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STENCIL FOR DEPOSITING AND PORTIONING VARIOUSLY THICK SPOT
LAYERS OF A VISCOUS MATERIAL

The present invention concerns a stencil for the depositing and gauging of more
or less thick, point-base coats of a viscous product.

This invention falls within the technologies of surface mounting of electronic
components on printed or microelectronic circuits.

In electronics manufacturing, the coating of so-called thick layers, namely solder
paste and glue, are done by means of a syringe or serigraphy. The coating by syringe is a
risky process of a limited output. The precision of its markings, the duration of the
operation, and the slenderness of the lines and networks made, make this first operation
unusable for current industrial applications.

Although paste and glue can be coated by liquid distribution equipment, the
preferred method is serigraphy through a screen, by using a metal screen or stencil
manufactured by chemical cutting, laser cutting, or electroforming. These three methods
are satisfactory for dimension of up to 300 micro-meters, but smaller dimensions are
required. .

The use of a stencil, through which is deposited a product, cream or solder
paste, which then form the desired contact soldering pins, is the most prevalent
industrial procedure. '

Three types of stencils are known today: the woven metal cloth of serigraphy, the
polyester woven cloth of serigraphy and the metal stencil. Their technical qualities are
determined depending on their efficiency or percentage of opening, the off contact, and
the force of tension applied.

The efficiency corresponds to the degree of sealing of the stencil holes which is a
function of the presence of wires/fibers in the case of a woven stencil.

The off-contact is the angle that can be formed by the stencil with the support
surface in working position when the squeegee is being supported. The greater the angle,
the better is the extraction of the viscous product of the stencil. Obtaining an off-contact
presupposes a considerable tension force of the stencil and a good coefficient of
elasticity. |

Depending on the off-contact, the metal serigraphic cloth is not as good as the
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polyester serigraphic cloth and better than a metal stencil.

For efficiency and tension force, the polyester serigraphic cloth is not as good as
the metal serigraphic cloth, which in turn is not as good as the metal stencil.

The method and means of machining the stencils determine also the quality of the
deposits as will be explained later.

The present invention remedies those drawbacks by presenting a means of
applying thick coats by the use of a stencil made of a uniformly consistent solid sheet of
a pliable and stretchable synthetic material bored by a cutting means in conformance with
the deposits to be made.

Such stencils have been used.

Patent GB 2054462 uses such a stencil to mask out metal with a view to an
electrochemical etching, hence a removal of metal and not a depositing of viscous
product.

Patent US 3981237 uses such a stencil for ink printing on textiles, the stencil or
mask being mounted on a rotary drum.

The purpose is different in the present invention, which aims to deposit and to
gauge viscous products.

The invention is characterized essentially by a stencil for the depositing and
gauging of more or less thick, point-base coats of a viscous product, the product being
gauged by means of said stencil of a uniformly consistent solid sheet made of a pliable
and stretchable synthetic material with transfer bores in conformance with the surface of
each one of the points to be made, the size of said bores, in relation to the thickness of
the sheet, making it possible to gauge the product amount to be deposited and to control
the height of the deposit. |

According to another feature of the invention, the stencil bores are round in
shape.

According to still another feature of the invention, the bores are made by
mechanical means. The stencil is preferably made of a sheet of polyester or a similar or
equivalent synthetic material.

The present invention concerns also the stencil, as a device, which the process is

meant to embody.
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To remedy the problems found with a serigraphic screen made of polyester or
metal cloth and a metal stencil, the present invention proposes to use a cloth made of
polyester material or the like; however, this cloth no longer consists of fibers/wires but is
a solid sheet in itself. This solid sheet made of polyester is mechanically bored at the
desired places. Owing to the fact that the polyester cloth is solid, it admits of tension
forces greater than those with wire mesh cloths and at least equal to those with metal
stencils.

The description that follows, given with regard to the attached drawings in a way
applicable but not limited to them, gives us a better understanding of the advantages,
aims and features of the present invention.

Figure 1 depicts the textures of known types of masks and stencils.

Figure 2 depicts sections of stencils and their respective qualities.

Figure 3 depicts a view of a thick coat depositing in progress.

Figure 4 shows two stencils, one made according to the present invention
and the other representing the prior state of the art.

| Figure 5 illustrates a sectional view of a stencil according to the invention
on the printed circuit plate which is to receive the deposits.

Figure 6 illustrates a top-view and sectional example of a simultaneous
deposit of glue points with different heights and diameters depending on the type -
of component.

Figure 7 illustrates in top view an example of how the invention is used to
create physical barriers between areas where there is risk of a bridge at the time of
passage of the component-welding wave.

Figure 8 illustrates examples of embodiment wherein invention
implements continuous lines or full surfaces.

Figure 9 illustrates the stencil schematically, in use in the different cases
of the figures.

Figure 1 depicts the textures of known types of masks and stencils.

Figure 1 shows a mesh 1 of a network 2 made in a fabric of stainless wires 3, a
mesh 4 of a network 5 made in a fabric of polyester wires 6.

Meshes 1 and 4 have identical surfaces. The efficiency of the network 2, however,
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4
is greater than that of the network 5, because the diameters of the wires 3 are smaller than

the diameters of the wires 6. The tension value is identical for networks 2 and 5.
Lastly, the off-contact is better for the network 5 than for the network 2.

Figure 2 shows sections of stencils and their respective qualities.

Figure 2 illustrates sections of serigraphic screens 7, 8, 9, 10, 11 and 12, each one
passing by an opening whose sides 13 and 14 for screen 7; 15 and 16 for screen 8; 17 and
18 for screen 9; 19 and 20 for screen 10; 21 and 22 for screen 11; and 23 and 24 for
screen 12; have different shapes.

These shapes correspond to different serigraphic qualities.

The screens are considered as being made of the same material and used by filling
at the top and depositing at the bottom, as shown in Figure 3.

Sides 13 and 14 correspond to a good filling, because sides 13 and 14 are closer
to each other at the bottom than at the top.

Sides 15 and 16 correspond to a good demolding, because sides 15 and 16 are
closer to each other at the top than at the bottom.

Sides 17 and 18 correspond to a customary compromise between these two
shapes and these two qualities. The sides are close to each other at an equal distance from
the two surfaces of screen 9.

Sides 19 and 20 correspond to a compromise that promotes demolding, because
they are closer to each other at a shorter distance from the top surface than from the
bottom surface of screen 10.

The four shapes presented above correspond to a chemical embodiment of the
cuttings.

Sides 21 and 22 correspond fo an ideal shape. They are parallel to each other and
perpendicular to screen 11.

Sides 23 and 24 correspond to a shape obtained by laser cutting. Their shapes are
very close to those of sides 21 and 22; however, they are rough.

Serigraphy uses a metal or polyester cloth for support. A mask made with the help
of an ultraviolet photosensitive film makes it possible to embody stencils. The polyester
cloth affords a certain elasticity, which allows an off-contact to go up to 3 or 4 mm

without image distortion. The off-contact promotes demolding, for it diminishes the
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lateral surfaces in contact.

This off-contact is very important, because it enables the extraction of the
material to be deposited, from the hole in the cloth, not obstructed at the time of passage
of the squeegee. The greater the tension force of the cloth, the better will be the
extraction from the cloth and the better will be the deposit.

In the case of a polyester cloth, the greater the number of threads per length
unit, the greater the tension. A greater number of wires affords less efficiency (the
efficiency being the ratio between the open surface and the total surface of the mesh).

The percentage of opening being less, passage of the pasty and/or viscous product
will be all the more difficult and will become impossible for small opening sizes.

The metal cloth, generally made of stainless steel mesh, makes it possible
(because of its superior resistance) to afford a greater percentage of opening to the
polyester (a 70% maximum). Hence, the size of the deposits can be reduced. The
off-contact possible, however, will be less than with the polyester, and extraction can be
a more delicate operation, which entails the risk of carrying along the product in the
screen. (Note: the strong tension is close to the breaking point.)

When the size of the deposits required has to be even smaller recourse to a metal
stencil becomes necessary. In that case, the percentage of opening is 100%. Now, the
main fault with the metal stencil is that it practically does not admit of any off-contact.
The metal is not stretchable; itis rigid and its admissible bending angle is very weak.

In practice, a pseudo-off-contact is obtained by suspending the metal stencil ona
polyester wire sieve.

With metal, the contact area is very large.

With a synthetic sheet material which according to the invention is pliable and
stretchable, the admissible bending angle being very large, a contact surface of small
width is obtained.

This is a major problem, for it often happens with small openings that the forces
of adherence of the product to be deposited onto the lateral surface of the hole are greater
than the forces of adherence of the product on the support. In that case, the deposit
cannot be made and the product is carried along on the stencil.

Figure 3 shows a view of a deposit of thick coating in progress.
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Figure 3 illustrates a stencil 25 comprising wires 26 and a material 27, on which
rests a squeegee 28 which pushes a solder paste 29 or glue or some other viscous material
into the holes 30, 31, and 32 the solder paste emerging from the holes and being
deposited in the form of points 34 on a printed circuit 33 when the stencil 25 moves away
from a printed circuit 33.

The stencil 25 is made according to processes known by the expert. It comprises
wires 26 which assure solidity and a material 27 which assures impermeability of the
stencil 25. The squeegee 28 is of a known type. It has a hardness adapted for impeding
the passage of paste between it and the stencil 25. The solder paste 29 is a viscous paste
containing different components with materials that are conductors of electricity. It spills
into the holes 30, 31 and 32. In Figure 3, the hole 31 is much smaller than the hole 30.
The hole 30 is empty, and the hole 32 is being filled.

The stencil is stretched upward in order to be at a distance from the printed circuit
33 before and after passage of the squeegee 28. It supports both the solder paste 29 on the
stencil 25 and the stencil 25 on the printed circuit 33.

When the squeegee moves from the right 6f Figure 3 to the left, the solder paste
enters the holes 30, 32, then 31 and emerges from those holes when the stencil moves '
away from the printed circuit 33. The solder paste 29 then constitutes points 34 on the
printed circuit 33.

-This figure shows clearly why the shape of the sides of the holes 30, 31 and 32
made in the stencil 25 corresponds to the qualities depicted in Figure 2.

It is also clear that the qualities of the stencil 25 depend on any wires 26 inserted
in the material 27, on the elasticity of the stencil 25, on its thickness and on the way its
holes are made.

According to the present invention, the serigraphic screen or stencil 25 consists of
a solid sheet made of an stretchable and pliable synthetic material such as polyester or
plastic derivatives or the like, machined preferably by mechanical cutting in order to
make round holes.

According to the invention, the material used for making the stencil is suitable for
being shaped into position by plastic deformation, for instance, to permit the passage of

excessive thicknesses.
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The present invention concerns also the stencil 25 as a device, which the process
is meant to embody.

To remedy the problems found with the serigraphic screen made of polyester or
metal cloth and a metal stencil, the present invention proposes use of a serigraphic screen
made of polyester or derivatives on a solid sheet. This polyester solid sheet is
bored mechanically or thermally at the desired places. Since the polyester cloth is solid, it
admits of tension forces greater than those of wire mesh cloths and at least equal to those
of metal stencils. _

Figure 4 illustrates a stencil 42 comprising a hole 35 whose sides 36 and 37 are a
classical compromise in the electronic industry and a stencil 38 according to the
invention containing a hole 39 whose sides 40 and 41 are made by mechanical means.

The stencil 42 is made of metal. It comprises a hole 35 whose sides 36 and 37
have been shown in Figure 2 as the customary compromise in the electronic industry.
The stencil 42 does not accept the off-contacts well, possesses a very limited bending
angle because of its basic material, and has high coefficients of friction.

The stencil 38 according to the invention consists of a solid polyester sheet
machined by mechanical cutting. It contains a hole 39 whose sides 40 and 41 are made by
boring and are therefore almost ideal in shape, as shown in Figure 2.

The stencil 38 accepts high off-contacts, possesses a very great bending angle and
a weak coefficient of friction. The precision of the cutting shape is very great.

Figure 5 shows a stencil made according to the present invention.

Figure 5 shows also the embodiment of a deposit on a substrate surface 33
through a stencil according to the invention 25 by means of a squeegee 28.

The printed circuit that is going to receive the deposits of viscous or pasty and/or
adhesive products has a relief or roughness of varying thicknesses. These reliefs are due
to the presence of input tracks and areas.

The rule to be followed in order to have a transfer of the product to be deposited
onto the substrate is that there should be contact between the stencil and the substrate at
the exact place where the squeegee exerts a linear pressure and opposite an
opening .

If there is no contact opposite the opening, the product will be guided by the hole
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but will be received uncertainly with dispersions and burrs.

In the case where a sheet stencil according to the invention is used (Figure 5), the
criteria of pliability and stretchability of the stencil associated with the low values of the
admissible bending radius entail a deformation of the stencil, enabling it to come into
contact with the substrate as well as on the lowest points.

Different machining processes can be provided; however, the boring of round
holes seemed to be the process most suited to the polyester sheet stencil according to the
invention.

If the cutting parameters are well adapted, the edge is free and clear with
possibilities for bore diameters of as low as 0.1 mm.

The big advantage of mechanical machining with drills lies in the fact for one
same bore diameter, it is the same drill that operates irrespective of the number of holes
or openings of the particular diameter to be made.

The drill is a tool which has a constant diameter and profile with a constant
calculated cutting speed; it machines a piece of material of a constant thickness and
nature. This yields diameters with constant holes having an identical surface finish on all
the holes of the same diameter. The holes are smooth, with a surface roughness on the
order of 0.001 micron (versus 0.1 micron with a laser cutting).

The constancy of the parameters applied to the sheet stencil according to the
invention as well as the fact that the holes made for one same diameter are invariably
identical makes it possible to have deposits that are invariably the same.

Modifying the surface finish of the bores makes it possible to get different results
particularly on the proportioning out of the deposited products and the height of the
points made in relation to the diameter of the bores.

To get a better understanding in this Figure 9, the stencil 25 has been illustrated,
on the one hand, as being applied to the substrate 33 (printed circuit) and, on the other
hand, in the course of lifting to represent glue removal by the stencil and the action it can
have on the formation of glue points.

Figure 6 illustrates in top view and sectional view an example of a deposit of glue
points with different heights to fasten different components to the circuit.

Figure 7 illustrates an example of a buildup of physical barriers by glue points
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between areas where there is a bridge risk at the time of passage with the welding wave.

Figure 8 illustrates an embodiment by points of continuous dashes and full
surfaces.

The material that remains clinging to the side walls of the holes of the same
diameter is invariably identical on all sides.

The polyester solid sheet does not have any insert or particular shape. Its
thickness is constant and it is uniform in composition.

Further, the polyester used is transparent; hence, marking of the respective
positions of the stencil and of the printed circuit is better.

The height deposited depends on the diameter of the hole, the viscosity of the
product, its density, the thickness of the stencil and the forces that oppose the flowing out
(the surface roughness). In the case of polyester, with the surface roughness being
constant and the other parameters being constant, the result is constant, i.e., for one same
hole diameter, we always get the same deposit height. With a metal stencil, the surface
roughness height being variable, the deposits are inconstant.

Viscosity is the factor with the greatest impact on the height of the deposit: the
weaker the viscosity, the more the height deposited will approximate the thickness of the
stencil irrespective of the diameter of the hole.

For high viscosities, e.g., a deposit of adhesives, the deposited height depends on
the diameter and thickness of the stencil. For very small diameters (200 to 400 p meters),
the deposited height is much less than the thickness of the stencil. The hole serves as a
reservoir and refills upon each passage of the squeegee with a quantity of viscous product
equal to that which has been deposited onto the circuit. Adhesion to the sides of the hole
carries along one part with the stencil and leaves another part only on the substrate.

The part carried along by the stencil is very well controlled and repetitive because
of the constancy of the hole's surface roughness.

For the same given thickness and for the same diameter or size of bore (800 to
1200 p meters), the partial carrying along of the very viscous glue at the time of
separation causes the systematic buildup of a dome whose height may reach as much as
1.8 times the thickness of the stencil.

For diameters greater than 2000 u meters and for the same thickness, the
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deposited heights are identical to the stencil's thickness. If one wishes to deposit greater
heights, it will be necessary to choose a thicker stencil and to select an appropriate boring
diameter, in the realization that for smaller diameters the deposited height will be
identical irrespective of the stencil's thickness.

The properties make it possible to put and keep together side by side (there is no
limit to shape) very high glue segments and very low glue segments. The ratio of 1 to 20
is possible. It is also possible to glue side by side microcomponents and large blocks.

Its considerable advantage over a metal stencil is that, despite its equal tension,
the stencil made according to the present invention admits of more elasticity. This makes
it possible to have an off-contact at the time of the deposit, while assuring close contact
with the substrate. Since the percentage of opening is 100%, the size of deposit possible
becomes even smaller.

For solder paste deposits, it is preferable to deposit circular shapes even on areas
receiving varied shapes, such as the square or the rectangle. The éircle will be the easiest
to deposit, because it has the largest surface for the smallest perimeter, the adherency
being maximal on the support for a minimal drag force by the stencil.

The deposit of micropoints of glue or solder paste by the use of the device that is
the subject of the present invention reaches limit diameters of about 100 u meters with a
limit height of 50 p meters.

Other advantages are added to these qualities of the bored solid-sheet polyester
stencil, namely:

- the cost is divided by at least 3;

- the means to be employed for making the present stencil are less costly than

those for a metal stencil;

- polyester is acid- and solvent-resistant;

- the life span is greater than that of the metal stencil.

The polyester stencil can undergo, upon demand, a permanent plastic deformation

to avoid certain circuit areas if necessary.
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CLAIMS

1)

2)

3)

4)

3)

6)

)

8)

9

10)

Stencil for the depositing and gauging of more or less thick, point-base coats of a
viscous product (the deposit being gauged by means of suid stencil), characterized
in that it consists of a solid sheet of uniform composition mude of a pliable and
stretchable synthetic material cquipped with transfer bores in conformance with
the surfuce of cach of the points to be made, whose diameter in relation to the
thickness of the sheet makes it possible to gauge the amount of product deposited
and 1o control the depusit height,

Device according to claim |, characterized in thut the stretchable synthetic
material consists of polycster.

Device according to one of claims 1 or 2, characterized in that the stretchable
synthetic material js partially or totally transparent.

Device according to any of the foregoing claims, characterized in that it has round
holes. |

Device accimling to any of the forcgoing claims, characterized in that it has holes
cut by, onc or morc mechanical tools.

Device according to claim 5, characterized in that the tool is a drill.

Process for the manufacture of serigraphic screens, characterized in that it
consists in machining a solid sheet of uniform composition containing only an
stretchablc pliable material in order to bore it or to cut il.

Process according to claim 7, characterized in that it consists in using a pliable
and stretchable synthetic material made of polyester.

Process according to une of claims 7 or 8; characterized in that it consists in using
a partially or tutally transparent synthetic material,

Process uccording to any of claims 7 to 9, characterized in that it consists in using
mcchanical tools to muke cuts in the sheet of synthetic material.

TRADUCTION  CERTIFIEE CONFORME A L'ORIGINAL
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