
WO 2006/134217 PCT/F12006/000208  1 METHOD FOR
MANUFACTURING A CIRCUIT BOARD STRUCTURE, AND A  CIRCUIT
BOARD STRUCTURE The present invention relates to a method for
manufacturing a circuit-board structure. 5 The manufactured circuit-board
structure can form part of, for example, a circuit board,  a multi-layer
circuit board, a component package, or an electronic module. The
circuit-board structure can be of a type that comprises at least one layer of
conductor patterns and at least one component, which is connected
electrically to the  conductor patterns. 10 The circuit-board structure can
also be of a type that comprises at least conductor  patterns in at least two
layers and at least one via, which connects a conductor in one  layer
electrically to a conductor in the second layer. The invention thus relates
to manufacturing methods for multi-layer circuit boards. The  invention
also relates to such circuit-board manufacturing methods, in which at least
15 one component connected to a conductor pattern is surrounded with
an insulating material layer. Solutions of this kind can also be referred to
alternatively as circuit- board or module structures, which contain buried,
embedded, or built-in components.  The insulating-material layer
surrounding the component is typically part of the base  structure of the
circuit board or module, which forms a support for the innermost  20
conductor layers of the circuit board or module. Application publication US
2005/000 1 3 3 1 discloses a circuit-board structure  manufacturing
method, in which first of all a circuit board is manufactured, which
comprises an insulator layer and a conductor pattern on the surface of it.
After this, a  semiconductor component is attached to the conductor
patterns on the surface of the 25 circuit board by means of a suitable
flip-chip attachment method. The attachment takes  place by means of
contact bumps on the surface of the semiconductor component. In the
method of the US publication, after the attachment of the component a
patterned and  unpatterned insulating-material layer is laminated on top of
the circuit board, and on top  



of them a further conductor-pattern layer. WO 2006/134217
PCT/F120061000208  2 Patent publications US 6,038,133 and US
6,489,685, as well as application publication  US 2002/0117743 disclose a
method, in which a conductor pattern is made on the  surface of
detachable film and a semiconductor component is attached to the
conductor  pattern using a flip-chip attachment method, After this, the
component is surrounded  5 with an insulating-material layer and the
detachable film is removed. The aforementioned publications US
6,038,133 and US 2002/0117743 also disclose a  method, in which a
component is attached by the flip-chip method to a unified  conductor foil,
instead of to conductor patterns, from which conductor foil conductor
patterns are formed at a later stage in the process. Corresponding
methods are also 10 disclosed, for example, in the publications, US
5,042,145; WO 2004/077902; WO  2004/077903; and WO 2005/020651.
In addition to the aforementioned types of method, many other methods
are also known,  by means of which circuit-board structures containing
components can be  manufactured. For example, the components can
first of all be placed inside an 15 insulating-material layer and connected
electrically to the conductor layer only after  this, as disclosed in the
application publication WO 2004/089048. In the method of  application
publication 204/089048, the component is glued to the surface of the
conductor layer and, after the gluing of the component an
insulating-material layer,  which surrounds the component attached to the
conductor layer, is formed on, or 20 attached to the surface of the
conductor layer. After the gluing of the component, vias  are also made,
through which electrical contacts can be made between the conductor
layer and the component. After this, conductor patterns are formed from
the conductor  layer, to the surface of which the component was glued.
Attaching the component to a conductor pattern instead of to a unified
conductor foil  25 achieves the advantage that the conductor pattern can
be first of all examined by an  optical method prior to the attachment of
components to the circuit-board blank. If the  



circuit boards or module being manufactured contain expensive
components, cost  advantages can be obtained using this
conductor-pattern beforehand examination,  because a faulty conductor
pattern can be made good or removed from the process in an 30 earlier
stage. In the opposite procedure, components attached to the conductor
foil and  already embedded in the circuit-board blank will be lost if the
patterning of the  conductor foil fails. 3  Embodiments of the present
invention seek to create a new method for the manufacture  of a
circuit-board structure. In accordance with a first aspect of the present
invention, there is provided a method. for  manufacturing a circuit-board
structure containing at least one component, the method  5 comprising
making a conductor pattern, making contact openings in the conductor
pattern, for the electrical contacts of the component, attaching the
component relative to  the conductor pattern, after the attachment of the
component, surrounding the  component with insulating material, and
introducing electrically conductive material to  the contact openings, in
order to create electrical contacts between the conductor pattern 10 and
the component by growing a thin layer of electrically conductive material
by a  chemical method, and continuing the growing of electrically
conductive material by an  electrochemical method. In accordance with a
second aspect of the present invention, there is provided a circuit- board
structure, comprising a conductor pattern including a first layer of first
metal and  15 a second layer of second metal, contact openings in the
conductor pattern, a component attached to the conductor pattern,
insulating material surrounding the component and  supporting the
conductor pattern, and electrically conductive material in the contact
openings for creating electrical contacts between the conductor pattern
and the  component, the electrically conductive material comprising a thin
surfacing layer of 20 electrically conductive material grown by a chemical
method, and a filling of  electrically conductive material grown by an
electrochemical method. In an example embodiment, a conductor pattern,
as well as contact openings for making  



vias, is made in the circuit-board blank. After this, an insulating-material
layer is made  on the surface of the conductor layer. At the points
indicated by the contact openings in 25 the insulating-material layer, holes
are made, which extend to a second conductor  structure inside the
insulating-material layer or on the opposite surface thereof After  this, a
conducting material is brought to the holes in order to make electrical
contacts  between the conductor pattern and the second conductor
structure. The second  conductor structure can be, for example, a
conductor pattern, or a contact area or contact  30 bump of the
component. 3a  In another example embodiment, a conductor pattern, as
well as contact openings for  making vias, is made on the circuit-board
blank. After this, an insulating-material layer  is made on the surface of the
conductor layer and a conductor layer or conductor-pattern  layer on the
surface of it. Holes, which extend through the insulator layer to the 5
conductor layer or the conductor-pattern layer, are made in the
insulating-material layer  at the points indicated by the contact openings.
After this, a conductor material is  introduced to the holes, in order to form
electrical contacts between the conductors on  the opposite surfaces of
the insulating-material layer. In a further example embodiment, a
conductor pattern, in which contact openings are  10 made at the
locations of the contact areas of the components to be attached, is made
in a  circuit-board blank. The components are attached to the conductor
pattern and electrical  contacts are formed between the contact areas of
the component and the conductor  pattern, through the contact openings
made in the conductor pattern. In one embodiment, a conductor pattern is
first made, and after this contact openings in  15 the conductor pattern.
After the manufacture of the contact openings, the component is  aligned
relative to the conductor pattern, in such a way that the contact areas or
contact  bumps of the component lie opposite to the contact openings. In
another embodiment, both the conductor pattern and the contact openings
made in it  are made simultaneously. After the manufacture of the
conductor pattern, the 4  



component is aligned relative to the conductor pattern, in such a way that
the contact  areas or contact bumps of the component lie opposite to the
contact openings. In another embodiment, the conductor pattern is first
made and after the manufacture of  the conductor pattern the component
is aligned relative to the conductor pattern and  5 attached in place. After
the attachment of the component, contact openings are made in the
conductor pattern, in such a way that the contact areas or contact bumps
of the  component lie opposite to the contact openings. In an example
embodiment, a circuit-board structure is presented, which has been
manufactured using a method according to the first, second, or third
aspect of the  10 invention. In another example embodiment, a
circuit-board structure is presented, which comprises  a conductor in the
conductor-pattern layer, as well as a via connected to the conductor,
which via connects the conductor to a second conductor-pattern layer or
to a  component, in such a way that the diameter of the via is essentially
as large as, or larger  15 than the width of the conductor. Each of the
aforementioned aspects of the invention has, in addition, several different
embodiments, which are described in greater detail in the following
description of  embodiments. With the aid of some aspects and
embodiments of the invention, a manufacturing  20 method, for example,
is created, which can permit the conductor pattern to be examined  before
components are attached to the circuit-board blank. In addition, with the
aid of some aspects and embodiments of the invention, a  manufacturing
method may be created, which can permit electrical contacts to be made
using the via method. In embodiments, in which a via is connected to a
component, this 25 can achieve the advantage, for example, that the
surface of the contact areas (such as  contact bumps) of components can
be cleaned prior to the formation of an electrical  contact. The via method
also permits contacts to be made with the aid of a chemical or
electrochemical growing method, in which case it may be possible to
achieve excellent  electrical properties for the contact between the
conductor pattern and the component. 



30 In connection with the via method, it may also be possible to use other
surfacing  methods. 5  For example, sputtering, vaporization, chemical or
electrochemical surfacing, or some  other suitable surfacing method or
combination of surfacing methods can be used as the  surfacing method.
According to some embodiments, the alignment of the vias can also be
examined prior  5 to attaching the components, or continuing the
circuit-board-structure manufacturing  process. In embodiments, in which
the contact openings are manufactured using a self-aligning  method, the
vias can automatically come to the correct location, at least relative to the
conductor-pattern layer in which the contact openings are made. 10 In the
following, the invention is examined with the aid of examples and with
reference  to the accompanying drawings. Figures 1 - 14 show a series of
cross-sections on the intermediate stages of circuit-board  structures in a
manufacturing process according to a first embodiment. Figures 15 - 23
show a series of cross-sections of the intermediate stages of circuit- 15
board structures in a manufacturing process according to a second
embodiment. Figures 24 - 32 show a series of cross-sections of the
intermediate stages of circuit- board. structures in a manufacturing
process according to a third embodiment. Figures 33 - 42 show a series of
cross-sections of the intermediate stages of circuit- board structures in a
manufacturing process according to a fourth embodiment. 20 Figures 43 -
49 show in greater detail the dimensioning and alignment of vias in some
embodiments. In the first example, manufacture is started. according to
Figure 1 from a support layer 1.,  which is electrically conductive on a
least one surface. When positioned according to  the figure series, at least
the upper surface of the support layer I is conductive. The 25 conductivity
property is required, for example, at a later stage in the method according
to this example, to conduct the current required for electrolytic growing to
the area in  



which the conductor material is being grown. In the method, in which the
electrolytic  growing of a conductor material is replaced by some other
manufacturing method, the  conductivity property of the support layer 1
will not necessarily be required, in which WO 2006/134217
PCT/F120061000208  6 case the support layer 1 can also be
non-conductive. In the example of the figures, the  support layer 1 is,
however, made throughout of a conductive material, typically of a  metal
and most usually of copper. The task of the support layer I is to provide
mechanical support for the circuit-board blank, so that the support layer I
must have the 5 mechanical durability and stiffness required for
processing. In the case of a copper  sheet, these properties are achieved
by selecting the thickness of the support layer 1 to  be, for example, more
than 50 micrometres. After this, resist layers 2, typically photo-resist
layers, are spread on both surfaces of the  support layer 1. This stage is
shown in Figure 2. The photo-resist layer 2 is exposed  10 through a
patterned mask from one surface of the support layer 1, after which the
blank is developed. After developing, the exposed photo-resist layer 2 is
patterned as desired  to form a conductor-pattern mask, which is shown in
Figure 3. Manufacture is continued by growing electrolytically a conductor
material, typically  copper, in the areas from which the photo-resist has
been removed. The desired  15 conductor pattern 3, which is shown in
Figure 4, is thus formed on the surface of the support layer 1. The
thickness of the conductor pattern can be, for example, 20  micrometres,
while the thickness of the line of the conductor patterns made can also be
less than 20 micrometres. Thus, the method can also be used to
manufacture small and  precise conductor patterns. The conductor
patterns 3 can also be made thick relative to 20 the width of the conductor
patterns, in which case good conductivity properties will be  achieved with
the use of a small surface area of the circuit-board structure. The
thickness of the conductor pattern 3 can thus be, for example, equal to the
width, or the  thickness (height) can be greater, for example, 1.2 - 3-times
greater than the width. The conductor patterns 3 can also be made using
some other method than that  



25 described. Suitable methods are, for example, the combined
manufacture and patterning  of the conductor layer, for example, by
etching or laser ablation. After making the conductor patterns 3, the resist
layers 2 are removed. Figure 5 shows  the circuit-board blank after the
removal of the resist layers 2. After this and before the  attachment of the
component 6 to the circuit-board blank, contact openings 4 are made 30 in
the conductor pattern 3, at the locations of the contact areas of the
component 6.  Figure 6 shows the circuit-board blank after this
intermediate stage. The contact WO 2006/134217 PCT/F12006/000208  7
openings 4 can be made, for example, by laser drilling. The mutual
positioning of the  contact openings 4 is selected according to the mutual
positioning of the contact areas  of the component and the location and
position of each group of contact openings is  selected in such a way that
the component will be placed correctly relative to the entire 5 circuit-board
structure. Thus, one contact opening 4 is made for each contact area that
participates in forming an electrical contact, The surface area of the
contact openings 4  being made can be approximately as large as the
surface area of the corresponding  contact areas. The surface area of the
contact opening 4 can, of course, also be selected  to be smaller, or, in
some embodiments, slightly larger than the surface area of the  10
corresponding contact area. The contact openings 4 can be drilled from
the direction of the conductor pattern 3 or of  the support layer 1. If the
contact openings 4 are drilled from the direction of the  conductor pattern
3, the openings drilled need not necessarily extend entirely through  the
support layer 1. In such an embodiment, the contact openings 4 are
opened later, 15 when the support layer 1 is removed. The contact
openings 4 can also be opened in such  a way that the material layer
formed by the conductor pattern 3 and the support layer 1  is thinned by
etching, from the direction of the support layer 1. The conductor layer 3
and the support layer 1 can also be formed from a single material layer. In
that case, the  part of the material layer corresponding to the support layer
1 is removed and the 20 contact openings 4 are opened. The contact
opening 4 is thus intended to extend through  



the entire conductor pattern 3. Drilling can be implemented, for example,
mechanically,  or with the aid of a laser. It is also possible to make the
contact openings 4, for example,  with the aid of plasma etching. Contact
openings 4 can also be designed in the resist mask, in which case the
openings  25 4 will be created in the conductor pattern 3 in connection
with it manufacture and will  open when the support layer 1 is removed. It
is also possible to proceed in such a way that the contact openings 4 are
made only  after the gluing of the component 6. In that case, the
component can be aligned in place  with the aid of the conductor pattern 3
and the contact openings 4 also made aligned 30 relative to the conductor
pattern. In this way, the contact areas or contact bumps of the  component
too will be aligned relative to the contact openings 4. In such an
embodiment, the contact openings 4 are made on the surface of the
conductor pattern 3 WO 2006/134217 PCT/F12006/000208  8 opposite to
the surface of the conductor pattern 3, from the direction of which the
component 6 will be glued. With reference to Figure 6, it can be noted that
the contact  openings 4 can be made either from the direction of the
conductor pattern 3, or from the  direction of the support layer 1. The
contact openings 4 can extend through both layers 5 1 and 3, or
alternatively for a recess, which extends through the conductor pattern 3.
it  is also possible to made the contact openings 4 in stages, in such a
way that first of all  recess is made from the direction of the support layer I
that does not yet extend entirely  through the conductor pattern 3, and at a
later stage of the process a contact opening 4 is  opened to penetrate
through the conductor pattern 3. The method of the example can 10 also
be modified in such a. way that the component 6 is glued to the surface of
the  support layer 1 and an electrical contact between the conductor
pattern 3 and the  component is made through the support layer 1. In this
case, the support layer 1 is  insulating. The method of the example can
also be modified in such a way that the  component 6 is glued to the
surface of the support layer 1 and the conductor material of  15 the
support layer I is removed from the area between the conductor patterns
3. 



The components 6 are attached to the surface of the conductor pattern 3
with the aid of  adhesive. For gluing, an adhesive layer 5 is spread on the
attachment surface of the  conductor pattern 3 or the attachment surface
of the component 6, or on both attachment  surfaces. The adhesive 5 can
also be spread in stages and in layers. After this, the 20 components 6
can, be aligned in the positions planned for the components 6, with the aid
of alignment marks. Figure 8 shows the circuit-board blank after the gluing
of the  components 6. The term attachment surface of the component 6
refers to that, surface of the component  6 that will face the conductor
pattern 3. The attachment surface of the component 6  25 comprises
contact areas, by means of which an electrical contact can be formed to
the component. The contact areas can be, for example, flat areas on the
surface of the  component 6, or more usually contact protrusions, such as
contact bumps, protruding  from the surface of the component 6. There
are generally at least two contact areas or  protrusions in the component
6. in complex microcircuits, there can be very many  30 contact areas. In
many embodiments, it is preferable to spread adhesive so liberally on the
attachment  surface or attachment surfaces that the adhesive fills the
entire space remaining between WO 2006/134217 PCT/F12006/000208
9 the components 6 and the conductor pattern 3 and the support layer 1.
There will then  be no need for a separate filler agent. Filling the space
remaining between the  components 6 and the conductor pattern 3 and
the support layer I reinforces the  mechanical connection between the
component 6 and the conductor pattern 3, thus 5 achieving a
mechanically more durable construction. A comprehensive and unbroken
adhesive layer also support the conductor pattern 3 and protects the
structure in later  process stages. During gluing, the adhesive generally
also finds its way in the contact  openings 4. The term adhesive refers to a
material, by means of which components can be attached  10 to the
conductor pattern 3 and the support layer 1. One property of an adhesive
is that it  



can be spread on the surface of the conductor pattern 3, the support layer
1, and/or the  component in a liquid form, or in a form that otherwise
conforms to the surface shapes,  for example, in the form of a film. A
second property of the adhesive is that, after  spreading, the adhesive
hardens, or can be hardened at least partly, in such a way that 15 the
adhesive is able to hold the component in place (relative to the conductor
pattern 3)  at least until the component is attached to the structure in some
other way. A third  property of the adhesive is its adhesive capacity, i.e. its
ability to hold onto the surface  being glued. The term gluing refers to
attaching a component and the conductor layer 3 or the  20 support layer
to each other with the aid of an adhesive. Thus, in gluing the adhesive is
introduced between the component and the conductor layer 3 and/or the
support layer 1  and the component is placed in a suitable position relative
to the conductor pattern 3, in  which the adhesive is in contact with the
component and the conductor pattern 3 and/or  the support layer 1, and at
least partly fills the space between the component and the 25 circuit-board
blank. After this, the adhesive is allowed to harden (at least partly), or the
adhesive is actively hardened (at least partly), so that the component is
attached with the  aid of the adhesive to the circuit-board blank. In some
embodiments, the contact areas  of the component may protrude through
the adhesive layer during gluing, to come into  contact with the conductor
layer 3. 30 The adhesive used in the embodiments is, for example, a
thermally cured epoxy. The  adhesive is selected in such a way that the
adhesive used will have sufficient adhesion  to the circuit-board blank and
the component. One preferable property of the adhesive is WO
2006/134217 PCT/F12006/000208  10 a suitable coefficient of thermal
expansion, so that the thermal expansion of the  adhesive will not differ
too greatly from the thermal expansion of the surrounding  material during
the process. The adhesive selected should also preferably have short
hardening time, preferably of a few seconds at most. Within this time the
adhesive 5 should harden at least partly so that the adhesive will be able
to hold the component in  



place. The final hardening can take clearly more time and the final
hardening can even  be planned to take place in connection with later
process stages. The electrical  conductivity of the adhesive is preferably of
the same order as the electrical  conductivity of the insulating material. 10
The component 6 being attached can be, for example, an integrated
circuit, such as a  memory chip, a processor, or an ASIC. The component
being attached can also be, for  example, an MEMS, LED, or a passive
component. The component being attached can  be cased or uncased
and can comprise contact bumps in its contact areas or be without
bumps. On the surface of the contact areas of the component there can
also be a 15 conductor surfacing that is thinner than the contact bumps.
Thus, the outer surface of  the contact areas of the component can be at
the level of the outer surface of the  component, on. the bottom of
recesses in the surface of the component, or on the surface  of
protrusions protruding from the surface of the component. After the gluing
of the components 6, an insulating layer 10 is made, which surrounds  20
the components 6 and supports the conductor patterns 3. In the example
of Figure 9, the  insulating layer 10 is formed by placing an
insulating-material sheet 8, in which  openings are made at the locations
of the components 6, on top of the circuit-board  blank. In addition, a
continuous insulating-material sheet 9 is placed on top of the
insulating-material sheet S. Both sheets can be similar, or else sheets that
differ from 25 each other can also be used, at least one of which is
pre-hardened or unhardened.  Examples of materials suitable for the
insulating layer 10 are PI (polyamide), FR 1, FR5,  aramid,
polytetrafluorethylene, Teflon, LCP (liquid crystal polymer), and a pre-
hardened binder layer, i.e. prepreg. The insulating layer can thus also be
spread in a  fluid or liquid form. 30 The insulating-material sheets 8 and 9
put on top of the circuit-board blank are pressed  with the aid of heat and
pressure to become a unified insulating layer 10. Figure 10  shows a cross
section of the circuit-board blank after this intermediate stage. In the WO
2006/134217 PCT/F12006/000208  11 



insulating-material sheets, for example, on the upper surface of sheet 9,
there can also  be a ready conductor-pattern layer, in which case after
pressing the circuit-board blank  will comprise at least two
conductor-pattern layers. After the manufacture of the  insulating layer 10,
the support layer I can be removed, when the structure shown by 5 Figure
1I will be obtained. The removal of the support layer I can be performed,
for  example, by etching or mechanically. In an embodiment, in which the
support layer I and the conductor patterns 3 are of the  same material, for
example, copper, and the support layer I is removed by etching, the
boundary surface of the conductor patterns 3 on the support-layer 1 side
can be 10 manufactured more precisely, if a suitable intermediate layer,
which will not dissolve in  the etching agent used, or dissolves in it only
extremely slowly, is used between the  conductor patterns 3 and the
support layer 1. In that case, the etching will stop at the  intermediate layer
and the surface of the conductor patterns 3 can be defined precisely.
Such an. intermediate layer can be made, for example, from some second
metal. The 15 intermediate layer can be made, for example, on the entire
surface of the support layer I  before the manufacture of the conductor
patterns 3 and removed after the removal of the  support layer 1, for
example, chemically using some second etching agent. It is also  possible
to made the intermediate layer in connection with the growing of the
conductor  patterns 3, in such a way that first of all the material of the
intermediate layer is grown 20 on top of the support layer I and the actual
conductor patterns 3 are grown on top of the  material of the intermediate
layer. In such an embodiment, the intermediate layer is thus
manufactured only at the locations of the conductor patterns, thus saving
material of the  intermediate layer. Next, vias are made in the circuit-board
blank, with the aid of which electrical contacts  25 can be formed between
the contact areas 7 of the components 6 and the conductor  patterns 3.
For the manufacture of the vial, the contact openings 4 are cleaned of
adhesive and other material that may have been pushed into them. In
connection with  the cleaning of the contact openings 4, it is possible to
also clean the contact areas 7 of  the components 6, in which case the
conditions for the creation of a high-quality 



30 electrical contact will improve further. The cleaning can be performed,
for example,  using a plasma technique, chemically, or with the aid of a
laser. Figure 12 shows the  contact openings 4 and contact areas 7 of the
circuit-board blank after cleaning. If the WO 2006/134217
PCT/F12006/000208  12 contact openings 4 and the contact areas are
already sufficiently clean, the cleaning can  naturally be omitted. After
cleaning it is also possible to check the success of the alignment of the
component  6, as the contact areas 7 of a correctly aligned component will
appear through the  5 contact openings 4, when viewed from the direction
of the conductor pattern. Of course,  the examination can be made in
many other stages too. After this, conductor material is introduced to the
contact openings 4, in such a way that  an electrical contact is created
between the component 6 and the conductor pattern 3.  The conductor
material can be manufactured, for example, by filling the contact 10
openings with an electrically conductive paste. The conductor material can
also be  manufactured using some of the many growing method known in
the circuit-board  industry. High-quality electrical contacts can be made,
for example, by forming a  metallurgical connection by growing the
conductor material chemically or by an  electrochemical method. One
good alternative is to grow a thin layer by a chemical 15 method and
continue the growing using a cheaper electrochemical method. In addition
to these methods, it is of course possible to use some other method,
which is  advantageous in terms of the final result. In the example of the
series of figures, the contact openings 4, the contact areas 7, the
conductor patterns 3, and the bare surface remaining between the
conductor patterns 3  20 of the insulating layer 10 are first of all surfaced
with a thin conductor layer and then the thickness of the conductor layer is
increased electrolytically until the contact  openings 4 have been filled with
conductor material. Figure 13 shows the structure after  the growing. After
this, the circuit-hoard blank is etched to remove the excess conductor
material. Figure 14 shows the circuit-board structure after etching. 



25 Figures 15 - 23 show a second example of the manufacture of a
circuit-board structure.  Figure 15 shows a circuit board, which comprises
a support layer 11 and a conductor  layer 12. In this embodiment, the
support layer 11 is of an electrically insulating  material. The support layer
11 can be, for example, an FR4 sheet, or contain some other  material
referred to above in connection with the insulating layer 10. Other suitable
30 material can, of course, also be used in the support layer 11. The
conductor layer 12 is  usually of copper. WO 2006/134217
PCT/FI2006/000208  13 The conductor layer 12 is patterned to form
conductor patterns 13, for example, by  etching. This intermediate stage is
shown in Figure 16. Next contact openings 14 are  made through the
conductor patterns 13 and the support layer 11, at the locations of the
contact areas of the component 16 to be attached. The contact openings
14 are made in 5 the same way as the contact openings 4 described
above. Figure 17 shows the circuit- board blank after the manufacture of
the contact openings 14. After the manufacture of the contact openings
14, adhesive 15 is spread on the circuit- board blank in the same way as
described above in connection with the adhesive 5.  Figure 18 shows the
circuit-board blank with the adhesive 15. After this, the 10 components 16
are glued in place in the same way as the components 6, when the result
is the structure shown in Figure 19. After this, insulating-material sheets
18 and 19 are  attached to the circuit-board blank in the same way as
insulating-material sheets 8 and  9. In this example, a conductor layer 17
is also attached to the surface of the insulating- material sheet 19. Figure
20 shows this intermediate stage. After this, the contact 15 openings 14
and the contact areas of the components 16 are cleaned. Figure 21 shows
the circuit-board blank after this intermediate stage. Next, electrical
contacts are created to the components 16. This too can be made in the
manner described above, for example, by filling the contact openings with
a. conductive  paste. This will achieve the advantage of a short and simple
manufacturing process. In 20 this example, the conductive material is,
however grown by making a thin surfacing and  



increasing the thickness of the conductive material by electrolytic growing,
in such a  way that the contact openings 14 are filled. At the same time, a
third conductor layer 20  is grown on the circuit-board blank, and also
comes into electrical contact with the  components 16. Figure 22 shows
the circuit-board blank after this intermediate stage. 25 Next, the
conductor layers 17 and 20 can be patterned, for example, by etching,
thus  making conductor patterns in the conductor layers 17 and 20. Figure
23 shows the  circuit board after the patterning. As can be seen from
Figure 23, with the aid of this  manufacturing method the contact areas of
the components 16 can be optionally  connected to either the
conductor-pattern layer 13 or the conductor-pattern layer 20. 30 Contact
can also be simultaneously created to both conductor-pattern layers 13
and 20.  This property provides an opportunity for the flexible planning of
the contacts of the  components 16, and for the efficient use of space in
the circuit-board structure. WO 2006/234217 PCT/F12006/000208  14
Figures 24 - 32 show a third example of the manufacture of a circuit-board
structure. In  this example, manufacture commences from the base board
shown in Figure 24, which  comprises an insulating-material layer 21, on
the first surface of which is a conductor  layer 22 and of the second
surface a conductor layer 23. The conductor layers 22 and 23 5 are
typically of copper. The material of the insulating-material layer 21 is, as in
layer 10  of the example described above, for example, FR4, or some
other suitable insulating  material. The conductor layers 22 and 23 are
patterned to create conductor patterns 24 and 25. At  the same time, it is
also possible to manufacture an installation opening in the conductor  10
pattern 24 or 25 for each component 26 to be placed in the structure and
correspondingly design conductors in the conductor pattern 24 or 25 for
connection to  the contact areas of the component 26. The other areas of
the conductor patterns 24 and  25 can be designed according to the other
wiring requirements of the structure. Next, both surfaces of the
circuit-board blank are surfaces with an insulating-material  15 layer 27.
The insulating-material layers 27 can be manufactured, for example, by  



laminating pre-hardened insulating-material sheets onto the surfaces of
the circuit-board  blank. Figure 26 shows the circuit-board blank after this
stage. Next, suitably sized and shaped recesses 28 are made in the
circuit-board blank for the  components 26 to be embedded in the
structure. The recesses 28 can be made  20 appropriately, for example,
by using some known method used in circuit-board manufacture. The
recesses 28 can be made, for example, using the COz-laser-ablation
method, chemically by etching, or mechanically by milling. Thus, it is
possible to also  make recesses 28 from the directions of both surfaces, in
embodiments in which it is  wished to place some of the components 26
facing the conductor pattern 24 and some of 25 them facing the conductor
pattern 25. In the example, the recesses 28 are made in such a  way that
they penetrate the second insulating material layer 27 and most of the
insulating-material layer 21, but do not extend, however, quite as far as
the conductor  pattern 25. This can be implemented, for example, by using
in the manufacture of the  recess 28 a method that permits precise depth
control. A second alternative is to 30 manufacture the insulating-material
layer 21 in layers, in such a way that the part to be  removed and the part
to be retained differ suitably in their properties. Thus, the recess  28 can
be made to a suitable depth thanks to this difference, for example, in such
a way WO 2006/134217 PCT/F12006/000208  15 that the manufacturing
method of the recess 28 is selective in terms of this difference  and the
recess 28 stops itself at the boundary layer contained in the
insulating-material  layer 21. One further possibility is to make the recess
as far as the conductor pattern 25 and to  5 continue manufacture on the
bare surface of the conductor pattern 25. Yet another  possibility is to
make the recess as far as the conductor pattern 25 and manufacture a
thin insulating layer, which covers the conductor pattern 25, on the bottom
of the recess.  Next, contact openings 29 are made in the circuit-board
blank at the locations of the  contact areas of the components 26. The
manufacture of the contact openings 29 is 10 performed in the same way
as that of the contact openings 4 described above. Figure 28  



shows the circuit-board blank after this intermediate stage. After the
manufacture of the contact openings 29, adhesive 30 is spread on the
circuit- board blank in the same way as described in connection with the
adhesive 5. Figure 29  presents the circuit-board blank with the adhesive
30. After this, the component 26 is 15 glued in place in the same way as
component 6, when the result is the structure shown  in Figure 30. After
this, the recesses 28 can be filled with a filler material 31, if it is  wished to
reinforce the structure. Figure 31 shows the circuit-board blank after the
filling of the recesses 28. After this, the contact openings 29 and the
contact areas of the  components 26 are cleaned and electrical contacts
are formed to the components 26. 20 This too can be performed in the
manner of the previous examples, by filling the contact  openings with a
conductive paste, or by growing conductive material electrolytically or
chemically. Figure 32 shows the circuit board after the creation of the
contacts. Figure 33 - 42 shows a fourth example of the manufacture of a
circuit-board structure.  In this example, the manufacture of electrical
contacts between the conductor-pattern  25 layers is described, so that in
the method of the example semiconductor chips are not placed inside the
circuit-board structure. Using such a method it is thus possible to
manufacture, for example, a circuit board, to the surface of which separate
components,  such as semiconductor chips are attached. A corresponding
method can, of course, also  be used for the manufacture of circuit-board
structures containing semiconductor chips, 30 or semiconductor chips can
be located in. some second insulating layer, which is  connected to the
circuit-board structure described in the examples. WO 2006/134217
PCT/F12006/000208  16 In this example, manufacture is started from a
support layer 101 according to Figure 33,  on both surfaces of which are
spread resist layer 102, typically photo-resist layers,  according to Figure
34. These stages of the method correspond to the stages of the  method
described in connection with Figures 1 and 2 of the first example. In the
manner 5 described in connection with Figure 3, the photo-resist layer 102
is exposed and  developed. The result is the structure shown in Figure 35.



After this, conductive material 103, typically copper, is grown
electrolytically in the  openings opened in the photo-resist 102. This stage
corresponds to the stage described  in connection with Figure 4. Figure 36
shows the circuit-board blank after the growing 10 of the conductive
material. As has already been described in connection with Figure 4,  in
this way it is possible to manufacture very precise conductor patterns, in
which the  conductors have the desired ratio between their height and
width. After the manufacture of the conductor patterns 103, the resist
layers 102 are removed.  Figure 37 shows the circuit-board blank. after
the removal of the resist layers 102. In the  15 embodiment depicted in
this example, contact openings 104 are designed in the exposure mask of
the conductor pattern 103, so that the finished conductor pattern 103  will
already contain the finished contact openings 104. In other words, the
contact  openings 104 and the conductor pattern 103 are made
simultaneously. Thus the contact  openings 104 will always be aligned
correctly relative to the conductor pattern 103. The 20 position of the
contact openings 104 relative to the conductor patterns is thus defined in
a self-aligning manner. A corresponding self-aligning manner can also be
used in the  manufacturing methods depicted in the example described
above. On the other hand, in  the example of Figures 33 - 42 too the
methods of manufacturing contact openings  described above, in which
the contact openings are made in a separate method stage, 25 could also
be used. The contact-opening alignment and manufacturing method to be
used can thus be selected freely, according to the application. The
examples of 33 - 42  show that the contact openings 104 are made for
electrical contacts between the  conductor-pattern layers and in the
previous examples for contacts between a  conductor-pattern layer and
the components. The previously examples could, however, 30 quite as
well be modified, in such a way that with their aid contacts are made
between  the conductor-pattern layers, while correspondingly the
examples of Figures 33 - 42 can WO 2006/134217 PCT/F12006/000208
17 be modified in such a way that the contacts are formed between a
conductor-pattern  layer and a component. 



Next, an insulating layer 110 and a conductor layer 107 on top of it can be
made on top  of the conductor patterns 103. This can be done, for
example, by laminating the layers  5 onto the surface of the circuit-board
blank, as shown in Figure 38. The manufacture and alternative ways of
manufacture are described in greater detail above in connection with
Figures 9 and 10. After the manufacture of the insulating layer 110, the
support layer  101 can be removed in the manner described in connection
with Figure 11. Figure 39  shows a cross-section of the circuit-board blank
after this intermediate stage. 10 Next, vias are made in the circuit-board
blank, with the aid of which electrical contacts  can be created between
the conductor patterns 103 and the conductor layer 107. For the
manufacture of the vias, the insulating material 110 is removed from the
locations of the  contact openings 104. Cleaning can be performed, for
example, using a plasma  technique, chemically, or with the aid of a laser.
Figure 40 shows the circuit-board 15 blank after the via holes have been
opened at the locations of the contact openings 104.  After this,
conductive material is introduced to the contact openings 104 and the
vias, in  such a way that an electrical contact is formed between the
conductor patterns 103 and  the conductor layer 107. The conductive
material can be made, for example, by filling  the contact openings with an
electrically conductive paste. The conductive material can 20 also be
made using one of the many growing methods known in the circuit-board
industry. High-quality electrical contacts can be made, for example, by
forming a  metallurgical connection by growing the conductive material by
a chemical or  electrochemical method. One good alternative is the
growing of a thin layer using a  chemical method and continuing the
growing using cheaper electrochemical method. In 25 addition to these
methods, it is, of course, possible to use some other method that is
advantageous in terms of the end result. In the example of the series of
figures, the bare surface remaining between the contact  openings 104,
the via holes, the conductor patterns 103, and the conductor patterns 103
of the insulating layer 110 is first of all surfaced with a thin conductor layer
and then the 30 thickness of the conductor layer is increased
electrolytically until the contact openings  104 and the via holes are filled
with conductive material. Figure 41 shows the structure 



WO 2006/134217 PCT/F12006/000208  18 after the growing. The vias
can, of course, also be manufactured in such a way that the  contact
openings 104 are only partly filled with conductive material. One possibility
is  to grow conductive material on the side walls of the contact openings
104 and leave the  central part of the contact openings 104 at least mainly
free of conductive material. 5 After this, the circuit-board blank is etched to
remove excess conductive material. In  addition, the conductor layer 107
is patterned to form a conductor pattern 117, using  some suitable
patterning method. The patterning of the conductor layer 107 can be
made  prior to the thinning etching, simultaneously with it, or after the
thinning etching. Figure  42 shows the circuit-board structure after these
process stages. The finished circuit 10 board structure thus comprises
conductor patterns 103 and 117 on both surfaces of the  insulating layer
110, which are connected electrically to each other with the aid of vias.  In
one variation of the method according to the fourth example shown by
Figures 33 - 42, a conductor layer 107 is attached to the surface of the
circuit-board blank (see  Figure 38), on the surface of which conductor
patterns have already been made. If the 15 conductor patterns are made
on the surface that is pressed against the insulating layer  110, the
conductor pattern is brought close to the conductor pattern 103, in which
case  the vias can be made shorter, In such an embodiment, it is also
possible to replace the  conductor layer 107 with an insulating layer. In
one embodiment, the conductor layer  107 is replaced with a structure
corresponding to the structure formed by the support 20 layer 101 and the
conductor pattern 103 (compare Fig. 37). The structures can then, for
example, be laminated against each other, in such a way that the
conductor patterns 103  lie against the insulating layer 110. The conductor
layer 107 or the insulating layer  replacing it can even been entirely
omitted, if the conductor pattern to be attached. to the  circuit-board blank
is itself sufficient sturdy. 25 The methods according to the fourth example
shown by Figures 33 - 42 described above  can also be modified in such a
way that contact openings 104 are made to be through  holes, which
extend through the entire circuit-board blank. In the example of Figure 40  



this means that the contact openings 104 also penetrate the conductor
layer 107. Such an  embodiment is well suited for use in connection with a
surfacing method. 30 The methods according to the example shown in
Figures 33 - 42 can also be modified in  such a way that a component, for
example, a thin microcircuit, is placed inside the WO 2006/134217
PCTIF12006/000208  19 insulating layer 110. The component can be
attached to the surface of the conductor  pattern 103, for example, by the
flip-chip method. It is also possible to proceed as in the  examples
described above and manufacture contact openings in the conductor
pattern  103 at the locations of the contact areas of the component and
manufacture conductive 5 material in the openings, in a manner to that
described in Figure 41. It will then be  possible to manufacture, using the
same process and even at the same time, both  contacts between the
conductor patterns 103 and 117 and contacts between the  conductor
pattern 103 and the component located inside the insulating layer 110.
The previous examples, in which the component is located inside the
insulating layer,  10 can also be similarly modified. In these examples, it is
possible to make vias through the  insulating layer surrounding the
insulating layer using a method corresponding to that  by which contact is
made to the component. The methods according to the examples
described above have numerous variations  while the methods depicted
by the examples can also be combined with each other. The  15 variations
can relate to individual process stages, or to the mutual sequence of the
process stages. Many features, which are not apparent from the previous
examples, can also be made in  the circuit-board structure, In addition to
the vial participating in the creation of  electrical contacts, it is possible, for
example, to manufacture thermal vial, which are 20 intended to make
more efficient the conducting of heat away from the components 6,  16, or
26. The increase in the thermal conductivity is based on the fact that the
thermal  conductivity of a thermal via is greater than that on the
surrounding insulating material.  Because electrical conductors are
typically also good thermal conductors, the thermal  



vias can usually be made using the same technique and even in the same
process stage  25 as the electrical contacts to the components 6, 16, and
26. An electrical contact and a thermal contact (thermal via) usually differ
in that the  thermal contact does not form an electrical contact with the
component 6, 16, or 26. For  example, the thermal contact can come into
contact with the component at a point at  which the surface of the
component is protected by an insulating protector layer. A gap, 30 which
can be, for example, 1 - 15 micrometres, can also be left between the
surface of  the thermal contact and that of the component. Thermal
conductivity can be further WO 2006/134217 PCT/F12006/000208  20
improved by manufacturing thermal bumps on the surface of the
component, which are  intended to conduct heat away from the
component. In that case, the thermal bumps of  the component and the
thermal vias of the circuit-board structure can, in the finished  structure,
come into mechanical contact with each other, so that the thermal contact
and 5 electrical contact will correspond very closely to each other in terms
of mechanical and  manufacturing-technique properties. Generally, the
number, cross-sectional area, and locations of the thermal vias or thermal
contacts are selected according to the thermal transmission requirement
and by taking  account of the fact that the thermal conductors will not
cause unreasonable interference 10 with the electrical operation of the
component. However, it is preferable to locate the  thermal vias at the
position of the component, or immediately adjacent to it. In some
embodiments, the thermal contacts can also be used to form electrical
contacts  with the component. Particularly the ground contact of the
component can be naturally  applied to this purpose. In that case, the
ground contact of the component is made to 15 have a considerably
greater cross-sectional area than normal, or the ground contact is  made
from several separate ground contacts, the combined cross-sectional area
of which  is considerably greater than that of a conventional ground
contact. On the basis of the above, it is obvious that, with the aid of the
methods described  above, it is possible to make electrical contacts to
both of the main surfaces of the  



20 component, i.e. to the primary contact surface and to the rear surface
opposite to it. It is also preferable to make in the circuit-board structure
conductor patterns for  conducting heat, corresponding to the electrical
conductor patterns. Thermal contacts  are made on the surface of such.
thermal conductors, so that the thermal contacts  conduct thermal energy
from the component to the thermal conductors, which conduct 25
them--ral energy in the lateral direction of the circuit-board structure away
from the  vicinity of the component. These lateral thermal conductors can
further be combined  with vertical thermal conductors, with the aid of
which the thermal effect can be  conducted from the innermost layers to
the outer surface of the electronic module or  other circuit-board structure.
The thermal conductors extending to the surface can, in 30 turn, be
connected to a suitable heat sink, in which case the cooling of the
component  will be made even more efficient. WO 2006/134217
PC17F12006/000208  21 When using a manufacturing method, in which
the contact openings 4, 14, 29, 104 are  aligned and made after the
manufacture of the conductor pattern, the sensitivity of the  method to
alignment errors can be reduced by dimensioning the diameter of the
contact  openings 4, 14, 29, 104 to be greater than the width of the
conductors of the conductor 5 pattern. This interesting embodiment is
described in greater detail in the following, with  the aid of Figures 43 - 49.
Figure 43 shows the end of a conductor 41 belonging to the conductor
pattern and a via  42, from above (or below), i.e. at right angles to the
surface of the circuit board. In the  case shown in Figure 43, the alignment
of the via 42 has succeeded well at the end of 10 the conductor 41. In this
case of the first, second, and third examples described above,  this means
that the corresponding contact opening 4, 14, 29, 104 has been aligned
correctly relative to the conductor pattern 3, 13, 25, 103. In this case, the
diameter of the  contact opening (and correspondingly of the via) is of no
importance in terms of the  success of the alignment and contact. 15
Figures 44 - 46 show, in turn, various alignment errors, in which the
location of the  



contact opening has moved relative to the target state shown in Figure 43.
On the basis  of the fieures it will be noticed that, however, in each case a
good electrical contact will  arise between the via 42 and the conductor
41. A good contact is created particularly in  an embodiment, in which the
via is filled by growing metal with the aid of a chemical 20 and/or
electrochemical method. There will then be a metallurgical connection
between  the via 42 and the conductor 41. On the basis of Figures 44 - 46,
it is obvious that such a  via manufacturing method is not sensitive to
alignment errors. With the aid of such a  method, one or more
conductor-pattern layers, which contain narrow and densely  located
conductors 41, can be made in a multi-layer circuit board, even in
connection  25 with conventional circuit-board processes. The effect of the
diameter of the contact opening 4, 14, 29, 104 on the alignment  tolerance
is shown in greater detail in Figures 47 - 49. Figure 47 shows a conductor
43,  next to the end of which a via has been made. The via is shown in
three different  positions (A, B, and C), and with two different diameters
(44, 45). Via 44 has a smaller 30 diameter than via 45. In each position A,
B, and C, the centre points of both vias 44 and  45 are located at the
same point relative to the conductor 43. It will be observed from  the
example of the figure that each of the vias 45A, 45B, and 45C with the
larger WO 2006/134257 PCT/F12006/000208  22 diameter form an
electrical contact with the conductor 43. Of the vias with the smaller
diameter, on the other hand, only 44C is able to form an electrical contact
with  conductor 43. Thus, a larger diameter in the contact opening 4, 14,
29, 104 will  considerably reduce the sensitivity of the contact opening 4,
14, 29, 104 to an alignment 5 error. Figure 48 shows the
alignment-tolerance area 47 around the conductor 43, inside  which the
centre point of the via 45 will ensure a good electrical contact. The
alignment-tolerance area 48 of the via 44 is, in tun, shown in Figure 49.
On the basis of  Figures 47 - 49, it will be observed that an enlargement of
the diameter of the via will  substantially reduce the sensitivity of the
manufacturing process to an alignment error 10 of the via. At the same
time, the width of the conductor 43 can be kept small. The  



diameter of the contact openings 4, 14, 29, 104 can be, for example, at
least 0.8-times,  preferably at least 1-times, preferably at least 1.2 or at
least 1.5-times the width of the  corresponding conductor of the conductor
pattern 3, 13, 25, 103. On the basis of the above examples, it is obvious
that the method can also be used in the  15 manufacture of many different
kinds of three-dimensional circuit structures. The  method can be used, for
example, in such a way that several semiconductor chips are  place on
top of each other, thus creating a packet containing several
semiconductor  chips, in which the semiconductor chips are connected to
each other to form a  functional totality. Such a packet can be referred to
as a three-dimensional-multichip 20 module. In such a module, the
semiconductor chips can be selected freely and the  contacts between the
different semiconductor chips can be easily made according to the
selected semiconductor chips. The examples of the figures depict some
possible processes, with the aid of which our  invention can be exploited.
However, our invention is not restricted to only the  25 processes
described above, but instead the invention covers various other processes
too and their end products, within the full scope of the Claims and taking
equivalence  interpretation into account. The invention is also not
restricted to only the structures and  methods described by the examples,
but instead it will be obvious to one versed in the  art that various
applications of our invention can be used to manufacture very many 30
different kinds of electronic modules and circuit boards, which may even
differ greatly  from the examples presented. Thus the components and
circuits of the figures are  presented only with the intention of illustrating
the manufacturing process. Many WO 2006/134217 PCT/F12006/000208
23 alterations can be made to the processes of the examples described
above, while  nevertheless not deviating from the basic idea according to
the invention. The  alterations can relate, for example, to the
manufacturing techniques depicted in the  various stages, or to the mutual
sequence of the process stages. 5 With the aid of the method, it is also
possible to manufacture component packets for  



attachment to a circuit board. Such packets can also contain several
components, which  are connected electrically to each other. The method
can also be used to manufacture entire electrical modules. The module
can  also be a circuit board, to the outer surface of which components can
be attached, in the  10 same way as to a conventional circuit board. The
module can comprise several layers while one or more of these layers can
comprise semiconductor components located  inside the layer. 24  Claims:
1. Method for manufacturing a circuit-board structure containing at least
one  component, the method comprising - making a conductor pattern, -
making contact openings in the conductor pattern, for the electrical
contacts of the  component, - attaching the component relative to the
conductor pattern, - after the attachment of the component, surrounding
the component with insulating  material, and - introducing electrically
conductive material to the contact openings, in order to  create electrical
contacts between the conductor pattern and the component by - growing a
thin layer of electrically conductive material by a chemical  method, and -
continuing the growing of electrically conductive material by an
electrochemical method. 2. Method according to Claim 1, in which -
contact openings for making vias are made in the conductor pattern, - an
insulating-material layer, which surrounds the component, is made on the
surface of the conductor pattern, - a conductor layer or conductor-pattern
layer is made on the surface of the  insulating-material layer, 



- through-holes for vias are made in the insulating-material layer at the
locations of  the contact openings that have been made, and 24a  an
electrically conductive material is introduced to the through-holes, in order
to  create electrical contacts between the conductor pattern and the
conductor layer or  conductor-pattern layer on the opposite surface of the
insulating- material layer. 3. Method according to Claim 1 or 2, in which a
conductor pattern is made on the  surface of an insulating-material sheet,
a recess is made in 25  the insulating-material sheet for the component,
and the component is attached to the  recess that has been made. 4.
Method according to any of Claims I - 3, in which the component is
attached  relative to the conductor pattern by gluing. 5. Method according
to any of Claims I - 4, in which the component is an  unpackaged
microcircuit. 26  6. Method according to any of Claims 1 - 5, in which, in
addition to electrical  contacts, at least one thermal contact is made in the
circuit-board structure, the  intention of which is to make more efficient the
conducting of thermal energy away  from the component. 7. Method
according to Claim 6, in which the thermal contact is made using the same
process as an electrical contact. 8. Method according to any of Claims I -
7, in which the conductor pattern is finished  before the component is
attached to the circuit-board structure. 9. Method according to any of
Claims 1 - 8, in which the electrically conductive  material is introduced to
the contact openings using a surfacing method. 10. Method according to
any of Claims I - 9, in which the contact areas or contact  bumps of the
component lie opposite to the contact openings. 11. Method. according to
any of Claims 1 - 10, in which the contact openings are  



made before the component is attached. 12. Method according to any of
Claims I - 11, in which the component is attached  before the contact
openings are made. 13. Method according to any of Claims 1 - 12, in
which several conductor layers are  made in the circuit-board structure.
14. Method according to any of Claims 1 - 13, in which the contact
openings are after  the conductor pattern is made. 15. Method according
to any of Claims 1 - 14, in which the contact openings are  made in the
conductor pattern simultaneously with the making of the conductor
pattern. 27  16. Method according to any of Claims 1 - 15, in which at least
one contact opening  is aligned with a conductor of the conductor pattern
and made in such a way that the  diameter of the contact opening is
essentially as large as the width of the conductor, or  the diameter of the
contact opening is at least 1.2-times, preferably at least 1.5-times  larger
than the width of the conductor. 17. Method according to any of Claims 1 -
16, in which at least one contact opening  is located partly outside of the
conductors defined by the conductor pattern. 18. Method according to any
of Claims 1 - 17, in which the circuit-board structure  being made is an
electronic module, which comprises at least two components, as  well as
conductor structures for connecting them to form a functional totality. 19.
Circuit-board structure, comprising - a conductor pattern including a first
layer of first metal and a second layer of second  metal, - contact
openings in the conductor pattern, - a component attached to the
conductor pattern, - insulating material surrounding the component and
supporting the conductor pattern,  and - electrically conductive material in
the contact openings for creating electrical  



contacts between the conductor pattern and the component, the
electrically conductive  material comprising - a thin surfacing layer of
electrically conductive material grown by a  chemical method, and - a
filling of electrically conductive material grown by an electrochemical
method. 28  20. Circuit-board structure of claim 19, which comprises a
conductor in the  conductor-pattern layer and the electrical contacts
include a via connected to the  conductor and connecting the conductor to
the component, and in which the diameter  of the via is essentially as
large as, or larger than the width of the conductor. 21. Method according
to Claim 20, in which the material of the via is metal, which is  made using
a surfacing method. 


