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MULTILAYERED SUBSTRATE FOR 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a multilayered substrate for 
a semiconductor device. More particularly, the invention 
relates to a multilayered substrate formed of a plurality of 
sets of a conductor layer and an insulation layer, i.e., a 
laminate of alternate conductor and insulation layers, and 
having a face for mounting semiconductor element thereon 
and another face for external connection terminals, the face 
for mounting semiconductor device being provided With 
pads through Which the substrate is connected to a semi 
conductor element to be mounted thereon, and the face for 
external connection terminals being provided With pads 
through Which the substrate is connected to an external 
electrical circuit. The invention also relates to a method of 
manufacturing such a multilayered substrate. 

[0003] 2. Description of the Related Art 

[0004] A typical multilayered substrate for semiconductor 
device, Which may be simply called a multilayered substrate 
herein, is illustrated in FIG. 19. This multilayered substrate 
100 has a core substrate 102 made of resin, and an upper 
layered section 106a and a loWer layered section 106b 
provided on the respective sides of the core substrate 102, 
each of the upper and loWer layered sections 106a and 106b 
having layered Wiring lines 104 of a conductor, and the 
Wiring lines 104 of the upper and loWer layered sections 
106a and 106b being electrically connected through a 
through hole via 110 piercing through the core substrate 102. 
Also in each of the upper and loWer layered sections 106a 
and 106b, Wiring lines 104 on both sides of an insulation 
layer of resin are electrically connected through a via 118 
piercing the insulation layer. 

[0005] In the outermost layer of the upper layered section 
106a, pads 124 are provided Which are electrically con 
nected With an electrode terminal 122 of a semiconductor 
element 120 to be mounted on the multilayered substrate 
100. The outermost layer of the upper layered section 106a 
is covered by a solder resist 126 except for the pads 124. 

[0006] In the outermost layer of the loWer layered section 
106b, pads 130 are formed to Which a solder ball 128, as an 
external connection terminal, is to be bonded. The outermost 
layer of the loWer layered section 106b is also covered by a 
solder resist 132 except for the pads 130. 

[0007] The multilayered substrate for semiconductor ele 
ment shoWn in FIG. 19 can be produced by a build-up 
process illustrated in FIGS. 20A to 20F. According to the 
build-up process, the upper and loWer layered sections 106a 
and 106b shoWn in FIG. 19 are simultaneously formed. For 
this reason, FIGS. 20A to 20F shoW only the formation of 
the upper layered section 106a, omitting the formation of the 
loWer layered section 106b. 

[0008] In the process shoWn in FIGS. 20A to 20F, a core 
substrate of resin 102 having a copper foil 100 on each side 
is ?rst pierced by a means such as a drill to be provided With 
through holes. A copper ?lm layer is then formed on the 
inside Wall of the through hole by electroless plating and, as 
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required, by subsequent electrolytic plating, to have a 
desired thickness and form a through hole via 110 (FIG. 
20A). 
[0009] The copper foil 100 of the core substrate 102 is 
then subjected to a subtractive process to form Wiring lines 
104 and pads 105, Which are formed as part of the Wiring 
line (FIG. 20B). A ?lm 106 of polyimide, Which is a 
thermosetting resin, having one face provided With a copper 
foil 108 thereon is adhered to the core substrate 102, With the 
face provided With the copper foil 108 being upWardly faced 
(FIG. 20C). In the step of adhesion of the polyimide ?lm 
106, a resin, such as a polyimide resin, is ?lled in the through 
hole vias 110. The ?lm 106 With the copper foil 108 is then 
pierced by a laser beam to form holes 107 for the formation 
of vias, the hole extending to the underlying Wiring line 104 
to expose the pad 105 (FIG. 20D). 

[0010] A copper layer 112 is then formed on the inside 
Wall of each of the holes 107 to electrically connect the pad 
105 of the Wiring line 104 and the copper foil 108 (FIG. 
20E). The copper layer 112 is formed by covering the copper 
foil 108 by a resist ?lm 114 to leave the holes 107 uncov 
ered, as shoWn in FIG. 20E, and forming a copper ?lm layer, 
having a certain thickness, only on the inside Wall of each 
hole 107 by electroless plating, sputtering or the like and, as 
required, by subsequent electrolytic plating. 
[0011] The resist ?lm 114 is then removed, and the copper 
foil 108 is subjected to a subtractive process to form Wiring 
lines 116 (FIG. 20F). The Wiring line 116 thus formed is 
electrically connected With the underlying Wiring line 114 
through a via 118 penetrating the resin layer 106. 

[0012] By repeating the steps illustrated in FIGS. 20C to 
20F, the multilayered substrate for a semiconductor, shoWn 
in FIG. 19, can be obtained. 

[0013] Using the multilayered substrate 100 as shoWn in 
FIG. 19, a semiconductor element 120 having a high density 
can be mounted thereon. In the upper layered section 106a 
of the multilayered substrate 110 of FIG. 19, hoWever, since 
the respective layers are successively formed upWardly from 
the surface of the core substrate 102, the outermost layer, on 
Which a semiconductor element 120 is to be mounted, is 
prone to have a less ?at surface (i.e., a less even surface) due 
to accumulation of unevenness of the underlying layers. 
Consequently, When a semiconductor element 120 is 
mounted on the mounting face of the multilayered substrate 
of FIG. 19 in a ?ip chip fashion, for example, some of 
electrode terminals 122 of the semiconductor element 120 
may be left unconnected to the pads 124 of the outermost 
layer of the substrate 100. 

[0014] In a build-up process illustrated in FIGS. 20A to 
20F, the respective layers of the upper and loWer layered 
sections 106a and 106b are simultaneously built up on the 
respective sides of the substrate, as described above, because 
if layers are formed only on one side of the substrate, the 
resultant substrate may be Warped. Consequently, even if it 
is sufficient for a substrate to have only upper layered 
section, it is required to form the loWer layered section to 
prevent the substrate from being Warped, Which makes the 
resultant substrate thicker. 

SUMMARY OF THE INVENTION 

[0015] An object of the invention is to provide a multi 
layered substrate for semiconductor element having a face 
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for mounting semiconductor element thereon Which is as 
even as possible, and having a thickness as small as possible. 

[0016] Another object of the invention is to provide a 
method of manufacturing such a multilayered substrate. 

[0017] The inventors have found that alternately forming 
Wiring line layers and insulation layers successively from 
the side for mounting a semiconductor element to the side 
for external connection terminals makes it possible to pro 
duce a multilayered substrate Without using a core substrate, 
the produced multilayered substrate having a face for 
mounting semiconductor element thereon Which is substan 
tially even or is as even as possible. 

[0018] Thus, in one aspect, the invention provides a sub 
strate of multilayered structure having a plurality of sets of 
an insulation layer and a Wiring line layer, and having one 
face for mounting a semiconductor element thereon and the 
other face on Which eXternal connection terminals are to be 
provided, the face for mounting a semiconductor element 
being provided With pads to be bonded to an electrode 
terminal of the semiconductor element, the other face being 
provided With pads to be bonded to an eXternal connection 
terminal, such as a terminal formed of a solder ball, and the 
Wiring line layers on both sides of an insulation layer being 
connected With each other by vias piercing the insulation 
layer, Wherein the surfaces of the pads to be bonded to an 
electrode terminal of a semiconductor element are ?at and 
are in the same plane. In this multilayered substrate of the 
invention, the surfaces of the pads to be bonded to an 
external connection terminal may be or may not be ?at, and 
may be or may not be in the same plane. 

[0019] Preferably, the via is made up of a metallic layer 
formed along the inside Wall and bottom of a hole piercing 
through the insulation layer. 

[0020] Preferably, the via is made up of a column of metal 
?lled in a hole piercing through the insulation layer. 

[0021] More preferably, the column of metal has end faces 
Which are ?at and are respectively connected With the Wiring 
lines on both sides of the insulation layer. 

[0022] Preferably, the pad to be bonded to an electrode 
terminal of the semiconductor element has a surface layer of 
metallic material Which is melted at a temperature used to 
bond the pad to the electrode terminal of the semiconductor 
element. 

[0023] More preferably, the surface layer is formed of a 
solder material. 

[0024] Preferably, the pad to be bonded to an electrode 
terminal of the semiconductor element is formed of tWo or 
more layers of metals, and the layer directly in contact With 
the electrode terminal of the semiconductor element is based 
on a noble metal. 

[0025] More preferably, the noble metal is gold. 

[0026] The substrate of multilayered structure of the 
invention may comprise a frame member in a peripheral 
region of the face for mounting a semiconductor element 
thereon. 

[0027] Preferably, the frame member is made of copper, 
aluminum, or stainless steel. 
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[0028] The substrate of multilayered structure of the 
invention may also comprise a thin ?lm capacitor incorpo 
rated therein. 

[0029] In another aspect of the invention, the substrate of 
a multilayered structure of the invention can be manufac 
tured by a method in Which a plurality of sets of an insulation 
layer and a Wiring line layer are successively formed from 
the side of the multilayered substrate at Which the face for 
mounting a semiconductor element is located to the other 
side of the multilayered substrate at Which another face of 
the multilayered substrate is located, While Wiring line layers 
on both sides of each insulation layer are connected With 
each other by vias piercing the insulation layer. 

[0030] Thus, the method of the invention can comprise the 
folloWing steps: 

[0031] (a) providing a metal sheet, 

[0032] (b) forming, on the metal sheet, the pads to be 
bonded to an electrode terminal of the semiconductor 

element, 

[0033] (c) forming a layer of insulating material on 
the metal sheet so as to cover the pads formed 

thereon, 

[0034] (d) piercing the layer of insulating material to 
form holes Which eXpose the end face of the pad, 

[0035] (e) forming a patterned metal layer to provide 
a layer of Wiring lines Which includes Wiring lines 
formed on the layer of insulating material and vias, 
the via connecting the pad in the hole With the Wiring 
line on the layer of insulation material, 

[0036] forming a layer of insulation material to 
cover the layer of Wiring line, 

[0037] (g) piercing the layer of insulating material 
formed in step to form holes Which eXpose part of 
the underlying Wiring line, 

[0038] (h) forming a patterned metal layer to provide 
a layer of Wiring lines Which includes Wiring lines 
formed on the layer of insulating material and vias, 
the via connecting the part of the Wiring line eXposed 
in step (g) With the Wiring line on the layer of 
insulation material, 

[0039] repeating steps to (h) until the prede 
termined number of sets of an insulation layer and a 
Wiring line layer is obtained, and 

[0040] removing the metal sheet from the sets of 
an insulation layer and a Wiring line layer formed 
thereon. 

[0041] Preferably, the metal sheet is removed by etching. 

[0042] Preferably, the metal sheet is made of cooper, 
aluminum, or stainless steel. 

[0043] Preferably, the metal sheet has a seed layer on a 
surface on Which the sets of an insulation layer and a Wiring 
line layer are to be formed, the seed layer being made up of 
tWo or more sublayers of different metal materials, and the 
sublayer in contact With the metal sheet being formed of a 
metal material Which is not etched or is substantially not 
etched by an etchant for the metal sheet. 
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[0044] More preferably, the metal sheet is formed of 
copper, and the seed layer is made up of a sublayer, in 
contact With the metal sheet, of chromium or titanium, and 
another sublayer of copper. 

[0045] A metal sheet provided With a layer of insulating 
material on a surface may be used, and the pads to be bonded 
to an electrode terminal of the semiconductor element may 
be formed by piercing through the layer of insulating 
material to form holes eXposing the surface of the metal 
sheet, and then electrolytically plating the eXposed surface 
of the metal sheet to form a plated layer in the hole. 

[0046] Preferably, the metal sheet is partially removed so 
as to leave a frame member on a peripheral region of the 
multilayered substrate. 

[0047] Preferably, the formation of vias in steps (e) and/or 
(h) is carried out by forming a metal layer along the inside 
Wall and bottom of the hole piercing through the insulation 
layer. 

[0048] Preferably, the formation of vias in steps (e) and/or 
(h) is carried out by making a column of metal material 
?lling the hole piercing through the insulation layer. 

[0049] Preferably, the column is made by forming a layer 
of metal to cover the insulation ?lm and ?ll the holes 
piercing through the insulation ?lm, and then abrading the 
formed layer of metal to eXpose the insulation ?lm and leave 
the metal ?lling the hole. 

[0050] Preferably, the pad to be bonded to an electrode 
terminal of the semiconductor element is formed so as to 
have a surface layer of metallic material Which is melted at 
a temperature used to bond the pad to the electrode terminal 
of the semiconductor element. 

[0051] More preferably, the surface layer is formed of a 
solder material. 

[0052] Preferably, the pad to be bonded to an electrode 
terminal of the semiconductor element is formed so as to 
have tWo or more layers of metals, the layer to be directly 
in contact With the electrode terminal of the semiconductor 
element being based on a noble metal. 

[0053] More preferably, the noble metal is gold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] The above and other objects and advantages of the 
invention Will be Well understood and appreciated by a 
person With ordinary skill in the art, from consideration of 
the folloWing detailed description made by referring to the 
attached draWings, Wherein: 

[0055] FIG. 1 is a partial sectional vieW shoWing an 
embodiment of the multilayered substrate of the invention; 

[0056] FIGS. 2A to 2F illustrate a method of manufac 
turing the multilayered substrate shoWn in FIG. 1; 

[0057] FIG. 3 is a partially enlarged section of the portion, 
indicated by circle A, of the copper sheet of FIG. 2A, 
shoWing the construction of a seed layer provided on its 
surface; 

[0058] FIGS. 4A and 4B illustrate a process for forming 
vias of the multilayered substrate shoWn in FIG. 1; 
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[0059] FIG. 5 shoWs an intermediate product for the 
multilayered substrate shoWn in FIG. 1; 

[0060] FIGS. 6A to 6C illustrate removal of a copper 
sheet during the production of the multilayered substrate 
shoWn in FIG. 1; 

[0061] FIGS. 7A to 7C illustrate an alternative process for 
forming vias of the multilayered substrate shoWn in FIG. 1; 

[0062] FIGS. 8A to 8C illustrate a further method for 
forming vias of the multilayered substrate shoWn in FIG. 1; 

[0063] FIG. 9 shoWs a variant of the pad for mounting a 
semiconductor element thereon; 

[0064] FIGS. 10A to 10C illustrate the formation of the 
pad shoWn in FIG. 9; 

[0065] FIGS. 11A and 11B illustrate disconnection of an 
electrode terminal of a semiconductor element from an pad 
of a mounting substrate, and connection of an electrode 
terminal of a semiconductor element With a pad of a mount 
ing substrate through a surface layer of solder of the pad, 
respectively; 

[0066] FIGS. 12A to 12G illustrate another method of 
manufacturing the multilayered substrate shoWn in FIG. 1; 

[0067] FIG. 13 shoWs a partial sectional vieW shoWing 
another embodiment of the multilayered substrate of the 
invention; 

[0068] FIGS. 14A to 14D illustrate a method of manu 
facturing the multilayered substrate shoWn in FIG. 13; 

[0069] FIG. 15 shoWs an intermediate product for the 
multilayered substrate shoWn in FIG. 13; 

[0070] FIG. 16 is a partial sectional vieW shoWing a 
further embodiment of the multilayered substrate of the 
invention; 

[0071] FIG. 17 is a partial sectional vieW shoWing a 
multilayered substrate of the invention having incorporated 
therein a thin ?lm capacitor; 

[0072] FIGS. 18A and 18B illustrate a process for form 
ing the thin ?lm capacitor in the multilayered substrate 
shoWn in FIG. 17; 

[0073] FIG. 19 is a partial sectional vieW shoWing a 
conventional multilayered substrate; and 

[0074] FIGS. 20A to 20F illustrate a method of manufac 
turing the multilayered substrate shoWn in FIG. 19. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0075] FIG. 1 illustrates a partial section of an embodi 
ment of the substrate 10 of a multilayered structure of the 
invention. In this multilayered substrate 10, a plurality of 
layers of Wiring line 12 are present, and are separated from 
each other by an insulation layer 14 made of a resin, such as 
a polyimide or polyphenylene ether, interposed therebe 
tWeen. The multilayered substrate 10 has one face in Which 
pads 20a to be bonded to an electrode terminals 18 of a 
semiconductor element 16 are provided, and another face on 
Which pads 24 to be bonded to a solder ball 22 as an eXternal 
connection terminal are provided. Both faces of the multi 
















