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(57) ABSTRACT 

The semiconductor chip 1 has a semiconductor substrate 10. 
In the present embodiment, the semiconductor substrate 10, 
which is an SOI substrate, is constituted by comprising a 
Support Substrate 12, an insulating layer 14 formed on the 
Support Substrate 12 with a layered structure, and a silicon 
layer 16 formed on the insulating layer 14 with the layered 
structure. The semiconductor substrate 10 has a circuit form 
ing region A1 provided in the silicon layer 16. An insulating 
region 18 is provided on the semiconductor substrate 10. The 
insulating region 18 is provided so as to Surround the entire 
side face of the circuit forming region A1. 
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SEMCONDUCTOR CHIP AND METHOD 
FOR MANUFACTURING THE SAME AND 

SEMCONDUCTOR DEVICE 

0001. This application is a Divisional application of U.S. 
application Ser. No. 11/143,672 filed Jun. 3, 2005 which 
claims priority based on Japanese Patent Application No. 
2004-194658 filed Jun. 30, 2004, the content of which is 
incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
chip and a method for manufacturing the same and a semi 
conductor device. 

0004 2. Related Art 
0005. The Japanese Laid-Open Patent Publication No. 
1990-1914 (H02-1914) describes one example of the con 
ventional semiconductor Substrate. The semiconductor Sub 
strate described in the Japanese Laid-OpenPatent Publication 
No. 1990-1914 is an SOI (Silicon On Insulator) substrate in 
which a silicon layer is formed on a silicon substrate to be a 
Support Substrate via an insulating layer. The conventional 
semiconductor chip can be obtained in Such a way as to form 
a predetermined circuit on the semiconductor substrate with 
Such constitution, followed by dicing the semiconductor Sub 
Strate. 

SUMMARY OF THE INVENTION 

0006. However, it has now been discovered that, in the 
above described semiconductor chip, a silicon thin film is 
exposed to a side face of the chip, therefore, when heavy 
metals or the like are attached to the side face of the chip in the 
dicing step or the like, in Some cases, the heavy metal or the 
like are diffused into the inside of a circuit forming region. 
Thus, diffusion of the heavy metal or the like in the circuit 
forming region is a factor of deterioration in reliability of the 
semiconductor chip. For instance, in the case that the semi 
conductor chip is DRAM, in some cases, a hold characteristic 
deterioration is brought about. 
0007 According to the present invention, there is provided 
a semiconductor chip comprising a semiconductor Substrate 
having a circuit forming region, wherein the semiconductor 
Substrate has an insulating region provided so as to Surround 
the entire side face of the circuit forming region. 
0008. In the semiconductor chip, the insulating region to 
Surround the entire side face of the circuit forming region is 
provided. Therefore, even though when heavy metals or the 
like are attached to a side face of the chip, it is possible to 
prevent the heavy metals or the like from being diffused into 
an inside of the circuit forming region. Consequently, the 
semiconductor chip with high reliability is realized. 
0009. The insulating region may be constituted by com 
prising a first insulating film Surrounding the entire side face 
and a second insulating film provided so as to come into 
contact with the first insulating film to surround the first 
insulating film. Thus, the insulating region is constituted by 
comprising the insulating film formed into multilayered 
structure, therefore it is possible to more certainly prevent the 
heavy metals or the like from being diffused into the circuit 
forming region. Moreover, mechanical strength of the insu 
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lating region is improved, consequently, the mechanical 
strength of the entire semiconductor chip is improved. 
0010. The first insulating film may be provided so as to 
cover an inside face of a trench provided on the semiconduc 
tor Substrate; and the second insulating film may be provided 
so as to embed the trench the inside face of which is covered 
with the first insulating film. According to the structure, it is 
possible to easily manufacture the insulating region that is 
excellent in mechanical strength. 
0011. The semiconductor substrate may have a metal film 
provided so as to come into contact with the insulating region 
So as to Surround the insulating region. Therefore, it is pos 
sible more surely prevent the heavy metals or the like from 
being diffused into the circuit forming region. Further, the 
semiconductor Substrate may have a second insulating region 
provided so as to come into contact with the metal film so as 
to surround the metal film. Therefore, it is possible to further 
surely prevent the heavy metals or the like from being dif 
fused into the circuit forming region. 
0012. The semiconductor substrate may have a through 
electrode, which is provided in the circuit forming region, 
made of the same metal as the metal film. In manufacturing 
the semiconductor substrate, it is possible to form the metal 
film and the through electrode at the same time. Accordingly, 
it is possible to obtain the semiconductor chip with a structure 
capable of Suppressing increase of the number of steps, 
although both the above metal film and the through electrode 
are provided. 
0013 The semiconductor substrate may have a third insu 
lating region provided so as to Surround the insulating region 
at a predetermined interval from the insulating region. There 
fore, it is possible to more surely prevent the heavy metals or 
the like from being diffused into the circuit forming region. 
0014. The insulating region may include any of the SiN 
film, the SiCN film and the SiON film, or combination 
thereof. These films exhibit especially remarkable effect as 
the metal diffusion barrier, therefore, the semiconductor chip 
with higher reliability is realized. 
0015. According to the present invention, there is provided 
the semiconductor device provided with the semiconductor 
chip according to the present invention. 
0016. In the above semiconductor chip, as described 
above, it is possible to prevent the heavy metals or the like 
from being diffused into the circuit forming region by the 
insulating region, therefore, the semiconductor chip with 
high reliability is realized. Consequently, also in the semicon 
ductor device, high reliability is obtained. 
0017. According to the present invention, there is provided 
a method for manufacturing a semiconductor chip compris 
ing: forming an insulating region Surrounding the entire side 
face of a circuit forming region on a semiconductor wafer 
having the circuit forming region; and dicing the semicon 
ductor wafer so that at least a part of the insulating region at 
the side of the circuit forming region remains. 
0018. In the method for manufacturing the semiconductor 
chip, the semiconductor chip with a structure provided with 
the insulating layer so as to Surround the entire side face of the 
circuit forming region is obtained. In the semiconductor chip 
with such structure, eventhough when the heavy metals or the 
like attached to the side face of the chip, it is possible to 
prevent the heavy metals or the like from being diffused into 
the inside of the circuit forming region. Consequently, it is 
possible to obtain the semiconductor chip with high reliabil 
ity according to the manufacturing method. 
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0019. The method for manufacturing the semiconductor 
chip may further comprise: forming a through electrode in the 
circuit forming region in the circuit forming region; forming 
a metal film coming into contact with the insulating region so 
as to Surround this insulating region in the forming the insu 
lating region; and dicing the semiconductor wafer Such that at 
least a part of the metal film at the side of the circuit forming 
region remains in the dicing the semiconductor wafer, 
wherein the forming the through electrode and the forming 
the insulating region may performed at the same time. There 
fore, it is possible to obtain the semiconductor chip with a 
structure provided with the metal film on the insulating region 
So as to Surround the insulating region. Furthermore, the 
forming the through electrode and the forming the insulating 
region are performed at the same time, therefore, it is possible 
to obtain the semiconductor chip with such structure while 
preventing the number of step from increasing. 
0020. In the forming the insulating region, a third insulat 
ing region may be formed so as to Surround the insulating 
region at a predetermined interval from the insulating region; 
and in the dicing the semiconductor wafer, the semiconductor 
wafer may be diced so that at least a part of the third insulating 
region at the side of the circuit forming region remains. 
Therefore, it is possible to obtain the semiconductor chip with 
a structure provided with the third insulating region so as to 
Surround the insulating region at a predetermined interval 
from the insulating region. 
0021. According to the present invention, the semiconduc 
tor chip with high reliability and the method for manufactur 
ing the same and the semiconductor device are realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. 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: 
0023 FIG. 1 is a cross sectional view schematically show 
ing a semiconductor chip according to an embodiment; 
0024 FIG. 2 is a plan view schematically showing a semi 
conductor substrate provided for the semiconductor chip 
according to the embodiment; 
0025 FIG. 3 is a cross sectional process view schemati 
cally showing a method for manufacturing the semiconductor 
chip according to the embodiment; 
0026 FIGS. 4A, 4B and 4C are process views schemati 
cally showing the method for manufacturing the semiconduc 
tor chip according to the embodiment; 
0027 FIG. 5 is a cross sectional view schematically show 
ing the semiconductor chip according to the embodiment; 
0028 FIG. 6 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor chip according to the embodiment; 
0029 FIGS. 7A, 7B and 7C are process views schemati 
cally showing the method for manufacturing the semiconduc 
tor chip according to the embodiment; 
0030 FIG. 8 is a cross sectional view schematically show 
ing the semiconductor chip according to the embodiment; 
0031 FIG. 9 is a plan view schematically showing the 
semiconductor Substrate provided for the semiconductor chip 
according to the embodiment; 
0032 FIG. 10 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor chip according to the embodiment; 
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0033 FIG. 11 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor chip according to the embodiment; 
0034 FIG. 12 is a cross sectional process view schemati 
cally showing the method for manufacturing a semiconductor 
device provided with the semiconductor chip according to the 
embodiment; 
0035 FIG. 13 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor device provided with the semiconductor chip according to 
the embodiment; 
0036 FIG. 14 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor device provided with the semiconductor chip according to 
the embodiment; 
0037 FIG. 15 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor device provided with the semiconductor chip according to 
embodiment; 
0038 FIG. 16 is a cross sectional view schematically 
showing the semiconductor chip according to the embodi 
ment; 
0039 FIG. 17 is a cross sectional view schematically 
showing the semiconductor chip according to the embodi 
ment; 
0040 FIG. 18 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor chip according to the embodiment; and 
0041 FIG. 19 is a cross sectional process view schemati 
cally showing the method for manufacturing the semiconduc 
tor chip according to the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0042. The invention will now be 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 purposed. 
0043. Hereinafter, there will be described embodiments of 
a semiconductor chip and a method for manufacturing the 
same and a semiconductor device in detail with reference to 
the drawings. It should be noted that, in the explanation of the 
drawings, the same symbol is attached to the same element 
not to present duplicate explanation. 
0044) A semiconductor chip 1 shown in FIG. 1 is provided 
with a semiconductor Substrate 10 having a circuit forming 
region A1. The semiconductor Substrate 10 has an insulating 
region 18 provided so as to surround the entire side face of the 
circuit forming region A1. 
0045. The semiconductor device 5 shown in FIG. 15 is 
provided with the semiconductor chip 1. 
0046. A method for manufacturing the semiconductor 
chip 1 shown in FIG. 3, FIG. 4A, FIG. 4B and FIG. 4C 
comprises forming an insulating region forming the insulat 
ing region 18 so as to Surround the entire side face of a circuit 
forming region A1 on a semiconductor wafer (Support Sub 
strate 12) having the circuit forming region A1, and dicing to 
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dice the semiconductor wafer such that at least a part of the 
insulating region at the side of the circuit forming region A1 
remains. 

First Embodiment 

0047 FIG. 1 is a cross sectional view showing a structure 
of the semiconductor chip 1 according to the present embodi 
ment. FIG. 2 is a plan view showing the semiconductor Sub 
strate 10 provided for the semiconductor chip 1 shown in FIG. 
1. The semiconductor chip 1 has the semiconductor substrate 
10. In the present embodiment, the semiconductor substrate 
10, which is an SOI substrate, is constituted by comprising a 
Support Substrate 12, an insulating layer 14 formed on the 
Support Substrate 12 with a layered structure, and a silicon 
layer 16 formed on the insulating layer 14 with the layered 
structure. As for the Support Substrate 12, for instance, it is 
possible to use a silicon Substrate. Furthermore, the insulating 
layer 14 is constituted, for instance, with an SiO film. The 
semiconductor Substrate 10 has the circuit forming region A1 
provided for the silicon layer 16. An interconnect layer 100 in 
which a predetermined circuit is formed is provided on the 
semiconductor substrate 10. It should be noted that various 
kinds of circuit element, for instance, an electrode terminal, 
various kinds of passive element or the like other than an 
interconnect may be included in addition to the interconnect 
layer 100. However, it is not always necessary to provide the 
interconnect layer 100 on the semiconductor chip 1. 
0048. The insulating region 18 is provided in the semicon 
ductor substrate 10. As shown in FIG. 2, the insulating region 
18 is provided so as to surround the entire side face of the 
circuit forming region A1. Here, the circuit forming region A1 
is a region inside the semiconductor substrate 10 in which 
constituent of circuit elements is provided. The constituent of 
the circuit element is a diffusion layer functioning as a source 
drain region of a transistor or the like. Moreover, the insulat 
ing region 18 is formed until reaching the insulating layer 14 
originating from a surface of the silicon layer 16 while pen 
etrating the silicon layer 16. The insulating region 18 is con 
stituted with, for instance, SiO. 
0049. There will be described one example of a method for 
manufacturing the semiconductor chip 1 while referring to 
FIG.3, FIG. 4A, FIG.4B and FIG. 4C. Firstly, SiO, is formed 
on the first silicon wafer to be the support substrate 12 into the 
layered structure. It is suitable that film thickness of the SiO, 
is set to not less than 100 nm to not more than 800 nm. The 
second silicon wafer to be the silicon layer 16 is attached to 
the first silicon wafer. The second silicon wafer and the first 
silicon wafer are annealed in a vacuum. The semiconductor 
substrate 10 in which the insulating layer 14 and the silicon 
layer 16 are formed on the support substrate 12 with the 
layered structure is obtained (FIG. 3). 
0050. Next, a trench is formed on a scribe line region A2 of 
the silicon layer 16 using dry etching technique or the like. 
The insulating film such as an SiO film or the like are embed 
ded into the trench. Therefore, the insulating region 18 is 
formed (insulating region forming step). At this time, the 
insulating region 18 Surrounds the entire side face of the 
circuit forming region A1, and the insulating region 18 is 
reach the insulating layer 14 from the surface of the silicon 
layer 16. In the present embodiment, the insulating region 18 
is formed on the entire scribe line region A2 (FIG. 4A). FIG. 
4B is an appearance viewing FIG. 4A from the side of the 
silicon layer 16. 
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0051 Continuously, the scribe line region A2 is diced, 
after forming a necessary circuit on the circuit forming region 
A1 (dicing step). At this time, the dicing is performed while 
leaving a terminal portion of the insulating region 18 Such that 
at least a part of the insulating region 18 at the side of the 
circuit forming region A1 remains (FIG. 4C). According to 
the above process, the semiconductor chip 1 shown in FIG. 1 
is obtained. 
0052 Hereinafter, there will be described effects of the 
present embodiment. 
0053. In the present embodiment, the insulating region 18 
Surrounding the entire side face of the circuit forming region 
A1 is provided. Therefore, the insulating region 18 functions 
as a metal diffusion barrier, even though the heavy metals or 
the like are attached to the side face of the semiconductor chip 
1, it is possible to prevent the heavy metals or the like from 
being diffused into the inside of the circuit forming region A1. 
Consequently, the semiconductor chip 1 with high reliability 
is realized. 

0054 Moreover, also the back side face of the circuit 
forming region A1 is covered with the insulating layer 14. The 
insulating layer 14 also has the same function as the insulating 
region 18 in the semiconductor chip 1. For this reason, it is 
possible to prevent the heavy metals or the like from being 
diffused into the region from the back side face of the circuit 
forming region A1. Consequently, reliability of the semicon 
ductor chip 1 is further improved. Moreover, in the present 
embodiment, the SOI substrate is employed as the semicon 
ductor substrate 10. Therefore, it is possible to easily manu 
facture the semiconductor chip 1 with a structure in which the 
insulating layer is provided on the back side face of the circuit 
forming region A1. 
0055 When thickness of the insulating layer 14 is set to 
not less than 100 nm, it is possible to secure sufficiently 
coverage of the insulating layer 14. Furthermore, thickness of 
the insulating layer 14 is set to not more than 800 nm, it is 
possible to Sufficiently Suppress warpage occurring on the 
semiconductor substrate 10. 

Second Embodiment 

0056 FIG. 5 is a cross sectional view showing a structure 
of a semiconductor chip 2 according to the present embodi 
ment. The semiconductor chip 2 has a semiconductor Sub 
strate 20. In the present embodiment, the semiconductor sub 
strate 20, which is the SOI substrate, is constituted by 
comprising a Support Substrate 22, an insulating layer 24 
formed on the support substrate 22 with a layered structure, 
and a silicon layer 26 formed on the insulating layer 24 with 
the layered structure. The semiconductor substrate 20 has the 
circuit forming region A1 provided for the silicon layer 26. 
0057 The insulating layer 24 includes a silicon oxide film 
242 (a first silicon oxide film), a silicon nitride film 244, and 
a silicon oxide film 246 (a second silicon oxide film). That is, 
the insulating layer 24 is constituted as a multilayered insu 
lating film in which the silicon oxide film 242, the silicon 
nitride film 244 and the silicon oxide film 246 are formed 
sequentially from the side of the support substrate 22 with the 
layered structure. The silicon oxide film 242 and the silicon 
oxide film 246 are, for instance, SiO, films. The silicon nitride 
film 244 is, for instance, a SiN film. It should be noted that a 
SiCN film or a SiON film, or combination thereof may be 
employed instead of the silicon nitride film 244 or in addition 
to the silicon nitride film 244. 
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0058 An insulating region 28 is provided on the semicon 
ductor substrate 20. The insulating region 28 is provided so as 
to Surround the entire side face of the circuit forming region 
A1. Furthermore, the insulating region 28 is formed until 
reaching the insulating layer 24 originating from the Surface 
of the silicon layer 26 while penetrating the silicon layer 26. 
Specifically, an end face 28a of the insulating region 28 stops 
the position until reaching the silicon oxide film 242 while 
penetrating the silicon nitride film 244. The insulating region 
28 is constituted with, for instance, SiO. In the present 
embodiment, the insulating region 28 is constituted as the 
multilayered insulating film. That is, the insulating region 28, 
which includes a silicon oxide film 282, a silicon nitride film 
284 and a silicon oxide film 286, has a structure in which the 
silicon oxide film 282, the silicon nitride film 284, and the 
silicon oxide film 286 are formed in this sequence with the 
layered structure. Material of the silicon oxide film 282, the 
silicon nitride film 284, and the silicon oxide film 286 is the 
same as, for instance, that of the silicon oxide film 242, the 
silicon nitride film 244, and the silicon oxide film 246 respec 
tively. The silicon oxide film 282 and the silicon nitride film 
284 of them are first insulating films covering an inside face 
of a trench 280 provided on the semiconductor substrate 20. 
The silicon oxide film 286 is a second insulating film pro 
vided so as to embed the trench 280 the inside face of which 
is covered with the first insulating film. Also, the first insu 
lating film constituted by the silicon oxide film 282 and the 
silicon nitride film 284 surrounds the entire side face of the 
circuit forming region A1, and the second insulating film 
constituted by the silicon oxide film 286 surrounds the first 
insulating film and comes into contact with the first insulating 
film. It should be noted that even though the insulating region 
28 does not cover strictly the entire side face in such a case 
where the insulating region 28 is partially notched to be 
provided, however, it is suitable that the entire side face is 
substantially covered with the insulating region 28. 
0059. There will be described one example of a method for 
manufacturing the semiconductor chip 2 referring to FIG. 6. 
FIG. 7A, FIG. 7B and FIG. 7C. Firstly, SiO, SiN and SiO, 
are formed sequentially on a first silicon wafer to be the 
Support Substrate 22 into the layered structure. A second 
silicon wafer to be the silicon layer 26 is attached on the first 
silicon wafer, followed by being annealed in a vacuum; and 
the semiconductor substrate 20 in which the insulating layer 
24 and the silicon layer 26 are formed on the support substrate 
22 is obtained (FIG. 6). 
0060 Next, the trench 280 is formed until reaching the 
insulating layer 24 from the surface of the silicon layer 26 
using the dry etching technique or the like along the boundary 
between the circuit forming region A1 and the scribe line 
region A2. The insulating region 28 is formed upon forming 
the silicon oxide film 282, the silicon nitride film 284 and the 
silicon oxide film 286 in this sequence in the trench 280 using 
the CVD technique or the like (insulating region forming 
step) (FIG. 7A). FIG. 7B is an appearance viewing FIG. 7A 
from the side of the silicon layer 26. 
0061 Continuously, the scribe line region A2 is diced 
(dicing step). At this time, the dicing is performed Such that at 
least a part of the insulating region 28 at the side of the circuit 
forming region A1 remains. In the present embodiment, the 
dicing is performed Such that the entire of the insulating 
region 28 remains (FIG.7C). According to the above process, 
the semiconductor chip 2 shown in FIG. 5 is obtained. 
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0062 Hereinafter, there will be described effects of the 
present embodiment. 
0063 Also, in the present embodiment, there is provided 
the insulating region 28 Surrounding the entire side face of the 
circuit forming region A1. For this reason, even though the 
heavy metals or the like are attached to the side face of the 
semiconductor chip 2, it is possible to prevent the heavy 
metals or the like from being diffused into the inside of the 
circuit forming region A1. Consequently, the semiconductor 
chip 2 with high reliability is realized. 
0064. Furthermore, as described above, the insulating 
region 28 includes the first insulating film (silicon oxide film 
282 and silicon nitride film 284) and the second insulating 
film (silicon oxide film 286). Therefore, it is possible to 
prevent the heavy metal or the like from being diffused into 
the inside of the circuit forming region A1 more certainly. 
Furthermore, mechanical strength of the insulating region 28 
is improved, consequently, mechanical strength of the semi 
conductor chip 2 is improved. Moreover, the first insulating 
film itself is constituted as the multilayered film including the 
silicon oxide film 282 and the silicon nitride film 284, there 
fore, the mechanical strength is further improved. However, 
the first insulating film may be constituted as a single layered 
film. 
0065. The first insulating film is provided so as to cover the 
inside face of the trench 280; and the second insulating film is 
provided so as to embed the trench 280 the inside face of 
which is covered with the first insulating film. According to 
the structure, it is possible to easily manufacture the insulat 
ing region 28 that is excellent in mechanical strength. 
0066. The insulating region 28 includes the silicon nitride 
film, therefore, particularly, it is possible to function prefer 
ably as the metal diffusion barrier. The SiN of the all silicon 
nitride films is especially excellent as the metal diffusion 
barrier. Also, the insulating layer 24 covering the back side 
face of the circuit forming region A1 includes the silicon 
nitride film 244. Therefore, particularly, also the insulating 
layer 24 functions preferably as the metal diffusion barrier. 
Moreover, the insulating region 28 and the insulating layer 24 
are capable of functioning preferably as the metal diffusion 
barrier in the case that the insulating region 28 and the insu 
lating layer 24 include also the SiON film or the SiCN film. 

Third Embodiment 

0067 FIG. 8 is a cross sectional view showing a structure 
of a semiconductor chip 3 according to the present embodi 
ment. FIG. 9 is a plan view showing a semiconductor sub 
strate 30 provided for the semiconductor chip3 shown in FIG. 
8. The semiconductor chip 3 has the semiconductor substrate 
30. In the present embodiment, the semiconductor substrate 
30, which is the SOI substrate, is constituted by comprising a 
support substrate 32, an insulating layer 34 formed on the 
support substrate 32 with the layered structure, and a silicon 
layer 36 formed on the insulating layer 34 with the layered 
structure. The semiconductor substrate 30 has the circuit 
forming region A1 provided on the silicon layer 36. The 
insulating layer 34, like the insulating layer 24 shown in FIG. 
5, is constituted as the multilayered film composed of a sili 
con oxide film 342, a silicon nitride film 344 and a silicon 
oxide film 346. The interconnect layer 100 on which a pre 
determined circuit is formed is provided on the semiconduc 
tor substrate 10. 
0068 An insulating region 38a is provided on the semi 
conductor substrate 30. The insulating region 38a, which is, 
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for instance, an SiO film, is provided so as to Surround the 
entire side face of the circuit forming region A1. Furthermore, 
the insulating region 38a is formed until reaching the insu 
lating layer 34 originating from a surface of the silicon layer 
36 while penetrating the silicon layer 36. In the present 
embodiment, a metal film 39 is provided on the semiconduc 
tor substrate 30. The metal film 39 surrounds the insulating 
region 38a, and comes into contact with the insulating region 
38a. Furthermore, the metal film 39 is formed until reaching 
the insulating layer 34 while penetrating the silicon layer 36. 
Moreover, an insulating region 38b (second insulating 
region) is provided on the semiconductor substrate 30. The 
insulating region 38b, which is, for instance, an SiO film, 
surrounds the metal film 39 and comes into contact with the 
metal film 39. Also, the insulating region 38b is formed until 
reaching the insulating layer 34 originating from the Surface 
of the silicon layer 36 while penetrating the silicon layer 36. 
As shown in FIG. 9, the whole of the insulating region 38a, 
the insulating region 38b and the metal film 39 are provided 
So as to Surround the entire side face of the circuit forming 
region A1. 
0069. A through electrode 72 is provided in the circuit 
forming region A1. The through electrode 72 is formed until 
reaching the insulating layer 34 from the silicon layer 36. 
Specifically, the through electrode 72 extends until the inside 
of the insulating layer 34 originating from the Surface of the 
silicon layer 36 while penetrating the silicon layer 36. Here, 
an end face 72a of the through electrode 72 at the side of the 
insulating layer 34 stops inside the insulating layer 34. In the 
present embodiment, the position of the end face 72a is the 
approximately same as a position of a face of the silicon 
nitride film 344 at the side of the support substrate 32 (that is, 
a face opposite to the silicon layer 36). As for material of the 
through electrode, it is possible to employ, for instance, Cu, 
W. Al or polysilicon; and it is suitable to employ the same 
metal as the metal film39. A side face of the through electrode 
72 is covered with the insulating film 74 constituted by such 
as SiO, or the like. 
0070 Furthermore, a polysilicon plug 76 is provided in the 
circuit forming region A1. The polysilicon plug 76 is formed 
so as to penetrate the silicon layer 36. In the present embodi 
ment, plural polysilicon plugs 76 are provided. 
(0071. There will be described one example of a method for 
manufacturing the semiconductor chip 3 while referring to 
FIG. 10 and FIG. 11. Firstly, the semiconductor substrate 30 
in which the insulating layer 34 and the silicon layer 36 are 
formed on the support substrate 32 with the layered structure 
is prepared. The semiconductor substrate 30 is capable of 
being manufactured using the same process as the semicon 
ductor substrate 20 shown in FIG. 6. 

0072 Next, a trench 380 is formed until reaching the insu 
lating layer 34 from the silicon layer 36 on a predetermined 
position of the semiconductor substrate 30 using, for 
instance, dry etching technique. In the present embodiment, a 
hole 71 for the through electrode 72 is formed at the same 
time as forming the trench 380. Here, etching condition is set 
such that the etching stops on the boundary between the 
silicon oxide film 342 and the silicon nitride film 344 so that 
the end face 72a (referring to FIG. 8) of the through electrode 
72 stops inside the insulating layer 34. Further, the insulating 
region 38a, the insulating region 38b and insulating film 74 
are formed upon heating and oxidizing the silicon layer 36 
under this condition (FIG.10). It should be noted that the hole 
71 may be a trench. 

Sep. 10, 2009 

0073. Next, the metal film 39 is formed so as to surround 
the insulating region 38a upon embedding metal into the 
trench 380 (FIG. 11). In the present embodiment, the steps 
including until forming the metal film 39 from forming the 
insulating region38a and the insulating region38b are called 
as an insulating region forming step. In the present step, the 
through electrode 72 is formed upon embedding the metal 
into the hole 71 at the same time as embedding the trench 380 
(through electrode forming step). Embedding the metal is 
performed in such a way that a film of Cu or W is deposited 
using a plating technique or CVD technique after forming a 
barrier metal such as, for instance, TiN, TaN or Ta or the like. 
Further, the metal film deposited other than the inside of the 
trench 380 and the inside of the hole 71, and the insulating 
film on the silicon layer 36 are removed. Furthermore, the 
polysilicon plug 76 is formed on a predetermined position of 
the silicon layer 36. 
0074 Continuously, the scribe line region A2 is diced, 
after forming necessary circuit on the circuit forming region 
A1 of the semiconductor substrate 30 (dicing step). At this 
time, the dicing is performed Such that at least a part of the 
metal film 39 at the side of the circuit forming region A1 
remains. In the present embodiment, the dicing is performed 
in such a way that the whole of the metal film 39, and further, 
also the whole of the insulating region38b remain. According 
to the above process, the semiconductor chip 3 shown in FIG. 
8 is obtained. 

(0075) Further, there will be described one example of the 
method for manufacturing the semiconductor device 5 pro 
vided with the semiconductor chip 3 while referring to FIGS. 
12 to 15. Firstly, a base wafer 80 having an interconnect layer 
81 on a surface thereof is prepared; and the semiconductor 
chip 3 is formed on the base wafer 80 into a layered structure 
(FIG. 12). Here, the interconnect layer 81 and the intercon 
nect layer 100 (FIG. 1) are faced to each other. It is possible to 
employ, for instance, a Surface activated bonding method 
bonding the base wafer 80 and the semiconductor chip 3. The 
Surface activated bonding method flattens the bonding face 
between the base wafer 80 and the semiconductor chip 3 
using a CMP technique (Chemical Mechanical Polishing 
method) or the like. Then, the bonding is performed with the 
condition Such that the opposite electrodes and the opposite 
insulating films are activated using plasma irradiation tech 
nique or the like. It should be noted that it is suitable to 
perform the bonding between electrodes and the resin sealing 
while using the general flip chip bonding method. In the 
present embodiment, plural semiconductor chips 3 are 
formed on the base wafer 80 at a predetermined interval, into 
a layered structure. This interval is set larger than thickness of 
a dicing blade employed in a step for dicing the base wafer 80 
at the later step. 
0076 Continuously, the support substrate 32 is removed 
from the semiconductor substrate 30 using, for instance, wet 
etching technique (Support Substrate removing step). At this 
time, also the silicon oxide film 342 is removed together with 
the support substrate 32 such that the end face 72a of the 
through electrode 72 is exposed (FIG. 13). It should be noted 
that, in the Support Substrate removing step, it is Suitable to 
remove the Support Substrate 32 using grinding technique or 
CMP technique, or combination thereof in addition to the wet 
etching technique. 
(0077. Further, a second semiconductor chip 90 in which 
an interconnect layer 93 is provided on an SOI substrate 91 is 
prepared; and the second semiconductor chip 90 is formed on 
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the semiconductor chip 3 into the layered structure. Here, the 
interconnect layer 93 is faced to the semiconductor chip 3 to 
each other (FIG. 14). 
0078 Lastly, the semiconductor device 5 provided with 
the semiconductor chip 3 is obtained upon performing the 
dicing of the region where the semiconductor chip 3 is not 
provided in the base wafer 80 (FIG. 15). 
0079. As shown in FIG. 15, the semiconductor device 5 
has a structure provided with the semiconductor chip 3. In the 
present embodiment, there has been described a structure in 
which the semiconductor device 5 is provided with the semi 
conductor chip 3. However, also it is effective that the semi 
conductor device 5 has the semiconductor device 1 and the 
semiconductor device 2 described in the above embodiment, 
and it is also effective that the semiconductor device 5 has a 
semiconductor device 4 described later. 
0080 Hereinafter, there will be described effects of the 
present embodiments. 
0081. Also in the present embodiment, the insulating 
region 38a surrounding the entire side face of the circuit 
forming region A1 is prepared. For this reason, even though 
heavy metals or the like are attached to the side face of the 
semiconductor chip 3, it is possible to prevent the heavy 
metals or the like from being diffused into the inside of the 
circuit forming region A1. Consequently, the semiconductor 
chip 3 with high reliability is realized. 
0082. The semiconductor substrate 30 has the metal film 
39 provided so as to come into contact with the insulating 
region38a so as to surround the insulating region38a. There 
fore, it is possible to surely prevent the heavy metals or the 
like from being diffused into the circuit forming region A1. 
Further, the semiconductor substrate 30 has the insulating 
region 39b provided so as to come into contact with the metal 
film 39 so as to surround the metal film 39. Therefore, it is 
possible to more surely prevent the heavy metals or the like 
from being diffused into the circuit forming region A1. 
I0083. When the through electrode 72 and the metal film39 
are made of the same metal, it is possible to form the metal 
film 39 and the through electrode 72 at the same step. Actu 
ally, in the above manufacturing process, the insulating 
region forming step and the through electrode forming step 
are preformed at the same time. Consequently, it is possible to 
obtain the semiconductor chip 3 provided with both the metal 
film 39 and the through electrode 72 while suppressing 
increase of the number of the step. 
0084. Furthermore, in the present embodiment, the end 
face 72a of the through electrode 72 stops inside the insulat 
ing layer 34. That is, a configuration results in a state where 
the end face 72a does not project from the insulating layer34. 
For this reason, a possibility that the through electrode 72 
receives damage is Small when removing the Support Sub 
strate 32 in the Support Substrate removing step. Conse 
quently, the semiconductor chip 3 with high reliability and the 
semiconductor device 5 provided with the semiconductor 
chip 3 with high reliability are realized. However, it is not 
always necessary that the end face 72a of the through elec 
trode 72 stops inside the insulating layer 34; so, it is suitable 
that the end face 72a may be projected at the side of the 
Support Substrate 32 while penetrating the insulating layer34. 
0085. Further, the insulating layer 34 includes the silicon 
nitride film 344, therefore, it is possible to easily realize a 
structure in which the end face 72a of the through electrode 
72 stops inside the insulating layer 34 while causing the 
silicon nitride film 344 to function as an etching stopper. 
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I0086. The insulating layer 34 includes the silicon oxide 
film 342, therefore, it is possible to more easily realize a 
structure in which the end face 72a of the through electrode 
72 stops inside the insulating layer 34 due to etching selec 
tivity between the silicon nitride film 344 and the silicon 
oxide film 342. 
I0087. The polysilicon plug 76 is provided in the silicon 
layer 36. Therefore, in the semiconductor chip 3, impurity 
gettering is performed depending on the polysilicon plug 76. 

Fourth Embodiment 

I0088 FIG.16 is a cross sectional view showing a structure 
of a semiconductor chip 4 according to the present embodi 
ment. The semiconductor chip 4 has a semiconductor Sub 
strate 40. In the present embodiment, the semiconductor sub 
strate 40, which is the SOI substrate, is constituted by 
comprising a Support Substrate 42, an insulating layer 44 
formed on the Support Substrate 42, and a silicon layer 46 
formed on the insulating layer 44. The semiconductor Sub 
strate 40 has the circuit forming region A1 provided for the 
silicon layer 46. 
I0089. An insulating region 48a is provided in the semi 
conductor Substrate 40. The insulating region 48a, which is, 
for instance, the SiO film, is provided so as to surround the 
entire side face of the circuit forming region A1. Furthermore, 
the insulating region 48a is formed until reaching the insu 
lating layer 44 originating from a Surface of the silicon layer 
46 while penetrating the silicon layer 46. In the present 
embodiment, an insulating region 48b (third insulating 
region) is provided in the semiconductor substrate 40. The 
insulating region 48b, which is provided at a predetermined 
interval from the insulating region 48a, Surrounds the insu 
lating region 48a. Moreover, the insulating region 48b pen 
etrates the silicon layer 46 until reaching the insulating layer 
44. It should be noted that, as shown in FIG. 17, it is suitable 
that the insulating region 48a and the insulating region 48b 
may project to the side of the support substrate 42 while 
penetrating the insulating layer 44. 
(0090. There will be described one example of the method 
for manufacturing the semiconductor chip 4 referring to FIG. 
18 and FIG. 19. Firstly, the semiconductor substrate 40 in 
which the insulating layer 44 and the silicon layer 46 are 
formed on the support substrate 42 with the layered structure 
is prepared. The semiconductor substrate 40 is capable of 
being manufactured using the same method as the semicon 
ductor substrate 10 shown in FIG. 3. 
0091 Next, at least two trenches including a trench to be 
the insulating region 48a and a trench to be the insulating 
region 48b are formed on the scribe line region A2 of the 
silicon layer 46 using the dry etching technique or the like. 
Thereafter, the insulating region 48a and the insulating region 
48b are formed upon embedding the insulating film Such as an 
SiO, film or the like into the trench. Here, the insulating 
region 48b is formed so as to Surround the insulating region 
48a at a predetermined interval from the insulating region 48a 
(insulating region forming step). Here, the insulating region 
48a and the insulating region 48b surround the entire side face 
of the circuit forming region A1, and also the insulating 
region 48a and the insulating region 48b are formed until 
reaching the insulating layer 44 from the Surface of the silicon 
layer 46 (FIG. 18). 
0092 Continuously, the scribe line region A2 is diced 
(dicing step) Here, the dicing is performed in Such a way that 
at least a part of the insulating region 48b at the side of the 
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circuit forming region A1 remains. In the present embodi 
ment, the dicing is performed such that the whole of the 
insulating region 48b at the side of the circuit forming region 
A1 remains (FIG. 19). According to the above process, the 
semiconductor chip 4 shown in FIG. 16 is obtained. 
0093. Hereinafter, there will be described effects of the 
present embodiment. 
0094. Also in the present embodiment, the insulating 
region 48a Surrounding the entire side face of the circuit 
forming region A1 is provided. For this reason, even though 
the heavy metals or the like are attached to the side face of the 
semiconductor chip 4, it is possible to prevent the heavy 
metals or the like from being diffused into the inside of the 
circuit forming region A1. Consequently, the semiconductor 
chip 4 with high reliability is realized. 
0095. The semiconductor substrate 40 has the insulating 
region 48b provided so as to Surround the insulating region 
48a at a predetermined interval from the insulating region 
48a. Therefore, it is possible to more certainly prevent the 
heavy metals or the like from being diffused into the circuit 
forming region A1. It should be noted that, in the present 
embodiment, exemplification is that two insulating regions of 
the insulating region 48a and the insulating region 48b are 
provided, however it is suitable that not less than three insu 
lating regions may be provided. 
0096. While the embodiments of the present invention 
have been described above in reference to the annexed fig 
ures, it should be understood that the descriptions above are 
presented for the purpose of illustrating the present invention, 
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and various configurations other than the above-described 
configurations can also be adopted. 
0097. It is apparent that the present invention is not limited 
to the above embodiment that modified and changed without 
departing from the scope and spirit of the invention. 
What is claimed is: 
1. A semiconductor device comprising: 
a first semiconductor chip having a circuit forming region, 

a first interconnect layer provided on one face of said 
circuit forming region, an insulating layer contacting 
another face of said circuit forming region, and a first 
insulating region Surrounding the entire side face of said 
circuit forming region; and 

a base semiconductor Substrate having a second intercon 
nect layer, wherein said first semiconductor chip is 
stacked on said base semiconductor Substrate, and said 
first interconnect layer of said first semiconductor chip 
faces said second interconnect layer of said base semi 
conductor Substrate. 

2. The semiconductor device according to claim 1 further 
comprising a second semiconductor chip having a third inter 
connect layer, wherein said second semiconductor chip is 
stacked on said first semiconductor chip, and said third inter 
connect layer of said second semiconductor chip faces said 
another face of said circuit forming region of said first semi 
conductor chip each other. 

3. The semiconductor device according to claim 1 wherein 
the size of said base semiconductor Substrate is larger than a 
Substrate of said first semiconductor chip. 
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