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Method and apparatus for performing an operation aimed at a part of an
electronic structure

The object of the invention is a method for performing at least one operation
requiring location precision aimed at a part of an electronic structure in the serial
production of electronic structures, which part of an electronic structure has an
operation area and in which method the part of the electronic structure is moved
into a standard position in the working area of a processing unit, the geometry of
the operation area of the part of the electronic structure is defined by utilizing
computer vision technology and the processing unit is used to perform the location
precise operation in the operation area of the part of the electronic structure. The
invention also relates to an apparatus used in the method.

In the manufacturing process for electronic structures, electronic components are
attached to the surfaces of substrates. The substrate can be a two-dimensional
plate-like part, such as a circuit board, or it can be a piece with a three-
dimensional shape. Attaching electronic components according to plans to the
surface of a substrate requires knowing the geometry of the substrate and precise
control of its location and position during the manufacturing process.

Two-dimensional electronic structures, such as circuit boards, are manufactured
on automatic production lines, which have several different manufacturing units
performing manufacturing operations. The circuit board arriving at the
manufacturing unit is first locked into place in an attaching station of the
manufacturing unit, whereafter the manufacturing unit identifies the position of the
circuit board in the manufacturing unit with a camera-based position identification
method based on the reading of aligning markers and performs the necessary
aligning operations and the manufacturing and/or examination operation pianned
for the circuit board. Thereafter the circuit board moves forward on the production
line to the next manufacturing unit for performing the next manufacturing
operation. Typical manufacturing units in the production lines for circuit boards are
paste printing devices, dispensing devices, automatic optical inspection devices,
high-speed assembly devices and precision assembly devices, die bonding
devices, wire bonding devices, flip chip bonding devices, assembly and
programming machines for memory circuits, and testing and tuning devices for a
circuit board. In each of the afore-mentioned manufacturing units the circuit board
must first be attached to the attaching station in the working area of the
manufacturing unit, the position of the circuit board in the attaching station must be
identified using optical or mechanical position identification, and aligning
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operations must be performed either on the circuit board or actuators of the
manufacturing unit in the working area of the manufacturing unit, before the
manufacturing unit can perform the planned manufacturing operation. The
manufacturing unit typically has at least one camera for the aligning, which camera
is used to read aligning markers in the circuit board. The camera is in some cases
attached to the actuator doing the actual work, and in some cases it is a separate
moving or fixed part in the working area of the actuator. After the aligning markers
are read, either the actuators of the manufacturing unit and/or the circuit board
being manufactured are aligned in the right place in relation to each other. The
aligner can also be a mechanical sensor identifying the position or a mechanical
limiter, whereto the circuit board is aligned.

Typically in aligning occurring with a camera, two or three aligning markers in the
circuit board are read and the reading of each aligning marker can take for
example about 0.5 seconds. After the aligning markers are read, the actual
aligning occurs, which comprises for example manoeuvring of actuators and/or
calculation of compensated travelling lines. The time used for aligning the circuit
board thus constitutes a significant part of the time used by the manufacturing unit
for performing the manufacturing operation. In known production lines for
electronics the aligning is performed again each time that the circuit board moves
to the next manufacturing unit on the production line. This multiplies the total time
used for aligning.

It is an object of the invention to provide a method and an apparatus for
performing an operation requiring location precision aimed at a part of an
electronic structure, which method and apparatus can be used to make
manufacturing processes for electronics significantly more effective, to improve
yield and quality of the production.

The objects of the invention are obtained with a method and an apparatus, which
are characterised in what is presented in the independent claims. Some
advantageous embodiments of the invention are presented in the dependent
claims.

In the method at least one operation requiring location precision aimed at a part of
an electronic structure is performed in the serial production of electronic
structures. The operation can be printing of solder paste, dosing solder paste,
assembling an electronic component, die bonding, wire bonding, tuning an
electronic structure or protecting an electronic component by dispensing. The part
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of the electronic structure has an operation area, where the operation requiring
location precision is aimed.

The part of the electronic device can for example be a circuit board, the operation
area of which is the circuit layout of the circuit board, whereby the method
comprises defining the geometry of the circuit layout and the operation is aimed at
the circuit layout area. The operation area can in addition to the afore-mentioned
for example be a printed area including secondary markings, such as alignment
markings. The part of the electronic structure can also refer to panelled circuit
boards in a preform, a three-dimensional electronic structure, a 3D piece
implemented for example with laser direct structuring technique or in any other
manner according to prior art.

In the method the part of the electronic structure is moved into a standard position
in the working area of the processing unit, the geometry of the operation area of
the part of the electronic structure is defined using computer vision technology and
the processing unit is used to perform the location precise operation aimed at the
operation area of the part of the electronic structure. The basic idea of the method
is that the defining of the geometry of the operation area of at least one part of an
electronic structure and the operation requiring location precision aimed at the
operation area of at least one second part of an electronic structure are performed
at least partly at the same time. Additionally a predefined geometry of the
operation area of the part of the electronic structure is utilised in the method for
performing the operation in a location precise manner in the operation area.
Performing at least partly at the same time means that at least during some time
interval the defining of the geometry of at least one part of an electronic structure
is performed in the method simultaneously with the operation requiring location
precision aimed at a second part of an electronic structure. The starting times of
the defining of the geometry and the performing of the location precise operation
do not have to be the same and they can have different time durations.

In the method the geometry of the operation area of a part of an electronic
structure is its actual, realized geometry, and not for example the planned
geometry defined by a design file. This predefined geometry of the operation area
of the part of the electronic structure is utilised for aiming the operation in a
location precise manner in the operation area.

In one advantageous embodiment of the method according to the invention the
geometry of the operation area of at least one part of an electronic structure is
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defined in at least one standard position in the working area at least partly
simultaneously as the actuator of the processing unit performs an operation aimed
at least at one second part of an electronic structure in at least one second
standard position in the working area. Advantageously the defining of the
geometry of at least one part of an electronic structure and the operation requiring
location precision aimed at the operation area of at least one second part of an
electronic structure, which operation immediately precedes the geometry defining
in the serial production, are performed at least partly simultaneously.

In a second advantageous embodiment of the method according to the invention
the geometry of the operation area of at least one part of an electronic structure,
which will later be moved into a standard position in the working area of the
processing unit, is defined at least partly simultaneously as the operation requiring
location precision aimed at the operation area of at least one previous part of an
electronic device in the standard position in the working area of the processing unit
is performed.

In a third advantageous embodiment of the method according to the invention a
predefined geometry of the operation area of a part of an electronic structure is
utilized for positioning the part of the electronic structure in the working area of the
processing unit. The positioning can be done completely with the aid of geometry
data of the operation area, whereby the geometry data can replace separate
aligning markings.

In still another advantageous embodiment of the method according to the
invention the geometry of the operation area of a part of an electronic structure is
defined in the standard position of the processing unit for performing an operation
in the working area of the processing unit, when the part of the electronic structure
is within the working area of the processing unit, but before said part of the
electronic structure is attached in the standard position.

In still another advantageous embodiment of the method according to the
invention the part of the electronic structure is attached in a standard position
within the working area of the processing unit and the geometry of the part of the
electronic structure attached in said standard position is defined in a second
standard position of the processing unit, in which second standard position the
operation aimed at the part of the electronic structure is performed. The defining of
the geometry and the performing of the location precise operation thus take place
in different standard positions.
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In still another advantageous embodiment of the method according to the
invention the part of the electronic structure is attached in a first standard position
within the working area of the processing unit and the geometry of the part of the
electronic structure attached in the first standard position is defined in said
standard position of the processing unit. Additionally a location precise operation
aimed at a part of an electronic structure is performed at least partly
simultaneously in some other standard position within the working area of the
processing unit, utilizing the previously made geometry identification in said
second standard position. Thereafter a location precise operation aimed at a part
of the electronic structure in the first standard position is started in the method,
utilizing the geometry defined previously in said first standard position, and the
identification of the geometry of some subsequent part of an electronic structure is
performed at least partly simultaneously in some other standard position within the
working area of the processing unit.

There are advantageously at least two standard positions within the working area
of the processing unit, to which a part of an electronic structure is alternatingly
brought and attached in order to identify the geometry. The geometry identification
is done at least partly simultaneously as a location precise operation aimed at
some other part of an electronic structure, the geometry of which has previously
been identified, is performed in some other standard position within the working
area of said processing unit. The operation performed in the second standard
position is performed with the same actuator or the same actuators, which are
subsequently used to perform the location precise operation aimed at a part of an
electronic structure in the first standard position of the processing unit, when
geometry identification of some subsequent part of an electronic structure is
performed in the second standard position.

In still another advantageous embodiment of the method according to the
invention there are at least two standard positions within the working area of the
processing unit, in which alternatingly at least partly simultaneously a part of an
electronic structure is in one standard position attached and its geometry data is
identified and a location precise operation aimed at another previously identified
part of an electronic structure in the second standard position and the thereafter
performed detaching of the part of the electronic structure from the standard
position is performed.

In still another advantageous embodiment of the method according to the
invention the geometry of the operation area of a part of an electronic structure is
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defined in the standard position in the processing unit in order to perform an
operation outside the working area of the processing unit while the part is attached
in the standard position used for identifying the geometry. Geometry identification
outside the working area of the processing unit can be done also without attaching
the part of the electronic structure in question to any standard position for the
duration of the geometry defining. Thus the geometry of the operation area of the
part of the electronic structure in the standard position, where it will be attached at
a later stage, is determined beforehand with a sufficient precision. For example the
edges of the circuit board and their relationship to the circuit layout of the circuit
board are described and thus the placement of the circuit layout, i.e. the operation
area of the part of the electronic structure, in the standard position can be
predicted.

In still another advantageous embodiment of the method according to the
invention at least one second operation aimed at said part of an electronic
structure is in the method performed with at least one second processing unit. The
same predefined geometry of the operation area of the part of the electronic
structure is utilized in said second processing unit for aiming the operation in a
location precise manner at the working area of the second processing unit.

In still another advantageous embodiment of the method according to the
invention the part of the electronic structure is attached in the standard position to
an attaching base outside the working area of the processing unit and the
geometry of the operation area of the part of the electronic structure is defined in
relation to the attaching base. Thereafter the attaching base is moved into the
standard position in the working area of the processing unit. Advantageously a
supply station is in the method formed outside the working area, which has an
attaching base for attaching the part of the electronic structure in a standard
position, the part of the electronic structure is attached in the standard position to
an attaching base at the supply station and the geometry of the operation area of
the part of the electronic structure is defined in the supply station. A travelling line
is formed from the supply station to the standard position in the working area of
the processing unit for moving the attaching base, and the attaching base is
moved from the supply station into the standard position in the working area of the
processing unit along said travelling line.

In still another advantageous embodiment of the method according to the
invention supply coordinates Ks (X, vy, z, w4, Wy) are defined for the supply station,
operation coordinates K, (x, y, z, w1, wy) are defined for the working area of the
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processing unit, and the working area of the actuators of the processing unit and
the location of the attaching base arranged into the standard position are defined
in the operation coordinates K,. A conversion algorithm Ay, is additionally defined,
which expresses the correlation between the coordinates defined in the supply
coordinates Ks and the coordinates defined in the operation coordinates K,. The
part of the electronic structure is attached in the standard position to the attaching
base of the supply station and its location and position is defined in the supply
coordinates Ks. With the aid of the conversion algorithm the calculatory location
and position of the part of the electronic structure attached in the standard position
of the processing unit is calculated in the operation coordinates K,. The actuators
of the processing unit and the geometry of the part of the electronic structure in the
standard position are aligned with each other according to the calculatory location
and position for performing the operation.

The method according to the invention, where the geometry of the operation area
of the electronic structure is defined in the supply station and aligned in relation to
the attaching base of the standard position, can be applied for example in paste
printing for aligning a paste printing stencil, so that by looking through the
openings in the stencil the geometry, advantageously circuit layout, of the
operation area of the electronic structure is aligned to correspond to the openings
in the stencil. In such a case it is not necessarily necessary to know and/or actively
use the conversion algorithm An, even if it exists and is otherwise available.

When applied to paste printing the standard position in the method according to
the invention can mean a standard position arrangement, which has a mechanical
structure performing an substantially precise and repeated movement, for example
a manipulator, a precise conveyor or another prior art implementation, to which the
part of the electronic structure is attached. When using such a standard position
arrangement the geometry identification is done in one known position of the
manipulator, which position may be in the working area of the paste printing unit or
outside the working area of the paste printing unit, and the actual paste printing
operation aimed at the part of the electronic structure is performed in some other
known position of the manipulator. In this arrangement the geometry identification
and the paste printing operation take place at least partly simultaneously. An
advantage of such an arrangement is the time-parallelism of the geometry
identification and the actual productive operation, the paste printing, of the paste
printing apparatus.
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In component assembly the standard position in the method according to the
invention can mean a standard position arrangement, which has a mechanical
structure performing an substantially precise and repeated movement, for example
a manipulator, a precise conveyor or another prior art implementation, to which the
part of the electronic structure is attached. When using such a standard position
arrangement the geometry identification is done in one known position of the
manipulator, which position may be in the working area of the assembly unit or
outside the working area of the assembly unit, and the actual component
assembly operation aimed at the part of the electronic structure is performed in
some other for example known position. In this arrangement the geometry
identification and the assembly operation take place at least partly simultaneously.
An advantage of such an arrangement is the time-parallelism of the geometry
identification and the component assembly.

In still another advantageous embodiment of the method according to the
invention a machine-readable individual identifier is in the supply station attached
to the part of the electronic structure for identification of the part of the electronic
structure, and a measurement file is generated for storing data regarding the part
of the electronic structure. The measurement data of the operation area of the part
of the electronic structure, such as the geometry of the surface, is defined and
stored in the measurement file. In connection with defining the geometry, flaws in
the operation area of the part of the electronic structure, such as deformations and
missing parts, are advantageously defined by comparing the part of the electronic
structure to its design data. Discovered flaws are stored in the measurement file
and the effect of the flaws are compensated in the operations aimed at the part of
the electronic structure.

In still another advantageous embodiment of the method according to the
invention the part of the electronic structure arriving at the processing unit is
identified in the processing unit with the aid of the identifier, and the data regarding
the part of the electronic structure is read from the measurement file. The
geometry data regarding the part of the electronic structure read from the
measurement file and the identifier data regarding the part of the electronic
structure is used for performing the operation requiring location precision aimed at
the part of the electronic structure.

In one advantageous embodiment of the method according to the invention the
part of the electronic structure arriving at the processing unit is known with the aid
of the process sequence and the data regarding the geometry of the part of the
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electronic structure is known based on the process sequence. Thus the geometry
data of the part of the electronic structure known based on the process sequence
is used in the processing unit for performing the operation requiring location
precision aimed at the part of the electronic structure.

In still another advantageous embodiment of the method according to the
invention the part of the electronic structure is attached in the supply station to a
moveable attaching base, which is attached to a counterpart in the supply station
with a so-called zero point principle, the location of which counterpart in the supply
coordinates Ks is known. A second counterpart is arranged in the processing unit
for receiving the attaching base, the location of which counterpart in the operation
coordinates K, is known. The part of the electronic structure is thus moved from
the supply station to the processing unit while attached to the attaching base and
the attaching base is attached to the second counterpart in the processing unit.

In still another advantageous embodiment of the method according to the
invention at least two operations aimed at a part of an electronic structure are
performed with at least two different processing units. Thus at least one second
conversion algorithm An is defined, which expresses the correlation of the
coordinates defined in the supply coordinates Ks and the coordinates defined in
the operation coordinates K, of the at least one second processing unit, and the
conversion algorithm is used to calculate the calculatory location and position of
said part of the electronic structure to be attached in the standard position of the
second processing unit in the operation coordinates K, of said second processing
unit. The actuators of the second processing unit and the geometry of the part of
the electronic structure are aligned with each other in the standard position
according to the calculatory location and position. The part of the electronic
structure is moved from the first processing unit to the second processing unit,
attached in the standard position to the attaching base of the second processing
unit, and the operation aimed at the operation area of the part of the electronic
structure is performed with the second processing unit.

A serial production apparatus for performing a location precise operation in the
operation area of a part of an electronic structure comprises at least one
processing unit for performing said location precise operation aimed at the part of
the electronic structure in the working area of the actuator and a computer vision
system for identifying the geometry of the operation area of the part of the
electronic structure. The location precise operation to be performed with the
apparatus can be printing of solder paste, dosing solder paste, assembling an
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electronic component, die bonding, wire bonding, tuning an electronic structure or
protecting an electronic component by dispensing. According to the basic idea of
the invention the apparatus is arranged to perform the defining of the geometry of
the operation area of at least one part of an electronic structure and an operation
requiring location precision aimed at the operation area of at least one other part
of an electronic structure at least partly simultaneously and to utilize a predefined
geometry of the operation area of the part of the electronic structure for performing
the operation in a location precise manner in the operation area. The apparatus is
advantageously arranged to utilise the predefined geometry of the operation area
of the part of the electronic structure for positioning the part of the electronic
structure in the working area of the processing unit.

In one advantageous embodiment of the apparatus according to the invention
there are at least two standard positions in the working area of the processing unit
for performing the defining of the geometry of the processing unit of at least one
first part of an electronic structure in the first standard position and the operation
aimed at least at one second part of an electronic structure in the second standard
position at least partly simultaneously. In the invention a standard position can
thus mean the standard position in the area for identifying the geometry of a part
of an electronic structure and on the other hand the standard position of the
actuator performing the operation requiring location precision on the part of the
electronic structure. These positions do not need to be mechanically identical, but
their operation geometrically in relation to each other should be known and/or
possible to make known. The standard position can also be moveable, whereby its
location in the working area of the actuator and/or in the geometry identification
area during the identification is known. Location in this context means that for
example the place and time of the operation area of a part of an electronic
structure is substantially known.

In a second advantageous embodiment of the apparatus according to the
invention the defining of the geometry of at least one part of an electronic structure
and the operation requiring location precision aimed at the operation area of at
least one second part of an electronic structure, which operation immediately
precedes the geometry defining in the serial production, are arranged to occur at
least partly simultaneously.

A third advantageous embodiment of the apparatus according to the invention is
arranged to define the geometry of the operation area of a part of an electronic
structure, when the part of the electronic structure is within the working area of the
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processing unit, before said part of the electronic structure is attached in the
standard position.

In still another advantageous embodiment of the apparatus according to the
invention there are at least two standard positions within the working area of the
processing unit, a first standard position for attaching and defining the geometry of
a part of an electronic structure and a second standard position for performing a
location precise operation on a part of an electronic structure, the geometry of
which has previously been defined. The apparatus is arranged to perform the
attaching and geometry defining of the first part of the electronic structure and the
location precise operation aimed at the second part of the electronic structure in
turns and at least partly simultaneously.

In still another advantageous embodiment of the apparatus according to the
invention the apparatus has at least one standard position outside the working
area of the processing unit for attaching and identifying the geometry of a part of
an electronic structure. The apparatus can also be arranged to define the
geometry of the processing unit of the part of the electronic structure outside the
working area, without attaching the part of the electronic structure in question in
any standard position in the apparatus for identifying the geometry.

In still another advantageous embodiment of the apparatus according to the
invention the apparatus has at least one second processing unit and the apparatus
is arranged to perform at least one second operation aimed at a part of the
electronic structure with said second processing unit. Said second processing unit
is arranged to utilise said predefined geometry of the operation area of the part of
the electronic structure for aiming the operation in a location precise manner at the
operation area.

In still another advantageous embodiment of the apparatus according to the
invention the apparatus has a control unit for controlling the functions of the
processing unit and the computer vision system. The control unit has a processor,
a memory and a control application loaded into the memory.

Still another advantageous embodiment of the apparatus according to the
invention comprises a moveable attaching base for attaching the part of the
electronic structure in the standard position for defining the geometry of the
operation area of the part of the electronic structure.
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In still another advantageous embodiment of the apparatus according to the
invention said processing units have actuators for performing the operation, which
actuators have a working area, and said attaching base for defining the geometry
of the operation area of the part of the electronic structure is within the working
area. The attaching base for defining the geometry of the operation area of the
part of the electronic structure can also be outside the working area. The
apparatus advantageously additionally comprises means for moving the attaching
base into the standard position in the working area of the processing unit.

Still another advantageous embodiment of the apparatus according to the
invention comprises a supply station outside the working area of the processing
unit, which supply station has an attaching base for attaching the part of the
electronic structure in the standard position. The supply station has means for
defining the geometry of the operation area of the part of the electronic structure
attached to the attaching base. The apparatus further includes a travelling line
leading from the supply station to the standard position in the working area of the
processing unit for moving the attaching base.

Still another advantageous embodiment of the apparatus according to the
invention further comprises supply coordinates Ks in the supply station, means for
defining the location and geometry of a part of an electronic structure attached to
the attaching base of the supply station in the supply coordinates, and operation
coordinates K, in the working area of the processing unit, where the working area
of the actuators and the location of the attaching base arranged in the standard
position is defined. The apparatus further has a conversion algorithm Ay for
defining the calculatory location and geometry of a part of an electronic structure
to be attached in the standard position of the processing unit in the operation
coordinates based on the location and geometry defined in the supply coordinates,
and means for aligning the actuators of the processing unit according to the
calculatory location and position of the part of the electronic structure.

In still another advantageous embodiment of the apparatus according to the
invention the attaching base for attaching the part of the electronic structure is a
moveable so-called zero point base and the supply station and processing units
have counterparts, to which the attaching base can be attached in a dimensionally
accurate manner with the zero point principle. The attaching base is
advantageously equipped with a computer-readable identifier and the supply
station and processing units have a computerized reader for reading the identifier.
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In still another advantageous embodiment of the apparatus according to the
invention said means for moving the attaching base into the standard position in
the working area of the processing unit comprise a turntable rotating around an
axis. The apparatus thus comprises at least two attaching bases attached to the
turntable, which attaching bases have a standardised travelling line, and the
processing units are placed along said travelling line.

In still another advantageous embodiment of the apparatus according to the
invention said means for moving the attaching base into the standard position in
the working area of the processing unit comprise a stepping conveyor, which has a
standardised travelling line. The apparatus thus comprises at least two attaching
bases attached to the conveyor, and the processing units are placed along said
travelling line.

Still another advantageous embodiment of the apparatus according to the
invention comprises at least two separate processing units for performing at least
two location precise operations aimed at the same part of an electronic structure.
The processing unit can be a dosing device for an adhesive, such as glue or
solder paste, a paste printing device, an assembly device for electronic
components, or a tuning device or electric testing device for an electronic
structure.

It is an advantage of the invention that it significantly improves dimensional
accuracy and repeatability of the manufacturing of electronic structures, wherefore
the quality and reliability of the electronic structures is improved. The dimensional
accuracy and repeatability remain at the same level during the entire
manufacturing process.

It is further an advantage of the invention that the time used for aligning parts used
in the manufacturing of structures is therein decidedly shorter, whereby the total
time needed for manufacturing an electronic structure also shortens. A shorter
production time improves the efficiency of the production. The shortening of the
time is substantially based on the fact that the actuator performing the operation
on the electronic structure does not necessarily need to wait for identification of
the geometry of the operation area of the electronic structure to be performed in
the working area of the actuator. The identification of the geometry of the
operation area of the electronic structure advantageously takes place at least
partly at the same time, for example in the supply station, during the actual,
advantageously productive operation by the actuator of a second processing unit
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at the same actuator at the time in question aimed at the electronic structure. It is
obvious that the most production time is saved in a serial production, where time is
traditionally wasted for identifying geometry in the working area of each processing
unit. A significant production time advantage is naturally not achieved in the
beginning and end of the manufacturing series in serial production, and not in the
production of individual pieces.

In the following, the invention will be described in detail. In the description,
reference is made to the appended drawings, in which

Figure 1a shows as an example an apparatus used in the method according to
the invention seen from the side,

Figure 1b shows as an example the supply station of the apparatus of Figure 1a,
Figure 1c shows as an example a processing unit of the apparatus of Figure 1a,

Figure 2 shows as an example an advantageous embodiment of an apparatus
according to the invention seen from the side and

Figure 3 shows as an example a second advantageous embodiment of an
apparatus according to the invention seen from above and

Figure 4 shows the method according to the invention by means of a simple
flowchart.

Figure 1a shows as an example an apparatus according to the invention seen
from the side. The apparatus makes up a typical entire production line constructed
of different processing units to be used for manufacturing electronic structures.
The production line can be used for example for furnishing circuit boards. The
apparatus comprises a paste printing device 120, an assembly device 110 for
electronic components, a reflow oven 140, an assembly and programming device
150 for memory circuits and a testing device 160 for a circuit board, which are
arranged subsequently in a line formation. For the sake of simplicity Figure 1 only
shows one paste printing device, which may be for example the paste printing
device for the upper side of the circuit board or the paste printing device for the
lower side of the circuit board. The apparatus can also have two paste printing
devices, a first device for the upper side of the circuit board and a second device
for the lower side of the circuit board. The paste printing device is used to dose
solder paste on the surface of a circuit board with the aid of a stencil as wafers in
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those points, where electronic components will be assembled with the assembly
device 110. The electronic component may be any prior art component meant to
be connected to a circuit board, such as a chip, a semiconductor chip, a multi-
component and/or chip module, a resistor, a condenser, a transistor, an integrated
circuit or a light-emitting diode i.e. a LED, or some other part to be connected with
the connecting technique in question. The assembly device 110 for the
components can be a high-speed assembly machine or a precision assembly
machine. The apparatus can also have two assembly devices, of which the first is
for example a high-speed assembly device and the second is a precision
assembly device. The solder paste is hardened by means of thermal treatment in
a reflow oven. Some other prior art thermal treatment device can also be used in
the apparatus, such as a vapour phase solder device or an induction solder
device. Some other prior art connecting substance can also be used as the
connecting substance instead of solder paste.

The apparatus additionally has two automatic optical inspection stations 170, of
which the first is as an example placed between the paste printing device and the
assembly device and the second as an example between the reflow oven and the
assembly and programming device of the memory circuit. In the beginning of the
apparatus there is a supply station 130, through which the circuit boards are fed
into the apparatus, and in the end there is a discharge station 180, through which
completed circuit boards exit from the apparatus. The functions of the processing
units comprised in the apparatus are controlled with a control unit 132. The control
unit is advantageously a computer, which has a processor, a memory for storing
data and programs, an operating system and means for entering and receiving
data. The apparatus further comprises a conveyor system, the task of which is to
move parts of electronic structures in different stages of the manufacturing
process forward in the apparatus, i.e. from the working area of one processing unit
to the working area of the next processing unit (the conveyor system is not shown
in the figure). The above-presented structure and operating principle of the
apparatus depicting a production line for electronics and the individual processing
units comprised therein are known technique, so they are not described further in
this context.

Figure 1b shows as an example a supply station 130 of an apparatus according to
the invention. The supply station has a fixed attaching base 30, on the edges of
which there are locking pins 60 for attaching and locking a part used in the
manufacturing of an electronic structure. In the case shown in the figure said part
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of an electronic structure is a circuit board 80. The locking pins can be support
members, against which the edges of the circuit board are pressed, or they can
advantageously be fitted into locking holes 62 in the edges of the circuit board
and/or in the circuit board. Advantageously at least some of the locking pins are
arranged in the attaching base in a moveable manner, so that an attaching
imprecision caused by a gap between the locking pin and the attaching hole can
be minimized by moving the surface of the locking pin fitted into the locking hole
flush with the wall surface of the attaching hole. Standardised attaching of the
circuit board to the fixed attaching base can be implemented with the aid of the
locking pins. A standardised attaching in this context means an attaching manner,
where the circuit board is always attached in the same way and in the same point
in relation to the fixed attaching base, i.e. the circuit board is attached in a
standard position in relation to the fixed attaching base. In such an arrangement
according to the invention the fixed attaching base and the attaching manner are
substantially repeated in accordance with the supply station in the working area of
at least one processing unit. In the arrangement according to the invention the
positioning of the operation area of the electronic structure when attaching in the
standard position to the fixed attachment bases is identified and this information is
used for aligning the operation area of the electronic structure and the operation
member of the actuator. Such an arrangement according to the invention requires
that the attachment of the electronic structure to the fixed attaching base is
sufficiently precise and repeated with regards to the process. In the supply station
different mechanical machining operations, such as drillings and millings, can if
necessary be performed on the circuit board attached in the standard position. The
supply station has its own coordinates, which are in this presentation called the
supply coordinates Ks (X, y, z, wq, W2). The location and position of the circuit
board attached to the fixed attaching base in a standardised manner can thus
always be expressed precisely with the aid of the coordinate points of the supply
coordinates.

On the surface of the circuit board there is a machine-readable individual circuit
board-specific identifier 44, by means of which each circuit board can be identified.
This identifier can for example be a bar code or an RFID tag. The supply station
has a computerised reader 46 for reading the identifier, which reads the identifier
of the circuit board and stores it into the control unit 132 of the apparatus. On the
surface of the circuit board there are further machine-readable aligning markings
82. The aligning markings are placed in the corner areas of the circuit board and
there are at least two of them, generally 3—4 in each circuit board. The supply
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station has a computer vision camera 38 for reading the alignment markings. The
computer vision camera can be used to read the aligning markings in the circuit
board and define with their aid the position and place of the circuit board in the
supply coordinates K.

In the method according to the invention the circuit boards 80 arriving in turn at the
supply station are first locked into place in the standard position to the attaching
base 30. The circuit board 80 is identified by reading the circuit board identifier 44
with a computerised reader 46 and a measurement file 84 is generated, where
data regarding the circuit board is stored. The location and position of the circuit
board in the supply coordinates K is defined with a computer vision camera and
the data is stored in the measurement file 84. In the same way the computer vision
camera can be used to define geometry data of the surface of the circuit board
and/or wirings of the circuit board and/or locations of the contact surfaces and/or
measureable structures attached to the circuit board for example in the circuit
board’s own coordinates K;. A circuit board design file 86 can have been stored in
the control unit 132, where the layout of the circuit board, i.e. the measurement
information of the circuit board and the circuitry and placement of contact surfaces
of the circuit board are presented in the planned form in the design coordinates K4
of the circuit board. The design file presents the circuit board in its ideal i.e.
flawless form. By comparing the design file and the data measured from the circuit
board possible extensions and other tolerance deviations of the circuit board and
missing and flawed contact bases and wirings are thus immediately discovered.
Based on the design file and the measured actual measurement data of the circuit
board a correction algorithm Ay can be calculated in the control unit 132, which
expresses how the measurement deviations of the circuit board should be taken
into account in the later furnishing of the circuit boards. For example an increase in
distance between the connection points caused by extension of the circuit board
can be taken into account by changing the position of the stencil of the paste
printing device from the one defined in the design stage. In the method according
to the invention the correction algorithm can be used to correct the control file of
the actuator. For example dosing of solder paste onto substrates containing non-
systematic and/or nonlinear measurement flaws, such as for example LTCC
substrates, can be implemented for the paste dosing with dispensing and/or jet
printing operations by utilizing the correction algorithm. The correction algorithm
procedure can also be applied for component assembly.
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Figure 1c shows as an example a processing unit of the production line for
electronics according to the invention. The processing unit can for example be a
paste printing device 120, an assembly device 110 for electronic components, an
optical inspection station 170, an assembly and programming device 150 for
memory circuits, a testing device 160 or a dosing device for an adhesive, a so-
called dispenser. Just as the supply station, the processing unit has an attaching
base 30’, which has mechanical attaching members, such as locking pins 60, by
means of which the circuit board 80, which is the target of the manufacturing, is
attached in an immobile manner in the working area of the processing unit. Even
though the attaching base of the processing unit is not necessarily identical to the
attaching base of the supply station, the attaching members therein can also be
used to implement a standardised attaching of the circuit board to the attaching
base. Each processing unit has its own operation coordinates K, (X, y, z, w1, wy),
in relation to which the working area of the processing unit is defined. Working
area in this context means the area, within which the actuators of the processing
unit can perform the planned operations. For example in a paste printing device
the operation is the printing of solder paste onto the circuit board and the actuators
for performing the operation comprise a stencil and a doctor blade or for example
a proflow dosing head. Correspondingly in an assembly device the operation is the
assembly of components, and the actuator, with which the assembily is performed,
is an assembly head. Before the operation is started the circuit board and the
actuators must be aligned in relation to each other.

In the method according to the invention the aligning is done so that the circuit
board arriving at the processing unit is attached directly in a predefined location
and position, i.e. in a standard position, in the working area of the processing unit.
This location and position of the standard position is precisely defined in the
operation coordinates K,. When the location of the circuit board in the operation
coordinates is known, the actuators of the processing unit can move directly to the
right point in relation to the circuit board and perform the planned operations
advantageously automatically with the aid of commands loaded into the control
unit 132. The commands of the control unit require for example conveying a
conversion algorithm A, and/or a correction algorithm Ax. These algorithms can be
used and/or conveyed also with some other known course of action than by using
a control unit 132, for example with direct data transfer procedures between
computers. The processing unit has a computerised reader 46, which can read the
identifier 44 in the circuit board 80 arriving at the processing unit. Based on the
identifier the control unit of the processing unit finds the individual measurement
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file 84 of the circuit board in question from the memory, in which measurement file
all the data measured in the supply station has been stored, such as the geometry,
flaws, deficiencies and missing parts of the circuit board.

In the method according to the invention a conversion algorithm A, between the
supply coordinates Ks and the operation coordinates K, is defined. A conversion
algorithm means a mathematic formula, which expresses the correlation between
the standard position of the attaching base 30 defined in the supply coordinates Ks
and the standard position of the attaching base 30’ defined in the operation
coordinates K,. Each point of the circuit board locked in the standard position of
the supply coordinates can thus be given a corresponding point in the operation
coordinates with the aid of the conversion algorithm. In the method the aligning of
the circuit board, i.e. the defining of the coordinates defining the location and
position of the circuit board in the operation coordinates, is done so that the
location and position of the circuit board is first defined in the supply coordinates,
when the circuit board is attached in the standard position to the attaching base 30
of the supply station 130. Thereafter the location and position of the circuit board is
defined in the operation coordinates with a mathematical calculation with the aid of
a conversion algorithm and the calculated coordinates are stored in the
measurement file 84 of the circuit board.

When the circuit board is moved into the working area of the processing unit it is
locked into place in the standard position to the attaching base 30’ of the
processing unit. The reader 46 reads the identifier 44 of the circuit board and
based thereon retrieves the measurement data stored in the measurement file 84
of the circuit board in question and the processing unit-specific conversion
algorithm A, and the possible correction algorithm Ax from the memory of the
control unit and defines with their aid the calculatory location and position of the
circuit board in the operation coordinates. The location and position of the circuit
board is thus substantially immediately known by the processing unit, when the
circuit board has been attached in the standard position, and the actuators of the
processing unit can be positioned directly into the right point in relation to the
circuit board without having to perform prior art identification of geometry and/or
aligning markings, which delay the actual operation of the actuators. The
operations can thus be started without separate aligning of the circuit board and/or
the actuators. The operation to be performed on the circuit board at any given time
is defined according to the processing unit. Thus the operation to be performed
with the processing unit can for example be paste printing on the upper and/or
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lower surface of the circuit board, assembly of an electric component on the upper
and/or lower surface of the circuit board, assembly and/or programming of a
memory circuit, a testing operation for the function of an electronic component or
structure or optical inspection of the circuit board or any other prior art operation
requiring precision.

The conversion algorithm Aq, for the coordinates of the processing unit and the
supply station can be defined in a calculatory manner or with the aid of functions of
the processing units of the production line. For example for a paste printing device
the conversion algorithm can be defined as follows: Working area of the paste
printing device means the area, which the paste printing device requires for
performing the paste printing occurring through an installed stencil. When defining
the conversion algorithm an empty printing base is first attached in the standard
position to the attaching base 30 of the supply station 130. Thereafter the aligning
circuit board is moved into the working area of the paste printing device, locked
into the standard position and an examination pattern and/or an actual pattern
constructed from paste wafers is with the aid of the stencil printed onto the empty
printing base. During the printing of the examination pattern the stencil is in the
basic position, the location of which in the operation coordinates K, is known, but
the position of which pattern in relation to the operation coordinates K, is not yet
known. Thereafter the printed printing base is returned to the supply station and
locked again into the standard position. In the supply station the realised location
of the printing pattern constructed from paste wafers and used in the examination
on the printed printing base in relation to the standard position of the supply unit in
the supply coordinates Ks is defined with a computer vision camera 38. The
position of the realised paste printing pattern is now known in the supply
coordinates Ks, which position can be compared to the geometry of the operation
area of the electronic structure arriving at the supply station in the same supply
coordinates Ks. A conversion algorithm A, can now be calculated from the
relationship between the realised paste printing pattern and the geometries of the
operation area of the electronic structure arriving at the supply station. The
conversion algorithm A, is a mathematic formula, which expresses how the stencil
and/or the operation area of the electronic structure to be printed must be moved
in relation to each other, so that the operation area of the electronic structure to be
printed and the openings of the stencil would settle precisely on top of each other
and/or in an aligned manner on the substrates to be printed.
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Each processing unit of the production line advantageously has its own attaching
base 30’, which has its own operation coordinates K, and a standard position. The
location of the standard position in the operation coordinates can vary between
processing units. Therefore each processing unit of the production line must have
its own conversion algorithm A, defined. The processing units in the production
line can also be such that they do not require precise aligning of the circuit board
in the working area of the processing unit. Such a processing unit is for example a
Reflow oven, where the attaching of electronic components occurs with the aid of
thermal treatment. Conversion or correction algorithms naturally do not need to be
defined for such processing units.

Figure 2 shows as an example an advantageous embodiment of the apparatus
according to the invention as a simplified view. The embodiment shown in Figure 2
has many of the same parts and entities as in Figures 1a, 1b and 1c. The same
names and the same reference numbers have been used for these parts and
entities in the description. The apparatus shown in the figure forms a part of a
production line for electronic structures. The apparatus is used to form a three-
dimensional electronic structure, which comprises a substrate 10 and at least one
electronic component 14 to be attached to the surface of the substrate. The
electronic component may be any known component, for example a chip, a
resistor, a condenser, a transistor, an integrated circuit, a light-emitting diode
(LED) or any component, semiconductor chip, multi-component and/or chip
module meant to be connected to a substrate or any other part, which is
connected with these techniques. The attaching of the electronic component to the
substrate is done with an apparatus according to Figure 2, which has a dosing
device 100 for dosing an adhesive and an assembly device 110 for assembling an
electronic component. Each device has its own working area 50, where the
attaching operation advantageously occurs automatically. A prerequisite of the
dosing of adhesive and the assembly of the components is that the precise
location of the substrate in relation to the actuator and its position in the working
area of the dosing device and the assembly device is known.

The supply station 130 of the apparatus comprises an attaching base 30, which
has an attaching level 32 for attaching a substrate 10 and a protruding locking part
34, by means of which the attaching base is attached to a counterpart 36 in the
supply station. The locking part is the second part, which is attached to the
counterpart with a mechanical attachment advantageously in a form-fixed manner,
these are advantageously attaching members which fit together, for example a
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female and male part. The attaching base and the counterpart are thus always
attached to each other very precisely and always in the same way. The above-
described quick attachment method is used in many machine tools and machining
centres in the field of precision mechanics. As an example of such quick
attachment systems on the market is mentioned the quick attachment system
manufactured by the company Erowa, where the attachment between the
attaching base and the counterpart can be implemented with great precision. 3M
for example also manufactures equivalent quick attaching systems. The location of
the counterpart is precisely defined in the supply coordinates K of the supply
station. Because the attaching base is always attached to the counterpart in the
same way, the location of the attaching base in the supply coordinates K;s is also
known substantially precisely at any time when it is attached to the counterpart.

In the supply station the substrate 10 is attached to the attaching level 32 of the
attaching base 30 in the standard position with mechanical attaching members, by
means of underpressure or in some other suitable known manner. Thereafter the
location and position and the geometry of the surface of the substrate are defined
in the supply coordinates K. In order to define these pieces of data the supply
station has a computer vision camera 38 or some other measuring device suitable
for defining location and surface geometry, such as a 2D or 3D scanner, a laser
measuring device or one or several mechanical measuring means. The zero point
of the measuring device is advantageously attached at the origin of the supply
coordinates. With the aid of the measuring device the location and geometry of the
substrate in the supply coordinates can thus be directly defined. The geometry,
location and position of the operation area of the substrate can be defined with the
aid of aligning markings in the substrate, based on the edges of the substrate
identified with a computer vision camera or based on a circuit layout in the
substrate or generally with the aid of the measured geometry of the substrate.

In connection with the defining of the location and geometry of the substrate, the
quality of the substrate can simultaneously be examined by comparing data
measured from the substrate with design data in the design file 86 of the
substrate. Substrate properties to be examined are thus among others extensions
and other tolerance deviations, cuts in the solder resist and missing or flawed
contact bases and wirings. Substrates left outside the acceptance limits can at this
stage be discarded, and data regarding the discarding of the substrate is stored in
the measurement file 84 or the discarded substrate is otherwise marked. In the
same way data regarding possible small deficiencies discovered in accepted
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substrates is stored in the measurement file. All measured and stored data of the
substrates is available in later operations aimed at the operation area of the
electronic structures, for example substrate furnishing stages. The attaching base
30 is equipped with a computer-readable identifier 44, such as an RFID tag, a bar
code or the like, which makes possible quick and reliable identification of the
attaching base and the substrate attached thereto in all different stages of the
method.

The attaching base 30 and the thereto attached substrate 10 are moved from the
supply station to the working areas of the processing units (100, 110) with the aid
of a conveyor system in the apparatus. The conveyor system can comprise for
example conveyor belts, turntables and loading and/or unloading units or other
known actuators which provide a sufficiently precise movement for the process,
the structure of which actuators is not described in more detail in this context. In
the working area 50 of the processing unit there is a counterpart 36, whereto the
attaching base arriving at the processing unit is attached. The location of the
counterpart is precisely defined in the operation coordinates K,. Because the
attaching base is always attached to the counterpart in the same way, the location
of the attaching base in the supply coordinates K is also precisely known at any
time when it is attached to the counterpart. The substrate 10 is attached to the
attaching base 30 in the standard position already in the supply station and the
substrate is attached to the attaching base during the entire transfer stage. After
being attached to the counterpart the substrate is thus immediately in the standard
position in the working area of the processing unit.

In the apparatus in Figure 2 the location and position of the substrate in the
operation coordinates of the dosing device and the assembly device are defined in
the same way as was told in connection with the description of Figures 1a, 1b and
1c, i.e. the location and position of the substrate is first defined in the supply
coordinates, when the circuit board is attached in the standard position to the
attaching base 30 of the supply station 130. Thereafter the location and position of
the circuit board is defined in the operation coordinates with a mathematical
calculation with the aid of a conversion algorithm stored in the measurement file
84. The conversion algorithm expresses the correlation between the standard
position of the attaching base 30 defined in the supply coordinates Ks and the
standard position of the attaching base 30’ defined in the operation coordinates K,.
The conversion algorithm A, for the coordinates of the processing unit and the
supply station can be defined by calculation or by applying the above-described
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definition method of the conversion algorithm of the paste printing device. Their
own conversion algorithm Ay, is defined for the dosing device and the component
assembly device. Both conversion algorithms are stored in the measurement file
84.

The first processing unit for performing an operation belonging to the apparatus
presented in Figure 2 is a dosing device 100, a so-called dispensing device, which
is used to dose an adhesive onto the surface of the substrate in the points defined
by the design file and/or in the points, where an electronic component will be
attached in a later stage of furnishing the substrate. The adhesive can be glue or
solder paste. The dosing device has a moveable dosing head 102, by means of
which the dosing of the adhesive occurs. The dosing device has its own working
area 50, within which the dosing occurs, i.e. within which the dosing head can be
moved. The working area of the dosing head in the operation coordinates K, of the
dosing device is known.

In connection with the dosing device there is advantageously a computerised
reader 46, which reads the identifier 44 of the attaching base and enters the
identification data into the control unit 132 of the apparatus. The reader can for
example be an RFID reader or a bar code reader. Based on the identification data
the control unit retrieves the measurement file 84 of the substrate from the
memory of the device, which file advantageously comprises for example the two-
dimensional dimensions of a horizontal projection of the substrate and a three-
dimensional geometry of the surface and possible other data affecting the
treatment of the substrate, such as extensions, tolerance deviations and various
missing parts. A conversion algorithm A calculated in relation to the dosing
device and defined in the supply station and a possible correction algorithm Ay is
also stored in the measurement file. With the aid of the conversion algorithm and
the correction algorithm the dosing head of the dosing device is positioned
precisely in the right point in relation to the substrate in its working area.
Thereafter the dosing device doses adhesive in the points on the surface of the
substrate, where the design file defines that adhesive should be dosed and/or
where an electronic component 14 or any other part or structure to be thus
attached will at a later stage be attached. The reader identifies such specimens
from the substrates arriving at the dosing device, which do not fulfil the acceptance
limits, based on the data stored in the measurement file. On such substrates the
dosing of adhesive can be left undone.
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When adhesive has been dosed in all the necessary points on the surface of the
substrate, the attaching base 30 and the substrate 10 attached thereto are moved
with the aid of the conveyor system or other transport system of the apparatus to
the working area of the next processing unit, i.e. the component assembly device
110. In the working area of the component assembly device there is a counterpart
36, the location of which is precisely defined in the operation coordinates K, of the
assembly device.

In connection with the component assembly device there is a computerised reader
46, which reads the identifier 44 of the attaching base and enters the identification
data into the control unit 132 of the apparatus. The identification of the substrate
and/or the attaching base can be implemented with a reader in connection with the
conveyor system or the identity of the substrate and/or attaching base and the
geometry related to the identity and other properties significant for the process are
otherwise known. In other words if the transmission of the identification data of the
substrate and/or attaching base can be guaranteed and the geometry data and
operation order is otherwise clear or can be made clear, the substrate and/or
attaching base does not need an identifier at all. The reader can for example be an
RFID reader or a bar code reader. Based on the identification data the control unit
retrieves the measurement file 84 of the substrate from the memory of the device,
which file comprises among other the two-dimensional dimensions of a horizontal
projection of the substrate and a three-dimensional geometry of the surface and
possible other data affecting the treatment of the substrate, such as extensions,
tolerance deviations and various missing parts. A conversion algorithm An
calculated in relation to the component assembly device and defined in the supply
station and a possible correction algorithm Ay is also stored in the measurement
file. With the aid of the conversion algorithm and the correction algorithm the
assembly head of the component assembly device is positioned precisely in the
right point in relation to the substrate in its working area. Thereafter the assembly
head 112 of the assembly device 110 assembles the components in place in the
points, where adhesive has been dosed with the dosing device. The reader
identifies such specimens from the substrates arriving at the assembly device,
which do not fulfil the acceptance limits, based on the data stored in the
measurement file. On such substrates the components can be left unassembled.

After the components are assembled the substrate is moved with the aid of the
transport system of the apparatus away from the working area of the assembly
device for post-processing 200. The post-processing can comprise for example a
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thermal treatment taking place in a reflow oven, a vapour phase soldering machine
or another known thermal treatment device for hardening the adhesive, the
protection of components attached to the substrate for example through
dispensing or hot spraying, or testing operations for the electronic components on
the substrate. Some of the post-processing operations are such that the substrate
must be precisely aligned in the right place in the working area of the processing
unit performing the post-processing. Such post-processing operations are for
example the protecting of components through dispensing, through hot spraying,
laser tuning, programming, electric testing or adjustment. Thus the substrate is
moved also to the post-processing while attached to the attaching base 30 in the
manner described above, whereby its location and geometry is always known by
the control unit of the manipulator. If the post-processing operation does not
require precise aligning of the substrate in the right place for performing the
operation, the substrate can be detached from the attaching base for the duration
of the post-processing. Empty attaching bases are sent back and/or they are
returned to the supply station, where new substrates to be used in manufacturing
electronic structures are attached to them.

The method and apparatus according to the invention can be used for furnishing
substrate with different sizes, shapes and surface geometries with electronic
components. In its most simple form the substrate can be a planar, substantially
two-dimensional piece, such as a circuit board. The substrate can also be a three-
dimensional piece, for example the cover or part of the cover of a mobile phone,
the frame of a lamp or a part of an electric device, which has surfaces on different
levels and/or at different angles, where electronic components are attached.

The substrate 10 to be used in the method can be manufactured in advance in
some suitable manner and it can be furnished with the above-described method.
The substrate can also be manufactured immediately before it is furnished,
whereby the manufacturing of the substrate and its furnishing are implemented in
subsequent stages of the manufacturing process. Such a method can be used
especially when manufacturing and furnishing three-dimensional substrates. The
mechanical structure of three-dimensional substrates and their furnishing is
nowadays designed in a computer-assisted manner with the aid of 3D design
programs. When manufacturing the substrate some computer-assisted
manufacturing method can be used, such as hot spraying or laser sintering or
some other additive method. The substrate can also be manufactured from a
preform by mechanically machining the preform for example by chipping.
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Mechanic machining is advantageously done with a numerically controllable
machine tool, a so-called NC machine tool, the control commands of which are
received directly from the design program. The above-described computer-
assisted substrate manufacturing methods require precise aligning of the substrate
in relation to the machine tool. Data regarding the geometry of the substrate
defined when designing and manufacturing a substrate in a computer-assisted
manner can thus be utilized directly in the later furnishing stage of the substrate.

Figure 3 shows as an example a second advantageous embodiment of an
apparatus to be used in the method according to the invention seen from above.
The embodiment shown in Figure 3 has many of the same parts and entities as in
Figures 1a, 1b, 1c and 2. The same names and the same reference numbers have
been used for these parts and entities in the description. The embodiment shown
in Figure 3 has a turntable 300, which can be rotated around an axis 302 in the
middle of it with the aid of an actuator belonging to the apparatus and a control
unit 132, advantageously a computer, controlling the actuator (the actuator is not
shown in the figure). As an example the turntable has four branches, a first branch
310, a second branch 320, a third branch 330 and a fourth branch 340. Each
branch advantageously has an identical or at least known attaching base 30 for
attaching a circuit board 80. The apparatus has a supply station 130, where the
circuit board is attached to the attaching base, two processing units for performing
operations aimed at the circuit board and a discharge station 350, where the circuit
board is detached from the attaching base after the operations have been
performed. The processing units illustrated in Figure 3 are a dosing device 100 for
adhesive paste and a component assembly device 110. The apparatus further
comprises a supply conveyor 360, with which the circuit boards are transported
into the supply station of the apparatus, and a discharge conveyor (370), with
which the circuit boards detached at the discharge station are moved away from
the apparatus for post-processing. In connection with the conveyor there is
advantageously an automatic circuit board handling robot or some other prior art
actuator arrangement, which moves the circuit board from the supply conveyor to
the supply station and from the discharge station to the discharge conveyor (the
handling robots are not shown in the figure).

All the attaching bases are attached to branches at a known distance from the axis
302 and in a known position, so that as the turntable rotates the attaching bases
circulate around the axis 302 along a known circular travelling line. The processing
units are situated along this travelling line advantageously at subsequent quarter
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points, so that when the first branch 310 of the turntable is in the supply station
130 its second branch 320 is in the discharge station 350, the third branch 330 is
in the working area of the second processing unit 110 and the fourth branch 340 in
the working area of the first processing unit 100. The turntable is rotated by
stepping advantageously always a quarter of a circle at a time, so that the
attaching bases 30 in the branches always stop precisely in a known point in the
supply station, the discharge station and the working area of the processing units.
The attaching bases thus move in the apparatus along a predefined known
travelling line. Due to the known travelling line the location and/or position of the
attaching base is always known in advance in the working area of each processing
unit.

In the method according to the invention the first circuit board is attached in the
supply station 130 in the standard position to the attaching base of the first branch
310. The supply station advantageously has a computer vision camera 38 or some
other prior art method for identifying geometry, which is used to define the
geometry of the circuit layout in the circuit board. The circuit board 80 is identified
by reading the circuit board identifier 44 with a computerised reader 46 and a
measurement file 84 is generated, where data regarding the circuit board is stored.
The location and position of the circuit layout of the circuit board in relation to the
attaching base 30 is defined with the computer vision camera and the data is
stored in the measurement file 84.

The identification of the circuit board is however not essential, since the travelling
line of the turntable unambiguously defines the movement of the circuit board from
the supply station to the first processing unit, from the first processing unit to the
second processing unit and from the second processing unit further to the
discharge station. The location and position of the circuit board to be moved from
the supply station to the processing units in relation to the attaching base can thus
reliably be transmitted to the processing units also in some other manner than by
attaching this data to the identifier of the circuit board.

After the first circuit board is attached the turntable is rotated by a quarter of a
circle, whereby the first branch 310 settles in the working area of the first
processing unit and the second branch 320 moves to the supply station 130. The
geometry of the circuit layout of the circuit board in relation to the attaching base
30 is defined in advance already in the supply station, i.e. before the circuit board
is moved to the working area of the processing unit. This geometry data can be
stored in a measurement file in the control unit controlling the function of the
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processing units of the apparatus. If the circuit board is aligned in relation to an
individual branch, the geometry data does not need to be stored anywhere. The
actuators of the first processing unit can thus be ready-aligned already before the
circuit board arrives in the working area of the processing unit. The processing unit
can thus start to perform the planned operation immediately when the circuit board
has arrived in the working area of the processing unit. In the embodiment shown in
Figure 3 the first processing unit is a dosing device 100 for solder paste, with
which dosing of solder paste is performed in planned points of the circuit layout
(81) of the circuit board. Simultaneously with the dosing of solder paste a second
circuit board is attached to the attaching base 30 of the second branch 320, for
which second circuit board the defining of the geometry of the circuit layout is
performed in the above-described manner.

Thereafter the turntable is again rotated by a quarter of a circle, whereby the first
circuit board 80 attached to the attaching table 30 of the first branch 310 moves
into the standard position in the working area of the second processing unit 110,
the second circuit board attached to the attaching base of the second branch 320
moves into the standard position in the working area of the first processing unit
100 and the attaching base of the third branch 330 moves to the supply station
130. In the working area of the second processing unit a second operation is now
performed on the circuit board. The geometry of the circuit layout of the circuit
board in relation to the attaching base 30, defined in advance in the supply station
130, is utilized also in the second processing unit by aligning the actuator of the
second processing unit already before the circuit board arrives in the working area
of the processing unit. In the second processing unit no new aligning of the circuit
board in relation to the actuators of the processing unit thus needs to be made. In
the embodiment shown in Figure 3 the second processing unit is an assembly
device for electronic components, which is used for assembling components in
planned points on the circuit board, wherein solder paste has advantageously
been dosed. During the rotation of the turntable the components of the circuit
board arriving for assembly are advantageously loaded onto the assembly
head/heads of the assembly device. Simultaneously with the component
assembly, dispensing of solder paste is performed on the second circuit board in
the first processing unit, and a third circuit board is attached to the attaching base
in the supply station and the geometry of the circuit layout of this circuit board is
defined in the above-described manner.
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Next the turntable is again rotated by a quarter of a circle, whereby the attaching
base of the first branch moves to the discharge station 350, where the first circuit
board 80 is detached from the attaching base and moved onto the discharge
conveyor 370. Simultaneously component assembly is performed on the second
circuit board in the working area of the second processing unit, dispensing of
solder paste on the third circuit board is performed in the working area of the first
processing unit and a fourth circuit board is attached to the attaching base 30 of
the fourth branch 340 in the supply station.

The first circuit board has now passed through the apparatus and it has undergone
the operations planned in the apparatus. The attaching base of the first branch of
the turntable is now empty and ready to receive a new circuit board, i.e. a new
cycle starts. In the above-described manner the production can be continued as
desired. The principle of the method according to the invention is an at least partly
parallel processing of a circuit board and identification of the geometry of a
subsequent circuit board.

The processing units presented as examples in Figure 3 are a dosing device for
solder paste and a component assembly device. For a skilled person it is clear that
the processing unit can also be some other processing unit of a production line for
electronics, such as a paste printing device 120, an optical inspection station 170,
an assembly and programming device 150 for memory circuits or an electric
testing device 160. In Figure 3 there are two processing units, but there may also
be some other number of them.

A turntable is one exemplary manner of implementing the solution according to
this embodiment of the invention, and there are many other prior art actuation
methods, with which the same inventive implementation can be arranged, for
example an advantageously stepping multi-station conveyor functioning with
precise movements. There is at least one operation station in the arrangement
according to the invention and thus there are at least two standard positions in the
arrangement according to the invention, the supply station and the operation
station. Advantageously there are however two more standard positions in the
arrangement according to the invention than there are operation stations, i.e. the
supply station and the discharge station.

Instead of a turntable the movement of the attaching bases in the working area of
the processing units can also be implemented in some other manner. One
advantageous manner of moving the attaching bases 30 is to attach them at
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standard intervals on a belt, which is moved in steps. The supply station,
discharge station and processing units are attached along the belt advantageously
at standard intervals, so that the attaching base attached to the belt always settles
precisely in a beforehand known point in the supply station, discharge station and
in the working area of each processing unit. The geometry of the circuit layout of
the circuit board defined in the supply station can thus be utilised in each
processing unit and thus the cycle time of the product is advantageously
shortened and the productivity of the production line improved.

The description of Figure 3 describes the performing of an operation on a circuit
board. It is clear that the method according to the invention and the device
according to the embodiment of Figure 3 can be used to perform operations also
on other parts of an electronic device that circuit boards.

Figure 4 shows the basic stages of the method according to the invention when
using the apparatus according to Figure 3 by means of a simple flowchart. In the
method a circuit board 80 is attached to the attaching base 30, when the attaching
base is in the supply station, i.e. the attaching base is outside the working areas of
the processing units. Thereafter the geometry of the circuit layout of the circuit
board is defined in relation to the attaching base and the geometry data is stored
in the memory of the control unit of the apparatus. After the geometry has been
defined the attaching base and the thereto attached circuit board are moved into a
predefined standard position in the working area of the first processing unit 100. In
the second processing unit the geometry data of the circuit board defined in the
supply station is utilized and a first operation is performed on the circuit board,
which operation is the dosing of solder paste. Thereafter the attaching base and
the thereto attached circuit board are moved into the working area of the second
processing unit 110, where the geometry data of the circuit board defined in the
supply station is again utilized. In the second processing unit the assembly of
electronic components, i.e. the second operation, is performed on the circuit
board. Thereafter the attaching base is moved to the discharge station 350, where
the circuit board is detached from the attaching base.

In addition to the embodiments described above, the method and apparatus
according to the invention can be used also in virtually all manufacturing
processes and stages of electronic components, where some part of an electronic
structure must be precisely aligned in relation to the actuators of the processing
unit performing the operation. Such operations are for example paste printing,
dispensing, automatic optical inspection, high-speed assembly, precision
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assembly, die bonding, wire bonding, flip chip bonding, assembly and
programming of memory circuits and testing of a circuit board.

Some advantageous embodiments of the method and apparatus according to the
invention have been described above. The invention is not limited to the solutions
described above, but the inventive idea can be applied in numerous ways to the
manufacturing of electronic structures and/or entities within the scope of the
claims.
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Claims

1. A method for performing at least one operation requiring location precision
aimed at a part (10, 80) of an electronic structure in the serial production of
electronic structures, which part of an electronic structure has an operation area
(81) and in which method the part of the electronic structure is moved into a
standard position in the working area (50) of a processing unit (100, 110, 120, 150,
160, 170), the geometry of the operation area of the part of the electronic structure
is defined by utilizing computer vision technology (38) and the processing unit is
used to perform the location precise operation aimed at the operation area of the
part of the electronic structure, characterised in that in the method

— the defining of the geometry of the operation area (81) of the at least one part
(10, 80) of the electronic structure and the operation requiring location precision
aimed at the operation area of at least one second part of an electronic structure
are performed at least partly at the same time, and

— a predefined geometry of the operation area of the part of the electronic
structure is utilised for performing the operation in a location precise manner in the
operation area.

2.  The method according to claim 1, characterised in

— defining the geometry of the operation area (81) of at least one part (10, 80) of
an electronic structure in at least one standard position in the working area (50) at
least partly simultaneously as an actuator of the processing unit (100, 110, 120,
150, 160, 170) performs an operation aimed at least at one second part of an
electronic structure in at least one second standard position in the working area.

3. The method according to claim 1 or 2, characterised in

— attaching a part (10, 80) of an electronic structure in a first standard position
within the working area (50) of the processing unit (100, 110, 120, 150, 160, 170)
and defining the geometry of the part of the electronic structure attached in the first
standard position in the standard position in question of the processing unit and

— performing a location precise operation aimed at a part of an electronic structure
at least partly simultaneously in some second standard position within the working
area (50) of the processing unit (100, 110, 120, 150, 160, 170), utilizing in said
second standard position the previously made geometry identification, whereafter
— the location precise operation aimed at the part of the electronic device in the
first standard position is started, utilizing the geometry defined previously in said
first standard position, and
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— at least partly simultaneously defining the identification of the geometry of some
subsequent part of an electronic structure in some second standard position within
the working area (50) of the processing unit (100, 110, 120, 150, 160, 170).

4. The method according to any of the claims 1-3, characterised in that there
are at least two standard positions within the working area (50) of the processing
unit (100, 110, 120, 150, 160, 170), into which standard positions a part (10, 80) of
an electronic structure is in turn brought and attached for identifying the geometry
at least partly simultaneously as a location precise operation aimed at some other
part of an electronic structure, the geometry of which has previously been
identified, is performed in some second standard position within the working area
of said processing unit with the same actuator or actuators, which will next be
used to perform a location precise operation aimed at a part of an electronic
structure in the first standard position, while the identification of the geometry of
some subsequent part of an electronic structure is performed in the second
standard position.

5. The method according to claim 1, characterised in

— attaching a part (10, 80) of an electronic structure in a standard position to the
attaching base (30) outside the working area (50) of the processing unit (100, 110,
120, 150, 160, 170),

- defining the geometry of the operation area (81) of the part (10, 80) of the
electronic structure in relation to the attaching base and

— moving the attaching base into the standard position in the working area of the
processing unit.

6. The method according to claim 5, characterised in

— forming a supply station (130) outside the working area (50) of the processing
unit (100, 110, 120, 150, 160, 170), which supply station has an attaching base
(30) for attaching the part (10, 80) of the electronic structure in the standard
position,

— attaching the part of the electronic structure in the standard position to the
attaching base (30) in the supply station (130) and defining the geometry of the
operation area (81) of the part (10, 80) of the electronic structure in the supply
station,

— forming a travelling line leading from the supply station to the standard position
in the working area (50) of the processing unit for moving the attaching base,

~ moving the attaching base from the supply station to the standard position in the
working area of the processing unit along said travelling line.
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7. The method according to claim 6, characterised in

— defining supply coordinates Ks (x, y, z, w1, wy) in the supply station (130),

— defining operation coordinates K, (X, y, z, w1, wy) for the working area (50) of the
processing unit (100, 110, 120, 150, 160, 170) and defining the working area of
the actuators of the processing unit and the location of the attaching base
arranged in the standard position in the operation coordinates K,

— defining a conversion algorithm Ap,, which expresses the correlation between the
coordinates defined in the supply coordinates Ky and the coordinates defined in
the operation coordinates K,,

— attaching the part (10, 80) of the electronic structure in the standard position to
the attaching base (30) of the supply station (130) and defining its location and
position in the supply coordinates K,

— calculating with the aid of the conversion algorithm the calculatory location and
position of the part (10, 80) of the electronic structure to be attached in the
standard position of the processing unit in the operation coordinates K,,

— aligning the actuators of the processing unit and the geometry of the part of the
electronic structure in the standard position with each other according to the
calculatory location and position for performing the operation.

8. The method according to claim 7, characterised in

— attaching the part (10, 80) of the electronic structure in the supply station (130)
to a moveable attaching base (30), which is attached to a counterpart (36) in the
supply station with a so-called zero point principle, the location of which
counterpart is known in the supply coordinates K,

— arranging a counterpart (36) in the processing unit (100, 110, 120, 150, 160,
170) for receiving the attaching base, the location of which counterpart is known in
the operation coordinates K,, |
— moving the part of the electronic structure from the supply station to the
processing unit while attached to the attaching base and

— attaching the attaching base to the counterpart in the processing unit.

9. The method according to claim 7 or 8, characterised in that at least two
operations aimed at a part (10, 80) of an electronic structure are performed with at
least two different processing units (100, 110, 120, 150, 160, 170), whereby

— at least one second conversion algorithm Ay, is defined, which expresses the
correlation between the coordinates defined in the supply coordinates Ks and the
coordinates defined in the operation coordinates K, of at least one second
processing unit,
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— the calculatory location and position of the part (10, 80) of the electronic
structure to be attached in the standard position of said second processing unit in
the operation coordinates K, of said second processing unit is calculated with the
aid of the conversion algorithm,

— the actuators of the second processing unit and the geometry of the part of the
electronic structure in the standard position are aligned with each other according
to the calculatory location and position,

— the part (10, 80) of the electronic structure is moved from the first processing unit
to the second processing unit,

— the part of the electronic structure is attached in the standard position to the
attaching base (30’) of the second processing unit and

— the second processing unit is used to perform the operation aimed at the
operation area (81) of the part of the electronic structure.

10. The method according to any of the claims 1-6, where the part (10, 80) of the
electronic structure arriving in the processing unit (100, 110, 120, 150, 160, 170) is
known with the aid of the process sequence and where the data relating to the
geometry of the part of the electronic structure is known based on the process
sequence, characterised in that the geometry data of the part of the electronic
structure known in the processing unit based on the process sequence is used for
performing an operation requiring location precision aimed at the part of the
electronic structure.

11. The method according to any of the claims 1-9, characterised in that said
part of an electronic structure is a circuit board (80), the operation area (81) of
which is a circuit layout, whereby the geometry of the circuit layout is defined in the
method and the operation is aimed at the area of the circuit layout.

12. The method according to any of the claims 1-10, characterised in that said
operation is the printing of solder paste, dosing of solder paste, assembly of an
electronic component (14), die bonding, wire bonding, tuning of an electronic
structure or the protection of an electronic component by dispensing.

13. A serial production apparatus for performing a location precise operation in
the operation area (81) of a part (10, 80) of an electronic structure, which
apparatus comprises at least one processing unit (100, 110, 120, 150, 160, 170)
for performing said location precise operation aimed at the part of the electronic
structure in the working area (50) of the actuator, and a computer vision system
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(38) for identifying the geometry of the operation area of the part of the electronic
structure, characterised in that said apparatus is arranged to

— perform the definition of the geometry of the operation area (81) of the at least
one part (10, 80) of the electronic structure and the operation requiring location
precision aimed at the operation area of at least one second part of an electronic
structure at least partly at the same time and

— utilise a predefined geometry of the operation area of the part of the electronic
structure for performing the operation in a location precise manner in the operation
area.

14. The apparatus according to claim 13, characterised in that there are at least
two standard positions in the working area (50) of the processing unit (100, 110,
120, 150, 160, 170) for performing the definition of the geometry of the operation
area (81) of at least one first part (10, 80) of an electronic structure in the first
standard position and the operation aimed at least at one second part of an
electronic structure in the second standard position at least partly simultaneously.

15. The apparatus according to claim 13 or 14, characterised in that there are at
least two standard positions within the working area (50) of the processing unit
(100, 110, 120, 150, 160, 170), a first standard position for attaching and defining
the geometry of a part (10, 80) of an electronic structure and a second standard
position for performing a location precise operation on a part of an electronic
structure, the geometry of which has previously been defined, and the apparatus is
arranged to perform the attaching and geometry definition of the first part of the
electronic structure and the location precise operation aimed at the second part of
the electronic structure in turns and at least partly simultaneously.

16. The apparatus according to any of the claims 13-15, characterised in that it
comprises a moveable attaching base (30) for attaching the part (10, 80) of the
electronic structure in the standard position for defining the geometry of the
operation area (81) of the part of the electronic structure and means for moving
the attaching base (30) into the standard position in the working area (50) of the
processing unit (100, 110, 120, 150, 160, 170).

17. The apparatus according to any of the claims 13—-16, characterised in that it
comprises

— a supply station (130) outside the working area (50) of the processing unit (100,
110, 120, 150, 160, 170), which supply station has an attaching base (30) for
attaching the part (10, 80) of the electronic structure in the standard position,
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— means (38) in the supply station (130) for defining the geometry of the operation
area (81) of the part (10, 80) of the electronic structure attached to the attaching
base (30) and

— a travelling line (300, 302) leading from the supply station to the standard
position in the working area of the processing unit for moving the attaching base.

18. The apparatus according to claim 17, characterised in that said apparatus
further comprises

— supply coordinates K; (X, y, z, w1, W) in the supply station (130),

— means (38) for defining the location and geometry of the part of the electronic
structure attached to the attaching base (30) of the supply station in the supply
coordinates Ks (X, v, z, wy, Wy),

— operation coordinates K, (x, y, z, w1y, wy) in the working area (50) of the
processing unit (100, 110, 120, 150, 160, 170), where the working area of the
actuators and the location of the attaching base arranged in the standard position
is defined,

— a conversion algorithm A, for defining the calculatory location and geometry of
the part (10, 80) of the electronic structure to be attached in the standard position
of the processing unit in the operation coordinates K,, based on the location and
geometry defined in the supply coordinates Ks (X, y, z, w1, w2) and

— means for aligning the actuators of the processing unit according to the
calculatory location and position of the part of the electronic structure.

19. The apparatus according to claim 17 or 18, characterised in that

— the attaching base (30) for attaching a part (10, 80) of an electronic structure is a
moveable so-called zero point base and

— the supply station (130) and processing units (100, 110, 120, 150, 160, 170)
have counterparts (36), whereto the attaching base can be attached in a
measurement precise manner with the zero point principle.

20. The apparatus according to any of the claims 13—-19, characterised in that
the apparatus has at least one second processing unit (100, 110, 120, 150, 160,
170) and the apparatus is arranged to perform at least one second operation
aimed at a part (10, 80) of the electronic structure with said second processing unit
and said second processing unit is arranged to utilise said predefined geometry of
the operation area (81) of the part (10, 80) of the electronic structure for aligning
the operation in a location precise manner in the operation area.
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21. The apparatus according to claim 16 or 17, characterised in that said means
for moving the attaching base (30) into the standard position in the working area
(50) of the processing unit (100, 110, 120, 150, 160, 170) comprise a turntable
(300) rotating around an axis (302), and the apparatus comprises at least two
attaching bases (30) attached to the turntable, which attaching bases have a
standardised travelling line, and the processing units are placed along said
travelling line.

22. The apparatus according to claim 16 or 17, characterised in that said means
for moving the attaching base (30) into the standard position in the working area
(50) of the processing unit (100, 110, 120, 150, 160, 170) comprise a stepping
conveyor, which has a standardised travelling line, and the apparatus comprises at
least two attaching bases (30) attached to the conveyor, and the processing units
are placed along said travelling line.

23. The apparatus according to any of the claims 13-22, characterised in that
said processing unit is a paste printing device (120), a dosing device (100) for
adhesive, an assembly device (110) for an electronic component, an assembly
and programming device (150) for memory circuits or a testing device (160) for a
circuit board.

24. The apparatus according to any of the claims 13-23, characterised in that
the apparatus has a control unit (132) for controlling the functions of the
processing unit (100, 110, 120, 150, 160, 170) and the computer vision system
(38), which control unit has a processor, a memory, and a control application
loaded into the memory.
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