supply pipes which feed the set and [err] represents
the sum of the cross sectlons of t he 25 9as |n ection orlflces of the set
of ducts. 2. THEHHED A8D M MEASURING \WETPARILITY, UNDER | osur e
includes at its upper part or at QN$R¢mmnn'g@ggSPHERﬂanber (8) which is
separated fromthe rest of the enclosure by a diffuser structure (11) and

i nsi de which 30 said gas injector (1, 14) is arranged. 3. The devi ce
as clainmed in claim2, wherein the diffuser (11) consists of a perforated
sheet. 4. The device as cl ai nmed i rAbdtaiagt3, wherein the cavity
percentage of the perforated sheet is |ess than 35 40% preferably |ess
than 20% 5. The _devi ce _as cl ai d in,clai wherein the diffuser
consists of a plate mad FFXLSSroHQ Fertty P??Slble FRe BBTFYe At

claimed in one oVettabidsity m@agurﬂnenbsnun¢nrsaunﬂqtth@sé Abmoépkeliey gas
to the set all Ceﬁiﬁprlszmg13n appa s MB§tf&ameaQth§t1§@ @vef:@&ibi{‘liﬁi gas by
L

a feed conduit of nal, Cross s ctlon he di oni n hi s
upst r eam node be?ﬁg é HHane [ng P°t, p# c@lzﬁﬁ[ F@F‘gﬁ tqu
metallic solder, at least partlally lncluded in an
enclosure (6) which includes a gas injector which com-
prises at least one set of ducts (10) mounted in series
and/or in parallel, at least one portion of which-
includes gas injection orifices, and is fed by at least
one gas supply pipe connected to the set at a primary
connection node, the dimensioning of the set respecting
the following relationship: :
Z0;/Z¢; > 1 preferably > 1.5;
where XIwo; represents the sum of the internal
cross sections of the gas supply pipes which feed the set
and I¢; represents the sum of the cross sections of the
gas injection orifices of the set of ducts.
Figure 2 to be feproducéd.



5 _ where [err] represents the sumof the internal cross sections
of sajd supply pipes. 7. The device as clainmed in one of clains 1 to
5, Wherein at | east one of said gas supply pipes itself includes gas
injection orifices and wherein the di neng sioning of the set then
follows the follow ng relationship: ‘?ng + [err] 1, preferably [err]
1.5, where [err] represents the sum of internal cross sections of said
gas supply pipes which feed the 15 set, [err] represents the sum of the
cross sections of the gas injection orifices of the set of ducts and [err]
repre- sents the sumof the cross sections of the injection orifices of the
pi pe (s) in question which includes (include) gas injection orifices. 20
The device as claimed in claim®6, wherein at | east one of the gas
supply pipes itself includes gas injection orifices and wherein the
di mensi oning of the set then follows the following relationship: [err] 1
preferably [err] 1.5, 25 where [err] represents the sum of the
cross sec- tions of the gas injection orifices of the set of ducts, [err]
represents the sumof the cross sections of the injection orifjces of the
pi pe (s) which includes (include) gas injection orifices a [err]
represents the 30 internal cross section of said feed copduit. 9.
The device as clainmed in one of clains 1 to 8, wherein, r each duct or.
supply pipe i ncluding gas injection orifices, these s are
directed toward the top of the enclosure when the injéctor | ocgted in 35
t he upper part of the enclosure and toward the bot{dm of e eact ure when
the injector is located in the | r part of theéncl os{giwe#p. The
device as clained jn one of clgf/msl 1 to 9, wher€in the, spre is
equi pped with at | t -one A e e e
- | 7 —_—— e —
//"/,/" /)
/ 44/— /:7_//
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-~ 18 - channel (9) for renoving the gas. 11. A nmet hod for neasuring
under «control |l ed atnos- phere the wettability of a surface by a liquid
met allic solder, wherein use is made of a device as clainmed in one 5 of
clains 1 to 10, and wherein a gas is inj d through said injector, the
speed of the.gas at the outlet of the g T jection orifices of the set(s) .
of ducts being greater than 0.5 neters/seCond, preferably greater than 1
nmet er/ second. 10 The thod as clainmed in claim11, wherein the
Reynol ds nunber of the gas flowfgt thgqoutl et of the set and/or at the

00.12

outl et of the dlffuser1 i Iesﬁzj}
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