
Apparatus and method for separating electronic
components Field of the invention The present
invention concerns an apparatus and a method for
separating electronic components such as integrated
circuits that are delivered in succession by a feeder.
Description of related art When handling electronic
components, it is often necessary t o singulate the
individual successive components that need t o be
tested, packaged or mounted. This task is especially
difficult when the components are delivered in bulk.
US993588 describes an apparatus for separating
electronic components or other objects and comprising
a stop element arranged so as t o retain the leading
one of the objects. The isolated object slides down on
a slope and abuts against a stop piece at a position
where it can be gripped. As the isolated element is
only accelerated by gravity, the handling speed of
this apparatus is limited. Moreover, the centre of the
isolated object is not precisely defined and depends
among other on its length, so that aspiration of the
object by a suction head may be difficult. DE3531 120
describes another device for the sorting of integrated
circuit based on gravity. DE3638430 discloses an
apparatus for separating electronic components in
which separation occurs so that the foremost component
of a delivery row is removed with the aid of a
gripping device. The components are not clearly
separated so that the gripping device does not always
grip a single component. EP959027 describes a part
transporting apparatus comprising a guiding groove for
lining up parts in one row, a first stopper at the tip
ofof the groove t o stop the first part in the row,
and a second stopper t o hold the second part.
Displacement of the components is achieved by sliding
the guiding groove. This large amplitude displacement
of a relatively heavy part requires a lot of energy
and is necessarily slow. Moreover, the position of the
second stopper relative t o the groove is not fixed,
but depends on the linear position of the groove. This
requires complicated adjustment of the stroke of the
groove and/or of the position of the second stopper
when the apparatus is used for singulating electronic
components with a different length. Moreover,
singulating the first part requires a sliding
displacement of the groove relatively t o all other
components, which may damage those components. Brief
summary of the invention An aim of the invention is
therefore t o propose a new apparatus which solves at
least some problems of the prior art. According t o
the invention, these aims are achieved by means of an
apparatus comprising the features of the independent
claims, preferred embodiments being indicated in the
dependent claims and in the description. Those aims
are also achieved by means of an apparatus comprising:
a feeder track for feeding successive electronic
components t o be isolated along a path, abutments at
the end of said path, arranged for preventing
displacement of said components further than a
predefined abutment position, a movable stop element
at a fixed position along said path, for isolating the
leading component on one side of said stop element
from 



other components on the other side of said stop
element, wherein said feeder track comprises a
substantially fixed base and a sliding carriage, said
fixed base and said sliding carriage jointly defining
said path,said stop element being arranged at the end
of said fixed base for separating said leading
component on said sliding carriage from said other
components on said base, said carriage being arranged
for translating said leading electronic component
separated by said stop element at a predefined removal
position where it can be gripped. This has the
advantage that adaptation t o components with
different lengths only requires a displacement of the
abutment and/or adjustment of the travelling length of
the carriage. There is no need for displacing the stop
element itself, which is at a fixed position along the
path (i.e., at a fixed position relative t o the
basis) In a preferred embodiment, the stop element and
the carriage are actuated by two independent
actuators, for example two different motors. This has
the advantage that the choice, and the command, of
each motor may be optimized t o the two different
functions. According t o the invention, a new
apparatus and a new method for separating electronic
components are proposed in which:  The width and/or
the height of the tunnel in the linear feeder track
may be adjusted  The stop element and the sliding
device used for separating and transporting the
leading electronic components in a row which are
actuated by two independent actuators  The stroke of
the carriage, and the size of an abutment on this
carriage, may be adjusted t o the length of the
electronic component Those three features are
independent of each other and may be combined or
applied separately.Brief Description of the Drawings
The invention will be better understood with the aid
of the description of an embodiment given by way of
example and illustrated by the figures, in which: Fig.
1 shows a perspective view of a system incorporating
the apparatus of the present invention. Fig. 2 shows a
perspective view of a detail of the system of Fig. 1,
illustrating the end of the feeder track and the
apparatus of the present invention. Fig. 3 is another
perspective view over the elements of Fig. 2 Fig. 4 is
a perspective view of a variant embodiment of the
apparatus of the invention. Fig. 5 is a side view of
the apparatus of Fig. 4. Figs. 6-1 0 are side view
schematically illustrating various steps of the
separation process. Detailed Description of possible
embodiments of the Invention Fig. 1 illustrates an
example of system incorporating an apparatus according
t o the present invention. The system comprises a
vertical tube 1 with an upper opening into which
electronic components, for example integrated
circuits, may be introduced in bulk. The components
fell by gravity on a dispensing funnel 2 and into a
vibratory feeder bowl 3. The bowl comprises a central
receiving section for receiving components from the
funnel, and a ramp-like track along which the
electronic components 



flow t o a discharge 30 and into a feeder track 4.
Vibratory bowls for delivering electronic components t
o a feeder track are known in the art.The linear
feeder track 4 comprises a flat base 5 1 (Fig. 2), a
cover made up of two longitudinal L-shaped parts 40, 4
1 separated by a longitudinal slit 44, and a carriage
70 that will be described later. The two cover parts
thus define two vertical walls for guiding the
component. In another embodiment, the cover is made up
of flat parts and the base is Ushaped. The cover
comprises adjusting elements for adjusting the width
and/or the height of the tunnel between the base 5 1
and the cover, depending on the width and height of
the electronic components t o be transported. In
another embodiment, it could be possible t o adjust
the width of the base in order t o adapt it t o
different components. In the feeder track 4, the
electronic components are moved from the bowl 3 t o
the isolating apparatus using any suitable means,
preferably by vibrations generated by a vibratory
motor (not shown), and/or, by gravity and/or by an air
flow. In this latter case, the air flow is preferably
pulsed, possibly with a sinus or saw shaped variation
of the air speed, so as t o prevent jamming and t o
control the moving speed of the components in the
track feeder. The base 5 1 is substantially fixed. In
this context, "substantially" means that the base is
essentially fixed, but may vibrate in order t o move
or de-jam the electronic components, without any large
sliding displacements during operations. The amplitude
of the vibrations is smaller than the average or
minimal pitch between two components. The adjusting
elements for adjusting the height of the tunnel
through the feeder 4 comprise in the illustrated
embodiment two longitudinally spaced, vertical
precision depth gages 45 for adjusting the vertical
distance between the cover 40, 4 1 and the base 5 1.
The depth gages 45 are used for adjusting the height
of the tunnel in the feeder track 4. Each depth gage
45 comprises a rotating head 450 that can be screwed
into a fixed base for adjusting the penetration depth
of a plunger part 451 . The plunger 451 pushes down a
pivoting arm 46 against the forceof a spring (not
shown), so as t o pivot the arm 46 around the fixed
axis 47 and t o raise the opposite end of the arm 46
together with the cover support 48. The flat base 5 1
remains immobile. In a variant embodiment, the base is
vertically moved while the cover remains in a fixed
vertical position. The operator can preferably check a
marking (not shown) on the head 450 t o ensure
equivalent adjustment of both adjustment elements 45.
Two horizontal adjusting elements 49 are also provided
for adjusting the width of the slit 44. Each element
comprises a head 490 unitary with a plunger 491 . The
plungers 491 are provided with left and right screws
in order t o move in a symmetric movement both cover
parts 40 and 41, so as t o center the slid 44. Each
cover part 40 and 4 1 comprises magnets 42 and 43
respectively exert an attraction toward the basis 48,
so as t o bring the cover 40, 4 1 and the base 5 1
close together and allow the cover parts 40 and 4 1 t
o slide laterally for width adjustment. The lower face
(not shown) of the cover parts 40, 4 1 may comprise
longitudinal ribs for guiding the components during
their displacement in the tunnel. The manual adjusting
elements 45, 49 can also be replaced by motorized
adjusting elements in order t o adapt the width and/or
height of the tunnel in the linear feeder under the
control of a digital control system. A stop element 72
is provided close t o the extremity of the feeder 4
opposite t o the bowl 3. The stop element 72 is
movable in a 



direction substantially transverse t o the
displacement direction of the components in the feeder
track 4, for separating the leading component from all
other components in the row. In a preferred
embodiment, the stop element comprises an
interchangeable pin 74, or an equivalent element such
as a blade, that can be movably engaged in the slit 44
for pressing on the upper face of the second component
in the row, thus preventing its further move while the
leading component is removed. In a various embodiment,
the pin or equivalent stop element is engaged between
the first and the second element. The shape and length
of the pin may beadapted t o the shape and size of the
electronic components t o separate. The longitudinal
position of the stop element 72 along the feeder is
fixed and does not need t o be changed, even if the
components with a different length are transported. In
a further embodiment, the stop element 72 comprises a
controlled vacuum nozzle, or other pneumatic means
near the end of the track feeder, for blocking and
releasing the component near the nozzle. The stop
element 72 is actuated by a motor, for example a
rotating brushless motor, for example over a cam or
another eccentric element that converts the rotation
of the motor into a periodic series of linear
ascending and descending movement of the pin 74. The
duration of the period between two displacements of
the pin is preferably short t o ensure that even
contiguous successive components will be separated. In
another embodiment, the displacements of the stop
element 72 are controlled by an electro-optical sensor
75 detecting the arrival of a component in the dead
spot area 77. This solution has the advantage that the
displacements of the stop element 72 may be better
synchronized with the translation of the components,
so as t o ensure that the stop element will always
contact a same portion of the component, for example
close t o its middle. After being released by the stop
element 72, the leading electronic component is moved
further until it abuts against an abutment 7 1 that
prevents its further displacement. The abutment 7 1 is
adjustable or interchangeable so that its length may
be adapted t o the length of the components, as will
be seen. A pair of cooperating optical sensors 75
detects the arrival of a component on the dead spot
area 77 adjacent t o the abutment 71, and initiates
the translation of a carriage 70 supporting the dead
spot 77. The carriage 70, which is part of the feeder
track 4, is actuated by a transducer independent of
the transducer used for moving the stop element 72 and
ofthe transducer user for vibrating the components
above the fixed base 5 1 (if any). In the preferred
embodiment illustrated on Figures 1 t o 3, the
carriage 70 is moved by a linear transducer 76,
preferably a voice coil linear transducer based on a
moving coil displaced in the magnetic field of a
permanent magnet structure. The length of the stroke
may be adapted t o the length of the electronic
component by changing the control signals applied t o
the voice coil. The carriage 70 linearly moves the
singulated leading component t o a removal place where
it can be gripped by a gripping device (not shown),
for example a suction based gripping device. In an
embodiment, the gripping device is a part of a turret
that moves the components between a plurality of test
and handling stations at the periphery. The two
independent actuators used for actuating the stop
element 72 and the carriage 70 are preferably
controlled by a numerical control system that executes
a program and receives instruction from the operator
as well as feedback signal provided, amongst other, by
electrooptical 



sensors 75 and other sensors along the path followed
by the components. The length of the interchangeable
abutment and the stroke of the carriage 70 are adapted
t o the length of the electronic components in order t
o move the middle of the upper face of the component
just under the nozzle of the suction device. The
displacements of the components are schematically
illustrated on Figures 6 t o 10. The figure 6 is a
schematic side view of a feeder 4 comprising a base
and a cover 40 4 1. A row of unevenly spaced
electronic components 6 is moved in the direction of
the arrow c in the tunnel between the base and the
cover 40, 4 1. On Figure 7, the leading component 6
reaches the dead spot 77 contiguous t o the abutment 7
1 on the carriage 70. The stop element 74 is moved by
its own actuator in a direction transverse t o c, so
as t o block the next component in the row.On Figure
8, the carriage is moved in the direction of arrow b
(parallel t o c) until it reaches a position where the
component 6 is longitudinally centred under the vacuum
gripping device 8. The position of the component
depends both on the length of the abutment 7 1 and on
the length of the displacement of the element 70. On
Figure 9, the leading component 6 is removed from the
dead spot 77 by the gripping device 8. Removal is
detected by the optical sensors 75, and triggers the
return of the carriage t o the initial position
adjacent t o the feeder 4 (Figure 10). The stop
element is then independently moved up, and the next
component can be moved t o the dead spot 77 for the
next cycle. The adaptation of the apparatus t o
electronic components of different length is thus made
primarily by changing the stroke of the carriage 70.
If the component is very long, it may furthermore be
necessary t o replace the abutment 7 1 by a shorter
one, in order t o avoid the risk that the rear part of
the leading component extends under the stop element
72. It is not necessary however t o adapt or move the
stop element itself. Electronic components of
different width and height only require an adjustment
of the cover parts 40, 4 1 of the feeder 4, and
possibly an exchange of the pin 74 in the stop
element. A further embodiment of the isolating
apparatus is illustrated on Figures 4 and 5. In this
embodiment, the linear displacement of the sliding
carriage 70 is actuated by a rotary motor 79 over an
eccentric part 82, whereas the actuation of the stop
element 72 is independently actuated by a different
rotary motor 78 that drives a second eccentric part 8
1. Two sensors 80 limit the travel of the rotary 78
and initiate reversal of the sense of rotation. The
eccentric part 8 1 directly acts on a portion of the
stop element for periodically closing and opening it.
The rotation speed of the motor 72 may be adapted t o
the length of the components and t o their speed of
displacement in the feeder 4.It is also possible t o
replace the eccentric part 82 and t o adapt it t o
various components.List of partsMethod in
Manufacturing of Circuit Boards The present invention
relates to a method for use in the manufacture of
circuit boards. Various kinds of circuit board are
nowadays very widely used in the most diverse
applications, ranging from simple applications to
extremely complex, large-scale applications.
Previously, circuit boards were one-sided structures,
in that, on one side of an insulating baseboard there
was a copper layer used for connections, which was
etched in a suitable manner to form conductive and
non-conductive areas. The components were soldered
onto the most suitable locations on the copper
surface. Nowadays, circuit boards have a copper layer
on both sides of an insulating board, 



because technology is continuously developing in the
direction of miniaturization and situating components
in the smallest possible space is economical in terms
of manufacturing technique. Thus, both sides of the
circuit board can be exploited. Many different
materials, with varying mechanical, chemical, and
electrical properties, are used as the base material
of circuit boards. One generally used material is a
board made from glass-fibre and epoxy resin, which is
often generally referred to by the name FR.4. The
properties of the board are good and also include
fire-resistant substances, allowing the fire
resistance required in demanding locations to be
achieved. Holes are made in circuit boards, through
which an electrical connection is intended to be taken
to the other side of the board. In certain
circumstances, the 'foot' of the component being
placed on the circuit board can be attached by
soldering to the copper layer on both sides of the
board, when a connection is also made between the
layers.Another way is to perform so-called
through-coppering, when a copper bridge is formed
through the hole, between the copper layers on the
various surfaces of the circuit board. A third way is
to insert into the hole a tight-fitting copper sleeve,
which, if necessary, can be soldered onto the copper
layers. As already stated, circuits can be made on the
surface of a circuit board by etching away the
unnecessary parts of the copper layer, i.e. by leaving
only that part of the copper layer that is required
for the circuit. This method is the result of a long
product-development process and is, at present,
performed on automated production lines. The copper
layer removed by etching is recovered from the acids
after etching. Machining can also be performed using a
laser, in which case the excess copper is vaporized
from the surface. The circuit pattern is thus created
in the said manner by removing the unnecessary copper
from the surface of the FR4. Creating a circuit in
this manner is, of course, an extremely inefficient
method, as in most cases more than 90 % of the copper
layer, which has been made on the surface of the FR4
using a complex production process, is removed. The
present invention is intended to create a method,
which the aid of which the said connecting of the two
surfaces of a circuit board to each other, as well as
the creation of a circuit pattern on the surface of
the circuit board, can be performed rapidly,
certainly, and economically. The aforementioned and
other advantages and benefits of the present invention
are achieved in the manner described as characteristic
in the accompanying Claims. Figure 1 shows
schematically the progress of the process of the
invention, when the conducting layers on the different
surfaces of a circuit board are connected according to
the invention; andFigure 2 shows, for its part, the
use of a laser, when it is intended to make a circuit
pattern on the surface of a circuit board. The event
according to Figure 1 is described first. The
invention's basic principle is that, in order to
create a quick method, which can be easily integrated
in the manufacturing process, a laser is used to
connect together the copper layers on the different
sides of the card. The laser can be the same laser
that is generally used to make holes in the card, but
it is obvious that the overall intention is to use a
laser with a wavelength suitable for the purpose. As
stated, the holes in the circuit board can be made
using a laser that may further comprise a laser unit
operating on two different wavelengths, one of which
is used for penetrating the copper and the other for
penetrating the insulator layer between the copper
layers. According to the invention, particulate copper
or a material containing copper is used for forming a
contact, and, in fact, for filling a hole. This
material is suitably fed into the hole, the fed
material is sintered into an essentially solid form,
the addition of the particulate material and the
sintering of the new batch being repeated as many
times as 



necessary to create the required contact. Figure 1
shows that on both sides of the insulator layer FR4
there is a copper layer Cu. The hole is made through
all the layers, when the circuit board is placed on a
baseboard 3. A powder nozzle 1 is used to bring a
batch of powder to the hole. In the next stage, the
laser 2 sinters the powder in the hole and these
stages are repeated as many times as necessary. In
this case, the repetition takes place only once. In
this way, an electrical conductor is created between
the copper layers Cu. The method according to the
invention is quick and, as stated, can be easily
integrated into existing manufacturing systems.The
wavelength of the laser used can be, for example, 532
nm, which is generally used when one and the same
laser is used to make holes through both the copper
and the insulator layer of a circuit card. Of course,
other wavelengths too are available. Under normal
conditions, 10 600 nm can be regarded as some sort of
a non-restricting upper limit to the wavelength. The
power of the laser is selected to achieve sufficiently
rapid sintering of the copper powder. In the known
manner, the situation on the circuit board can be such
that the hole to be drilled extends through both the
insulator layer and both copper layers. It is then
obvious that sintering will take place on top of a
base, to which the copper to be sintered will not
adhere. If the hole extends to the copper layer of the
second surface without penetrating it, the
aforementioned problem will not arise, instead the
addition and sintering of the powder will commence
from the bottom of the hole. Obviously, some suitable
device must be used to dose the copper powder into the
hole. As such, there is no intention here to consider
the operation of the feed device, as easily modifiable
devices, developed for other applications, can be
found for this purpose. It is important for the device
to be sufficiently fast and the dosing of the powder
to be sufficiently accurate to ensure a good final
result. Electrical conductivity is of primary
importance in the manufacture of circuit boards. Thus
in a sintered hole the electrical conductivity should
be at least of the same order as in the
30-micrometre-thick copper film that is generally used
on the surface of the insulating layer of circuit
boards. However, this dimension can vary according to
the intended purpose, so that the electrical
conductivity of the hole too must be adjusted
correspondingly. Even though copper as a powder, or a
powder with a sufficiently large copper content, is
the primary sintering substance, the corresponding
properties can, of course, be achieved using other
metals, or metal alloys. Nowadays, however, the use of
lead as a metal is neither desirable, nor even perhaps
permitted.In the best case, the sintered metal or
metal alloy would be slightly flexible, because under
certain conditions the operation of circuit boards
might mean limited thickness variations in the
insulator layer. According to Figure 2 shows
schematically a second embodiment of the invention.
According to the second embodiment of the invention,
the electrical conductivity too of the surface of the
circuit board is produced by sintering copper powder
directly onto the insulator, for example, onto the
surface of an FR4 board. Sintering is performed by
spreading on the surface of the board powdered copper,
which is heated by a laser to sintering temperature.
The material is kept at this temperature long enough
for the powder particles to fuse. The sintering copper
slightly melts the surface of the insulator, so that
the copper adheres firmly to it. Figure 2 shows how
the process proceeds from the spreading of the powder
to the sintering. Thus a solder of particulate copper,
of the desired width and shape, is spread onto the
surface of the insulator FR4, from a nozzle I, Stage
1, as in the previous embodiment too. A laser 2
follows the nozzle 1, sintering the spread copper
powder onto the surface of the insulator, Stage II.
The sintered part is marked with the reference number
4 and the unsintered part, in the direction of which
the laser beam travels, with the reference number 5.
The progress of the heating process can be monitored
by temperature measurement during the process, which
can be performed 



using, for example, a pyrometer. The powder can be fed
using a digitally-controlled nozzle, and can be spread
in a even layer over the entire area, for example,
using a spatula. The unused powder remaining after the
treatment can then be reused. The powder can also be
spread in place using a mask, especially when
manufacturing larger series. If the feed of the powder
takes longer than the heating, the powder can be fed
from several nozzles simultaneously while the laser
treatment takes place at another location on the
product.The material to be sintered is selected in
terms of both particle size and composition to suit
the purpose according to the invention. The process
can be adjusted in many ways, by selecting the laser
to be used and its power, the time and power to be
used for sintering, and other parameters, in order to
achieve a good result. The necessary laser device
consists of a laser with a suitable wavelength and
power, and the beam of which can be controlled with
sufficient accuracy. The size of the beam must also be
such that the cross-section of the conductor created
will be sufficiently large to ensure a sufficient
electrical conductivity, and sufficiently narrow for
the circuit not to take up more space than the width
of the conductor and insulating gap achieved with
present technology. In practice, a conductor with a
width of less than 100 mm and preferably one as narrow
as 25 mm should be achieved. This requires a
reasonably good quality of beam, for example, a fibre
laser. The various versions of a Nd:YAG laser and a
diode laser can also be suitable for the purpose. Many
variation of th invention are possible, while
nevertheless remaining within the defining protection
of the accompanying Claims.Claims 1. Method for
forming the conductive parts of circuit boards,
especially a circuit board equipped -with two
conductive surfaces, separated by an insulator layer,
and with holes, in a manner that conducts electricity,
characterized in that - a metal or metal alloy, in a
powder form, is fed into the holes connecting the
surfaces, or on top of the insulator layer of the
circuit board, - the powder is sintered using a laser
in order to create a unified conductive structure, and
- if necessary, the addition and sintering of the
powder is repeated a sufficient number of times to
achieve the desired electrical conductivity. 2. Method
according to Claim 1, characterized in that copper
powder is used as the powder. 3. Method according to
Claim 1, characterized in that a powder with a copper
content is used as the powder. 4. Method according to
any of the above Claims, characterized in that a
laser, the wavelength of which is in the range 532 -
10 600 nm, is used. 5. Method according to Claim 1,
characterized in that a conductive metal, or metal
alloy, in a particulate form is spread on the
insulator surface of the circuit board, and the
particulate material is sintered as a desired pattern
to adhere to the insulator surface, in order to create
a conductive component. 6. Method according to Claim
5, characterized in that the metal/metal alloy in a
particulate form is spread on the insulator surface,
essentially as a line of the desired width. 7. Method
according to Claim 5, characterized in that the
metal/metal allow in aparticulate form is spread to
form a layer over essentially the entire area of the
circuit board and is sintered only in the parts in
which conductivity is desired, by removing the
unsintered materials. 


