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(57) ABSTRACT 

A semiconductor device includes an interconnect member, a 
first semiconductor chip, a second semiconductor chip, a 
resin layer, an inorganic insulating layer, and a through 
electrode. The first semiconductor chip is mounted in a 
face-down manner on the interconnect member. The resin 
layer covers the side surface of the first semiconductor chip. 
This inorganic insulating layer is in contact with the back 
surface of the first semiconductor chip, and directly covers 
the back Surface. Also, the inorganic insulating layer extends 
over the resin layer. The through electrode penetrates the 
inorganic insulating layer and the semiconductor Substrate 
of the first semiconductor chip. The second semiconductor 
chip is mounted in a face-down manner on the inorganic 
insulating layer that covers the back surface of the first 
semiconductor chip in the uppermost layer. 
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SEMCONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

0001. This application is based on Japanese patent appli 
cation No. 2005-349794, the content of which is incorpo 
rated hereinto by reference. 

BACKGROUND 

0002) 1. Technical Field 
0003. The present invention relates to a semiconductor 
device and a method of manufacturing the same. 
0004 2. Related Art 
0005. As a conventional method of manufacturing a 
semiconductor device, there is a method disclosed in Japa 
nese Laid-Open patent publication No. 2002-343904 (patent 
document 1), for example. This document discloses a 
method of manufacturing a multiple-chip type semiconduc 
tor device in which a plurality of semiconductor chips are 
stacked. 

0006. According to the manufacturing method disclosed 
in the patent document 1, first, a printed Substrate is prepared 
in which an electrode post is formed on one Surface, and a 
connection electrode is formed on the other surface. Next, a 
semiconductor chip is mounted in a face-down manner on 
the surface of the printed substrate on which the electrode 
post is formed. Subsequently, after the electrode post and the 
semiconductor chip are subjected to resin molding, the 
resin-molded Surface side is ground until the electrode post 
is exposed. 
0007. A plurality of the printed substrates obtained in this 
manner and having semiconductor chips mounted thereon 
are prepared and stacked onto one another to produce a 
multiple-chip type semiconductor device. At this time, con 
nection between adjacent printed substrates is established by 
connection of an electrode post of one Substrate to the 
connection electrode of the other. 

0008 According to Japanese Laid-Open patent publica 
tion No. 2005-109486 (patent document 2), first, after a 
contact elevation is formed ona Substrate, a re-interconnect 
is formed on the substrate and on the contact elevation. Next, 
a semiconductor chip is mounted in a flip-chip manner on 
the substrate. Subsequently, the contact elevation and the 
semiconductor chip are sealed with resin. At this time, the 
sealing with resin is carried out so that the tip end of the 
contact elevation on which the re-interconnect has been 
formed will be exposed to the surface of the sealing resin. By 
repeating the steps from formation of the contact elevation 
to sealing with resin, a multiple-chip type semiconductor 
device is produced. 
0009. According to the manufacturing method disclosed 
in Japanese Laid-Open patent publication No. 2004-186422 
(patent document 3), first, after an interconnect pattern is 
formed on an interconnect Substrate, a connection terminal 
of a semiconductor chip is connected in a flip-chip manner 
to the interconnect pattern. Next, an insulating interlayer is 
formed so as to cover the entirety of the side surface and the 
back Surface of the semiconductor chip. Subsequently, a via 
hole is formed that penetrates the insulating interlayer to 
reach the element-forming Surface of the semiconductor 
chip. Thereafter, a metal plug is formed so as to fill the via 
hole. 
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0010) By repeating the steps from formation of the inter 
connect pattern to formation of the metal plug, a multiple 
chip type semiconductor device is produced. Here, via the 
above-described metal plug, the connection terminal of the 
semiconductor chip and the interconnect pattern above the 
semiconductor chip are electrically connected with each 
other. 

0011. According to the manufacturing method disclosed 
in Japanese Laid-Open patent publication No. H4-356956 
(patent document 4), first, a semiconductor Substrate in 
which a through hole has been formed is prepared. Next, an 
insulating layer and an adhesive metal layer are sequentially 
stacked on the wall surface of the through hole. Subse 
quently, a metal plug is formed so as to fill the through hole. 
At this time, the metal plug is formed so as to protrude from 
the through hole. 
0012 A plurality of semiconductor chips obtained in this 
manner are prepared and stacked on one another to produce 
a multiple-chip type semiconductor device. At this time, 
connection between adjacent semiconductor chips is estab 
lished via the above-described protruding metal plug. 

SUMMARY OF THE INVENTION 

0013 However, according to the manufacturing methods 
disclosed in the patent documents 1, 2, it is difficult to obtain 
a semiconductor device Suitable for high-speed operation. 
The reason lies in that the interconnect that constitutes a path 
of signals transmitted between the semiconductor chips is 
once drawn out to the outside of the chips and thendrawn into 
the inside of the chips again, thereby necessitating a larger 
interconnect length. 
0014 When the interconnect length is large, there will be 
a delay in the signals, so that it is difficult to apply this 
manufacturing method to a semiconductor device that 
requires a high-speed operation. For example, when consid 
ering the connection to a DDR2 (Double Data Rate 2) 
memory, even an interconnect length of about 2 to 3 mm 
could be a problem. 
00.15 Moreover, the manufacturing methods disclosed in 
the patent documents 1-4 are all unsuitable for manufactur 
ing a semiconductor device on which a thin type semicon 
ductor chip is mounted. The reason lies in that, with regard 
to the patent document 1, since the back surface of the 
semiconductor chip is stripped bare, a problem of metal 
contamination will occur when the thickness of the chip is 
reduced. Such metal contamination will give adverse effects 
on the semiconductor device. 

0016 On the other hand, with regard to the patent docu 
ments 2-4, the above reason lies in that a handling step must 
be carried out before mounting a thinned chip on a Substrate. 
When the chip is extremely thin (for example, less than 50 
um), the chip will be damaged even with a little force, so that 
it is difficult to handle a single chip. Also, due to the stress 
between the silicon and the insulating layer, the chip will be 
greatly warped when a free Surface is given to the chip, 
thereby making the handling all the more difficult. 
0017 According to the present invention, there is pro 
vided a method of manufacturing a semiconductor device, 
including: forming an interconnect member, mounting a first 
semiconductor chip having a semiconductor Substrate in a 
face-down manner on the interconnect member, forming a 
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resin layer on the interconnect member so as to cover a side 
surface of the first semiconductor chip; thinning the first 
semiconductor chip and the resin layer, forming an inor 
ganic insulating layer on a back Surface of the first semi 
conductor chip so as to be in contact with the back Surface 
and to extend over the resin layer, and forming a through 
electrode so as to penetrate the inorganic insulating layer and 
the semiconductor Substrate. 

0018. In this manufacturing method, electrical connec 
tion between the first semiconductor chip and another semi 
conductor chip is established by the through electrode. This 
reduces the path length of the signals transmitted between 
the two chips as compared with the case in which the 
electrical connection between these two chips is established 
by an interconnect that detours through the outside of the 
chips. For this reason, a semiconductor device Suitable for 
high-speed operation can be obtained. 
0.019 Further, an inorganic insulating layer is formed that 
directly covers the back surface of the first semiconductor 
chip. This inorganic insulating layer prevents the device 
region (the region where semiconductor elements such as 
transistors are to be formed) of the semiconductor chip from 
being contaminated with metals. For this reason, the prob 
lem of metal contamination can be prevented from occurring 
even if the semiconductor chip is thinned, unlike the case in 
which the back surface of the semiconductor chip is stripped 
bare. 

0020. Also, the first semiconductor chip is thinned after 
being mounted on the interconnect member. For this reason, 
there is no need to handle the thinned semiconductor chip as 
a single piece. Therefore, the chip can be thinned to Such a 
thickness that the handling as a single piece would be 
difficult. In view of these points, this manufacturing method 
is Suitable for manufacturing a semiconductor device on 
which a thin type semiconductor chip is mounted. 
0021 According to the present invention, there is pro 
vided a semiconductor device including: an interconnect 
member; a first semiconductor chip mounted in a face-down 
manner on the interconnect member and having a semicon 
ductor Substrate; a resin layer provided on the interconnect 
member so as to cover a side Surface of the first semicon 
ductor chip; an inorganic insulating layer provided on a back 
Surface of the first semiconductor chip so as to be in contact 
with the back surface and to extend over the resin layer; and 
a through electrode penetrating the first semiconductor chip 
and the semiconductor Substrate. 

0022. In this semiconductor device, electrical connection 
between the first semiconductor chip and another semicon 
ductor chip is established by the through electrode. This 
reduces the path length of the signals transmitted between 
the two chips as compared with the case in which the 
electrical connection between these two chips is established 
by an interconnect that detours through the outside of the 
chips. For this reason, a semiconductor device Suitable for 
high-speed operation can be realized. 
0023. Further, an inorganic insulating layer is provided 
that directly covers the back surface of the first semicon 
ductor chip. This inorganic insulating layer prevents the 
device region of the semiconductor chip from being con 
taminated with metals. For this reason, the problem of metal 
contamination can be prevented from occurring even if the 
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semiconductor chip is thinned, unlike the case in which the 
back Surface of the semiconductor chip is stripped bare. 
0024. Also, the side surface of the first semiconductor 
chip is covered with the resin layer, and the back surface of 
the first semiconductor chip is covered with the inorganic 
insulating layer. With Such a structure, a manufacturing 
technique of thinning the first semiconductor chip after 
mounting the first semiconductor chip on the interconnect 
member can be suitably applied. For this reason, in manu 
facturing this semiconductor device, there is no need to 
handle the thinned semiconductor chip as a single piece. 
Therefore, the chip can be thinned to such a thickness that 
the handling as a single piece would be difficult. In view of 
these points, this semiconductor device is suitable for 
mounting a thin type semiconductor chip. 
0025 Thus, according to the present invention, a semi 
conductor device Suitable for high-speed operation and 
thickness reduction and a method of manufacturing the same 
are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The above and other objects, advantages and fea 
tures of the present invention will be more apparent from the 
following description taken in conjunction with the accom 
panying drawings, in which: 
0027 FIG. 1 is a cross-sectional view illustrating an 
embodiment of a semiconductor device according to the 
present invention; 
0028 FIGS. 2A to 2C are views of steps showing an 
embodiment of a method of manufacturing a semiconductor 
device according to the present invention; 
0029 FIGS. 3A to 3C are views of steps showing an 
embodiment of a method of manufacturing a semiconductor 
device according to the present invention; 
0030 FIGS. 4A to 4C are views of steps showing an 
embodiment of a method of manufacturing a semiconductor 
device according to the present invention; 
0031 FIGS. 5A to 5C are views of steps showing an 
example of a step of forming the first semiconductor chip; 
0032 FIGS. 6A and 6B are views for explaining an 
example of a construction of an insulating ring; 
0033 FIGS. 7A and 7B are views for explaining an 
example of a construction of an insulating ring; 
0034 FIG. 8 is a cross-sectional view illustrating a modi 
fied example of a semiconductor device according to the 
embodiment; 
0035 FIGS. 9A and 9B are views for explaining a 
modified example of a semiconductor device according to 
the embodiment; 
0.036 FIGS. 10A and 10B are views for explaining a 
modified example of a semiconductor device according to 
the embodiment; 
0037 FIG. 11 is a cross-sectional view illustrating a 
modified example of a semiconductor device according to 
the embodiment; 
0038 FIG. 12 is a plan view illustrating a modified 
example of a construction of an insulating ring; 
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0039 FIGS. 13A to 13C are views of steps showing 
another embodiment of a method of manufacturing a semi 
conductor device according to the present invention; 
0040 FIGS. 14A to 14C are views of steps showing 
another embodiment of a method of manufacturing a semi 
conductor device according to the present invention; 
0041 FIGS. 15A and 15B are views of steps showing 
another embodiment of a method of manufacturing a semi 
conductor device according to the present invention; 
0.042 FIG. 16 is across-sectional view illustrating a 
modified example of a semiconductor device according to 
the embodiment; 
0.043 FIG. 17 is a cross-sectional view illustrating a 
modified example of a semiconductor device according to 
the embodiment; 
0044 FIG. 18 is a cross-sectional view illustrating a 
modified example of a semiconductor device according to 
the embodiment; 

004.5 FIGS. 19A to 19C are views of steps showing 
another embodiment of a method of manufacturing a semi 
conductor device according to the present invention; 
0046 FIGS. 20A and 20B are views of steps showing 
another embodiment of a method of manufacturing a semi 
conductor device according to the present invention; 
0047 FIG. 21 is a cross-sectional view illustrating a 
modified example of a semiconductor device according to 
the embodiment; and 

0.048 FIG. 22 is a cross-sectional view illustrating a 
modified example of a semiconductor device according to 
the embodiment. 

DETAILED DESCRIPTION 

0049. The invention will be now described herein with 
reference to illustrative embodiments. Those skilled in the 
art will recognize that many alternative embodiments can be 
accomplished using the teachings of the present invention 
and that the invention is not limited to the embodiments 
illustrated for explanatory purposes. 
0050 Hereafter, preferable embodiments of a semicon 
ductor device and a method of manufacturing the same 
according to the present invention will be described in detail 
with reference to the attached drawings. Here, in the descrip 
tion of the drawings, the same elements will be denoted with 
the same reference numerals, and the description thereof will 
not be repeated. 

0051 FIG. 1 is a cross-sectional view illustrating an 
embodiment of a semiconductor device according to the 
present invention. The semiconductor device 1 includes an 
interconnect member 10, a semiconductor chip 20 (first 
semiconductor chip), a semiconductor chip 30 (second semi 
conductor chip), a resin layer 40, an inorganic insulating 
layer 50, and a through electrode 60. The interconnect 
member 10 includes an insulating resin 12 and an intercon 
nect 14 formed thereon. An electro conductive material is 
formed in an opening formed in the insulating resin 12. Via 
this electro conductive material, electrical connection 
between the interconnect 14 and a solder bump 80 described 
later is established. 
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0052 The semiconductor chip 20 is mounted in a face 
down manner on the interconnect member 10. Specifically, 
the semiconductor chip 20 has a connection terminal 22, and 
this connection terminal 22 is connected in a flip-chip 
manner to the interconnect 14. 

0053 Also, the resin layer 40 is formed on the intercon 
nect member 10. This resin layer 40 covers the side surface 
of the semiconductor chip 20. The resin constituting the 
resin layer 40 is, for example, an epoxy resin or a BT 
(Bismaleimide-Triazine) resin. Approximately the whole of 
the side surface of the semiconductor chip 20 is covered with 
the resin layer 40, and the back surface of the semiconductor 
chip 20 (the surface opposite to the connection terminal 22) 
is exposed to the surface of the resin layer 40. 
0054 The gap between the interconnect member 10 and 
the semiconductor chip 20 is filled with an underfill resin 42. 
This underfill resin 42 covers the upper surface of the 
semiconductor chip 20 (the surface on which the connection 
terminal 22 is formed). Here, the underfill resin 42 may be 
disposed so as to cover the side surface of the semiconductor 
chip 20 in addition to the upper surface of the semiconductor 
chip 20. In this case, the above-described resin layer 40 
covers the side surface of the semiconductor chip 20 via the 
underfill resin 42. 

0055. The inorganic insulating layer 50 is formed on the 
back surface of the semiconductor chip 20. This inorganic 
insulating layer 50 is in contact with the back surface of the 
semiconductor chip 20, and directly covers the back surface 
Also, the inorganic insulating layer 50 extends over the resin 
layer 40. In the present embodiment in particular, the 
inorganic insulating layer 50 is disposed to extend over the 
whole surface of the resin layer 40. Further, the inorganic 
insulating layer 50 is made of a plurality of inorganic 
insulating films that are stacked on one another. In the 
present embodiment, the inorganic insulating layer 50 is 
made of a SiN film 52 and a SiO, film 54 formed thereon. 
0056. Also, the through electrode 60 is formed in the 
semiconductor chip 20. This through electrode 60 penetrates 
the inorganic insulating layer 50 and the semiconductor 
substrate of the semiconductor chip 20. The semiconductor 
substrate that the semiconductor chip 20 has is, for example, 
a silicon Substrate. In this semiconductor Substrate, an 
insulating ring 70 that surrounds the through electrode 60 is 
formed. The detailed construction of the insulating ring 70 
will be described later. 

0057. In the semi conduct or device, a plurality (specifi 
cally, three in FIG. 1) of the semiconductor chips 20 having 
Such a construction are provided, and these are stacked one 
on another. The semiconductor chip 30 is provided on the 
semiconductor chip 20 located in the uppermost layer 
among these semiconductor chips 20. Namely, the semicon 
ductor chip 30 is mounted in a face-down manner on the 
inorganic insulating layer 50 that covers the back surface of 
the semiconductor chip 20 located in the uppermost layer. 
Specifically, the semiconductor chip 30 has a connection 
terminal 32, and this connection terminal 32 is connected in 
a flip-chip manner to the through electrode 60 that penetrates 
the inorganic insulating layer 50. This establishes electrical 
connection between the semiconductor chip 30 and the 
through electrode 60. This semiconductor chip 30 is the chip 
located in the uppermost layer in the whole semiconductor 
device 1. 
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0058. Further, a solder bump 80 (external electrode ter 
minal) is formed on the bottom surface of the interconnect 
member 10 (the surface opposite to the semiconductor chip 
20). 
0059. With reference to FIGS. 2A to 4C, one example of 
a method of manufacturing the semiconductor device 1 will 
be described as an embodiment of the method of manufac 
turing a semiconductor device according to the present 
invention. In Summary, this manufacturing method includes 
the following steps (a) to (g). 
0060 (a) forming an interconnect member 10; 
0061 (b) mounting a semiconductor chip 20 having a 
semiconductor Substrate in a face-down manner on the 
interconnect member 10; 
0062 (c) forming a resin layer 40 on the interconnect 
member 10 so as to cover a side surface of the semicon 
ductor chip 20; 
0063 (d) thinning the semiconductor chip 20 and the 
resin layer 40; 
0064 (e) forming an inorganic insulating layer 50 on a 
back surface of the semiconductor chip 20 so as to be in 
contact with the back surface and to extend over the resin 
layer 40; 
0065 (f) forming a through electrode 60 so as to pen 
etrate the inorganic insulating layer 50 and the semiconduc 
tor substrate; and 
0.066 (g) mounting a semiconductor chip 30 in a face 
down manner on the inorganic insulating layer 50 So as to be 
electrically connected to the through electrode 60. 
0067. Hereafter, this manufacturing method will be 
described in more detail. First, a seed metal layer 92 is 
formed on a Supporting Substrate 90 such as a silicon 
substrate. Thereafter, an interconnect 14 is formed with use 
of a plating method or the like, so as to obtain an intercon 
nect member 10 (FIG. 2A). 
0068 Next, on the interconnect member 10, device chips 
(semiconductor chips 20) that have been separated into 
individual pieces are mounted in a flip-chip manner. Further, 
the connection part of these, namely the gap between the 
interconnect member 10 and the semiconductor chips 20, is 
filled with an underfill resin 42 (FIG. 2B). At this time, a 
resin may be formed in advance by application, potting, or 
the like, and the resin may be cured simultaneously with the 
flip-chip connection. Subsequently, a resin layer 40 is 
formed on the interconnect member 10 so as to cover a side 
surface of the semiconductor chip 20 (FIG. 2C). At this time, 
the resin layer 40 may be formed so as to cover the back 
surface of the semiconductor chip 20 in addition to the side 
surface of the semiconductor chip 20. 
0069. Thereafter, the semiconductor chip 20 and the resin 
layer 40 are simultaneously ground. By this step, the semi 
conductor chip 20 and the resin layer 40 are thinned (FIG. 
3A). At this time, the grinding is carried out until the 
insulating ring 70 is exposed to the back surface of the 
semiconductor chip 20. The thickness of the semiconductor 
chip 20 after grinding may be, for example, about 20 Lum. 
Here, in order to erase the scratch that has been generated on 
the back Surface of the semiconductor chip 20 by grinding, 
a stress-relief process such as polishing, CMP (chemical 
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mechanical polishing), or dry etching maybe carried out 
after grinding. Next, the SiN film 52, or the SiN film 52 and 
the SiO film 54 is formed on the back surface of the 
semiconductor chip 20 (FIG. 3B). 
0070 Thereafter, a region where the through electrode 60 
will be formed is opened by a photolithography method or 
the like. Further, a through hole 62 that penetrates the 
inorganic insulating layer 50 and the semiconductor Sub 
strate of the semiconductor chip 20 is formed by dry etching 
or the like (FIG. 3C). At this time, part of the semiconductor 
substrate may be left between the insulating ring 70 and the 
through hole 62. 

0071. Further, an insulating film (hereafter referred to as 
a side wall insulating film) maybe formed on the side Surface 
of the through hole 62. As the side wall insulating film, for 
example, a monolayer film of SiO, or a laminate film of 
SiO/SiN may be used. In the case of forming the side wall 
insulating film, the insulating film is formed so that the film 
thickness on the bottom surface of the through hole 62 will 
be small, and the whole surface is etched back after forming 
the film, so as to remove the insulating film on the bottom 
Surface completely. At this time, the etching-back is carried 
out so that the insulating film other than on the bottom 
surface will be left. 

0072) Next, the through hole 62 is filled with a metal. 
This step may be carried out, for example, in the following 
manner. Namely, a seed metal is formed in the inside of the 
through hole 62 and on the inorganic insulating layer 50 by 
the sputtering method or the CVD method, followed by 
carrying out electrolytic plating. The metal formed on the 
inorganic insulating layer 50 by the electrolytic plating is 
removed by CMP. This forms the through electrode 60 (FIG. 
4A). Here, a laminate film of Cu/Ti may be raised as an 
example of the seed metal. Thereafter, an Au film or a 
laminate film of Au?Ni may be formed by electroless plating 
method or the like on the through electrode 60 that is 
exposed to the Surface of the inorganic insulating layer 50. 
This improves the wettability of the through electrode 60 to 
a solder. 

0.073 Here, the step of filling the through hole 62 with a 
metal may be carried out in the following manner. Namely, 
a seed metal is formed in the inside of the through hole 62 
and on the inorganic insulating layer 50 by the Sputtering 
method, and the seed metal formed other than on the bottom 
surface of the through hole 62 is removed, followed by 
carrying out electroless plating. 

0074. In the case of carrying out the filling of the through 
hole 62 with a metal itself by electroless plating, application 
of a resist, tilted exposure to light, and development are 
sequentially carried out after forming a seed metal, whereby 
the resist is left only on the bottom surface of the through 
hole 62. Subsequently, the seed metal on the inorganic 
insulating layer 50 is Subjected to wet etching. By doing so, 
it is possible to leave the Cu film only on the bottom surface 
of the through hole 62 in the case of using Cu/Ti as the seed 
metal. Thereafter, a metal film made, for example, of Cu, Ni, 
Pd, or a combination thereof may be formed by electroless 
plating. 

0075 With respect to the semiconductor chips 20 of the 
second and Subsequent layers, the above-described steps 
from mounting the chips to formation of the through elec 
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trode is repeated (FIG. 4B). FIG. 4B shows a state of the 
semiconductor chip 20 of the second layer immediately after 
filling with the underfill resin 42. 
0.076 After mounting a predetermined number (three in 
the present example) of semiconductor chips 20 in this 
manner, a semiconductor chip 30 is mounted in a flip-chip 
manner on the inorganic insulating layer 50 that covers the 
back surface of the semiconductor chip 20 of the uppermost 
layer (FIG. 4C). 

0077 Next, the supporting substrate 90 is removed. This 
removal is carried out by grinding, CMP etching, or the like. 
These may be carried out in combination, so that, after the 
Supporting Substrate 90 is ground, the residual parts may be 
removed by CMP or etching, or by using both. Regarding 
the etching, either of dry etching or wet etching may be used. 
However, when the step of the final removal is carried out 
by dry etching, the seed metal layer 92 can be left in a stable 
manner because the etching selection ratio can be made 
large. 

0078. Further, when a release layer is made to intervene 
between the supporting substrate 90 and the seed metal layer 
92, the removal of the supporting substrate 90 is facilitated. 
For example, when a material that undergoes thermal 
decomposition is used as the release layer, the seed metal 
layer 92 can be separated from the supporting substrate 90 
by heating to above the thermal decomposition temperature 
in the step of removing the supporting substrate 90. For this 
heating, a method of locally heating with use of laser or the 
like is preferable. By setting the wavelength of the laser so 
as to be a wavelength that transmits through the Supporting 
substrate 90 and that does not transmit through the release 
layer, only the release layer can be locally heated. 

0079 Instead of this, a material may be selected in 
advance so that the adhesion strength of the interface 
between the supporting substrate 90 and the release layer or 
the interface between the release layer and the seed metal 
layer 92 is weak, and the supporting substrate 90 may be 
released by applying a mechanical force in the step of 
removing the Supporting Substrate 90. Also, a material that 
is dissolved into a specific solution or a material by which 
the close adhesion to the seed metal layer 92 or the Sup 
porting substrate 90 is extremely lowered by permeation of 
a solution may be selected as the release layer, whereby the 
supporting substrate 90 can be released by allowing the 
solution to permeate through the side surface of the release 
layer. 

0080. Thereafter, a solder bump 80 is formed on the 
bottom surface of the interconnect member, namely on the 
surface where the supporting substrate 90 has been disposed. 
This completes the multiple-chip type semiconductor device 
1 (See FIG. 1). 
0081. Here, with reference to FIGS. 5A to 5C, one 
example of a step of processing a device wafer (a wafer that 
includes the semiconductor chips 20 before being separated 
into individual pieces), namely a step of forming the semi 
conductor chips 20, will be described. First, an insulating 
ring 70 is formed in a semiconductor substrate 100 of a 
device wafer (FIG. 5A). This semiconductor substrate 100 
will be a semiconductor substrate of semiconductor chips 20 
after dicing. The insulating ring 70 is formed to surround a 
region where the through electrode 60 will be formed. 
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0082 Next, an element isolation region such as STI and 
a semiconductor element Such as a transistor (none are 
illustrated) are formed in the semiconductor substrate 100. 
Further, an interconnect layer 110 is formed on the semi 
conductor substrate 100. The interconnect layer 110 includes 
a contact plug 112 and an interconnect 114. The contact plug 
112 is in contact with a region of the surface of the 
semiconductor substrate 100 that is surrounded by the 
insulating ring 70. By this, this contact plug 112 will be 
connected to the through electrode 60 in a later step. The 
interconnect 114 is disposed in a plurality of layers. The 
interconnects disposed in the same layer and the intercon 
nects disposed in different layers are separated by an insu 
lating layer. Thereafter, a solder bump (connection terminal 
22) is formed on the interconnect layer 110 (FIG. 5B). This 
solder bump is connected to the interconnect 114 via a UBM 
(Under Bump Metal) 116. 
0083) Subsequently, the semiconductor substrate 100 is 
thinned by grinding or the like in accordance with the needs. 
Thereafter, this device wafer is separated into individual 
pieces to obtain semiconductor chips 20 (FIG.5C). Here, in 
FIG. 1 and others described above, the interconnect layer of 
the semiconductor chips 20 is not illustrated. 
0084 With reference to FIGS. 6A, 6B, 7A, and 7B, one 
example of a construction of the insulating ring 70 formed 
in the above-mentioned manner will be described. FIG. 6A 
is a cross-sectional view illustrating a part of the semicon 
ductor chip 20. Also, FIG. 6B is a plan view illustrating the 
insulating ring 70 formed in the semiconductor chip 20. As 
shown in these drawings, the insulating ring 70 in this 
example is constructed with an electro conductive film 72 
and an insulating film 74 disposed in the Surroundings 
thereof. The insulating film 74 may be, for example, a 
laminate film of SiO/SiN/SiO. The insulating ring 70 may 
be constructed with the insulating film 74 alone. By addition 
of the electro conductive film 72, the filling of the insulating 
ring is facilitated. 
0085. A material of the electro conductive film 72 may 
be, for example, polysilicon, tungsten, or copper. In the case 
of forming a semiconductor element Such as a transistor 
after forming the insulating ring 70, it is preferable to select 
polysilicon among these. By doing so, the thermal treatment 
in the step of forming the semiconductor element can be 
suitably carried out. Also, the electro conductive film 72 can 
be prevented from becoming a cause of metal contamina 
tion. 

0086) The insulating ring 70 having such a construction 
can be formed in the following manner. First, a trench is 
formed in the semiconductor substrate 100 by dry etching or 
the like. Subsequently, the trench is filled with the insulating 
film 74 and the electro conductive film 72. At this time, SiO, 
(thermally oxidized film), SiN. SiO, and the electro con 
ductive film 72 are formed in this order. Thereafter, the 
electro conductive film 72 and the insulating film 74 remain 
ing on the surface of the semiconductor substrate 100 are 
removed by CMP. 
0087 FIG. 7A is a cross-sectional view illustrating a part 
of the semiconductor chip 20 after the through electrode 60 
is formed. Also, FIG. 7B is a plan view illustrating the 
insulating ring 70 after the through electrode 60 is formed. 
As shown in these drawings, the insulating ring 70 in the 
present example surrounds the through electrode 60 at a 
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predetermined distance from the through electrode 60. 
Therefore, the semiconductor substrate 100 intervenes 
between the through electrode 60 and the insulating ring 70. 
0088. The effect of the present embodiment will be 
described. In the present embodiment, electrical connection 
between the semiconductor chip 20 and the semiconductor 
chip 30 is established by the through electrode 60. This 
reduces the path length of the signals transmitted between 
the two chips as compared with the case in which the 
electrical connection between these two chips is established 
by an interconnect that detours through the outside of the 
chips. For this reason, a semiconductor device 1 suitable for 
high-speed operation can be obtained. 
0089. Further, the inorganic insulating layer 50 is formed 
that directly covers the back surface of the semiconductor 
chip 20. This inorganic insulating layer 50 prevents the 
device region of the semiconductor chip 20 from being 
contaminated with metals. For this reason, the problem of 
metal contamination can be prevented from occurring even 
if the semiconductor chip is thinned, unlike the case in 
which the back surface of the semiconductor chip is stripped 
bare. 

0090 Also, the side surface of the semiconductor chip 20 
is covered with the resin layer 40, and the back surface of the 
semiconductor chip 20 is covered with the inorganic insu 
lating layer 50. With such a structure, a manufacturing 
technique of thinning the semiconductor chip 20 after 
mounting the semiconductor chip 20 on the interconnect 
member 10 can be suitably applied. Actually, in the manu 
facturing method according to the present embodiment, the 
semiconductor chip 20 is thinned after being mounted on the 
interconnect member 10. For this reason, there is no need to 
handle the thinned semiconductor chip 20 as a single piece. 
Therefore, the chip can be thinned to such a thickness that 
the handling as a single piece would be difficult. In other 
words, the chip can be thinned to a limit within a range that 
permits variation caused by grinding. 
0091. In view of these points, the manufacturing method 
according to the present embodiment is Suitable for manu 
facturing a semiconductor device on which a thin type 
semiconductor chip is mounted. Also, the semiconductor 
device 1 is Suitable for mounting a thin type semiconductor 
chip. Thus, in the present embodiment, the semiconductor 
device 1 Suitable for high-speed operation and thickness 
reduction and a method of manufacturing the same are 
realized. 

0092. In the meantime, in the patent document 1, elec 
trical connection between the semiconductor chips is estab 
lished with use of an electrode post formed on the printed 
Substrate without using a through electrode. In this case, the 
electrode post is also ground when the semiconductor chip 
is ground for thinning, thereby raising a problem of occur 
rence of contamination with the metal constituting the 
electrode post. 
0093. In view of this point, the present embodiment can 
avoid Such a problem. In particular, by forming the through 
electrode 60 after thinning the semiconductor chip 20, the 
occurrence of contamination with the metal constituting the 
through electrode 60 is also prevented. 
0094. Also, in the patent document 4, the through elec 
trode is formed in the device wafer. In the current semicon 
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ductor industry, processing of through electrodes is not 
general, so that a new production line is usually prepared for 
Such processing. This raises a problem in that production 
equipment must be prepared for each size in order to meet 
a plurality of wafer sizes. 
0095. In view of this point, according to the present 
embodiment, the through electrode 60 is formed for the 
semiconductor chips 20 that have been separated into indi 
vidual pieces, so that the formation of the through electrode 
60 can be achieved with use of the same production equip 
ment irrespective of the size of the device wafer. 

0096. Further, in the present embodiment, the process is 
completed for every semiconductor chip that is stacked. For 
this reason, a plurality of semiconductor chips having dif 
ferent sizes can be stacked. 

0097 Also, the inorganic insulating layer 50 is disposed 
so as to extend over the resin layer 40. This prevents the 
resin from Swelling in a lithography process, in a plating 
process, or the like. For example, epoxy resin has a low 
resistance to chemical liquids such as acetone, isopropyl 
alcohol, ethyl acetate, butyl acetate, and methyl ethyl 
ketone, so that the epoxy resin may Swell by absorbing these 
chemical liquids. When the resin swells in a neighborhood 
of the semiconductor chip 20, release is liable to occur 
therefrom. 

0098. The insulating ring 70 that surrounds the through 
electrode 60 is disposed in the semiconductor chip 20. This 
prevents the metal constituting the through electrode 60 
from diffusing into the device region. Thus, the semicon 
ductor device 1 is realized in which the problem of metal 
contamination is further less likely to occur. In addition, this 
insulating ring 70 functions also as an alignment mark in 
forming the through electrode 60. This facilitates position 
matching of the through electrode 60. Here, an alignment 
mark may be formed separately from the insulating ring 70. 

0099 Further, the insulating ring 70 improves the reli 
ability of insulation between the semiconductor substrate 
100 and the through electrode 60, and reduces the capaci 
tance of the through electrode 60. 
0.100 Particularly in the present embodiment, the insu 
lating ring 70 surrounds the through electrode 60 at a 
predetermined interval therefrom. By designing the inner 
diameter of the insulating ring 70 to be larger than the 
diameter of the through electrode 60 in this manner, there 
will be an allowance in the position matching precision at 
the time of forming the through electrode 60. However, the 
insulating ring 70 may be disposed so as to be in contact with 
the through electrode 60. 

0101 The insulating ring 70 is made of the electro 
conductive film 72 and the insulating film 74 disposed in the 
Surroundings thereof. By forming also the electro conduc 
tive film 72 in addition to the insulating film 74, filling of the 
trench will be facilitated at the time of forming the insulating 
ring 70. Also, formation of the insulating ring 70 itself is not 
essential. In particular, when the device is not sensitive to 
metal contamination or when the acceptable capacitance is 
large, there is no need to dispose the insulating ring 70. 
When the insulating ring 70 is not disposed, a step of 
forming a side wall insulating film will be essential after 
forming the through hole 62. 
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0102) In the step of forming the interconnect member 10, 
the interconnect member 10 is formed on the supporting 
substrate 90, and the supporting substrate 90 is removed 
after the step of mounting the semiconductor chip 30. This 
allows that the step up to mounting the semiconductor chip 
30 can be carried out on a wafer (that is supporting substrate 
90). For this reason, an already existing production equip 
ment can be effectively utilized. 
0103) The solder bump 80 is disposed on the bottom 
surface of the interconnect member 10. This allows that the 
semiconductor device 1 can be obtained as a BGA package. 
Also, this solder bump 80 is formed after removal of the 
supporting substrate 90. This allows that the solder bump 80 
can be formed directly on the bottom surface of the inter 
connect member 10. For this reason, the generation of 
parasitic capacitance can be restrained, unlike the case in 
which the solder bump 80 is formed through the interme 
diary of a silicon substrate or the like. 
0104. In the step of filling the through hole 62 with a 
metal, the same process as in forming a Cu interconnect 
(damascene process) can be applied when a seed metal is 
formed by the sputtering method or the CV Dmethod in the 
inside of the through hole 62 and on the inorganic insulating 
layer 50, and thereafter electrolytic plating is carried out, 
whereby the metal formed on the inorganic insulating layer 
50 by the electrolytic plating is removed by CMP. 
0105. On the other hand, in the step of filling the through 
hole 62 with a metal, the through hole 62 can be filled 
without generating voids or the like when a seed metal is 
formed by the sputtering method in the inside of the through 
hole 62 and on the inorganic insulating layer 50, and 
thereafter the seed metal formed other than on the bottom 
surface of the through hole 62 is removed, followed by 
electroless plating. This is because the growth of plating 
occurs from the bottom surface of the through hole 62. Also, 
the process such as CMP for removing the metal can not be 
performed. 

0106 With reference to FIGS. 13A to 13C, FIGS. 14A to 
14C and FIGS. 15A and 15B, another embodiment related to 
a semiconductor device and a method for manufacturing 
thereof according to the present invention will be described. 
In Summary, the manufacturing method according to this 
embodiment includes the above-described steps (a) to (f). 
0107 The manufacturing method will be fully described 
as follows. First of all, the interconnect 14 is formed on the 
supporting substrate 90 to obtain the interconnect member 
10 (FIG. 13A). In this case, a silicon substrate, a glass 
substrate, a copper (Cu) substrate or the like may be 
employed for the supporting substrate 90. Further, in the 
present embodiment, a silicon wafer provided with semi 
conductor devices formed therein (i.e.device wafer) may 
also be employed. Since the supporting substrate 90 is to be 
remained as a part of a structure of the finished product of 
the semiconductor package in the present embodiment, a use 
of the device wafer as the supporting substrate 90 would 
reduce a number of assembly process operations per one 
piece of the semiconductor chip. Alternatively, it may be 
Sufficient to form a pad electrode disposed in a location 
corresponding to a position of an electrode of the semicon 
ductor chip 20 as the interconnect member 10. 
0108) Next, on the interconnect member 10, a device chip 
(semiconductor chip 20) that has been separated into indi 
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vidual piece is mounted in a flip-chip manner. Further, the 
connection part of these, namely the gap between the 
interconnect member 10 and the semiconductor chips 20, is 
filled with the underfill resin 42 (FIG. 13B). At this time, a 
resin may be formed in advance by application, potting, or 
the like, and the resin may be cured simultaneously with the 
flip-chip connection. Subsequently, the resin layer 40 is 
formed on the interconnect member 10 so as to cover the 
side surface of the semiconductor chip 20 (FIG. 13C). At this 
time, the resin layer 40 may be formed so as to cover the 
back surface of the semiconductor chip 20, in addition to the 
side surface. Processes available for forming the resin layer 
40 include coating, laminating, printing, molding or the like. 

0.109 Thereafter, the semiconductor chip 20 and the resin 
layer 40 are simultaneously ground. By conducting Such 
process operation, the semiconductor chip 20 and the resin 
layer 40 are thinned (FIG. 14A). At this time, the grinding 
is continued until the insulating ring 70 is exposed to the 
back surface of the semiconductor chip 20. The thickness of 
the semiconductor chip 20 after grinding may be, for 
example, about 20 um to 30 um. Here, in order to remove the 
scratch that has been created on the back surface of the 
semiconductor chip 20 in the grinding process, a stress relief 
process such as a polishing process, a chemical mechanical 
polishing (CMP) process or a dry etch process may addi 
tionally be carried out after conducting the grinding process. 
In addition, if the thickness of the semiconductor chip 20 is 
Sufficiently reduced in the prior process, the same structure 
can be obtained by simply conducting the CMP process 
without conducting the grinding process. 

0110. Then, a silicon nitride (SiN) film or a combination 
of a SiN film and a silicon oxide (SiO) film, serving as the 
inorganic insulating film 50, is formed on the back surface 
of the semiconductor chip 20 (FIG. 14B). Thereafter, an 
opening for forming the through electrode 60 is formed via 
a photolithography method or the like. Further, the through 
hole 62 extending through the inorganic insulating film 50 
and the semiconductor Substrate of the semiconductor chip 
20 is formed via a dry etch process or the like (FIG. 14C). 
The above-described side wall insulating film may be 
formed on the side wall of the through hole 62. 

0.111 Next, the through hole 62 is filled with a metal. This 
step may be carried out, for example, in the following 
manner. A seed metal is formed over the interior of the 
through hole 62 and the Surface of the inorganic insulating 
layer 50 via a sputter process, and then, portions of the seed 
metal except the portion located on the bottom surface of the 
through hole 62 are removed, followed by carrying out 
electroless plating. 

0.112. In the case of carrying out the filling of the through 
hole 62 with a metal itself by electroless plating, application 
of a resist, tilted exposure to light, and development are 
sequentially carried out after forming a seed metal, whereby 
the resist is left only on the bottom surface of the through 
hole 62. Subsequently, the seed metal on the inorganic 
insulating layer 50 is Subjected to wet etching. By doing so, 
it is possible to leave the Cu film only on the bottom surface 
of the through hole 62 in the case of using Cu/Ti as the seed 
metal. Thereafter, a metal film made, for example, of Cu, Ni, 
Pd, or a combination thereof may be formed by electroless 
plating. Alternatively, the etch process may be continued 
until an interconnect interlayer film is etched during the 
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process for forming the through hole 62, in addition to 
etching silicon of the silicon semiconductor chip, to expose 
the interconnect layer of the semiconductor chip, and there 
after, electroless plating may be conducted to fill the through 
hole. Typical interconnect material for the semiconductor 
chip may include aluminum (Al), copper (Cu), tungsten (W) 
or the like, an electroless plating may be carried out by 
employing any of the above-described interconnect materi 
als. Typical materials utilized for the electroless plating 
process may include, Ni, Cu, gold (Au) or the like. 

0113. The above-described steps from mounting the 
chips to forming the through electrode may be repeated to 
obtain a multiple-layered structure, as required. As described 
above, a predetermined number (one in the present embodi 
ment) of the semiconductor chip 20 is mounted, and there 
after, a Cu/Ti seed sputter is conducted for the back surface 
of the semiconductor chip 20 located in the uppermost layer, 
and then, a patterning process employed a resist, a Cu 
plating process, a resist stripping process and a seed etch 
process are sequentially conducted to form a copper (Cu) 
post 64. Further, a resin 66 is formed, and then a grinding 
process or a CMP process is conducted to expose a top 
surface of the Cu post 64 (FIG. 15A). 

0114 A Cu interconnect 68 connected to thus formed Cu 
post 64 is formed, and then a solder resist 82 is formed, the 
solder ball 84 is mounted and a dividing operation is 
conducted to eventually obtain a finished package (FIG. 
15B). According to the present embodiment, a terminal 
(solder ball 84) may be exposed on the top surface of the 
package, thereby providing more simple process that 
requires Smaller number of process operations. In addition, 
the combination of the solder ball 84 and the through 
electrode 60 provides a reduced length of the interconnect, 
and thus a speedup of operation of the device can be 
expected. Further, when a device wafer is employed for the 
supporting substrate 90, required number of the operations 
in an assembly process can be reduced. In addition, the Cu 
post 64 is formed on the back surface of the semiconductor 
chip 20 located in the uppermost layer to achieve the 
interconnect coupling with finer intervals. In an ordinary 
building-up process that involves forming a via hole by 
employing laser beam and filling the via hole with a metal, 
a lowest interval of vias is about 100 um. On the contrary, 
in a process employing the Cu post, a coupling with an 
interval of vias of about 20 um can be achieved. 

0115) In addition to above, in the present embodiment, an 
assembly of the device may be conducted by: after the Cu 
post 64 and the Cu interconnect 68 are formed, mounting 
semiconductor chip 30; forming a resin 76; forming a via 77 
employing laser beam; forming a Cu interconnect 78; form 
ing the solder resist 82; mounting the solder ball 84; and 
dividing thereof into respective chips (FIG. 16). Since the 
semiconductor chip 30 without through electrode can be 
included in the multiple-layered structure in Such case, a 
reduced manufacturing cost can be achieved. In addition, a 
flexibility of conducting a rerouting in the uppermost Sur 
face, a position of the solder ball 84 can be freely deter 
mined. 

0116. In addition, an assembly of the device may be 
conducted by: after the Cu post 64 and the Cu interconnect 
68 are formed, forming a Cu post 75: mounting semicon 
ductor chip 30; forming the resin 76; grinding the surface of 
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the resin; mounting the solder ball 84; and dividing thereof 
into respective chips (FIG. 17). In this case, forming the Cu 
post 75 can provide more simple process for forming the 
external terminal that requires Smaller number of process 
operations. In addition, since an operation of a wafer-level 
chip Scale packaging (CSP) can be utilized for forming the 
external terminal without any modification, existing facili 
ties can be employed. 
0.117) In addition, an assembly of the device may be 
conducted by: after the Cu post 64 and the Cu interconnect 
68 are formed, mounting semiconductor chip 30; forming 
the resin 76; dividing thereof into respective chips; mount 
ing thereof to an adhesive layer 94; packaging thereof with 
a resin 96; forming a buildup layer (via 97 and Cu inter 
connect 98); forming the solder resist 82; mounting the 
solder ball 84; and dividing thereof into respective chips 
(FIG. 18). In such case, the external terminal may be fanned 
out to provide an availability of the device applied for larger 
package. A combination of a smaller package, which 
requires a process for forming a through electrode that is 
costly as the process requires forming a finer pattern, and a 
larger package, which is composed of only buildup inter 
connects that is less costly as the process requires forming 
more loose pattern, can achieve lower production cost for 
manufacturing the whole device. 
0118 With reference to FIGS. 19A to 19C and FIGS. 20A 
and 20B, another embodiment related to a semiconductor 
device and a method for manufacturing thereof according to 
the present invention will be described. In summary, the 
manufacturing method according to the present embodiment 
includes the following steps (g) to (i), in addition to the 
above-described steps (a) to (f): 
0119 (g) mounting a silicon interposer 130 on the inor 
ganic insulating layer 50 so as to be electrically connected 
to the through electrode 60: 
0120 (h) forming an inorganic insulating film 134 on the 
silicon interposer 130; and 
0121 (i) forming a through electrode 136 so as to pen 
etrate the inorganic insulating film 134 and the silicon 
substrate of the silicon interposer 130. 
0.122 Hereafter, this manufacturing method will be 
described in more detail. First of all, the interconnect 14 is 
formed on the supporting substrate 90 and the interconnect 
member 10 is obtained. Next, on the interconnect member 
10, a device chip (semiconductor chip 20) that has been 
separated into individual piece is mounted in a flip-chip 
manner. Further, the connection part of these, namely the 
gap between the interconnect member 10 and the semicon 
ductor chips 20, is filled with the underfill resin 42. Subse 
quently, the resin layer 40 is formed on the interconnect 
member 10 so as to cover the side surface of the semicon 
ductor chip 20 (FIG. 19A). 
0123 Thereafter, the semiconductor chip 20 and the resin 
layer 40 are simultaneously ground. By conducting Such 
process operation, the semiconductor chip 20 and the resin 
layer 40 are thinned. At this time, the grinding is continued 
until the insulating ring 70 is exposed to the back surface of 
the semiconductor chip 20. Then, a SiN film or a combina 
tion of a SiN film and a SiO film, serving as the inorganic 
insulating film 50, is formed on the back surface of the 
semiconductor chip 20. Thereafter, an opening for forming 
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the through electrode 60 is formed via a photolithography 
method or the like. Further, the through hole 62 extending 
through the inorganic insulating film 50 and the semicon 
ductor substrate of the semiconductor chip 20 is formed via 
a dry etch process or the like. 

0124) Next, the through hole 62 is filled with a metal. In 
the present embodiment, electroless plating process is uti 
lized to fill thereof with a metal. At this occasion, an 
electrode pad 61 is formed simultaneously with forming the 
through electrode 60 by protruding a metal from the back 
surface of the semiconductor chip 20 (FIG. 19B). In this 
case, electroless Au plating finishing may be provided 
thereto, so that an oxidization of the electrode pad 61 can be 
prevented, thereby providing an improved electrical cou 
pling in later processes for forming the contact or for 
coupling the chips. 

0125 The above-described steps from mounting the 
chips to forming the through electrode may be repeated to 
obtain a multiple-layered structure, as required. As described 
above, a predetermined number (one in the present embodi 
ment) of the semiconductor chip 20 is mounted, and there 
after, a silicon interposer 130, which is free of active element 
mounted thereto, is mounted on the semiconductor chip 20 
located in the uppermost layer. Here, the silicon interposer 
is a member obtained by forming only interconnects on a 
silicon Substrate, or such member additionally including a 
passive element such as a capacitor element, a resistive 
element or the like incorporated therein. Then the gap 
between the inorganic insulating film 50 and the silicon 
interposer 130 is filled with the underfill resin 42. Subse 
quently, a resin layer 132 is formed on the inorganic insu 
lating film 50 so as to cover the side surface of the silicon 
interposer 130. Thereafter, the silicon interposer 130 and the 
resin layer 132 are simultaneously ground. Such grinding 
process may be conducted in a way similar to that employed 
for simultaneously grinding the semiconductor chip 20 and 
the resin layer 40. 

0126 Then, a SiN film or a combination of a SiN film and 
a SiO film, serving as the inorganic insulating film 134, is 
formed on the silicon interposer 130. The inorganic insulat 
ing film 134 is formed so as to be in contact with the silicon 
interposer 130 and to extend over the resin layer 134. 
Subsequently, a through electrode 136 and an electrode pad 
138 are formed so as to extend through the inorganic 
insulating film 134 and the silicon substrate of the silicon 
interposer 130 (FIG. 19C). The through electrode 136 is 
electrically connected to the electrode pad 61 which is not 
located just under the through electrode 136 via an inter 
connect (not shown) formed on the bottom surface of the 
silicon interposer 130. The through electrode 136 and the 
electrode pad 138 may be formed in a way similar to that 
employed for forming the through electrode 60 and the 
electrode pad 61. 

0127. Then, the semiconductor chip 30 is mounted 
thereon, and a resin 76 is formed (FIG. 20A). Thereafter, an 
assembly of the device may be conducted by: forming a via 
77 employing laser beam; forming a Cu interconnect 78: 
forming the solder resist 82; mounting the solder ball 84; and 
dividing thereof into respective chips (FIG. 20B). Since a 
fanning out is achieved by employing the silicon interposer 
130 in the present embodiment, electrical couplings with 
much finer intervals of the interconnects can be applied to 
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applications of larger dimensions. In addition, since micro 
interconnects formed by a silicon (Si)process can be 
employed in the case of requiring a rerouting between chips, 
and therefore performance of interconnect per one intercon 
nect layer is considerably improved. 

0128. In addition to above, in the present embodiment, an 
assembly of the device may be conducted by, after the 
through electrode 136 and the electrode pad 138 are formed, 
and without mounting the semiconductor chip 30; forming 
the resin 76; forming the via 77: forming the Cu interconnect 
78; forming the solder resist 82; mounting the solder ball 84; 
and dividing thereof into respective chips (FIG. 21). In this 
case, the silicon interposer 130 is employed only for increas 
ing the intervals. Having Such configuration, the couplings 
in the through electrode 60, which has been otherwise 
narrower intervals and dense pin-arrangement, can vary 
easily be arranged with a level that is larger intervals 
between the solder balls 84. This is because the interconnect 
by the Si process can be employed. 

0129. In addition, the silicon interposer 130 may be 
mounted so as to collectively cover an upper portion of a 
plurality of the semiconductor chips 20 (FIG. 22). In such 
case, a considerable number of couplings of the multiple 
layered chips can be collectively disposed in a chip of the 
uppermost layer. At the same time, the silicon interposer 130 
also functions as being helpful for increasing the intervals of 
the chips to the intervals of the solder balls 84. Having such 
configuration, for example, a system-in-package (SiP), 
which is capable of providing faster accessibility with very 
large scale memory, can be achieved. 

0.130. The semiconductor device and the manufacturing 
method thereof according to the present invention are not 
limited to the above-described embodiments, so that various 
modifications can be made. For example, in the step of 
mounting the semiconductor chip 20 in a face-down manner, 
a plurality of semiconductor chips 20 may be mounted in the 
same layer. In the semiconductor device 2 shown in FIG. 8, 
a plurality (two in this example) of the semiconductor chips 
20 are disposed in the second layer from the bottom. 
Similarly, in the step of mounting the semiconductor chip 
30, a plurality of the semiconductor chips 30 may be 
disposed in the same layer. In that case, a semiconductor 
device is obtained in which a plurality of the semiconductor 
chips 30 are disposed in the same layer. 

0.131. Also, the step of mounting the semiconductor chip 
20 in a face-down manner may include a step of placing a 
dummy chip in the same layer as the semiconductor chip 20. 
The step of mounting the semiconductor chip 30 in a 
face-down manner may include a step of placing the dummy 
chip in the same layer as the semiconductor chip 30. Here, 
the dummy chip is a chip on which no semiconductor 
elements are formed. In the semiconductor device 3 shown 
in FIG. 9A, dummy chips 120 are disposed in both of the 
layer where the semiconductor chip 20 is disposed and the 
layer where the semiconductor chip 30 is disposed. FIG.9B 
is a plan view illustrating a positional relationship between 
the semiconductor chip 20 (or semiconductor chip 30) and 
the dummy chip 120 in the semiconductor device 3. How 
ever, the dummy chip 120 may be disposed only in either 
one of the layer where the semiconductor chip 20 is disposed 
and the layer where the semiconductor chip 30 is disposed. 
Also, the dummy chip 120 may be disposed in a part of the 
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layers among the plurality of layers where the semiconduc 
tor chip 20 is disposed. Also, a capacitance element may be 
disposed in the dummy chip 120, and the dummy chip 120 
may be electrically connected to the semiconductor chip 20 
or the semiconductor chip 30. 
0132) By placing the dummy chip in such a region where 
the chips are not disposed, the warping of the semiconductor 
device can be restrained to be small. This allows that a 
semiconductor device being excellent in mechanical 
strength is obtained. Further, the capacitance element may 
be formed in the dummy chip and may be connected by the 
interconnect layer, so as to be used as a decoupling capaci 
tance. This allows that the fluctuation in the power source 
Voltage can be restrained, whereby a device operation being 
capable of high-speed operation and being strong against the 
noise can be obtained. 

0133. Further, in the step of placing the dummy chip, the 
dummy chip may be placed so as to be spaced apart from the 
side Surface of the semiconductor device. In the semicon 
ductor device 4 shown in FIG. 10A, the dummy chip 120 is 
spaced apart from the side Surface of the semiconductor 
device 4. FIG. 10B is a plan view illustrating a positional 
relationship between the semiconductor chip 20 (or semi 
conductor chip 30) and the dummy chip 120 in the semi 
conductor device 4. 

0134. By adopting a structure in which the dummy chip 
does not overlap with the cut Surface of the package in this 
manner, there will be no need to cut the dummy chip in the 
package dicing step. This allows that occurrence of the 
problem of cracks, stripping, and the like can be restrained. 
0135) In the above-described embodiments, an example 
has been shown in which the inorganic insulating layer 50 is 
disposed so as to extend over the entire surface of the resin 
layer 40. However, referring to FIG. 11, the inorganic 
insulating layer 50 may be disposed only on a part of the 
resin layer 40 so as to extend for a predetermined distance 
from the semiconductor chip 20. In this case, only the 
organic insulating layer is cut in the package dicing step, so 
that there will be no need to cut the inorganic insulating 
layer. This allows that occurrence of the problem of cracks, 
stripping, and the like can be restrained. 
0136. In the above-described embodiments, an example 
has been shown in which the sizes of the stacked chips are 
all equal; however, these chip sizes may be different from 
each other. 

0137 In the above-described embodiments, an example 
has been shown in which one insulating ring 70 is disposed 
for one through electrode 60. However, referring to FIG. 12, 
a plurality of the insulating rings 70 may be disposed for one 
through electrode 60. In FIG. 12, a plurality (two in the 
present example) of concentric insulating rings 70 surround 
one through electrode 60. FIG. 12 is a plan view similar to 
FIG. 7B. 

0138. It is apparent that the present invention is not 
limited to the above embodiment, and may be modified and 
changed without departing from the scope and spirit of the 
invention. 

What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising: 
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forming an interconnect member, 
mounting a first semiconductor chip having a semicon 

ductor Substrate in a face-down manner on said inter 
connect member, 

forming a resin layer on said interconnect member so as 
to cover a side surface of said first semiconductor chip; 

thinning said first semiconductor chip and said resin layer; 
forming an inorganic insulating layer on a back Surface of 

said first semiconductor chip so as to be in contact with 
said back Surface and to extend over said resin layer; 
and 

forming a through electrode so as to penetrate said 
inorganic insulating layer and said semiconductor Sub 
Strate. 

2. The method according to claim 1, further comprising 
mounting a second semiconductor chip in a face-down 
manner on said inorganic insulating layer so as to be 
electrically connected to said through electrode. 

3. The method according to claim 2, 
wherein said mounting of said second semiconductor chip 

includes mounting a plurality of said second semicon 
ductor chips in a same layer. 

4. The method according to claim 2, 
wherein said mounting of said second semiconductor chip 

includes disposing a dummy chip, which is a chip 
where no semiconductor element is formed, in a same 
layer as said second semiconductor chip. 

5. The method according to claim 1, further comprising 
forming an insulating ring in said semiconductor Substrate 
So as to Surround a region where said through electrode is to 
be formed, before said mounting of said first semiconductor 
chip. 

6. The method according to claim 1, 
wherein said mounting of said first semiconductor chip 

includes mounting a plurality of said first semiconduc 
tor chips in a same layer. 

7. The method according to claim 1, 
wherein said mounting of said first semiconductor chip 

includes disposing a dummy chip, which is a chip 
where no semiconductor element is formed, in a same 
layer as said first semiconductor chip. 

8. The method according to claim 4. 
wherein said dummy chip is disposed so as to be spaced 

apart from a side Surface of said semiconductor device. 
9. The method according to claim 1, 
wherein said interconnect member is formed on a Sup 

porting Substrate, and 
said method further comprises removing said Supporting 

Substrate after said forming of said through electrode. 
10. The method according to claim 9, further comprising 

forming an external electrode terminal on a surface of said 
interconnect member where said Supporting Substrate has 
been disposed, after said removing of said Supporting Sub 
Strate. 

11. The method according to claim 1, 
wherein said forming of said interconnect member 

includes forming said interconnect member on a Sup 
porting Substrate, and 
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said method further comprises forming an external elec 
trode terminal on a surface of said first semiconductor 
chip opposite to said Supporting Substrate, after said 
forming of said through electrode. 

12. The method according to claim 11, 
wherein said Supporting Substrate is a device wafer. 
13. The method according to claim 11, further compris 

ing: 

mounting a second semiconductor chip in a face-down 
manner on said inorganic insulating layer so as to be 
electrically connected to said through electrode: 

forming a resin on said inorganic insulating film So as to 
cover said second semiconductor chip; and 

forming a via in said resin, 
wherein said forming of said external electrode terminal 

is conducted after said forming of said via, and 
said external electrode terminal is electrically connected 

to said through electrode through said via. 
14. The method according to claim 11, further compris 

ing: 
forming a conductor post on said inorganic insulating 

film; 
mounting a second semiconductor chip in a face-down 
manner on said inorganic insulating layer so as to be 
electrically connected to said through electrode: 

forming a resin on said inorganic insulating film So as to 
cover said conductor post and said second semicon 
ductor chip; and 

grinding said resin until said conductor post is exposed, 
wherein said forming of said external electrode terminal 

is conducted after said grinding of said resin, and 
said external electrode terminal is electrically connected 

to said through electrode through said conductor post. 
15. The method according to claim 11, further compris 

ing: 

mounting a second semiconductor chip in a face-down 
manner on said inorganic insulating layer so as to be 
electrically connected to said through electrode: 

forming a resin on said inorganic insulating film So as to 
cover said second semiconductor chip; 

adhering an adhesive layer on said resin, said adhesive 
layer having larger area than said resin; and 

forming a via in said adhesive layer and said resin, 
wherein said forming of said external electrode terminal 

is conducted after said forming of said via, and 
said external electrode terminal is electrically connected 

to said through electrode through said via. 
16. The method according to claim 11, further compris 

ing: 

mounting a silicon interposer having a silicon Substrate on 
an inorganic insulating film so as to be electrically 
connected to said through electrode; 

forming a second inorganic insulating film on said silicon 
interposer, and 
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forming a second through electrode so as to penetrate said 
second inorganic insulating layer and said silicon Sub 
Strate, 

wherein said forming of said external electrode terminal 
is conducted after said forming of said second through 
electrode, and 

said external electrode terminal is electrically connected 
to said through electrode of said first semiconductor 
chip through said second through electrode. 

17. The method according to claim 16, further compris 
1ng: 

mounting a second semiconductor chip in a face-down 
manner on said second inorganic insulating layer so as 
to be electrically connected to said second through 
electrode: 

forming a resin on said second inorganic insulating film So 
as to cover said second semiconductor chip; and 

forming a via in said resin, 

wherein said forming of said external electrode terminal 
is conducted after said forming of said via, and 

said external electrode terminal is electrically connected 
to said through electrode of said first semiconductor 
chip through said second through electrode and said 
via. 

18. The method according to claim 16, further compris 
ing: 

forming a resin on said second inorganic insulating film 
without mounting a semiconductor chip; and 

forming a via in said resin, 
wherein said forming of said external electrode terminal 

is conducted after said forming of said via, and 
wherein said external electrode terminal is electrically 

connected to said through electrode of said first semi 
conductor chip through said second through electrode 
and said via. 

19. The method according to claim 16, 
wherein said silicon interposer is mounted so as to col 

lectively cover an upper portion of a plurality of said 
first semiconductor chips. 

20. The method according to claim 1, 
wherein said forming of said through electrode includes 

forming a through hole that penetrates said inorganic 
insulating layer and said semiconductor Substrate, and 
filling said through hole with a metal, and 

in said filling of said through hole, a seed metal is formed 
in an inside of said through hole and on said inorganic 
insulating layer by a sputtering method or a CVD 
method, and thereafter, electrolytic plating is carried 
out, and a metal formed on said inorganic insulating 
layer by said electrolytic plating is removed by CMP. 

21. The method according to claim 1, 

wherein said forming of said through electrode includes 
forming a through hole that penetrates said inorganic 
insulating layer and said semiconductor Substrate, and 
filling said through hole with a metal, and 
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in said filling of said through hole, a seed metal is formed 
in an inside of said through hole and on said inorganic 
insulating layer by a sputtering method, and said seed 
metal formed on places other than a bottom surface of 
said through hole is removed, and thereafter, electroless 
plating is carried out. 

22. A semiconductor device comprising: 
an interconnect member, 

a first semiconductor chip mounted in a face-down man 
ner on said interconnect member and having a semi 
conductor Substrate; 

a resin layer provided on said interconnect member so as 
to cover a side surface of said first semiconductor chip; 

an inorganic insulating layer provided on a back Surface 
of said first semiconductor chip so as to be in contact 
with said back surface and to extend over said resin 
layer; and 

a through electrode penetrating said first semiconductor 
chip and said semiconductor Substrate. 

23. The semiconductor device according to claim 22, 
further comprising a second semiconductor chip mounted in 
a face-down manner on said inorganic insulating layer so as 
to be electrically connected to said through electrode. 

24. The semiconductor device according to claim 23, 
wherein a plurality of said second semiconductor chips 

are provided in a same layer. 
25. The semiconductor device according to claim 23, 
wherein a dummy chip, which is a chip where no semi 

conductor element is formed, is provided in a same 
layer as said second semiconductor chip. 

26. The semiconductor device according to claim 22, 
further comprising an insulating ring provided in said semi 
conductor Substrate so as to Surround said through electrode. 

27. The semiconductor device according to claim 22, 

wherein a plurality of said first semiconductor chips are 
provided in a same layer. 

28. The semiconductor device according to claim 22, 

wherein a dummy chip, which is a chip where no semi 
conductor element is formed, is provided in a same 
layer as said first semiconductor chip. 

29. The semiconductor device according to claim 25, 
wherein said dummy chip is spaced apart from a side 

Surface of said semiconductor device. 

30. The semiconductor device according to claim 25, 
wherein a capacitance element is provided in said dummy 

chip, and 

said dummy chip is electrically connected to said first or 
second semiconductor chip. 

31. The semiconductor device according to claim 22, 
further comprising an external electrode terminal provided 
on a surface of said interconnect member opposite to said 
first semiconductor chip. 

32. The semiconductor device according to claim 22, 
wherein said interconnect member is provided on a Sup 

porting Substrate, and 
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an external electrode terminal is provided on a side of said 
first semiconductor chip opposite to said Supporting 
Substrate. 

33. The semiconductor device according to claim 32, 
wherein said Supporting Substrate is a device wafer. 
34. The semiconductor device according to claim 32, 

further comprising: 

a second semiconductor chip, mounted in a face-down 
manner on said inorganic insulating layer and electri 
cally connected to said through electrode; 

a resin, provided on said inorganic insulating film and 
covering said second semiconductor chip; and 

a via provided in said resin, 
wherein said external electrode terminal is electrically 

connected to said through electrode through said via. 
35. The semiconductor device according to claim 32, 

further comprising: 

a second semiconductor chip, mounted in a face-down 
manner on said inorganic insulating layer and electri 
cally connected to said through electrode; 

a resin, provided on said inorganic insulating film and 
covering said second semiconductor chip; and 

a conductor post, provided in said resin and exposed in a 
Surface of said resin, 

wherein said external electrode terminal is electrically 
connected to said through electrode through said con 
ductor post. 

36. The semiconductor device according to claim 32, 
further comprising: 

a second semiconductor chip, mounted in a face-down 
manner on said inorganic insulating layer and electri 
cally connected to said through electrode; 

a resin, provided on said inorganic insulating film and 
covering said second semiconductor chip; 

an adhesive layer adhered on said resin and having larger 
area than said resin; and 

a via provided in said adhesive layer and said resin, 
wherein said external electrode terminal is electrically 

connected to said through electrode through said via. 
37. The semiconductor device according to claim 32, 

further comprising: 

a silicon interposer having a silicon Substrate, said silicon 
interposer being mounted on said inorganic insulating 
film so as to be electrically connected to said through 
electrode: 

a second inorganic insulating film provided on said silicon 
interposer, and 

a second through electrode, penetrating said second inor 
ganic insulating film and said silicon Substrate, 

wherein said external electrode terminal is electrically 
connected to said through electrode of said first semi 
conductor chip through said second through electrode. 

38. The semiconductor device according to claim 37, 
further comprising: 
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a second semiconductor chip, mounted in a face-down 
manner on said inorganic insulating layer and electri 
cally connected to said through electrode: 

a resin, provided on said second inorganic insulating film 
and covering said second semiconductor chip; and 

a via provided in said resin, 
wherein said external electrode terminal is electrically 

connected to said through electrode of said first semi 
conductor chip through said second through electrode 
and said via. 

39. The semiconductor device according to claim 37, 
further comprising: 

a resin provided on said second. inorganic insulating film; 
and 
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a via provided in said resin, 

wherein said external electrode terminal is electrically 
connected to said through electrode of said first semi 
conductor chip through said second through electrode 
and said via, and 

no semiconductor chip is mounted on said second inor 
ganic insulating film. 

40. The semiconductor device according to claim 37, 

wherein said silicon interposer collectively covers an 
upper portion of a plurality of said first semiconductor 
chips. 


