
Method and device for filling carrier tapes with electronic components
Field of the invention            The present invention concerns a method
for filling carrier tapes with electronic components, and a corresponding
device. Description of related art 5During their manufacture, their
conditioning or before being integrated into a printed circuit, electronic
components, for example semiconductor chips, generally undergo a series of
operations such as electric tests, during which they are tested and
otherwise processed on a test and production line that is often entirely
automated. The electronic components are thus transferred from one
processing 10 station to another by a conveyor, which can be for example
linear or circular.            Circular conveyors, such as turrets, are
designed for transporting components of small size, and particularly
electronic components, between a plurality of processing stations placed at
the periphery of the revolving turret. These turrets are often used for
testing and conditioning electronic components, as mentioned above. 15 An
example of test line comprising one turret and a plurality of processing
stations is disclosed in W02004/052069. With reference to Fig. 1, a
circular turret1 can take a plurality of indexed positions. Several
regularly spaced locations of processing stations 2 are defined around the
turret, each of which is generally occupied by a processing station 20
performing one or several operations on the electric components presented
to it. In certain cases, a processing station can occupy several locations.
All the processing stations placed around the barrel thus perform a cycle
of successive operations, such as visual, mechanical and electric tests,
that the component conveyed on the turret undergo. The turret 1 is equipped
with component holders serving to remove or 25 receive the components from
the different processing stations, to hold them during  



2 the turret's movement and, if necessary, to present them to the following
processing station.             In most cases, the component-holders
comprise a pick-up nozzle taking and holding the electronic components
through air-vacuum. 5The different processing stations, including the tape
filling station, are advantageously fastened in a modular fashion around
the turret 1. The position of each processing station relative to the
turret 1 is precisely determined. The processed electronic components which
were for example tested by the automatic processing line are deposited by
the turret 1 onto an output station. 10 Components rejected during the
tests are usually deposited onto another output station or into a tray.
It is a common practice in automation of electronic products, to have
electronic components packaged on a flexible tape support with
longitudinally spaced pockets that correspond to the sizes and the shapes
of the electronic components. 15 Packaging tapes can have indefinite length
and may be conveniently coiled in reels for compact storage, protection,
and interoperation with automatic machinery. Some testing and processing
lines are thus equipped with an output station that drops the electronic
components having passed all the tests on the different processing stations
into the pockets of a tape. 20It is often desirable to inspect the
electronic components after their insertion in the tape. This allows for
example detection of defective components, such as components which do not
work properly, which have not been marked correctly, or which are
misaligned, tilted or turned over in the pockets, or components having
other defects undetected by the other processing stations. A removing
device may then be 25 used for picking defective components out from the
tape, and producing a carrier tape that contains only defect-free
components.  3            However, this selective removal of defective
components produces a tape having gaps, i.e., empty pockets from which
components have been removed. This is often undesirable, since the number
of components in such a carrier tape becomes difficult to be recorded, and
since it makes automatic processing of the tape by 



5 another machine, for example by a pick-and-place device, much more
difficult.            US5974903 describes a method and an apparatus for
visual inspection of integrated circuits contained within a carrier tape.
In this device, defective integrated circuits are manually replaced by an
operator. This is an expensive, slow and tedious solution, which introduces
a quality risk due to the human intervention. 10EP1073325 describes a
system for testing semiconductor chips in which an additional
pick-and-place tool is used for removing the chips which are found to be
bad, and for replacing them with good chips. Operation of this
pick-and-place tool is not described, but the document indicates that an
additional cassette loaded with good chips could be used as a source of
replacement chip. This solution thus requires 15 an additional source of
chips and an additional placing tool for replacing the defective chips
removed from the tape. It is an aim of the invention to propose a new
method and a new device for removing and replacing defective components
from a tape and for delivering a defect-free tape with no gaps. 20WO
99/03733 A describes a method of filling a carrier tape with electronic
components by a precisor at a filling station and for removing and
replacing defective electronic components from the carrier tape by the
precisor, wherein after detecting that an electronic component is
defective, the carrier tape is moved backward and the defective component
is replaced with a new electronic component by the same precisor at the
filling station. 25 Brief summary of the invention           According to
the invention, these aims are achieved by means of a method and a device
for filling a carrier tape with electronic components and for removing and
replacing defective electronic components from the carrier tape, as defined
in claims 1 and 13.  4 



This method also has the advantage of using the same filling station for
loading the initial electronic component and the replacement component into
a pocket. Furthermore, the same source of components is used for initially
filling the pockets of the carrier tape and for replacing defective
components. 5A defective electronic component, in this application, means
any component which does not perform correctly, a component which was not
marked correctly, a component with bent or other defective pads or leads,
or a component which has not been inserted or aligned correctly into the
pocket of the carrier tape, for example a component which is turned,
flipped or tilted in the pocket (even if this 10 component would work
properly). 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: 15Fig. 1 shows a top view
of a system for testing electronic components, comprising a turret and an
output device for loading tested components into a carrier tape. Fig. 2-10
show successive side views of a device for filling a carrier tape      with
electronic components and for removing and replacing defective electronic
20 components from the carrier tape. Detailed Description of possible
embodiments of the Invention            Figure 1 shows a top view of a
system for testing electronic components, comprising a turret 1 with a
plurality of working stations 2 of various type and size arranged around
the turret. 25The turret 1 is equipped on its periphery with a plurality of
component- holders 17, for example suction nozzles, allowing electronic
components to be held by vacuum and transported from one working station 2
to the next of the processing line. 



5 The successive working stations perform various successive operations on
the electronic components, such as tests, marking, conditioning, sorting
and other operations. Components to be tested are fed to the turret by a
feeding station (which 5 may be any of the working station 2). After the
series of tests and manipulations, defect-free components are unloaded from
the turret, and filling into pockets of a carrier tape at a tape filling
station 3. The reference number 18 designates a vacuum system for removing
defective components from the carrier tape, as will be explained later.
10Figures 2 to 10 are side view of the tape filling station that loads
electronic components into a carrier tape. Successive steps of the process
are shown on the successive Figures.           The system shown on Figure 2
comprises a carrier tape 10 with a plurality of regularly spaced pockets 11
for lodging electronic components 12 after the test on 15 the turret. The
electronic components are dropped into the tape 10 when the vacuum of a
component holder 17 of the turret 1 is released, so that the electronic
component 12 held by this holder by gravity into the pocket 11 of the
carrier tape 10 below the nozzle. Other devices from filling a carrier tape
with electronic components from the turret may be used within the frame of
the invention. 20The carrier tape 10 is continuously moved forward in the
direction of the arrow by a roller 19. Electronic component 12 dropped at
the filling station thus reach an inspection position where they are
inspected by an inspection system 15. The tape is advanced even if the
electronic component was loaded abnormally, in order to permit inspection
at a different place. In the illustrated example, the inspection system 25
15 inspects the component which is 12 millimeters ahead of the filling
station; depending on the pitch between the pockets of the tape, this may
correspond to the component two, three or four pitches ahead of the filling
station. The inspection system may be a vision system comprising a camera
152 as well as prisms 150, 151 or mirrors for redirecting the image of the
component toward the camera. Other 



30 inspection systems may be used within the frame of the invention. The
inspection system 15 allows an automatic verification of the components,
and automatic  6 detection of defective components 13, for example
components which are mismarked, misaligned, flipped, tilted or deviated.
Other tests and inspections may be performed on the components 12, 13
within the pockets. In another, not illustrated embodiment, the system
comprises a plurality of 5 inspection station along the tape. For example,
in one embodiment, the system comprises a first, mechanical inspection
system, and a second, optical inspection system. The mechanical inspection
system may comprise a rotating cover or flag just above the tape, arranged
so as to be displaced each time a component tilted or turned protrudes out
of the pocket. This displacement is detected for example by an 10 inductive
sensor, or by any suitable sensor. A spring brings the cover back to its
initial position after it has been moved. In one embodiment, the mechanical
inspection system is arranged a few 1/10 millimeters ahead of the filling
station (which does not necessarily correspond to an integer number of
pitches), while the optical monitoring system is placed after the
mechanical system, for example 12 millimeters ahead of 15the filling
station.           Reference number 13 in Figure 2 designates a defective
component. Detection of this defective component by the optical and/or
mechanical inspection system triggers automatic inversion of the direction
of the carrier tape 10, until the defective component 13 is reverted back
to the filling station below the vacuum nozzle 20 17, as illustrated on
Figure 3. The distance of displacement corresponds to the distance between
the inspection station that detected the defective component and the
filling station.           On Figure 4, the turret 1 is indexed by half a
step onward, and thus enables a vacuum system 18 to get free access to the
pocket of the carrier tape 10 25 that contains the defective component 13.
The defective component 13 is then removed out of the pocket, using the
vacuum system 18 (Figure 5) that sucks it into a tray (not shown) for
defective components. Other systems may be used for removing defective
components from pockets. Alternatively, the position of the component may
be corrected, using for example a vibratory system. Defective components
which are 30 working properly, but only misaligned or flipped in a pocket,
can of course be reused and loaded into a different carrier tape.  



7           On Figure 6, the turret 1 is turned backward by half a step and
thus returns to its previous angular position of Figure 3. On Figure 7, the
turret is indexed onward by a full step, in order to present the next
electronic component 12 above the empty pocket 11 from which the defective
component was removed. Those two steps 5 may be combined. This replacement
component is then dropped into this pocket, as illustrated on Figure 8. The
carrier tape 10 is then moved forward on Figure 9, until the replacement
electronic component 12 reaches the inspection station that detected the
defective component. Correct insertion of the replacement component is then
verified, as illustrated on Figure 10. 10The whole process is then repeated
if the inspection station 15 (or another inspection station) detects that
the replacement component 12 is also defective. After a predetermined
number N of insertions of defective components into the same pocket (N>=1,
and typically <10), an alarm is generated and the machine is stopped;
repeated problems with the same pocket may be caused by an uneven or dirty
15 pocket. On the other hand, if the inspection of the replacement
components gives a positive result (no defect detected), the filling of the
carrier tape with electronic components is continued, until a new defective
component 13 is detected.  Reference numbers on the Figures 1Turret
2Processing stations 3Filling station 10Carrier tape 



11Pocket 12Component 13Bad component 15Inspection system 150First prism
151Second prism 152Camera 17Component holder, such as a vacuum nozzle
18Vacuum system 19Tension roller  09 Claims      1. A method for filling a
carrier tape (10) with electronic components (12) and for removing and
replacing defective electronic components (13) from the carrier tape,
wherein said electronic components (12, 13) are transported between a
plurality of processing stations (2) and a filling station (3) by a turret
(1), said 5method comprising the steps of :    at said filling station,
loading an electronic component in a pocket (11) of said carrier tape (10)
by said turret (1), 



moving said carrier tape (10) forward, automatically detecting that said
electronic component is defective, 10when a defective component (13) has
been detected, rotating said turret (1) in a first direction, moving said
carrier tape backward, unloading the defective electronic component (13)
from the carrier tape (10), by a system (18), distinct from said turret
(1), rotating said turret in a second direction opposite to said first
direction, and filling at said filling station said pocket with a new
electronic 15component by said turret..      2. The method of claim 1,
wherein the same filling station (3) and the same source of electronic
components are used for loading the defective component (13) and said new
component.          3. The method of claim 1, wherein said turret (1) is
rotated in said first and 20second direction by less than a step when a
defective electronic component (13) has been detected.      4. The method
of one of the claims 1 to 3, wherein the defective components are unloaded
with a vacuum system (18) independent of the filling station.  10      5.
The method of one of the claims 1 to 4, wherein said carrier tape (10) is
moved forward after a new component has been loaded.      6. The method of
claim 5, wherein said carrier tape (10) is moved forward to its initial
position after a new electronic component (12) has been loaded. 57. The
method of one of the claims I to 6, comprising a step of inspecting said
new electronic component (12) after it has been loaded into said carrier
tape (10), and removing said new component if it is defective. 



8. The method of one of the claims 1 to 7, wherein said step of
automatically detecting that said electronic component (13) is defective
comprises 10performing a visual inspection of said electronic component.
9. The method of one of the claims 1 to 7, wherein said step of
automatically detecting that said electronic component is defective
comprises performing a mechanical inspection of said electronic component,
for example using a flag. 1510. The method of one of the claims 1 to 7,
wherein said step of automatically detecting that said electronic component
(13) is defective comprises using a first mechanical inspection system for
detecting electronic components that protrude out of a pocket, and a second
optical system for performing a visual inspection of said electronic
component in the pocket. 2011. The method of claim 10, wherein the length
of the backward movement depends on the inspection station that detected
the defective component. 12. The method of one of the claims 1 to 11,
wherein said detection of defective electronic components detects
electronic components which are  11 misaligned, flipped, turned or tilted,
even if those electronic components are working properly.      13. A device
for filling a carrier tape (10) with electronic components (12, 13) and for
removing and replacing defective electronic components (13) from the
5carrier tape wherein said electronic components are transported between a
plurality of processing stations (2) and a filling station (3) by a turret
(1), said turret being adapted to rotate in a first direction and a second
direction opposite the first direction, comprising:            a turret (1)
where an electronic component is loaded with a component holder 10(17) into
a pocket (11) of said carrier tape (10), a motor for moving said carrier
tape (10) backward and forward, 



an inspection system (15) for automatically detecting that said electronic
component (13) is defective, a vacuum system (18)distinct from said loading
system (11) for unloading 15defective electronic components (13) from said
carrier tape (10), said turret (1) being arranged and commanded for loading
a replacement electronic device into said pocket.           14. The device
of claim 13, said inspection system being a visual inspection system (15)
for automatically detecting defective electronic components 20in said
carrier tape.      15. The device of claim 14, said inspection system
further comprising a mechanical inspection system for automatically
detecting defective electronic components in said carrier tape. 


