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PROCESS FOR WAVE SOLDERING COMPONENTS ON A 
PRINTED CIRCUIT BOARD IN A TEMPERATURE 

CONTROLLED NON-OXIDIZING ATMOSPHERE 

FIELD OF THE INYENTION: 

This invention relates to a process for wave soldering 

components on a printed circuit board, wherein the tempera­

ture of the substantially non-oxidizing atmosphere is 

5 controlled before and/or during its injection in the wave 

soldering machine in order to increase the thermal 

efficiency of the heat.transfer from the atmosphere to the 

printed circuit board. 

10 DESCRIPTION OF TBE PBIOR ABT: 

Wave soldering machines have been introduced for a 

long time in the industry to· automatically solder compo­

nents on a printed circuit board which operation was 

previously done by hand. A typical wave soldering machine 

15 comprises at least one preheating zone to preheat the 

printed circuit board, at least one soldering zo:ne to 

solder the components to the board by· coating the bottom 

side of the printed circuit board with molten solder 

contained in a solder pot, and at least one cooling zone 

20 where the solder is solidified. This soldering process, or 

coating process, is usually conducted in the presence of a 

f luxinq agent which agent is used to improve the wetting of 

the metallic surfaces on the bottom of the printed circuit 

board, which surfaces need to be joined or coated. The 
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fluxing agents are usually corrosive and the excess or 

residue of these agents must be cleaned after the wave 

soldering operation. 

Low residue no clean fluxes or flux-less processes 

5 have been developed wherein it is possible to carry out the 

wave soldering process without the inconvenience of stan­

dard fluxing · agents, under a substantially oxygen-free 

atmosphere, such as nitrogen. 

U.S. Patent 31 705,547 discloses one of the earliest 

10 wave soldering processes, including injection of an inert 

gas to avoid oxidation of the metallic surf aces of the 

printed circuit board. 

U.S. Patent 4,538,757 discloses a wave soldering 

process under a reducing atmosphere comprising nitrogen and 

15 hydrogen, and nitrogen curtains at entrance and exit of the 

machine to inhibit atmosphere exchange with the ambient 

air. 

u.s. Patent 4,606 1 493 discloses a method and apparatus 

for soldering printed· circuit board under an inert qas 

20 atmosphere to prevent oxidation of the electrical (usually 

in lead-tin coated copper) connections due to the heat 

produceq during soldering and reduce thermal stress defects 

from occurring in the circuit carrier. To this end, an 

inert gas is injected through slits to provide a plurality 

25 of jets of high velocity wh·ich impinge the bottom side of .. 

the printed circuit board. As a condition of operation, 
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the temperature of the inert qas jets is about twice as 

hiqh as the temperature of the molten solder in the solder 

pot (600°C). 

U.S. Patent.4,646,958 discloses a solder reflow, or 

5 solder chip process which is carried out in a flux-less or 

flux free system, under an atmosphere comprising nitrogen 

and silane, or hydrogen and silane. 

U.S. Patent 4,821,947 discloses a process to coat a 

molten metal on a metal comprising surface without using a 

10 flux. This process is carried out in an inert atmosphere 

in which the temperature is sufficiently'low that to avoid 

damaging to the metal comprising .surface, and wherein no 

damage is done to materials such as components adjacent to 

the metal comprising surface. 

15 u.s. Patent S,071,058 discloses a process for 

conducting a joining/coating operation which is carried out . ,. 

in a controlled oxidizing atmosphere, having an oxidation 

capability greater than that required to oxidize a metal 

comprising filler material used for joining or coating, but 

20 having less oxidation capability than that of air. In case 

of a wave soldering process the oxygen content in the inert 

gas atmosphere is at least 10 ppm and preferably at least 

soo ppm • 

. u.s. Patent S,121,875 discloses a short hood for wave 

25 soldering machines,· wherein preheating of the printed 

circuit boards is carried out under air. In this process 
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a no clean flux is used and an oxyqen concentration which 

is less than 5% is recommended at the solder pot. 

U.S. Patent 4,921,156 discloses an apparatus having a 

soldering chamber and comprising means to inject a protec-

5 ·tive gaseous atmosphere in said soldering chamber and 

sealing skirt means protruding downwardly into the pool of 

10 

molten metal solder. Preferably the protective gaseous 

atmosphere is comprised of nitrogen and possibly of some 

reducing agent. 

u.s. Patent 4,746,289 discloses a process for treating 

parts under a non-reactive atmosphere with laminar flow 

conditions. 

New developm~ts in the wave soldering processes are 

disclosed in u.s: Patents 5,203,489 and 5,240,169. With 

15 this wave soldering process, it is possible to use surface 

mounted components, to be placed on the bottom side of the 

board before s'olderinq. This new technology has two major 

benefits. one is to allow for more components per sq...iare 

inch to be placed on the bottom of the circuit board. The 

20 second is to eliminate defects associated with through hole 

components such as insufficient top side f ilets and voids 

25 

in the via barrel. Because these new components are much 

smaller than the traditional through hole components they 

replace, the thermal shock they can withstand is greatly 

reduced. A normal maximum ramp temperature for such 

components is 2°C/sec. Due to this, the preheating temper-
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ature of a standard wave solderinq machine must be 

decreased in order not to damaqe components, but by doing 

this the through hole components may not reach the proper 

temperature, thus increasinq the defect rate. 

Under general manufacturing conditions, a circuit 

board may contain pin through holes (PTH) as well as 

surface mount components ( SMT) • This type of board is 

called a mixed· technoloqy .board. The PTH components may 

vary qreatly in size and mass, and material such as heat 

10 sinks made of metal and connectors made of plastic. The 

SMT components by comparison are very small with· very 

little mass. The problem of mixed technoloqy is that of 

temperature differential increasinq the defect rate. These 

defects come in two main categories. The first is over-

15 heating of SMT components, tjle second is under heating PTH 

components, thus causinq insufficient solder joints. 

Because of the predominance of mixed technoloqy boards in 

industry, there is a requirement to solve the problem of 

large temperature differentials across the circuit board. 

20 Moreover there exists a problem of varyinq board 

assembly types beinq soldered in same machine in a contin-

uous process. When small boards with relatively liqht 

components are to be soldered in the same process line as 

large boards with relatively heavy components, there is a 

25 problem of ma1ntaininq the proper temperature profile for 

both types of boards. One solution is to use multiple 
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temperature profiles, but this solution will decrease the 

machine throughput, thus increasinq unit cost. The other 

solution is to use the same temperature profile. This 

solution has the drawback of increasing the defect rate. 

As more assemblers use varying board types and compo­

nent types, this problem will become even qreater. Thus a 

solution is needed to allow for varyinq board and component 

types without sacrif icinq quality on throuqhput. 

Also, by increasinq the number of products processed, 

10 the set-up time required for each product will increase 

thus decrease the machine throuqhput. This will increase 

the product cost even more. 

One of_ the aims of solderinq components on a printed 

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

15 with through hole component or SMT components is to achieve 

uni_formly high quality solder joints. Better quality of 

solder joints means more homogeneous solder joints to 

decrease the electrical connections defects of components 

on the printed circuit boards. This can be achieved by 

2 o avoidinq solder skips, voids of solder in barrels of 

throuqh hole components, and also insufficient top side. 

filets. All the different processes disclosed hereabove 

regardinq wave solderinq of throuqh hole components are 

still not yet entirely satisfactory reqardinq quality of 

25 solder -joints and there is still a need in the industry to 
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improve the wave solderinq process in order to achieve a 

better quality of the solder joints. 

SUMMARY OF THE INYENTION: 

The process of the present invention aims at 

increasinq the thermal efficiency of the heat transfer from 

the surroundinq atmosphere to the printed circuit board by 

controlling the temperature of the incoming atmosphere in 

order to improve the quality. of solder joints. Accordinq 

10 to one embodiment of the invention, the substantially non-

oxidizinq atmosphere which is injected into the wave 

soldering machine is preheated in certain areas of the 

machine, such as the preheatinq zones, and is cooled to 

substantially ambient temperature in other areas of the 

15 machine such as the coolinq zone and/or the wave zone. 

When a hot substantially non-oxidizing atmosphere is 

injected in zones such as at least one of the preheatinq 

zones of the wave soldering machine, the process according 

to the invention uses laminar forced convection flow, which 

20 is preferably substantially perpendicular to the _printed 

circuit board and radiation to heat the printed circuit 

board, whereas on the contrary, the prior art used free 

convection, sometimes associated with radiation. The term 

laminar forced convection flow means a flow havinq a 

25 Reynolds number between 500 and 2,soo for each distribution 
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zone. Higher Reynolds numbers may be sometimes required at 

the entrance zone to promote greater heat transfer. 

One of the aims of preheatinq the atmosphere injected 

in the wave soldering machine is to decrease the tempera-

5 ture gradient between the printed circuit board and the 

solder pot at the time where the printed circuit board 

contacts the molten solder. If this temperature gradient 

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

molten solder has enouqh time to penetrate into the differ-

10 ent areas, includinq the holes through the printed circuit 

board, and fill all these areas and holes before being 

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

printed circuit board is too low, the molten solder is 

about immedi~tely solidified, and the quality of the solder 

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

are· rejected at quality control step after this wave 

solderinq step. 

Accordinq to the invention, it has been discovered 

that ·the atmosphere in the zones of the wave soldering 

20 machine which are upstream to the solder pot and particu­

larly in the vicinity of the printed circuit boards should 

be maintained in laminar flow conditions and its tempera­

ture controlled between 20°c and 2so•c (preferably so•c to 

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

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

circuit boards, it is, according to one embodiment of the 
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invention, recommended to cool the printed circuit board as 

soon as the solderinq step is completed which is usually 

shortly after the end of the contact between the molten 

solder and the printed circuit board above the solder pot. 

5 In order to achieve this cooling step, it is recommended ~o 

inject an atmosphere havinq a temperature which is lower 

than the temperature of the atmosphere injected in the 

preheatinq zone or in the solder zone. 

The invention also relates to a process for providinq 

10 a substantially non-oxidizinq atmosphere in a wave solder­

ing machine, wherein' through holes components and SMT 

components, or both, are electrically and mechanically 

connected to a printed circuit board by a solder in liquid 

state which is further solidified in order to electrically 

15 connect and mechanically maintain the components on the 

pri!)ted circuit ·board, said machine· comprisinq at least 

one preheating zone to preheat the printed circuit boards, 

at least one soldering zone to solder the components to the 

board and at least one cooling zone to cool and solidify 

20 the solder, wherein the temperature of said substantially 

non-oxidizing atmosphere is controlled before and/or during 

its injection in said soldering machine in order to 

increase the thermal efficiency of the heat transfer from 

the atmosphere to the printed circuit board. 

25 This temperature ·controlled, substantially non-

oxidizinq atmosphere can be injected in at least one zone 

.J" 
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of the wave solderinq machine, preferably in all the· zones 

of said wave solderinq machine. 

Accordinq to a pref erred embodiment of the invention, 

the temperature of the substantially non-oxidizinq atmo-

5 sphere is qreater than the ambient temperature and is 

injected in.at least one of the preheatinq zones of tpe 

wave solderinq machines. 

Accordinq to another embodiment, the temperature of 

the substantially non-oxidizinq atmosphere is lower than, 

10 or equal to, the ambient temperature and is injected in at 

least one of the coolinq zones of the wave solderinq 

machine. 

Accordinq to another aspect of the invention the 

temperature of the substantially non-oxidizinq atmosphere 

15 injected in the various zones of the wave soldering machine 

can be different from one zone to another, but is prefera­

bly substantially the same. Similarly the composition of 

the substantially non-oxidizing atmosphere injected in the 

various zones of the wave solderinq machine can be differ-

20 ent from one zone to another, or can be identical. 

According to another embodiment of the invention, 

wherein a substantially non-oxidizing atmosphere is 

injected in a wave soldering machine comprisinq at least 

two preheating zones, the temperature of the atmosphere 

25 injected in the different preheating zones is different 

from one zone to another. 
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Accordinq to a preferred embodiment of the invention, 

the temperature of tll.e temperature controlled substantially 

non-oxidizinq atmosphere is maintained at a preset value, 

this preset value beinq the same or beinq different from 

5 one zone to another. Usually, this preset value is the 

same for all the zones of the wave solderinq machine where 

10 

a heated atmosphere is needed. This preset temperature 

value is chosen usually in accordance with the process 

temperature profile, as exemplified on Figure 2. 

Accordinq to the invention the temperature of the 

printed ci~cuit board is qradualiy ~ncreased to reach a 

maximum in the solder zone, and is then qradually 

decreased. 

The preheated qas atmosphere can be injected .on the 

15 top side of the printed circuit boards or on the bottom 

side of the printed circuit board, or on both sides depend­

inq on the requirement of the circuit board, i.e. the mass . 
of the assembly and the distribution of the mass of the 

assembly. (One of the advantaqes of the invention is that 

20 it is no lonqer necessary to put an additional heat sink 

which is thereafter· removed by the operator, on the small 

components of circuit boards havinq otherwise a component 

permanently covered by a heat sink). When the preheated 

qas is injected on only one side of the printed circuit 

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

some heatinq mec:lns to heat the s\irroundinq atmosphere, and 
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thus heat the printed circuit boards more quickly and 

evenly, or to inject the substantially non-oxidizing 

atmosphere, for example at substantially ambient tempera­

ture or even to have no preheating on this side and no gas 

5 injection on said side. 

According to another pref erred embodiment of the 

invention, the preheated gas atmosphere is generated by 

.injection of a laminar flow of substantially inert gas in· 

a plenum chamber, said chamber _comprising a bottom perfo-

10 rated wall, heater means and gas injection means, which are 

so related to each other that the gas is heated by convec­

tion by the heater means, the pressure of the heated qas 

inside the plenum chamber being slightly higher than the 

pressure of the gaseous atmosphere outside said chamber, 

15 the heated gas thus flowing iam.inarly through the openings 

of the perforated wall of the plenum chamber. These 

openings are chosen such .1:hat the Reynolds number of the 

laminar flow is maintained between 500 and 2, 500, which 

might be carried out by using about 60 holes per zone 

20 having a diameter between about 0.2 mm to 0.4 mm. 

According to another embodiment of the invention, the 

preheated gas atmosphere is generated by inj action of 

laminar flow of substantially inert gas in a plenum 

chamber, said plenum chamber comprising a bottom perforated 

25 wa1·1, heating means integral ~ith the perforated wall and 

gas injection means which ... are so related to the heatinq 
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means that the qas is heated at least partly, by the 

perforated wall, the pressure of the gaseous atmosphere 

inside the plenum chamber being higher than the pressure of 

the gaseous atmosphere outside the plenum chamber, the 

5 heated gas thus flowing laminarly through the openings of 

the perforated wall of the plenum chamber. 

Accordinq to a preferred embodiment of the invention, 

the plenum chamber comprises from top to bottom, in sub­

stantially parallel plans the top wall of the chamber, the 

10 heatinq means, the gas injection means, and the perforated 

wall. The heatinq means are for example heatinq reqisters 

usu~lly used in heatinq ovens. The gas injection means are 

preferably in the form of a pipe or manifold arranged at 

least on three sides of the plenum chamber, this manifold 

15 is provided with }?.oles for inert qas diffusion in the 

plenum (first staqe diffusion) said holes being arranqed on 

th~ top half of said manifold, preferably located on · a 

diameter of said manifold parallely oriented to the perfo­

rated wall. However, when the heating means are inteqral 

20 with the bottom perforated wall of the plenum chamber it is 

possible to inject the ni troqen gas in any direction. 

Accordinq to one preferred embodiment of the invention 

a substantially non-oxidizinq atmosphere is nitroqen qas 

comprisinq less than 3% of oxygen, preferably less than 

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

In order to avoid dross formation in the area of the solder 
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pot,. various experiments have shown that an oxyqen concen­

tration in the nitroqen qas in the area of the wave should 

be less than 10 ppm of oxygen and most preferably about s 

ppm. In order to keep the purity of the ni troqen qas 

5 injected into the wave soldering machine, it is preferable 

to have separate zones, which zones are separated from each 

other by curtains, qas· curtains, etc. However, as the 

oxyqen content in the ni troqen atmosphere (or the inert 

qas) is less important in the preheatinq zones and/or the 

10 coolinq zone than the solder zone, it is possible to have 

in these preheating zones, or at least some of them, and/or 

the cooling zones, or at least some of them, a nitroqen 

atmosphere ·comprisinq more than 10 ppm of oxyqen. This is 

particularly advantageous when, for example, several wave 

15 soldering machines are close to each other or are located 

in the same plant, having a common nitrogen or inert qas 

source. In these conditions, it is possible to have for 

example an injection of pure or substantially pure nitroqen 

(less than 1 ppm oxygen usually), in the wave soldering 

20 zone, for example nitrogen from a bulk liquid nitroqen 

vessel, while the rest of the nitrogen gas at lower purity 

is provided by a membrane generator or a PSA. 

Of course, in the case of very large plants u~ilizinq 

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

25 also possible to have at least the solder zone of these 
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machines connected to an on-site nitroqen plant, for 

example a cryoqenic on-site nitroqen plant. 

BRIEF DESCRIPTION OF THE QRAWIHGS: 

5 Fiqure 1 is a front view of the cross section of the 

machine comprisinq the various nitroqen injection manifolds 

and preheaters means. 

Fiqure 2 is a qraphic representation of the tempera­

ture profile throuqhout the wave solderinq machine. 

10 Figure 3 shows one embodiment of qas injection means 

in a qas plenum chamber without heating means. 

Fiqure 4 represents an overall view of a qas plenum 

chamber for injection of preheated inert qas atmosphere in 

the wave solderinq machine. 

15 Figure 5 represents the temperature differential 

20 

ver~us time for heat provided by radiation and by forced 

laminar flow convection. 

Fiqure 6 exemplifies the advantaqes ·of the forced 

laminar flow convection. 

PESCRIPTION OF THE PREFEBRED EMBODIMEHTS: 

Fiq. 1 represents a schematic drawinq (side-view) of 

a wave solderinq machine capable of carrying out a process 

accordinq to the invention comprisinq two preheat zones A 

25 and B, a solder zone c, and a coolinq zone D. The circuit 

boards are transported on· wave solder rails 23 and enter 
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the first preheat zone A through the entrance curtains 4. 

This first preheatinq zone (and other zones too) totally 

surrounds the transportation rails in order to provide a 

controlled atmosphere shieldinq the circuit boards travel-

s ling throuqh it. The first preheat zone A comprises a top 

side skin 3 and a bottom side skin 6 with qas tubinq 

manifolds 1 as disclosed on Fig. 4, said tubing being close 

to the walls of the respect! ve skins 3 and 6. Heatinq 

topside coil 2 and bottom side coil 5 are arranqed between 

10 the qas tubinq manifolds and the qas diffusing perforated 

plate which diffuses the controlled atmosphere above and 

under the circuit boards. 

The second preheat zone B is substantially similar to 

the first preheat zone A with a topside skin 11, a bottom 

15 side skin 13, topside and bottom side heating coils 10, 

respectively 12, qas diffusinq manifolds 9 (top and bottom) 

and qas diffusinq plates 14 (top and bottom) with a curtain 

system 8 between A and·s, similar to the entrance curtain 

system 4. 

20 Separatinq the second preheat zone B and the solder 

zone c is the solder zone curtain system 15 (the curtain 

system substantially prevents air inqress in these various 

zones): it is made of parallel vertical curtains, each of 

them beinq made of separate, parallel strips in a substan-

25 tial sealinq contact, one ·with another • 

... 
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The solder zone c comprises a solder zone skin 18 

covering essentially the overall area where the molten 

solder is exposed to an atmosphere, in the solder pot 22. 

A solder pot seal 20 is provided between the bottom of the 

5 two laterai wave solder rails and the solder bath, compris­

ing the solder wave(s) 31, in order to prevent air ingress 

above the solder bath. · 

The solder zone skin 18 comprises also.a solder zone 
. . 

gas diffusing manifold 16 extending all around and closely 

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

control during the soldering operation, this skin 18 has·a 

solder zone window 17, the solder zone gas diffusing plate 

19 extending horizontally from the.external wall on a short 

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

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

gas _ diffusing plate thus surrounding the gas diffusinq 

manifold 16. 

An. exit curtain system 21 is provided from the solder 

zone c exit through the cooling zone D to prevent also air 

2 o inqress. This cooling zone D comprises also a topside skin 

29 and a bottom side skin 30 with.a topside gas diffusinq 

manifold 25 and a bottom side gas diffusing manifold 26, 

with topside and bottom side gas diffusing perforated 

plat~s 27 and 28, respectively. Both the solder zone C and 

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

the solder zone is kep~ hot by the heat transferred to the 
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controlled atmosphere by the molten solder and the cooling 

zone provides some coolinq gas circulatinq through the 

manifolds ·2s and 26, and diffusing through the plates 27 

and 28 to cool down the circuit boards and bring them to a 

5 temperature where they are no longer oxidized (or rapidly 

oxidized) by the ambient air. 

Fig. 2 repr~sents a temperature profile along the 

length of the wave solderinq hood system (as exemplified on 

Fig. 1), but comprising in this present example, three 

10 preheating zones (instead of two as shown on Fiq. l}, a 

wave solder zone and a cooling zone. 

Ni troqen qas (used here as the inert qas to flow_ 

throughout the manifold gas diffuser) at a flow rate of 

100 scfh is injected in the first preheat zone through the 

15 . gas manifold, heated by radiation of the heating coil in 

the top skin (and bottom skin if necessary), then by 

conduction while traversinq through the holes of the 

diffuser plates (h~ated by the h~ating coils). A flow rate 

of 200 scfh of the same gas as used in the first preheat 

20 zone (or a different inert gas, usually with less oxygen in 

it if the first gas used was "impure" nitrogen, i.e. 97 to 

99% N2 with 1 to 3% ~) is injected the same way in this 

second preheat zone, then a flow rate of 7 oo scfh is 

injected in the third zone (same purity or even less 02). 

25 Increasing the flow rate means iricreasinq the heat transfer 

between the atmosphere and the circuit board travelling 
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from the entrance of the system to the wave zone and then 

progressively increasinq the temperature of the circuit 

board and the outside of the components that this board 

bears. Then the heat transfer phenomena· continues even 

5 when the flow rate of inert qas (which always remains 

iaminar or substantially laminar throuqhout the process) is 

decreased to, e.g. 400 scfh because of the presence in this 

soldering zone of the solder pot at about 300°c. The 

coolinq step is conducted in the present example with a 

10 zero flow rate of nitroqen injected in the qas diffuser of 

this cooling zone. However, inert qas flows from the third 

preheat zone and the wave zone through this cooling zone to 

exit the system throuqh the cw::tains of the cooling zone. 

Fig. 3 a & b represents the gas diffuser system used 

15 over· the solder pot system, and comprising a plenum lid 

101, a tubing manifold 102, having a rectangular shape and 

surrounding the window 103 throuqh which the solder bath 

can be observed. 

This manifold 102 comprises holes 100 reqularly spaced 

20 (respectively on the top and bottom sides of the rectanqu­

lar manifold on the drawing) • The rectanqulal:' manifold 102 

comprises a gas inlet tee 104. 

Fig. 3a represents a top view of the gas diffuser 

system, while Fiq. 3b represents the bottom view of .the 

25 same.diffuser system. on. this Fiq. 3b, the diffuser plate 

105 covers the man if old 102, sealinqly surrounding the 
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window 103, the qas flowinq from the holes of the manifold, 

then f lowinq only throuqh the holes 106 of the perforated 

diffuser plate 105. When heatinq means are provided inside 

the plenum (as exemplified on Fiq. 4), the inert qas is 

5 thus also heated (by conduction) when it flows throuqh the 

holes, .such as 106, in the diffuser plate 105. 

~he qas diffuser system of the preheat zones is 

similar to the system disclosed on Fiq. 3 a & b, except 

that there is usually no window in the top of the lid ·101, 

10 which allows havinq a continuous, usually substantially 

flat diffuser plate 105 coverinq substantially the whole 

surface of the lid and comprisi~q holes, usually reqularly 

spaced all over the surface of the plate. It is possible 

to provide different sizes and different patterns of holes 

15 if a flow of qas havinq a preferred pattern is desired. 

Fiq. 4 is an overall view of a plenum used as a top 

and/or bottom plenum in the preheat zones of the machine as 

disclosed on Fiq. 1. The plenum 208· (which is a paral­

lelepipedic box having plain walls, except the bottom wall 

20 204 which is perforated) comprises from the top to the 

bottom a qas manifold 201 comprising reqularly spaced holes 

203 in its· branches 209 and 210, which holes are usually 

disposed in a plane which is· parallel to the perforated 

bottom 204. The branch 211 of the manifold usually com-

25 prises no holes (for qas diffusion). The inert qas enters 

into the manifold in 202 and exits the manifold at 203 (or 
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vice versa). The inlet 202 and outlet 203 are usually not 

too close from the side (vertical) walls of the housing 

208, the design being such that the repartition of the gas. 

in the plenum is even and no turbulences generated in it. 

5 The inlet and outlet 202 and 203 (or :vice versa) are 

connected to a source of inert gas (e.g. nitrogen). Lying 

between the gas manifold 201 and the perforated bottom 

plate 204 are several heating coils 206 connected through 

_their connections 207 to an adequate source of electric 

10 · power. These coils lie parallel (or substantially paral­

lel) to the bottom plate · 204, at a close distance to 

increase heat transfer with the perforated plate without 

disturbing the gas flow which must (preferably) remain 

laminar or substantially laminar at the output of the holes. 

15 or slits in the perforated bottom plate 204. 

Examples: 

In order to evidence the improvement provided by the 

invention, different experiments have been conducted in the 

same machine comprising a gas plenum chamber as exemplified 

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

The experiment disclosed hereunder was performed to 

show the advantage of using .a f creed convection laminar 

flow of heated inert gas as a more effective heat.transfer 

medium over radiation. Forced.convection laminar flow (of 

25 heated inert gas) can be defined as a flow of inert gas 

having a pressure drop from 0.1 inch of water to 50 inches 
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of water across the plenum plate, which means a velocity 

substantially between l and 30 m/s. 

The test was run with printed circuit boards in 

fiberglass/epoxy resin (FR 4 type) with small components 

5 and larqe components on the same board. 

Fig. 5 represents the results obtained in both cases 

of heat provided to the components by direct radiation of 

the heaters and no gas injection in the plenum and of heat 

provided by forced laminar flow convection by injection of 

10 ·· nitrogen gas which is heated in the plenum and which flows 

onto the circuit board. 

rt can be seen from Fig. 5 that the temperature 

difference 4T for the radiation case is much larqer as a 

function of time vs. the 4T for that of convection. It is 

15 this temperature differential that the laminar preheated 

fo~ced convection flow (of a substantially non-oxidizinq 

qas) will prevent. This temperature differential shows 

that by usinq this system, the temperature across the board 

can be controlled to eliminate the possibility of defects 

20 due to overheating or underheatinq. The temperature 

differential 4T represents the difference of temperature 

between the two sides (top and bottom) of the components. 

This 4T is about 15°C (or less) with forced laminar flow 

conv~ction of an inert qas after 30 seconds of contact with 

25 the heated qas, while for radiation, there is a quite 
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instantaneous AT of al:>out 15°C (at time zero) to reach 

about 43°C after 30. seconds. 

Fig. 6a and 6b represent respectively the temperature 

in Kelvin versus time in seconds for heat generated and 

5 conveyed to the circuit board by radiation only and heat 

conveyed to the circuit board by forced laminar flow 

convection. In the case. of Fig. 6a, the source of tempera­

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

case of Fig. 6B, the sourc~ of temperature is heated at 500 

10 K only, i.e. 100 K lower. The final goal in both cases is 

to reach a temperature of an average value on the compo­

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

ature of 600 K for the heating elements in the case of Fig. 

6b could have meant reaching fast.er (less than 3 o seconds) 

15 the targeted temperature of 355 K). 

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

differential varies with the size of components when a 

preheated substantially non-oxidizing laminar flow of·qas 

is used. The two components that were evaluated varied in 

20 size as well as material composition. The temperature 

measurements were made at.two locations for each component. 

Fig. 6a exemplifies radiation heat transfer. The 

larqe variation in temperature gradients within the compo­

nents indicate that the component undergoes undue stress to 

25 achieve the desired temperature for solderinq to take 

place. Because of the variation in material properties 
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within a single component, this type of stress will lead·to 

premature component failure. 

Fig. 6b exemplifies forced laminar convection. In 

this case, the temperature gradient variation is substan-

5 tially reduced over that of the radiation case only. The 

reduction in temperature difference . within a component will 

lead to greater components reliability • 

. L·· 

.· 
·~·.·. 
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CLAIMS: 

1. A process for providinq a substantially non­

oxidizinq atmosphere in a wave solderinq machine, wherein 

5 throuqh holes components or surface mount components or 

both are electrically and mechanically connected to a 

printed circuit board by a solder in liquid state which is 

further solidified in order to electrically connect :the 

components "and mechanically maintain the components on the 

10 printed circuit board, said machine comprisinq at least one 

preheatinq zone to preheat the printed circuit boards, at 

least one solderinq zone to solder the components to the 

board, and at least one coolinq zone to cool and solidify 

the solder wherein the temperature of said substantially 

15 non-oxidizinq atmosphere is controlled before and/or durinq 

its injection in said solderinq machine in order to 

increase the thermal efficiency of the heat transfer from 

the atmosphere to the printed circuit board. 

20 

2. A process accordinq to claim 1, wherein said 

temperature controlled substantially non-oxidizinq 

atmosphere in injected in at least one zone of.the wave 

solderinq machine. 

3 • A process accor.dinq to claim 1, wherein the 

temperature of the substantially non-oxidizinq atmosphere 

25 is qreater than the ambient temperature and is injected in 



I lllllll llllll 1111111111111111 
* C L M S * 

26 

at least one of the preheatinq zones of the wave solderinq 

machine. 

4 • A process accordinq to claim 1, wherein the 

temperature of the substantially non-oxidizinq atmosphere 

5 is lower than or equal to the ambient temperature and is 

injected in at least one of the coolinq zones of the wave 

solderinq machine. 

5. · A process accordinq to claim 1, wherein the 

temperature of the substantially non-oxidizinq atmosphere 

10 injected in the various zones of the wave soldering machine 

is different from one zone to another. 

6. A process accordinq to claim 1, wherein the 

composition of the substantially non-oxidizinq atmosphere 

injected in the various zones of the wave solderinq machine 

15 is different from one zone to another. 

7. A process accordinq to claim 5 or 6, wherein a 

substantially non-oxidizing atmosphere is injected in a 

wave solderinq machine comprising at least two preheatinq 

zones, the temperature of the atmosphere injected in the 

20 different preheatinq zones beinq different from one zone to 

another. 

8. A process accordinq to claim 1, wherein the said 

substantially non-oxidizinq atmosphere is provided to the 

solderinq machine after preheatinq under laminar flow 

25 conditions. 
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9. A ·process accordinq to claim 1, wherein the 

temperature of the temperature controlled substantially 

non-oxidizinq atmosphere is maintained at a preset value. 

10. A process accordinq to claim 1, wherein the 

5 temperature of the printed circuit boards is gradually 

increased to reach a maximum in the solder zone and is 

10 

gradually decreased, the temperature of the non-oxidizinq 

atmosphere in a preheatinq zone beinq lower than that of 

the subsequent zone. 

11. A process accordinq to claim 1, wherein at least 

some of the printed circuit board comprises SMT components 

on their top side. 

12. A process according to claim 1, wherein a 

preheated qas atmosphere is injected on the top side of the 

15 printed circuit boards in at least one of the preheatinq 

20 

zones. 

13 • A process accordinq to claim 12, wherein the 

bottom side of the printed circuit boards is also preheated 

in at least one of the preheatinq zones. 

14. A process according to claim 12, wherein a non­

preheated atmosphere is injected on the bottom side of the 

printed circuit board in at least one o'f the preheatinq 

zones. 

15. A process accordinq to claim 1, wherein a 

25 preheated qas atmosphere is injected on the bottom side of 
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the printed circuit board in at least one of the preheating 

zones. 

16. ·A process according to claim 15, wherein the top 

side of the printed circuit board is also preheated in at 

5 least one of the preheating zones. 

10 

17. A process according to claim 15, wherein a non­

preheated atmosphere is injected on the top side of the 

printed circuit board in at least one of the preheated 

zones. 

18. A process according to claim 1, wherein a 

preheated gas atmosphere is injected on both sides of the 

printed circuit board in at least one of the preheating 

zones. 

19. A process according to claim 1, wherein the 

15 preheated gas atmosphere is created in by injection of a 

laminar flow of substantially inert qas in·a plenum cham­

ber, said chamber comprising a bottom perforated wall, 

heater means and gas injection means which are so related 

that the gas is heated in contact with the heater means, 

20 the pressure of heated gas inside the plenum chamber being 

slightly higher than the pressure of the gaseous atmosphere 

outside said chamber, the heated gas thus flowing laminarly 

through the openinqs of the perforated wall of the plenum 

chamber. 

25 2 o. A process according to claim 1, wherein the 

preheated qas atmosphere is created in by injection of a 
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laminar tlow of substantially inert qas in a plenum 

chamber, said plenum chamber comprisinq a bottom perforated 

wall, heatinq means inteqral with the perforated wall and 

qas injection means which are so related to the heatinq 

5 means that the qas is heated in contact with the perforated 

wall, the pressure of the qaseous atmosphere inside the 

plenum beinq hiqher than the pressure of the qaseous 

atmosphere outside tlie plenum, the heated qas thus f lowinq 

laminarly throuqh the openinqs of the perforated wall of 

10 the pleJ?.um. 

21. A process accordinq to claim 19, wherein the 

heatinq means comprises heatinq rods parallely arranqed 

inside the plenum and in a plane substantially parallel to 

the perforated wall, •nd qas injection means in the form of 

15 pipes parallely arranqed between heatinq rods, said pipes 

20 

comprisinq openinqs arranqed on the top half of said pipe. 

22. A process accordinq to claim 20, wherein the qas 

injection means are in the form of a pipe comprising 

openinqs arranged at any place of ~e surface of said pipe. 


