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NON-PLANAR SUBSTRATE

(57) Méthode et appareil pour appliquer un fluide 4 une
pluralit¢ d’emplacements sur un subjectile non plan.
L’ appareil comprend une base mobile et une série de
goupilles reliées a la base. Chaque goupille comprend
une extrémité distale qui est mobile dans le plan vertical
par rapport a la base, indépendamment des autres
goupilles. Chaque extrémité distale est adaptée pour
transférer du fluide vers un emplacement sur le
subjectile, en ayant une plus grande affinité pour le fluide
que le fluide pour lui-méme, et une moins grande affinité
pour le fluide que le fluide pour le subjectile.
Conséquemment, les extrémités distales peuvent étre
plongées dans le fluide et amenées en contact avec le
subjectile de sorte que les extrémités distales peuvent se
rompre vers la base lorsque les extrémités distales sont
en contact avec le subjectile pour faciliter le mouvement
de la base vers le subjectile, pour I’application de fluide
a chacun des multiples emplacements.

I*I Industrie Canada  Industry Canada

(57) A method and apparatus is provided for applying a
fluid to a plurality of locations on a non-planar substrate.
The apparatus includes a movable base and an array of
pins connected to the base. Each pin has a distal end
which is vertically movable with respect to the base
independently of the rest of the array of pins. Each distal
end is adapted to transfer fluid to a location on the
substrate by having a greater affinity for the fluid than
the fluid has for itself and a lesser affinity for the fluid
than the fluid has for the substrate. Accordingly, the
distal ends may be dipped in the fluid and moved into
contact with the substrate such that the distal ends may
collapse toward the base as the distal ends engage the
substrate to facilitate further movement of the base
toward the substrate for application of fluid to each of the
plurality of locations.
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Abstract

A method and apparatus is provided for
applying a fluid to a plurality of locations on a non-
planar substrate. The apparatus includes a movable
base and an array of pins connected to the base. Each
pin has a distal end which is vertically movable with
respect to the base independently of the rest of the
array of pins. Each distal end is adapted to transfer
fluid to a location on the substrate by having a
greater affinity for the fluid than the fluid has for
itself and a lesser affinity for the fluid than the
fluid has for the substrate. Accordingly, the distal
ends may be dipped in the fluid and moved into contact
with the substrate such that the distal ends may
collapse toward the base as the distal ends engage the
substrate to facilitate further movement of the base
toward the substrate for application of fluid to each

of the plurality of locations.
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METHOD AND APPARATUS FOR DISPENSING
FLUID ON A NON-PLANAR SUBSTRATE

Technical Field

The present invention relates to a fluid
dispensing method and apparatus, and more particularly
to a method and apparatus for dispensing solder paste,
adhesive, or other liquid or paste-like material at a

plurality of locations on a non-planar substrate.

Background Of The Invention

Recent developments in the automotive
industry have focused upon elimination of wiring
harnesses and wiring boxes beneath vehicle instrument
panels. One development, which is described in U.S.
patent application Serial No. 08/642,723, which is
assigned to the assignee of the present application,
discloses a method of overlaying circuit patterns
directly onto instrument panel structural components.
This method is very promising in that it reduces
vehicle weight, reduces assembly and packaging
problems, and simplifies the overall design.

A problem experienced with the application
of circuit patterns directly onto vehicle structural
components is that such structural components are
typically three-dimensional or non-planar, therefore
the circuit pattern must be applied onto the non-
planar surface. Accordingly, dispensing solder paste
onto discrete locations on the circuit pattern to form
electrically conductive solder joints once the circuit
pattern has been applied to the non-planar surface is

problematic because efficient technology does not
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exist for applying solder at a plurality of discrete
locations on a non-planar surface.

Screen printing approaches require
substantially flat surfaces and require special
tooling and construction features of limited utility
for printing in recesses. Syringe dispensing is
possible with many three-dimensional surfaces,
however, x-direction and y-direction dispense head
travel speed along with z-axial and theta angle
positioning require a prohibitively long time in a
high speed manufacturing scenario.

The same problem exists in applying surface-
mounted electronic devices to non-planar surfaces.
These surface-mounted electronic devices typically
require an adhesive to hold the device in place when
applied to an angled surface. However, efficient
technology does not exist for rapidly applying such
adhesive at discrete locations on non-planar surfaces.

Accordingly, it is desirable to provide a
method and apparatus for applying solder paste and
other fluids, such as glue, to non-planar three-

dimensional substrates.
Disclosure Of The Invention

The present invention overcomes the above-
referenced shortcomings of prior art fluid dispensing
devices by providing a fluid transfer device which
includes a movable base and an array of pins extending
from the base, wherein each pin includes a distal end
which is movable with respect to the base
independently of the rest of the array of pins, such
that the distal ends of the pins may transfer fluid to

discrete locations on a non-planar surface.
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More specifically, the present invention
provides an apparatus for applying fluid to a
plurality of locations on a non-planar substrate,
including a movable base and an array of pins
connected to the base. Each pin has a distal end
which is vertically movable with respect to the base
independently of the rest of the array of pins,
wherein each distal end is adapted to transfer fluid
to a location on the non-planar substrate. The distal
ends of the pins have a greater affinity for the fluid
than the fluid has for itself and a lesser affinity
for the fluid than the fluid has for the substrate.
Accordingly, the distal ends may be dipped in the
fluid and moved into contact with the substrate such
that individual distal ends may collapse toward the
base as the distal ends engage the substrate to
facilitate further movement of the base toward the
substrate for application of fluid to each of the
plurality of locations. The fluid may be a solder,
glue, etc.

The present invention further provides a
method of applying solder to a plurality of locations
on a non-planar electronic substrate, comprising: 1)
providing a solder transfer device including a movable
base with an array of pins connected to the base, each
pin having a distal end which is vertically movable
with respect to the base independently of the rest of
the array of pins; 2) dipping the distal ends of the
pins in a tray of solder paste; and 3) moving the base
toward the non-planar electronic substrate such that
the distal ends of the array of pins contact the
plurality of locations for applying the solder paste
to the locations.
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Accordingly, an object of the present
invention is to provide a method and apparatus for
dispensing fluid at a plurality of discrete locations
on a non-planar surface of a substrate.

The above object and other objects,
features, and advantages of the present invention are
readily apparent from the following detailed
description of the best mode for carrying out the
invention when taken in connection with the

accompanying drawings.

Brief Description Of The Drawings

Figures la-1f schematically illustrate a
sequence of dipping a pin in a solder paste and
applying the pin to a substrate to dispense the solder
paste on the substrate in accordance with the present
invention;

Figure 2a shows a schematic side view of an
apparatus for applying fluid to a plurality of
locations on a non-planar substrate in accordance with
the present invention;

Figure 2b shows the apparatus and substrate
of Figure 2a with the apparatus in contact with the
substrate;

Figure 3 shows a schematically arranged
sectional view of a transfer pin in accordance with an
alternative embodiment of the present invention;

Figures 4a-4c schematically illustrate
cross-sectional views of a sequence of applying a
fluid to a non-planar surface in accordance with the
embodiment illustrated in Figure 3; and

Figures 5a-5d schematically illustrate a

method of applying a fluid to a non-planar substrate



10

15

20

25

30

CA 02232172 1998-03-16

-5-

surface in accordance with a second alternative

embodiment of the present invention.

Detailed Description of the Preferred Embodimentsg

Figures la-1f schematically illustrate a
sequence of transferring solder paste to a solder pad
on a substrate. As shown, a pin 10 with a distal end
portion 12 is moved toward and dipped in a tray of
solder paste 14 in Figures la and 1b, and withdrawn
from the solder paste with a droplet of solder 16
remaining on the distal end 12 of the pin 10, as shown
in Figure 1lc. The pin 10 is then positioned over a
substrate 18 with a soldexr pad 20 thereon, as shown in
Figure 1d. The distal end 12 of the pin 10 is then
brought into contact with the pad 20, and removed from
the pad 20 to leave the solder paste droplet 16 on the
pad 20, as shown in Figures le and 1f.

Turning to Figures 2a and 2b, a method and
apparatus for applying solder to a non-planar surface
of a substrate is shown schematically. The apparatus
24 for applying solder to a plurality of locations on
a non-planar substrate 26 includes a movable base 28
with an array of pins 30 slidably mounted for vertical
movement with respect to the base 28. Each of the
array of pins 30 includes a distal end 32 adapted for
transferring solder paste to a solder location. As
shown, the substrate 26 includes a non-planar surface
34. Because the pins 30 are allowed to float with
respect to the base 28, the distal ends 32 of the pins
30 will conform with the contoured shape of the non-
planar surface 34 of the substrate 26 for application

of solder at discrete locations along the surface 34.
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The pins 30 could be moved merely by
gravity, or they could be under computer control, and
data could be transferred from CAD equipment to set
the pin height according to the substrate surface 34.
The pins 30 could then be pneumatically or
electromechanically driven to the desired height for
properly positioning the distal ends 30 of the pins
for solder transfer.

Figure 3 shows an alternative pin design 40
in which the pin assembly has a distal end portion 44
which is movable vertically with respect to the pin 42
by means of a compressible spring 46 which engages a
shaft 48 for allowing such respective vertical
movement.

Implementation of the embodiment shown in
Figure 3 is illustrated in Figures 4a-4c. As shown, a
driver 52 is used for moving the movable base 54,
which includes pins 42 connected thereto. As
illustrated in Figure 3, each pin comprises a shaft 48
which is spring-loaded with respect to the pin 42, and
a distal end portion 44 connected to the shaft 48. As
illustrated, the distal ends 44 may comprise different
geometries for transferring different amounts of
paste.

As shown in Figure 4a, the distal ends 44
are dipped in the paste 56 in the tray 58. The driver
52 then pulls the base 54 and pins away from the tray
58 and positions the pins over the three-dimensional
substrate 60 to which the paste will be applied. The
driver 52 then moves the base 54 so that the distal
ends 44 contact the substrate 60 for applying the
paste to the substrate. As shown in Figure 4c, the

driver 52 then pulls the base 54 and pins away from
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the substrate 60, leaving the solder paste on the
substrate 60.

A second alternative embodiment of the
invention is illustrated in Figures 5a-5d. As shown
in this embodiment, the tray 70 is covered with a
plate 72 having apertures 74, 76, 78 formed
therethrough to allow only selected pins of the array
of pins 80 to pass through the plate 72 to be dipped
in the solder paste 82 (or adhesive, etc.).

Accordingly, as shown in Figure 5b, only
certain pins of the array of pins 80 have solder 82
thereon as a result of the apertures 74, 76, 78 formed
in the stencil plate 72 of the tray 70. As shown in
Figure 5c, the array of pins 80 is then moved into
contact with a substrate 84, depositing the solder
droplets 82 at selected locations along the non-planar
surface of the substrate 84. As illustrated in Figure
5d, the array of pins 80 is then moved away from the
substrate 84, leaving the solder droplets 82 on the
substrate 84. Using this concept, stencil tray plates
may be specifically designed with appropriate openings
formed therethrough corresponding with preferred
locations for application of solder on a substrate.

The relative affinity of the solder paste
for the distal end of the pin is greater than the
cohesive strength of the solder paste, which allows
the distal ends of the pin to pick up droplets of
solder paste. This is accomplished by surfactant and
rheological modification of the paste along with
specialized pin coatings. The affinity of the paste
is also greater for the solder pad than it is for the
pin, which allows efficient paste transfer during the

process. The pins may be coated with some material
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like sintered Teflon, titanium nitride, or the surface
may be hardened.

The transfer pins may have a variety of
distal end head designs. The distal ends of the pins
may be straight, flared, pointed, fluted, serrated,
etc. The distal ends could also be round or could
include a ball joint configuration to allow slope
conformance on angled surfaces. As described earlier,
multiple pins may be used to transfer the desired
amount of solder, and the pins may be spring-locaded or
individually or group-actuéted with a number of
electronic or mechanical devices. Ultrasonic
agitation may be used to provide efficient transfer of
solder paste. The pins may also be hollow to provide
for an array of syringes to provide a high volume of
paste in a small area. Such an array of syringes
could be pneumatically actuated, and the pin array
could alternatively be heated or cooled to assist in
solder paste transfer or to assist in the subsequent
reflow process.

The pins may also be heated to enable the
transfer of molten solder droplets to the pad and/or
components. This eliminates the high temperature
solder reflow processing for temperature-sensitive
substrates.

The transfer pin array may be custom
configured for the specific part on which solder paste
is to be dispensed, or could be a generic array in
which specific pins could be used for specific
dispense situations. This attribute allows for rapid
flexible manufacturing.

This same basic apparatus may be used to
rapidly dispense other electronic packaging materials

in three dimensions, such as solder fluxes, conformal
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coatings, and surface mount device adhesives. Surface
mount device adhesive attachment is useful, not only
for bottom side component processing through a solder
wave, but also for anchoring devices to flat and

angled surfaces during handling prior to reflow.

While the best modes for carrying out the
invention have been described in detail, those
familiar with the art to which this invention relates
will recognize various alternative designs and
embodiments for practicing the invention within the

scope of the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of applying solder to a
plurality of locations on a non-planar electronic
substrate, comprising:

providing a solder transfer device including
a movable base with an array of pins connected to the
base, each pin having a distal end which is vertically
movable with respect to the base independently of the
rest of the array of pins;

dipping the distal ends of said pins in a
tray of solder paste; and

moving the base toward the non-planar
electronic substrate such that the distal ends of the

"array of pins contact the plurality of locations for

applying the solder paste to the locations.

2. The method of claim 1, wherein said
step of providing a solder transfer device comprises
providing a movable base with an array of pins
slidably mounted for vertical movement with respect to
the base, wherein said pin includes a distal end
adapted for transferring solder paste to a solder

location.

3. The method of claim 1, wherein said
step of providing a solder transfer device comprises
providing a movable base with an array of pins rigidly
secured to the base, and wherein each said pin
includes a distal end portion secured to the pin and
spring-loaded with respect to the pin to facilitate
vertical movement of the distal end portion with

respect to the pin.
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4. An apparatus for applying solder to a
plurality of locations on a non-planar electronic
substrate, comprising:

a movable base; and

an array of pins connected to the base, each
pin having a distal end which is vertically movable
with respect to the base independently of the rest of
the array of pins, wherein each said distal end is
adapted to transfer solder paste to a solder location,
whereby the distal ends may be dipped in solder paste
and the base moved toward the non-planar electronic
substrate such that the distal ends may collapse
toward the base as the distal ends engage the
substrate to facilitate further movement of the base
toward the substrate for application of the solder

paste to each of the plurality of locations.

5. The apparatus of claim 4, wherein each
of said array of pins is slidably mounted for vertical
movement with respect to the base and each pin
includes a distal end portion adapted for transferring

solder paster to a solder location.

6. The apparatus of claim 4, wherein each
of said array of pins is rigidly secured to the base,
and wherein each said pin includes a distal end
portion secured to the pin and spring-loaded with
respect to the pin to facilitate vertical movement of

the distal end portion with respect to the pin.

7. The apparatus of claim 4, further
comprising a solder tray with a plate positioned
thereon, said plate having a plurality of apertures

therethrough for allowing only selected ones of said
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array of pins to pass through the plate for
transferring solder to the non-planar electronic

substrate.

8. An apparatus for applying a fluid to a
plurality of locations on a non-planar substrate,
comprising:

a movable base; and

an array of pins connected to the base, each
pin having a distal end which is vertically movable
with respect to the base independently of the rest of
the array of pins, wherein each said distal end is
adapted to transfer fluid to a location on the
substrate by having a greater affinity for the fluid
than the fluid has for itself and a lesser affinity
for the fluid than the fluid has for the substrate,
wherein the distal ends may be dipped in the fluid and
moved into contact with the substrate such that the
distal ends may collapse toward the base as the distal
ends engage the substrate to facilitate further
movement of the base toward the substrate for
application of fluid to each of the plurality of

locations.

9. The apparatus of claim 8, wherein the

fluid comprises solder paste.

10. The apparatus of claim 8, wherein the
fluid comprises glue.
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