
WO 01/35704 PCT/1JS00/30015  MULTI-LAYER DOUBLE-SIDED WIRING BOARD AND
METHOD OF FABRICATING THE SAME  Detailed Description of the Invention
Technical Field of the Invention 5 The present invention relates to .a
multi-layer double-sided wiring board  having wiring layers formed on both
sides of an insulating layer using a two-layer  tape technology that forms
a conductive layer of copper or the like on an insulating  layer of a
polyimide film or the like without interposing an adhesive layer
therebetween, and also having a blind via interconnecting the wiring layers
and closed  10 at one end with the conductive layer. The invention also
relates to a method of  fabricating such a multi-layer double-sided wiring
board. Related Art A multi-layer double-sided wiring board having wiring
layers formed on both  sides of an insulating layer using a two-layer tape
technology, and also having a blind  15 via interconnecting the wiring
layers, is fabricated in accordance with the following  process. First,
starting with a two-layer tape comprising a film made of an insulating
material such as polyimide and a conductive layer formed by sputtering or
plating on  the upper surface of the film, an opening whose upper end is
closed with the upper 20 conductive layer is formed in the insulating layer
by selectively etching the lower  surface of the film. At this time, a
wiring pattern is formed on the upper surface by an  additive process or a
subtractive process. Next, a conductive layer is formed by  sputtering or
plating over the entire lower surface including the inside wall of the
opening and the portion of the upper conductor which is exposed in the
opening. In 25 this way, the blind via is formed with the upper and lower
conductive layers  interconnected within the opening in a back-to-back
configuration. In the multi-layer double-sided wiring board fabricated in
accordance with the  above process, at first a sufficient bonding strength
is retained between the polyimide  and the copper sputtered thereon, but
when heat or stress is applied in a subsequent 



30 process, the bonding strength decreases. In view of this, when producing
a two-layer  tape by forming a conductive layer on the upper surface of a
polyimide film, it is  practiced to deposit an interface layer containing a
dissimilar metal such as Cr, Ni, or -1 WO 01/35704 PCT/US00/30015 the like
by sputtering on the film prior to the copper sputtering, thereby
increasing the  peel strength between the base and lead in the finished
product. On the other hand, careful consideration is required in joining
the upper and  lower conductive layers in the blind via, since the size of
the joining portion is as 5 small as tens of micrometers, the size tending
to decrease with decreasing feature size.  Japanese Unexamined Patent
Publication No. 5-327224, for example, discloses that  when sputtering
copper, high-purity copper is used in order to prevent disconnection
within the via hole. According to the present invention, there is provided
a multi-layer double- 10 sided wiring board which provides excellent
adhesion between the conductive layer  and the insulating layer because of
the provision of an interface layer therebetween,  and which exhibits
excellent conductivity reliability because the upper and lower  conductive
layers are joined together within the blind via without interposing a
dissimilar metal. 15 Problems to Be Solved by the Invention To improve the
bonding strength between the insulating layer and the lower  conductor, it
is also possible to interpose an interface layer between the insulating
layer and the lower conductor by sputtering a dissimilar metal prior to the
formation  of the lower conductor, as is done for the upper conductor
described above. In that 20 case, however, since the structure is such that
the dissimilar metal is sandwiched  between the upper and lower conductive
layers (copper) in the blind via, there arises  the problem that the
reliability of conductivity between the upper and lower circuit  sides of
the finished circuit board greatly degrades. In the second method, on the
other hand, while measures have been taken to  25 ensure good bonding
between the copper patterns based on advanced technological  



studies, no solution has been provided for the adhesion to the base
material. It is, accordingly, an object of the present invention to provide
a multi-layer  double-sided wiring board and a method of fabricating the
same, wherein the above  two problems, i.e., the adhesion between the lower
conductive layer and the insulating 30 layer and the reliability of
conductivity between the upper and lower conductive  layers in the blind
via, are solved simultaneously. -2 WO 01/35704 PCT/US00/30015  Summary of
the Invention According to the present invention, there is provided a
multi-layer double- sided wiring board comprising: an insulating layer
having an opening formed therein;  a first conductive layer formed on an
upper surface of the insulating layer; a second 5 conductive layer formed
on a lower surface of the insulating layer and covering an  inside wall of
the opening and a portion of the first conductive layer which is exposed
in the opening; and an interface layer interposed between the insulating
layer and the  first and second conductive layers, wherein the
second.conductive layer directly contacts the first conductive layer in the
opening without interposing the interface  10 layer therebetween. The
interposition of the interface- layer provides good adhesion between the
insulating layer and the second conductive layer, and at the same time,
conductivity  reliability is retained since the first and second conductive
layers contact each other in  the opening. 15 Preferably, the second
conductive layer directly contacts the insulating layer at  the inside wall
of the opening without interposing the interface layer therebetween. In
this case, while the adhesion between the second conductive layer and the
inside wall of the insulating layer is not sufficient, this portion acts as
a stress reliever  for the conductive layer and thus serves to secure the
conductivity reliability of the 20 conductive layer. Preferably, the
interface layer contains at least one metallic element selected  from the
group consisting of nickel, cobalt, zinc, and chromium. 



Also provided is a method of fabricating a multi-layer double-sided wiring
board, comprising the steps of: selectively removing a portion of an
insulating layer  25 on an upper surface of which is formed a conductive
layer, and thereby forming in the insulating layer an opening whose upper
end is closed with the conductive layer;  forming an interface layer over
an entire lower surface; selectively removing at least a  portion of the
interface layer which contacts the first conductive layer; and forming a
conductive layer over the entire lower surface. 30 Also provided is a
method of fabricating a multi-layer double-sided wiring  board, comprising
the steps of: forming an opening pattern by selectively removing a  portion
of a conductive layer formed on a lower surface of an insulating layer with
an  interface layer interposed therebetween, the insulating layer also
having a conductive -3 r: ----------------- WO 01/35704 PCT/US00/30015
layer formed on an upper surface thereof with an interface layer interposed
therebetween, ectively removing a portion of 1h6 insulating layer as well
as a  portion of the interface layers by using the thus patterned lower
conductive layer as a  mask, and thereby forming in the insulating layer an
opening whose upper end is 5 closed with the upper conductive layer; and
forming a conductive layer over the entire  lower surface including a side
wall of the opening and a portion of the upper  conductive layer which is
exposed in the opening. Detailed Description of the Invention Figure 1
shows a cross section illustrating the vicinity of the blind via 18 in  10
the previously described multi-layer double-sided wiring board in which the
interface  layer 14 is simply interposed between the insulating layer 10
and the lower  conductive layer 12. In this case, the reliability of
conductivity significantly degrades  because the interface layer 14 of a
dissimilar metal is formed interposing between the  upper conductive layer
16 and lower conductive layer 12 in the blind via 18 where 15 they are
interconnected. 



Figure 2 shows a cross section illustrating the vicinity of a blind via in
a multi- layer double-sided wiring board according to a first embodiment of
the present  invention. Since the interface layer 14 is not formed
interposing between the upper  conductive layer 16 and lower conductive
layer 12 in the blind via 18 where they are 20 interconnected, the
reliability of conductivity is retained. Figure 3 shows a cross section
illustrating the vicinity of a blind via in a multi- layer double-sided
wiring board according to a second embodiment of the present  invention. As
shown, the interposing interface layer 14 is absent not only in the
portion of the blind via 18 connecting to the upper conductor 16, but also
in the side 25 wall of the via hole. In this case, while the adhesion
between the lower conductive  layer 12 and the insulating layer 10 in this
side wall portion is not sufficient, this  portion acts as a stress
reliever for the entire structure of the conductive layer and thus  serves
to secure the conductivity reliability of the conductive layer. Results of
reliability evaluation tests conducted on the respective samples are shown
in Table 1. -4 WO 01/35704 PCT/US00/30015  Table 1 High Temperature High
Temperature, PCT (hours) Temperature  storage (hours) High Humidity (hours)
cycle (hours)  Embodiment 1 1000 < 1000 < 300 < 1000 <  Embodiment 2 1000
<< 1000 << 300 << 1000 <<  Prior Art 250 1000 192 312 As can be seen from
Table 1, both the first and second embodiments satisfy  the required
quality, but the second embodiment where the interface layer is not 5
interposed at the side walls of the via hole exhibits a better quality. It
will also be  noted that the second embodiment is easier to fabricate than
the first embodiment.  The thickness of the interface layer is 10 nm to 500
nm, and preferably 150 rim, and the material is a single-element or a
composite material containing Co,  Ni, Zi, or Cr, and a material containing
Cr is particularly preferable. The upper and  10 lower conductive layers
are 5 gm to 50 pm in thickness, and the material is preferably 



copper. The thickness of the insulating layer is 10 m to 100 m, and
preferably  50 m, and polyimide is preferable as the material. Dry plating
methods for the  conductive layers include sputtering and vapor deposition.
The multi-layer double-sided wiring board having the blind via of the
present 15 invention is fabricated, for example, by one of the following
two processes. The first =  process will be described first. 1) An
interface layer 20 and a metal layer 22 are formed in this order by dry
plating on the upper surface of a polyimide film 10, thus forming a base
substrate  (Figure 4(a)). 20 2) Photoresist layers are formed on both
surfaces of the base substrate, and  the photoresist layers are exposed to
light through respective photo masks and  developed to form resist patterns
24 on both surfaces of the base substrate (Figure  4(b)). 3) A lead preform
is formed by forming a metal layer 16 only on the upper  25 surface of
the-substrate in the position where the resist pattern does not exist. 4)
The portion of the substrate lower surface where the resist pattern does
not  exist is removed by wet or dry etching to form a polyimide pattern. At
the same time,  the corresponding portion of the interface layer is also
removed by etching. -5 WO 01/35704 PCT/USOO/30015 5) The resist patterns on
the upper and lower surfaces of the substrate are  removed (Figure 4(c)).
6) An interface layer 14 and a metal thin-film layer 26 are formed in this
order over the entire lower surface of the substrate (Figure 4(d)). 5 7) A
resist layer is formed on the lower surface of the substrate. (The upper
surface is covered by a protective layer (resist). 8) Using a photo mask on
the lower surface of the substrate, the resist layer is  exposed to light
and then developed to form a resist pattern 28 (Figure 4(e)). 9) The metal
layer and interface layer formed on the lower surface of the  10 substrate
are etched in the position where the resist pattern does not exist. 



10) The lower resist 28 is removed (Figure 5(a)). 11) A metal layer 30 is
formed by sputtering over the entire lower surface  without forming an
interface layer therebetween. The side wall of the via is thus  made
electrically conductive (for the subsequent plating step) (Figure 5(b)). 15
12) Again, a resist layer is formed on the lower surface of the substrate,
and  the resist layer is exposed to light through a photo mask and then
developed to form a  resist pattern (not shown). 13) A lead preform 32 is
formed on the lower surface of the substrate in the  position where the
resist pattern of the resist layer does not exist (Figure 5(c)). 20 14) The
resist pattern on the lower surface of the substrate is removed, and a
lead is formed by etching off the upper and lower surfaces of the substrate
in the  positions 34 where the lead preforms are not formed (Figure 5(d)).
15) If necessary, finish plating or solder resist coating is applied.  The
second process will be described next. 25 1) The second process uses as the
starting material a polyimide tape coated  with copper foil on both sides
thereof (Figure 6(a)). This double-sided copper foil  polyimide tape is
fabricated by metalizing both surfaces of the polyimide 10 by  vacuum
evaporation such as sputtering or vaporization, followed by plating to give
a  certain degree of thickness to the copper foil. When metalizing,
interface layers 36 30 are formed to increase the bonding strength. 2)
Photoresist is applied to the double-sided copper foil polyimide tape, and
the photoresist is exposed and developed to form a via hole pattern. Using
the  developed photoresist as a mask, the copper foil on one side of the
tape is etched -6 WO 01/35704 PCT/USOO/30015  (Figure 6(b)). If necessary,
a PI (polyimide) opening pattern may be formed at the  same time. 3) Using
the thus etched copper foil pattern 38 as a mask, the polyimide layer  10
is etched by a laser'or chemical etching (hydrazine, etc.). The copper foil
on the 5 opposite side is exposed through the via thus etched (Figure
6(c)). 



4) After cleansing (desmearing) the inside of the via, the polyimide inside
the  via is made electrically conductive. Making the polyimide conductive
is  accomplished by copper sputtering 40 alone without forming an interface
layer  (Figure 6(d)). After making the polyimide inside the via
electrically conductive, 10 electrolytic copper plating is performed to
give the necessary thickness to the copper  on the polyimide inside the
via. 5) After the copper plating of the via hole, photoresist layers are
formed on  the upper and lower surfaces of the substrate, and using glass
masks on the upper and  lower surfaces, the photoresist layers are exposed
for development. 15 6) Lead preforms are formed on the upper and lower
surfaces of the substrate  in the positions where the resist patterns of
the resist layers does not exist. 7) The resist patterns on the upper and
lower surfaces of the substrate are  removed, and a lead is formed by
etching off the upper and lower surfaces of the  substrate in the positions
where the lead preforms are not formed (Figure 6(e)). 20 8) If necessary, a
PI pattern is formed by photolithography plus chemical  etching,
die-punching laser processing, etc., which is further followed by finish
plating or solder resist coating. In the first and second processes, the
circuit patterning has been described by  taking an additive process as an
example, but instead, a subtractive process may be  25 used. Brief
Description of the Drawings Figure 1 is a cross-sectional view of a
multi-layer double-sided wiring board  where an interface layer is formed
underlying the lower conductive layer. Figure 2 is a cross-sectional view
of a multi-layer double-sided wiring board  30 according to a first
embodiment of the present invention. Figure 3 is a cross-sectional view of
a multi-layer double-sided wiring board  according to a second embodiment
of the present invention. -7 WO 01135704 PCT/US00/30015  Figure 4 is a
diagram for explaining the first half of the process sequence in a 



first example of the fabrication process for the multi-layer double-sided
wiring board  of the present invention. Figure 5 is a diagram for
explaining the second half of the process sequence in  5 the first example
of the fabrication process for the multi-layer double-sided wiring  board
of the present invention. Figure 6 is a diagram for explaining a second
example of the fabrication  process for the multi-layer double-sided wiring
board of the present invention.  Description of the Reference Numerals 10
10 ... insulating layer 12, 16 ... conductive layer  14 ... interface layer
18 ... blind via -8 WO 01/35704 PCT/US00/30015  CLAIMS 1. A multi-layer
double-sided wiring board comprising:  an insulating layer having an
opening formed therein; a first conductive layer formed on an upper surface
of the insulating layer;  5 a second conductive layer formed on a lower
surface of the insulating layer  and covering an inside wall of the opening
and a portion of the first conductive layer  which is exposed in the
opening; and an interface layer interposed between the insulating layer and
the first and  second conductive layers, wherein 10 the second conductive
layer directly contacts the first conductive layer in the  opening without
the interface layer being interposed therebetween. 2. A multi-layer
double-sided wiring board according to claim 1, wherein  the second
conductive layer directly contacts the insulating layer at the inside wall
of  the opening without the interface layer being interposed therebetween.
15 3. A multi-layer double-sided wiring board according to claim I or 2,
wherein the interface layer contains at least one metallic element selected
from the  



group consisting of nickel, cobalt, zinc, and chromium. 4. A method of
fabricating a multi-layer double-sided wiring board,  comprising the steps
of: 20 selectively removing a portion of an insulating layer on an upper
surface of  which is formed a conductive layer, and thereby forming in the
insulating layer an  opening whose upper end is closed with the conductive
layer; forming an interface layer over an entire lower surface; selectively
removing at least a portion of the interface layer which contacts the  25
first conductive layer; and forming a conductive layer over the entire
lower surface. 1111111 111111 IlijI IIIII II Ilil * c L s  -9 WO 01/35704
PCT/US00/30015  5. A method of fabricating a multi-layer double-sided
wiring board,  comprising the.steps of. forming an opening pattern by
selectively removing a portion of a conductive  layer formed on a lower
surface of an insulating layer with an interface layer 5 interposed
therebetween, the insulating layer also having a conductive layer formed
on an upper surface thereof with an interface layer interposed
therebetween;  selectively removing a portion of the insulating layer as
well as a portion of the interface layers by using, as a mask, the lower
conductive layer whose portion has  been removed, and thereby forming in
the insulating layer an opening whose upper  10 end is closed with the
upper conductive layer; and forming a conductive layer over the entire
lower surface including a side wall  of the opening and a portion of the
upper conductive layer which is exposed in the  opening. 1 lilific! 1lllli
11111llhIj 111111  L N -10 


