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(57) Abstract: A chip (201) is attached to a printed conductive surface. The chip is first heated to a first temperature, which is
lower than what the chip can stand without being damaged by the heat. The heated chip is pressed against the printed conductive
surface with a first pressing force. A combination of said first temperature and said first pressing force is sufficient to at least part
ly melt the material of at least one of: the printed conductive surface, contact point on the chip (205, 206).

Method and arrangement for attaching a chip to a printed conductive surface

TECHNICAL FIELD
The invention relates generally to the technology of connecting an integrated circuit component, also known as a chip, to a surface that comprises conductive p at
terns. Especially the invention concerns a case in which said conductive patterns
are produced by printing.
BACKGROUND O F THE INVENTION
Printed electronics appear to hold a promise for enabling cost-effective integration
of electronic functionality to a large variety of consumer products. Here it should
be noted that even if a traditional, epoxy- or polyester based circuit board is often

referred to as a printed circuit board (PCB), it does not fulfil the actual definition of
printed electronics. In a PCB the use of (silk screen) printing is limited to producing
the etch-resistant ink patterns prior to the etching of unwanted copper, as well as
to producing visible markings on the surface of an otherwise completed board.

True printed electronics mean that conductive, semiconductive and possibly other
patterns that constitute actual functional elements of the electronic circuit are
formed on a substrate in a printing process, i.e. printed on the substrate.
At the time of writing this description, the dimensions of typical printed electronics
are macroscopic, at least compared to the micro- or nanometre scale line widths
and other structures encountered

in integrated circuits. This means that imple

menting complex functionalities with printed electronics requires using a relatively
large surface area and/or augmenting the actual printed electronics with integrated
circuit components or chips. Also the longer designation "semiconductor chip" can
be used, but it should be noted that the base of a chip is not always made of se mi

conductor material: also e.g. glass-, sapphire-, and steel based chips are known,
as well as chips printed with semiconductive

polymers onto an isolating polymer

base. If chips are to be used, there arises the natural need to attach and connect a
chip to the printed electronics. In this description the term to attach and its derivatives mean attaching physically, i.e. keeping from coming loose, while the term to
connect and its derivatives mean producing an electrically conductive connection.
It should be noted, though, that these terms are not mutually exclusive,

strong enough method like e.g. soldering may be used to simultaneously
and connect.

but a
attach

Fig. 1 illustrates a known method for attaching and connecting a chip 10 1 to

printed electronics, of which there are shown the conductive areas 102 and 103
that have been printed on a substrate 104. As an example, w e may assume that
the substrate 104 is paper or cardboard, and the conductive areas 102 and 103
are pieces of metallic foil (or more generally: areas covered with an essentially
metallic compound). On the surface of the chip 10 1 are solder bumps 105 and
106, and corresponding patches of solder flux 107 and 108 have been spread on
the conductive areas 102 and 103. The flux could also have been spread on the
solder bumps 105 and 106, or provided in the material of the solder bumps. A drop
of glue 109 has been applied to that surface of the chip 10 1 that faces the s ub
strate 104. The glue helps to keep the chip immobilized at the desired location d u r
ing the time when sufficient heat is applied to cause at least partial melting of the

solder bumps. The flux helps to control the flowing of the melted solder. After coo l
ing, the chip remains attached to the substrate, with electric connections estab-

lished at the locations where the melting solder formed a bond with the appropriate
parts of the conductive areas.
A disadvantage of the prior art method illustrated in fig. 1 is that it is relatively slow.
It is not uncommon that 10 to 15 seconds are needed to attach and connect a s in

gle chip. This may prove way too slow for example for large-scale manufacturing
of cardboard-made consumer packages for food supplies.
SUMMARY O F THE INVENTION
An advantageous feature of embodiments of the present invention is the provision
of a method and an arrangement for attaching and connecting a chip to a printed
conductive surface quickly, smoothly and reliably.
The objectives of the invention are achieved by using a material with particular
melting characteristics to produce at least a part of the printed conductive surface,
and by bringing the necessary heat to the bonding phase together with the chip.
According to an aspect of the invention, it is possible to manufacture at least a part
of a printed conductive surface, to which a chip should be attached, of a material
that has a melting point at a temperature that is lower than what the chip can stand
without being damaged. Thus it is not necessary to apply other heat to the attach
ing and connecting process than what a heated chip brings with it. Melting may

take place at the printed conductive surface, at a solder bump or other contact

area of the chip, or both. The melting may be assisted by pressing the chip against
the printed conductive surface with a suitable force.
A particular class of embodiments of the invention involves using a steel- or other
metal based chip, which can stand relatively a large strain. Consequently a relatively large force can be used to press the chip against the printed conductive s u r
face, so that in the combination of temperature and pressing force the latter has a
significant role in causing the melting at the desired locations.
Another particular class of embodiments of the invention involves using a chip
where the base is solely made of silicon or other crystalline matter. Crystalline
substances of this kind break relatively easily under strain, which means that only
a relatively light force can be used to press the chip against the printed conductive
surface. Considering the combination of temperature and pressing force, in this
class of embodiments the melting is essentially exclusively caused by the former.
One class of embodiments of the invention involves using a layer of anisotropically
conductive glue on the printed conductive surface. Anisotropically conductive glue
is initially not electrically conductive to any significant extent. Locally applying heat

will cause conductive particles in the glue to melt and form a conductive path
through the glue at a particular location.
The novel features which are considered as characteristic of the invention are set
forth in particular in the appended claims. The invention itself, however, both as to
its construction and its method of operation, together with additional objects and

advantages thereof, will be best understood from the following description of s pe
cific embodiments when read in connection with the accompanying drawings.
The exemplary embodiments of the invention presented in this patent application
are not to be interpreted to pose limitations to the applicability of the appended
claims. The verb "to comprise" is used in this patent application as an open limita
tion that does not exclude the existence of also unrecited features. The features
recited in depending claims are mutually freely combinable unless otherwise e x
plicitly stated.
Fig. 1

illustrates a prior art method,

fig. 2

illustrates attaching and connecting a chip according to an embodiment
of the invention,

fig. 3

illustrates a detail related to melting the material of the printed conduc
tive surface,

fig. 4

llustrates a detail related to melting the material of the contact point,

fig. 5

llustrates a detail related to the use of anisotropically conductive glue,

fig. 6

llustrates an apparatus according to an embodiment of the invention,

fig. 7

llustrates an apparatus according to another embodiment of the inven
tion,

f lg .

8

llustrates a printing section,

g. 9

llustrates a method according to an embodiment of the invention,

g . 10

llustrates an apparatus according to an embodiment of the invention,

g . 11

llustrates a detail of the apparatus of fig. 10 ,

f g. 1
g . 13

llustrates another detail of the apparatus of fig. 10 , and
llustrates an apparatus according to an embodiment of the invention.

DETAILED DESCRIPTION O F EMBODIMENTS O F THE INVENTION
An important application of printed electronics is the provision of conductive s u r
faces on heat-sensitive substrates like paper and cardboard, which may also comprise polymer and other layers. Methods like those disclosed in patent application
number PCT/FI2008/050256,

published as WO2009/1 35985, allow making the

conductive surfaces of metallic compounds that are - or resemble - so-called low
temperature solders. A non-limiting example list of such metallic compounds in
cludes (indicated percentages are weight percentages):
- tin / silver (3.43 %) / copper (0.83 %)
- tin / silver (2-2.5 %) / copper (0.8 %) / antimony (0.5-0.6 %)
- tin / silver (3.5 %) / bismuth (3.0 %)
- tin / zink

(10

%)

- tin / bismuth (58 %)
- tin / indium (52 %)
- bismuth (53-76 %) / tin (22-35 %) / indium (2-1 2 %).
It is important to note that many of these metallic compounds

have their melting

point at a temperature that is lower than what a chip can stand. At room pressure,
the first four listed examples melt between 180 and 220 degrees centigrade, while
the three last-mentioned may melt at significantly lower temperatures, even below
100 degrees centigrade (the allow mentioned last in the list may have a melting
point at 75 degrees centigrade). Simultaneously the melting of a metallic co m
pound may depend on pressure. In general increasing pressure may assist p he
nomena related to melting and attachment of components to each other. The chip
can be heated to a first temperature, and the heated chip can be pressed against

the printed conductive surface with a first pressing force, so that the combination
of the first temperature and the first pressing force is sufficient to at least partly
melt the material of either the printed conductive surface, or a contact point on the
chip, or both. The localization of melting and other phenomena related to melting
and attachment of components to each other, and the behaviour of molten and/or
nearly molten material can be further controlled through the controlled application
of flux.
Fig. 2 illustrates an example, in which a substrate 204 comprises one or more

printed conductive surfaces, of which the upper surface with patterns 202 and 203
is shown in fig. 2 . In order to attach and connect a chip 201 to the printed cond uc

tive surface, the chip 201 is heated to a first temperature as shown on the left in
fig. 2 . The chip should be workable after connecting, which leads to the natural

consequence that said first temperature

must be lower than what the chip can

stand without being damaged by the heat. The heated chip is pressed against the
printed conductive surface with a first pressing force, as illustrated in the middle
part of fig. 2 . The combination of the first temperature and the first pressing force
is sufficient to at least partly melt the material of either the patterns 202 and 203 of

printed conductive surface, or the contact points 205 and 206 on the chip, or both.
In addition to melting, also other phenomena

related to melting and attachment

can take place. As a result, the chip becomes both attached and connected to the
printed conductive surface, as illustrated on the right in fig. 2 .
As a first example, w e may consider a case in which the chip 201 comprises a
metal base. At the time of writing this description, Kovio Inc., 233 S . Hillview Dr.,
Milpitas, California,

USA, provides chips where semiconductor

parts made of

printed silicon reside on a stainless steel base. Metal-based chips are available
from other manufacturers as well, and other metals than stainless steel can be
used as the base. A metal-base chip may stand temperatures up to 400 degrees
centigrade, and the metal base has also excellent mechanical strength, meaning
that it can stand a relatively high strain. The last-mentioned characteristic allows
pressing a heated metal-base chip against a printed conductive surface with a
pressing force that creates a pressure between 1 and 10 MPa (megapascals), c a l
culated by dividing the pressing force by the surface area of the chip. Although
metal-based chips allow using a relatively large pressing force, they do not neces
sarily require it if the process is otherwise made such that a smaller force is
enough. The pressure used with metal-based chips could be 0.1 MPa or even
less.

The surface pressure experienced by the printed conductive surface is highest at
those almost point-like areas where the contact points 205 and 206 touch the pat
terns 202 and 203 respectively. This high local pressure, together with the heat
conducted to the same regions from the body of the chip 201 , causes localized
phenomena related to melting and attachment that produces an essentially soldertype joint at each contact point.
The point-like nature of the heat conduction and surface pressure application at
the contact points ensures that most of the patterns 202 and 203 remain not
melted, which in turn means that the local topology of the contact area remains
well organized and does not become messy. This is advantageous, because d iffi
cultly controlled large-scale melting of the material of the patterns 202 and 203
could easily create short circuits between parts of the resulting electric circuit that
must remain isolated from each other. Especially if the printed conductive surface
is not exactly horizontal at the moment of attaching and connecting the chip,

and/or if the state of movement of the mechanical system changes causing accel
eration forces, large-scale melting of the patterns 202 and 203 could also cause
significant portions of the molten conductive material to flow out of its intended p o
sition on the surface of the substrate 204.
Additionally the point-like phenomena related to melting and attachment at the
contact points means that only a relatively small amount of heat needs to be co n
ducted and/or radiated away from the melting zone before the molten material s o
lidifies again. This in turn means that the resulting solder joint not only connects
but also attaches the chip in place relatively quickly. The pace at which solidifying
occurs can be affected by actively controlling an ambient temperature at the location of pressing the heated chip against the printed conductive surface. For exa m
ple, there may be a cooled or otherwise temperature-controlled

support below the

substrate 204, which quickly absorbs heat by conduction through the patterns 202
and 203 and the substrate 204. Such a support may take e.g. the form of a roll or
a planar support. Another exemplary way of actively controlling an ambient temperature is to deliver cooled gas to an area surrounding or adjacent to the location
of pressing the heated chip against the printed conductive surface.
It is not necessary to use a metal-base chip. As an alternative, the base of the chip

201 can be made of glass or sapphire; or silicon or other crystalline material that is

used as a base for semiconductor components. However, most other than metallic
base materials have a lower mechanical strength, and in many cases also a lower
critical temperature that the chip can stand without being damaged by the heat.

The process parameters (temperatures, pressing force, handling speed, etc.) need
to be carefully selected so that they suit the chip technology that is used. For e x

ample, using a silicon-base chip of the kind known at the time of writing this d e
scription typically means that the first temperature, to which the chip is heated, is
not significantly higher than 200 degrees centigrade; and the first pressing force,
with which the chip is pressed against the printed conductive surface, is not s ig
nificantly larger than 1 megapascal.
Figs. 3 and 4 illustrate two basic approaches to making the solder joint between a

chip and a conductive pattern. In fig. 3 w e assume that the contact point 305 is
made of a conductive material that has a relatively high melting temperature, such
as gold, silver, copper, or aluminium. According to an embodiment the melting
temperature of the contact point 305 may be the same as with conductive pattern,
whereupon both are at least partly melt in the process. The pattern 302 is made of
a conductive material that has a relatively low melting temperature, for example of
a metallic compound that constitutes or resembles a low-temperature

solder. In

this case it is essential that a melting temperature (at least under pressure) of the
material of the pattern 302 is lower than the highest temperature that the chip 201
(and the substrate 204) can stand without being damaged by the heat. In order to
perform the attaching and connecting, the chip 201 is made sufficiently hot so that
the temperature of the contact point 305, together with the force pressing the chip
201 against the substrate 204, suffices to locally melt the material of the pattern

302.
In fig. 4 w e assume that the contact point 405 is made of a conductive

material

that has a relatively low melting temperature, such as a metallic compound that
constitutes or resembles a low-temperature

solder. According to an embodiment

the melting temperature of the contact point 305 may be the same as with conduc
tive pattern, whereupon both are at least partly melt in the process. The pattern
402 is made of a conductive material that has a higher melting temperature than
the contact point 405, for example gold, silver, copper, aluminium, or some metallie or non-metallic conductive compound. In this case it is essential that a melting

temperature (at least under pressure) of the material of the contact point 405 is
lower than the highest temperature that the chip 201 can stand without being
damaged by the heat. The substrate 204 does not need to be particularly heatresistant, because the pattern 402 is between it and the heated chip, and because
the heat of the chip can be kept from advancing to the substrate in any excessive
amount by selecting the temperatures,

forces, time durations, support structure

characteristics and/or ambient cooling suitably. In order to perform the attaching
and connecting, the chip 201 is made sufficiently hot so that the temperature of the
contact point 405, together with the force pressing the chip 201 against the s ub
strate 204, suffices to locally melt the material of the contact point 405.
Cross-breeds between the embodiments of figs. 3 and 4 are possible, either so
that melting occurs at least partly both in a contact point and in the printed cond uc
tive surface it touches, or so that a chip has contact points made of different mate
rials, and it is attached to a number of patterns of different materials on the printed

conductive surfaces, so that in some of the contact point - pattern pairs melting
occurs in the former, and in others in the latter.
It should be noted that the contact point of a chip is not necessarily bump-formed

or protruding to any significant extent. There are chips that have their contact
points formed as conductive pads on a surface that otherwise has been oxidized
or otherwise made unconductive. Although bump-like contact points may involve
advantages in controlling the pressure distribution at the zone where melting is to
occur, for the purposes of the present invention it is not important, how the contact
points of the chips are formed.
Fig. 5 illustrates yet another alternative embodiment, in which attaching and co n

necting a chip to a printed conductive surface is accomplished with the help of anisotropically conductive glue. On a substrate 204 is a printed conductive surface,
which comprises a conductive pattern 501 and a layer 502 of anisotropically co n
ductive glue. The last-mentioned originally comprises a large number of cond uc
tive particles, typically of the size of 5-50 micrometres in diameter, each enclosed
inside an isolating layer or otherwise manufactured so that they do not make conductive connections with each other. Thus prior to application of sufficient heat
(typically 75-1 40 degrees centigrade) the anisotropically conductive glue is actu
ally not conductive at all in any macroscopic sense. The isolating layer and/or a
viscous agent mixed with the particles is sticky in order to realize the glueing func
tion.
When a heated contact point 205 of a chip comes into contact with the layer 502 of
anisotropically conductive glue, it dissolves, burns, evaporates, or otherwise d e
stroys the isolating layer, or produces another reaction that causes the particles to
become macroscopically conductive, in a number of conductive particles in the v i
cinity. The conductive particles that are affected form an electrically conductive
connection 503 between the contact point and the conductive pattern . The glueing

function of that part of the anisotropically conductive glue where the isolating lay
ers are still intact (or where some of the viscous agent remains) may be utilized to
assist attaching the chip in place. For example, if the layer of anisotropically co n
ductive glue is thick enough compared to the distance to which the contact point
protrudes from a surface of the chip, the glueing function may be utilized at parts
of the chip that are not adjacent to the contact point. The heat brought along by
the chip may be sufficient to melt those conductive particles that constitute the
conductive connection, which makes it essentially a solder joint.
In the embodiments

of the invention described prior to considering anisotropically

conductive glue, limiting the melting to small areas around the contact points was
advantageous because it helped to avoid unwanted smearing of other conductive
parts of the circuit. Also with anisotropically conductive glue, it is advantageous (if
not even essential) to limit the reaction where the particles become to form a macroscopically conductive connection to only small areas around the contact points,
but for a slightly different reason. Avoiding the smearing of other inherently co n
ductive parts of the circuit is not such an issue, because anisotropically conductive
glue is not macroscopically

conductive before the application of sufficient heat.

However, it is advantageous to keep it that way, i.e. to keep the layer of anisot
ropically conductive glue from becoming conductive at those locations where conductivity is not needed. This enables initially spreading the anisotropically cond uc
tive glue on the printed conductive surface as a layer that extends continuously
between at least two points of the circuit that should not be directly short circuited
to each other. The layer of anisotropically conductive glue may even be spread as

a continuous layer across the whole printed conductive surface. Applying continuous layers, or at least avoiding the need for very carefully designed, patterned lay
ers, is typically advantageous in printing, because it may eliminate and/or simplify
patterning steps from the manufacturing process and thus make it cheaper and
technically simpler.
Taken that embodiments of the invention cover a wide range of possibilities, where
heat- and pressure-related deformation may take place in any or all of a conduc
tive pattern on a surface, a contact point on a chip, or an intermediate substance
such as anisotropically conductive glue, it should be noted that speaking simply of
melting may not tell the whole truth. Throughout this description, even at those

lo

cations where for reasons of simplicity only the term melting or its derivatives are
used, the true meaning is to cover all such phenomena where the deformation and

possible change in conductive and/or adhesive properties of materials is achieved
through a combination of applied heat and pressure.
Fig. 6 illustrates schematically an apparatus for attaching a chip to a printed co n

ductive surface. Here the apparatus has been built as a part of a larger printing
process. A substrate web is unrolled from an input roll 601 , and fed through an o p
tional tension controller 602 to a nip where the substrate web passes between an
impression roll 603 and a corresponding support roll 604. A printing arrangement
605 is configured to interact with the impression roll 603 so that as a result, the
impression roll 603 produces a printed conductive surface on the substrate web,
typically comprising a number of conductive patterns. Various technologies exist
for producing a printed conductive surface on a substrate web, and they are o ut
side the scope of the present invention, so they do not need to be discussed here
in more detail. Examples of such technologies

are known for example from the

PCT publication number WO2009/1 35985.
Semiconductor chips have been previously manufactured and arranged in a pa r
ticular pattern, which corresponds to the patterning of said printed conductive s u r
face, on a carrier band. The carrier band is unwound from a carrier band roll 606
at a speed that is synchronized with the propagation speed of the substrate web.
An optional flux application arrangement 607 may be provided for applying flux to
selected parts (typically the exposed contact points) of the chips on the carrier
band. It is also possible that flux has been applied to the contact points of the
chips already previously before winding the carrier band on the carrier band roll
606. In some embodiments flux may not be needed at all, but in many cases it is
advantageous because it helps to focus the subsequent melting of solder (or particles of anisotropically conductive glue) to the desired locations.
The substrate web with its printed conductive surface, and the carrier band with
the chips it carries, are both taken to a nip between a heated roll 609 and a s u p
port roll 6 1 0 . In some embodiments the flux may be applied on the conductive pa t
tern especially to areas where the chip contact points are to be located and/or attached. An optional tension controller 608 is shown to control the tension of the
substrate web. The carrier band comes into contact with the heated roll 609 earlier
than the substrate web, causing the chips on the carrier band to be heated to a
predetermined

first temperature,

which is lower than what the chips can stand

without being damaged by the heat. As an alternative, there could be a separate
heating arrangement along the way of the carrier band before it comes into contact
with the substrate web. The substrate and/or the conductive pattern may be pre-

heated before the chip attachment. For example an antenna is warm after its print
ing process, whereafter if the antenna is then still kept warm, it is alredy preheated

for the chip attachment, whereupon the later chip attachment with the antenna is
much more easier and faster. In addition the preheated antenna reduces the need
of additional heating.
According to an embodiment the printed conductive surface and/or substrate may
be preheated for example to temperatures

between 25-200 degrees centigrade

before attaching the chip to the printed conductive pattern. However, it should be
noted that according to an embodiment

the chip can also be attached without

heating the substrate and/or conductive pattern, whereupon the needed heat e n
ergy is transferred

by, from or via the chip. The chip may be for example p re

heated.
In the nip between the heated roll 609 and the support roll 6 1 0 the heated chips

carried by the carrier band become pressed against the printed conductive surface
with a first pressing force. A combination of said first temperature and said first
pressing force is sufficient to at least partly melt the material of the printed cond uc
tive surface and/or the contact point on a chip. The temporary attachment of the
chips to the carrier band is such that the chips become detached from the band
web simultaneously when they become attached to the printed conductive surface.
The remaining carrier band is collected on a collector roll 6 1 1.
The printed conductive surface with the chips attached thereto is optionally cooled
with a cooling gas flow from a nozzle 6 1 2 , and also optionally protected with a
layer of protective lacquer sprayed from another nozzle 6 1 3 before winding the
chip-equipped substrate onto an output roll 6 1 4 .
Fig. 7 illustrates schematically another apparatus for attaching a chip to a printed

conductive surface. Here the apparatus has again been built as a part of a larger
process, which includes printing and other operations for manufacturing a product,
such as an intelligent package. Sheets of a substrate material, such as cardboard,
are brought to the process on an input tray 701 . One sheet at a time is input to the
process on a conveyor 702. A printing machine 703, such as a digital printer or an
apparatus known from WO2009/1 35985, is used to form a printed conductive s u r
face on the substrate sheet. The printed conductive surface may comprise for ex
ample conductive patterns that are designed to function as parts of electric c ir
cuits.

Semiconductor chips have been previously manufactured and brought on a tray
704 or otherwise made available to the process. The apparatus for attaching the
chips to the printed conductive surface comprises one or more manipulator arms,
of which arm 705 is shown as an example. The apparatus is configured to use a
manipulator arm to pick a chip from the tray and to place the chip at a correct loca
tion on the printed conductive surface. In accordance with the embodiment of the
present invention, a combination of the temperature of the chip and the pressing
force used to press it against the printed conductive surface is sufficient to at least
partly melt the material of either the printed conductive surface, or a contact point
on the chip, or both.

Several approaches are possible for ensuring that the chips are at the appropriate
temperature, which is lower than what the chip can stand without being damaged
by the heat but high enough to play its part in the melting. The tray 704, a part of
the tray, or a holder for the tray (not shown in fig. 7), may comprise a heater configured to heat at least some of the chips on the tray. Additionally or alternatively
the manipulator arm 705 used to transfer the chip from the tray to the printed co n
ductive surface may comprise an integrated heater configured to transfer heat to
the picked chip, or there may be a separate heater apparatus or heating zone
through which the manipulator arm is configured to take the chip on its way from
the tray to the printed conductive surface. Since each chip is typically handled
separately (by picking the chips from the tray one by one), this embodiment of the
invention allows controlling the temperature and/or pressing force of each chip
very accurately. It is even possible to use the very same apparatus to simultane
ously (or in close succession) attach and connect chips that require different temperatures, different pressing forces and/or other kind of different handling.
Using a manipulator arm to press the chip against the printed conductive surface

involves the additional advantage that the time during which the manipulator arm
keeps the chip in place before letting go can be selected relatively freely. Thus the
embodiment of fig. 7 allows using the manipulator arm to keep the chip in place
until the melted parts of the printed conductive surface and/or the contact point on

the chip have solidified again, which significantly reduces the risk of creeping type
alignment errors. Local cooling can be used if necessary to accelerate the cooling,
for example in the form of a locally administrated cooling gas jet or a conductive
cooling arrangement integrated in the manipulator arm.
The process may include optional additional

processing steps, of which the

spreading of a protective lacquer with a nozzle 706 and cutting the substrate sheet

with a cutting machine 707 are shown in fig. 7 . Other possible additional process
ing steps include but are not limited to creasing, glueing, bending, and the adding

of additional electronics, like an RFID tag. Completed workpieces are collected on
an output tray 708.
In both embodiments

of figs. 6 and 7 it has been found that a particular way of

producing the conductive patterns is very advantageous. Fig. 8 illustrates schematially a printing section, which has been illustrated only schematically as 603, 604,
and 605 in fig. 6 and 703 in fig. 7 . A first section 801 is configured to print patterns
802 and 803 of an adhesive on the surface of a substrate 804. There may be a dielectric transfer roll 805, and an electric charging apparatus 806 configured to
maintain a surface of the dielectric transfer roll 805 at an electrically charged state.
A fluidized powderbed or some other kind of particle applicator 807 has been co n
figured to temporarily cover the electrically charged surface of the dielectric trans
fer roll 805 with a continuous layer of conductive particles. At a section 808 of the
printing section the surface of the substrate with the patterns of the adhesive is a r
ranged to come into contact with the continuous layer of conductive particles on
the electrically charged surface of the dielectric transfer roll. Electrically conductive
particles stick to the adhesive patterns, thus constituting the basis for the conduc
tive patterns and in general the printed conductive surface. The advantageous
characteristics of conductivity of the conductive patterns can be enhanced by s ub
sequently cold rolling them like in the nip 809 of fig. 8 , and/or by heating them so
that at least partial melting of the conductive particles occurs.
Fig. 9 is a general representation of a method according to an embodiment of the

invention. Step 901 represents manufacturing a semiconductor chip; correspondingly step 902 represents manufacturing a substrate which in the completed co n
struction will form the basis on which the combination of a printed conductive s u r
face and the chip attached and connected thereto will appear. Steps 903 and 904
represent preparing the chip and the substrate respectively. For example, prepar
ing the chip at step 903 may comprise placing the chip onto a tray or a carrier

band, and possibly also applying flux to selected locations of the chip. Preparing
the substrate at step 904 may comprise cleaning the surface of the substrate
and/or otherwise ensuring that the surface of the substrate is ready for receiving
printed conductive patterns.
Step 905 represents heating the chip to a first temperature, which is lower than
what the chip can stand without being damaged by the heat. Correspondingly step
906 represents forming the printed conductive surface, which typically means

forming conductive patterns on a surface of the substrate in a printing process. At
step 907 the heated chip is pressed against the printed conductive surface with a
first pressing force. A combination of said first temperature and said first pressing
force is sufficient to at least partly melt the material of the printed conductive surface and/or a contact point on the chip. Step 908 represents post-processing, nonlimiting examples of which have been considered in the description of figs. 6 and
7.

Fig. 10 is a top view of an exemplary apparatus according to an embodiment of

the invention. The task of the apparatus is to attach and connect a semiconductor
chip to each piece of printed electronics that travels through the apparatus. In this
example the pieces of printed electronics are loop-formed antennae, but the same
principle is naturally applicable irrespective of what are the exact nature and form
of the semiconductor chips and the pieces of printed electronics. In addition to a t
taching and connecting the chips, the apparatus should post-process the printed
electronics to ensure that they are ready for use as e.g. RFID tags.
The main sections of the apparatus is the chip attaching and connecting section
1001 , the slitter winder section 1002, the lacquer deposition section 1003 and the
testing unit 1004. Of these the three last-mentioned are only very schematically

il

lustrated in fig. 10 , because their operation and detailed implementation are of little
importance to the present invention. It suffices to assume that the slitter winder
section 1002 is configured to cut a substrate carrying the workpieces into smaller
parts for easier further handling, the lacquer deposition section 1003 is configured
to spread a layer of protective lacquer on the workpieces, and the testing unit 1004
is configured to test the workpieces for appropriate operation.

The semiconductor chips are brought to the process on a tray, of which tray 1005
is shown as an example. The semiconductor chips may have been manufactured

as parts of a silicon wafer, for example a 6 inches or 12 inches wafer, and cut
loose to make them ready for picking. Alternatively the step of cutting loose ind i
vidual semiconductor chips from the wafer may be integrated as a part of the chip
attaching and connecting section 1001 . Fig. 11 illustrates a principle according to
which a so-called pick-flip manipulator 110 1 picks a chip 1102 and flips over so
that the chip 1102 is offered to a next handling step. Fig. 12 illustrates a principle
according to which a place-and-press manipulator 1201 takes the chip offered by
the pick-flip manipulator 110 1 and applies flux to its desired portions for example
by bringing the chip close enough to a rotating flux applicator 1202 in a desired
manner. The right part of fig. 12 illustrates a place-and-press manipulator placing a

semiconductor

chip at the right location in the piece of printed electronics and

pressing it against the printed conductive surface in order to implement the co m
bined attaching and connecting according to an embodiment of the invention.
Previously in this description it has been already pointed out how heating the chip
to a first temperature (which is lower than what the chip can stand without being

damaged by the heat) can be accomplished in may ways: for example by applying
heat through the place-and-press

manipulator 1201 , and/or through a heater e le

ment 1203 below the workpiece, and/or by using a heated gas jet or a radiation
heater, which are not shown in fig. 12 . If a heater element is not needed beneath
the substrate, element 1203 can be considered to illustrate a back support that
supports the substrate and workpieces during the time when the chip is pressed
against the printed conductive surface. The place-and-press

manipulator imple

ments pressing the heated chip against the printed conductive surface with a first
pressing force. A combination of the first temperature and the first pressing force is
sufficient to at least partly melt the material of the printed conductive surface
and/or a contact point on the chip.
Experiments have been made with an apparatus, the operating principle of which
conforms with figs. 10 to 12 . A first exemplary setup involved a substrate web the
width (i.e. the dimension in the direction perpendicular

to the arrow indicating

propagating direction in fig. 10) of which was half of that illustrated in fig. 10 . It c a r
ried two parallel lines of antennae (instead of the four parallel lines shown in fig.
10), each line having 16 antennae per metre of length of the substrate. The s ub
strate propagated in the direction illustrated with the arrow in fig. 10 at a speed of
12 centimetres per second, which equals 7.2 metres per minute.
Chips were brought to the process on a single wafer. The place-and-press

ma

nipulators were made movable so that they could keep a chip in place at its d e
sired location on the printed conductive surface for the duration of one second.
This was found sufficient to cause the chip to be attached and connected. Due to
parallel operation in the two lines, the production rate was 32 units per metre times
7.2

metres

per

minute,

equalling

224

manufactured

units

per

minute

or

13440 manufactured units per hour.
A second exemplary setup was otherwise equal with the first, but it involved a
substrate web twice as wide, with four parallel lines of antennae, chips on two w a
fers, as well as two parallel pick-flip manipulator and place-and-press

manipulator

units, making the configuration identical to that shown in fig. 10 . The production

rate was twice that of the first example, equalling 26880 manufactured units per
hour.
Image recognition capability would be advantageously built into the apparatus of
fig. 10 in order to enable continuous and accurate position control in placing the

chips. One alternative is to have two assembly heads per antenna, one of them
performing image recognition while the other picks and places the chip. In the e x
emplary setups explained above, infrared heating was applied to heat chips that
are waiting to be picked. Also the place-and-press manipulators were heated, re
sulting in a chip temperature between 150 and 180 degrees centigrade at the time
of pressing the chip against the printed conductive surface. As an alternative to
application of flux through a rotating flux applicator, accurate local injection or
spraying of flux was considered. It is considered possible to reduce the time that is
required to keep a chip in place at its desired location on the printed conductive
surface from one second to 0.3 seconds or even less. The value 0.3 seconds
would allow shortening the distance that the place-and-press manipulator moves
along with the substrate from 12 centimetres (required above by the propagating
speed 12 cm per second) to about 4 centimetres; or alternatively it would allow in
creasing the propagation speed of the substrate from 12 cm per second to about
36 centimetres per second. The last-mentioned

alternative would naturally in-

crease the production rate to three times that mentioned above.
It is not necessary to make the substrate move at all during the time it makes to a t

tach and connect the chip. Buffered operation may be used, so that the substrate
is stationary in relation to the chip attaching and connecting mechanism for the

short time it takes to attach and connect a chip, and possibly then accelerates to a
higher than average speed for a moment so that despite of the stopover, a desired
average speed of production is maintained. Buffered operation is generally co n
sidered to allow reaching better accuracy, because there are fewer degrees of
freedom in the movements that need to be controlled during attaching and co n
necting a chip.
The temperatures mentioned above were related to a particular selection of the
substance used to produce the conductive patterns on the substrate. The m e n
tioned lower limit of 150 degrees could be significantly lowered by selecting for e x
ample an alloy of tin, bismuth, and indium, which has a melting point at about 75
degrees centigrade.

Further experiments with the four-antenna wide substrate web suggested that c ur
rently plausible web speeds are between 5 and 10 metres per minute, with a s u b
strate web width between 320 and 381 millimetres depending on the antenna d e
sign. The temperature to which the chips are heated should be less than 220 degrees centigrade, preferably controlled relatively accurately such as within ±0.3
degrees centigrade. The pressing force that is used to press a chip against the
printed conductive surface was between 0.2 and 5 newtons, controlled to the a c
curacy of ±0.1 newtons. Chips that were considered were RFID chips, some e x
emplary brands of which are the T l GEN2, HIGGS, MONZA2, and UCODE G2X in
the UHF (ultrahigh frequency) range and the MIFARE UL and UCODE G2X in the
HF (high frequency) range. The largest considered chip size was 7 mm times 2
mm, but it is believed to be advantageous if the apparatus has small die handling

capacity down to 0.3 mm. The associated die thickness was between 0.07 and 0.5
mm, and bump height on the chips was between 10 and 30 micrometres. Using a

relatively large chip of 10 square millimetres as an example, a pressing force b e
tween 0.2 and 5 newtons means a pressure between 0.02 and 0.5 megapascals.
Assembling accuracy was required to have its so-called 3sigma value smaller than
100 micrometres, and the orientation accuracy was required to be ±30 degrees or
lower. The process was suitable for both 6 inches and 12 inches wafers, and it
specifically

did not use any adhesive,

neither conductive

nor non-conductive

(ACP/NCP; anisotropically conductive paste / non-conductive paste). The protec
tive lacquer was applied after the attaching and connecting of the chips. As s u b
strates, coated paper and cardboard were considered. The testing unit could a d
vantageously be one that is capable of both HF testing and UHF testing.
Fig. 13 is a schematic side view of an apparatus according to an embodiment of

the invention. A substrate 1301 has at least one printed conductive surface, on
which conductive patterns 1302 appear. The task of the apparatus is here to a t
tach and connect one chip to each conductive pattern; chip 1303 is shown as an
example. Chips originally come on a dicing membrane 1304, which has a release
polymer coating (not separately shown in fig. 13). The chips are transferred onto a
transfer film 1305, the lower surface of which is covered with thermally releasing
adhesive. It is also possible to manufacture the whole transfer film of a thermally
decomposable material. If chips are originally available on a membrane that has
(or the surface adhesive of which has) suitable release properties, it is not necessary to transfer the chips from one membrane to another for the purposes of this
process.

The transfer film 1305 brings the chips close to the conductive patterns on the
printed conductive surface. Once a chip is properly aligned with a conductive pat
tern, a heat applicator 1306 "shoots" the chip off the transfer film 1305 by providing
some very accurately localized heating. The amount of heat transferred is enough
to release the chip from the transfer film and also enough to heat the chip to a first

temperature, which is lower than what the chip can stand without being damaged
by the heat but high enough to work in favour of attaching and connecting the chip.
The heated chip is pressed against the printed conductive surface with a first
pressing force either by the heat applicator 1306 or by a separate pressing means
(not separately shown in fig. 13). Yet another possibility is that the speed at which
the released chip is shot off the transfer film is high enough to cause the occur
rence of a decelerating force when the chip hits the printed conductive surface, so
that the decelerating force is simultaneously the pressing force. A combination of
said first temperature and said first pressing force is sufficient to at least partly
melt the material of the printed conductive surface and/or a contact point on the
chip.
The remaining transfer film is removed from the process, and the substrate with its
chip-equipped

printed conductive surface is taken to further processing steps,

which may resemble e.g. those that were described earlier as steps 1002, 1003,
and 1004 in fig. 10 . As an alternative, "shooting" chips from the transfer film to the
printed conductive surface may be used for only putting the chips in place, after
which there would be a separate step in the process that applied the heat and the
pressing force that eventually cause the chip to be attached and connected.
Changes and additions can be made to the examples described so far, which
means that the examples do not limit the applicability of the appended claims. For
example, even if attaching and connecting one chip to one conductive pattern has
been considered in many of the examples above, the invention does not limit the
numbers of chips and patterns to be attached and connected together. Similarly
even if the examples have mainly illustrated bringing the chip onto the printed
conductive surface from above, this is not a requirement of the invention but the
direction from which the chips are introduced may be chosen according to what
suits the process best.

Claims
1.

A method for attaching a chip to a printed conductive surface, comprising:

- heating the chip to a first temperature, which is lower than what the chip can
stand without being damaged by the heat, and
- pressing the heated chip against the printed conductive surface with a first press
ing force;

wherein a combination of said first temperature and said first pressing force is s uf
ficient to at least partly melt the material of at least one of: the printed conductive
surface, contact point on the chip.
2.

A method according to claim 1, wherein the chip comprises a metal base,

and said first pressing force causes a pressure between the chip and the printed
conductive surface that is between 0.1 and 10 megapascals.
3.

A method according to claim 2 , wherein said first temperature is between 75

and 400 degrees centigrade.
4.

A method according to claim 3 , wherein said first temperature is between 75

and 200 degrees centigrade.
5.

A method according to claim 1, wherein the chip comprises a silicon base,

and said first pressing force causes a pressure between the chip and the printed
conductive surface that is between 0.02 and 0.5 megapascals.
6.

A method according to any previous claim, comprising:

- applying flux to selected parts of at least one of: the printed conductive surface,
said contact point on the chip.
7.

A method according to claim 6 , wherein the flux is applied to contact points

on the chip, and allowed to solidify before pressing the heated chip against the

printed conductive surface.
8.

A method according to claim 1, wherein the printed conductive surface co m

prises a layer of anisotropically conductive glue.
9.

A method according to any previous claim, comprising:

- actively controlling an ambient temperature at the location of pressing the heated
chip against the printed conductive surface.
10 .

A method according to claim 1, wherein the printed conductive surface and/or

substrate comprising one or more printed conductive surfaces is preheated to
temperatures between 25-200 degrees centigrade before attaching the chip to the
printed conductive surface.
11. An apparatus for attaching a chip to a printed conductive surface, comprising:
- a heater configured to heat a chip to a to a first temperature, which is lower than
what the chip can stand without being damaged by the heat, and
- an actuator configured to press the heated chip against the printed conductive
surface with a first pressing force;
wherein the apparatus is configured to apply said first temperature and said first
pressing force in a combination sufficient to at least partly melt the material of at
least one of: the printed conductive surface, contact point on the chip.
12 .

An apparatus according to claim 11, wherein the actuator comprises a m a

nipulator arm configured to pick the chip and to place the chip at a predetermined
location on the printed conductive surface.
13 .

An apparatus according to claim 12 , wherein at least a part of the heater is

integrated in the manipulator arm for transferring heat to the chip between picking
the chip and placing the chip at said predetermined location on the printed cond uc
tive surface.
14.

An apparatus according to any of claims 12 or 13 , wherein at least a part of

the heater is configured to heat a chip that is waiting to be picked by the manipula
tor arm.
15 .

An apparatus according to claim 11, wherein the actuator comprises a

heated roll configured to transfer heat to the chip and to press the chip against the
printed conductive surface in a nip between the heated roll and a support roll.
16 .

An apparatus according to any of claims 11 to 15 , wherein for forming the

printed conductive surface the apparatus comprises:

- a printing section configured to print patterns of an adhesive on the surface of a
substrate,
- a dielectric transfer roll,
- an electric charging apparatus configured to maintain a surface of the dielectric
transfer roll at an electrically charged state,
- a particle applicator configured to temporarily cover the electrically charged s u r
face of the dielectric transfer roll with a continuous layer of conductive particles,
and
- a section where the surface of the substrate with the patterns of the adhesive is
arranged to come into contact with the continuous layer of conductive particles on
the electrically charged surface of the dielectric transfer roll.

AMENDED CLAIMS
received by the International Bureau on 08 February 2012 (08.02.2012).

1.

A method for attaching a chip to a printed conductive surface, comprising:

- heating the chip to a first temperature, which is lower than what the chip can
stand without being damaged by the heat, and
- pressing the heated chip against the printed conductive surface with a first press
ing force;
wherein a combination of said first temperature and said first pressing force is suf¬
ficient to at least partly melt the material of at least the printed conductive surface.
2.

A method according to claim 1, wherein the chip comprises a metal base,

and said first pressing force causes a pressure between the chip and the printed
conductive surface that is between 0.1 and 10 megapascals.
3.

A method according to claim 2 , wherein said first temperature is between 75

and 400 degrees centigrade.
4.

A method according to claim 3 , wherein said first temperature is between 75

and 200 degrees centigrade.
5.

A method according to claim 1, wherein the chip comprises a silicon base,

and said first pressing force causes a pressure between the chip and the printed
conductive surface that is between 0.02 and 0.5 megapascals.
6.

A method according to any previous claim, comprising:

- applying flux to selected parts of at least one of: the printed conductive surface,
said contact point on the chip.
7.

A method according to claim 6 , wherein the flux is applied to contact points

on the chip, and allowed to solidify before pressing the heated chip against the
printed conductive surface.
8.

A method according to any previous claim, comprising:

- actively controlling an ambient temperature at the location of pressing the heated
chip against the printed conductive surface.

9.

A method according to claim 1, wherein the printed conductive surface and/or

substrate comprising one or more printed conductive surfaces is preheated to
temperatures between 25-200 degrees centigrade before attaching the chip to the
printed conductive surface.
10.

A n apparatus for attaching a chip to a printed conductive surface, comprising:

- a heater configured to heat a chip to a first temperature, which is lower than what
the chip can stand without being damaged by the heat, and
- an actuator configured to press the heated chip against the printed conductive
surface with a first pressing force;
wherein the apparatus is configured to apply said first temperature and said first
pressing force in a combination sufficient to at least partly melt the material of at
least the printed conductive surface.
11. A n apparatus according to claim 10, wherein the actuator comprises a ma¬
nipulator arm configured to pick the chip and to place the chip at a predetermined
location on the printed conductive surface.
12.

A n apparatus according to claim 11, wherein at least a part of the heater is

integrated in the manipulator arm for transferring heat to the chip between picking
the chip and placing the chip at said predetermined location on the printed conduc¬
tive surface.
13.

A n apparatus according to any of claims 11 or 12, wherein at least a part of

the heater is configured to heat a chip that is waiting to be picked by the manipula¬
tor arm.
14.

A n apparatus according to claim 10, wherein the actuator comprises a heat¬

ed roll configured to transfer heat to the chip and to press the chip against the
printed conductive surface in a nip between the heated roll and a support roll.
15.

A n apparatus according to any of claims 10 to 14, wherein for forming the

printed conductive surface the apparatus comprises:
- a printing section configured to print patterns of an adhesive on the surface of a
substrate,
- a dielectric transfer roll,

- an electric charging apparatus configured to maintain a surface of the dielectric
transfer roll at an electrically charged state,
- a particle applicator configured to temporarily cover the electrically charged sur¬
face of the dielectric transfer roll with a continuous layer of conductive particles,
and
- a section where the surface of the substrate with the patterns of the adhesive is
arranged to come into contact with the continuous layer of conductive particles on
the electrically charged surface of the dielectric transfer roll.

INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI201 0/050797
A.

CLASSIFICATION

OF SUBJECT MATTER

See extra sheet
According to International Patent Classification (IPC) or to both national classification and IPC
B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B23K, G06K, H01 L , H05K
Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Fl, SE, NO, DK
Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPODOC, WPI , XPESP, XPI3E.

DOCUMENTS CONSIDERED TO BE RELEVANT
Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 20071 831 84 A 1 (NAKAMURA OSAMU et al.)
09 August 2007 (09.08.2007)
paragraphs [0054], [0055], [0067], [01 02], [01 20], and [0223]; figures 2A,
2C, and 5B

1- 1 1, 15 , 16

X

US 601 6949 A (SLESINGER KRIS ALLAN) 25 January 2000 (25.01 .2000)
abstract; column 1, lines 5-67; column 2 , lines 1- 1 2 ; column 3 , lines 3-23;
column 5 , lines 16-25; column 5 , lines 52-67; column 6 , lines 1-67

1-7, 9-14

US 579581 8 A (MARRS ROBERT C) 18 August 1998 ( 1 8.08.1 998)
column 3 , lines 36-50; column 9 , lines 16-42; figure 1

1, 9-1 1

X

US 5609292 A (KOHN HAROLD) 11 March 1997 ( 1 1.03. 1997)
claims 6 and 7 ; figure 8

1-7, 9-12, 14

X

US 36801 99 A (JOHNSON CLAIR A ) 0 1 August 1972 (01 .08.1 972)
column 2 , lines 34-53; column 4 , lines 20-39; figures , 2 , 3 , and 4

1, 9 , 11

See patent family annex.

Further documents are listed in the continuation of Box C .
*
Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance
"E" earlier application or patent but published on or after the international
filing date
"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)
"O" document referring to an oral disclosure, use, exhibition or other means
"P" document published prior to the international filing date but later than
the priority date claimed
Date of the actual completion of the international search

"T"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone
"γ " document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art
" " document member of the same patent family
Date of mailing of the international search report

20 July 201 1 (20.07.201 )
Name and mailing address of the ISA/FI
National Board of Patents and Registration of Finland

27 July 20 1 (27.07.201 1)
Authorized officer
Mika Kamarainen

P.O. Box 160, F I-00101 HELSINKI, Finland
Facsimile

No. +358 9 6939 5328

Form PCT/ISA/210 (second sheet) (July 2009)

Telephone No. +358 9 6939 500

INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI201 0/050797
C (Continuation).
Category*

DOCUMENTS CONSIDERED TO BE RELEVANT
Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2009020870 A 1 (WATANABE SHINJI et al.)
22 January 2009 (22.01 .2009)
paragraphs [0067]-[0071 ] ; figures 1, 2 , and 3

1, 9 , 10

X

WO 201 0053454 A 1 (ORION SYSTEMS INTEGRATION PTE)
14 May 201 0 ( 1 4.05.201 0)
page 8 , lines 24-29; figures 2 , 3d, 3f, and 12

1-7, 9-1 1

US 36801 96 A (LEINKRAM CHARLES Z) 0 1 August 1972 (0 1.08.1 972)
column 3 , lines 7-46; figures 2A, 2B, and 2C

1, 9 , 11

X

US 6 10821 0 A (CHUNG KEVIN KWONG-TAI)
22 August 2000 (22.08.2000)
column 8 , lines 59-67; column 9 , lines 1-5; figure 1

1, 9 , 10

X

US 2006051 895 A 1 (ABE TOMOYUKI et al.) 09 March 2006 (09.03.2006)
paragraphs [0051 ] , [0052], and [0074]; figures 9A and 9B

1-7, 9 , 10

US 20071 4 1750 A 1 (IWASAKI TOSHIHIRO et al.)

1-7, 9 , 10

2 1 June 2007 (21 .06.2007)

paragraph [0065]; figure 6
WO 20091 35985 A 1 (STORA ENSO OYJ)
12 November 2009 ( 12 . 11.2009)
page 8 , lines 34-36; page 9 , line 1; page 10 , lines 3-1 9 ; figure 5
cited in the application

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

16

INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/FI201 0/050797

Patent document
cited in search report

Publication
date

Patent family
members(s)

Publication
date

US 20071 831 84 A 1

09/08/2007

US 201 0236053 A 1
CN 10 10 1 3674 A
JP 20072351 14 A

23/09/201 0
08/08/2007
13/09/2007

US 601 6949 A

25/01/2000

None

US 579581 8 A

18/08/1 998

US 6 163463 A

9/1 2/2000

US 5609292 A

1 1/03/1 997

US 561 3632 A
US 54821 98 A
US 5303824 A

25/03/1 997
09/01/1 996
9/04/1 994

US 36801 99 A

01/08/1 972

None

US 2009020870 A 1

22/01/2009

WO 20061 09383 A 1
CN 10 1567357 A
CN 10 1 156237 A

19/1 0/2006
28/1 0/2009
02/04/2008

WO 201 0053454 A 1

14/05/201 0

SG 16 1 134 A 1

27/05/20 0

US 36801 96 A

01/08/1 972

None

US 6 10821 0 A

22/08/2000

WO 9956509 A 1
JP 2003527736 A
EP 1090535 A 1
CN 1298626 A
US 6297564 B 1

Form PCT/ISA/210 (patent family annex) (July 2009)

04/1 / 1 999
16/09/2003
1/04/2001
06/06/2001
02/1 0/2001

INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/FI201 0/050797

Patent document
cited in search report

Publication
date

Patent family
members(s)

Publication
date

US 2006051 895 A 1

09/03/2006

T 591 765B B
WO 2004086493 A 1
JP 4057589B2 B2
CN 1759477 A
A U 2003221 149 A 1

11/06/2004
07/1 0/2004
05/03/2008
12/04/2006
18/1 0/2004

US 20071 4 1750 A 1

21/06/2007

JP 20071 65671 A

28/06/2007

W O 20091 35985 A 1

12/1 1/2009

US 201 1147071 A 1
CN 10201 781 8 A
EP 2298045 A 1
CA 2723886 A 1
A U 2008356 134 A 1

23/06/201 1
13/04/201 1
23/03/201 1
12/1 1/2009
12/1 1/2009

Form PCT/ISA/210 (patent family annex) (July 2009)

INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI201 0/050797
CLASSIFICATION OF SUBJECT MATTER

Int.CI.

H05K 3/32 (2006.01 )
H05K 13/04 (2006.01 )
B23K 20/02 (2006.01 )
B23K 20/04 (2006.01 )

Form PCT/ISA/210 (extra sheet)

