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(57) ABSTRACT 

A Semiconductor device is provided that forms a three 
dimensional Semiconductor device having Semiconductor 
devices Stacked on one another. In this Semiconductor 
device, a hole is formed in a Silicon Semiconductor Substrate 
that has an integrated circuit unit and an electrode pad 
formed on a principal Surface on the Outer Side. The hole is 
formed by etching, with the electrode pad Serving as an 
etching Stopper layer. An embedded electrode is formed in 
the hole. This embedded electrode serves to electrically lead 
the electrode pad to the principal Surface on the bottom Side 
of the Silicon Semiconductor Substrate. 

50B 

Y. 

22 
CE: Z 2 
YYYYYYYYYYYYYYYYYYYYYYYAY - Y.Y. 

22.2 

  

  

  

  

  

      

  



Patent Application Publication Aug. 4, 2005 Sheet 1 of 26 US 2005/0167812 A1 

FIG.1 

NYSNNA NYYYYY 

AXNSN 
aZZZYZZYA avaayaayaay 
a YZZYaaaaaaaa. 
a ZZYVAZYZZY 

:::::2 

18 

17 

11 

19 

    

      

  

  

  

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 2 of 26 

FIG.3 

53 

e o SYTY - - - 

:::::222s 
:::::SESSaaSaaSSES 

• avyway.Y.A.A.A.A.A.A.A. 

: :: w YYYYYYYY. 

SBNCBS 

51 

FIG.4 

US 2005/0167812 A1 

- 10-4 

55 ::::: crease a see See Seele Salee See. Sets 3. 

1O-3 

10-2 

10-1 

  

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 3 of 26 US 2005/0167812 A1 

FIG.5 

R. Ayssays sakes 

  



Patent Application Publication Aug. 4, 2005 Sheet 4 of 26 US 2005/0167812 A1 

101 
103 106 

2 
aaaaaa. % 1 O4 
SESSSSSSSSSSSSS fŠ 131 

132 

101 

2 
Aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaad 
Ararayaraaaaaaaaaaaaaaa-A 

NENSEN 
t1 

131 
132 

KEK 105 NSG SN 
131 
132 

105 

131 
132: 

    

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 5 of 26 US 2005/0167812 A1 

FIG.7A 

108 107 109 

% É 101 
FIG. 7 B 22 105 

NHSN 
132 

110 

2 109 
101 

107 
22 

aa. 22 

NEMSN 
132 

110 

111 

107 101 

FIG.7D %24.2%. 105 
NiS 

  

        

  

  

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 6 of 26 US 2005/0167812 A1 

108 

2 % 
32 

113 N. 14112-108 
- - - - - - a 112 

W 77 

107 2 É 101 
FIG.8B % 23 -105 

H N 

132 

15 
112 112 / 108 

%2 101 107-2 W 

FIG.8C SAS-105 
101 

FIG.8D 

108 112 

FIG.8E 2. 2. 
NHS 

  

  

  

    

  

  

  

  

    

  



Patent Application Publication Aug. 4, 2005 Sheet 7 of 26 US 2005/0167812 A1 

FIG.9 
12 13 15 

SENNSNSSS 

syssess seaweessee 

14 
Aaaaaaa 

FIG.12 

12 13 

re-rr-ee sesses se 

20 19 is 

  

  

  

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 8 of 26 

FIG.13 

53 11 

ZAZAZ 

FIG.14 

53 

st sax. Yass As or : 

ZAZAZiš 
a salasaaaaaaaaaaaaa--a 

- Assyria:::: 

222s 

525s 

US 2005/0167812 A1 

  

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 9 of 26 US 2005/0167812 A1 

FIG.15 

151 151 15 

NetNEN 
AAAA 

Aaaa. 

18 

11 

FIG.16 

1 OE 

15 

A. 
taarea Faaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa aard 

Af A. 
SN CN/O CNY 

11 

161 161 18 

      

  



Patent Application Publication Aug. 4, 2005 Sheet 10 of 26 US 2005/0167812 A1 

FIG.17 
1 71 

  



Patent Application Publication Aug. 4, 2005 Sheet 11 of 26 US 2005/0167812 A1 

  



Patent Application Publication Aug. 4, 2005 Sheet 12 of 26 

FIG.23A 

arra Arafarea aaraaaaaaa. aara Arra 
a. 3.433 

FIG.23C 18 

2%% 
SAES3 

US 2005/0167812 A1 

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 13 of 26 US 2005/0167812 A1 

FIG.25 
  



Patent Application Publication Aug. 4, 2005 Sheet 14 of 26 US 2005/0167812 A1 

FIG.26 

CD 

"I'd N22 284 284 293 260-1 
223 

292 282 
--1 

222 

  



Patent Application Publication Aug. 4, 2005 Sheet 15 of 26 US 2005/0167812 A1 

FIG.27A FIG.28A 
211-1 

284, 
283 w 

282 210-1 

221 B 

FIG.27B FIG.28B 
271 272 

as '' 6.N 

241 a as 31OM-3 
231 a . . . . OM-2 

(N afe-ANaee 
221 SSS 

295. S ... I 1OM-1 

260-1 260-2 

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 16 of 26 US 2005/0167812 A1 

FIG.29A FIG.30A 
21-4 

FIG.29B FIG.3OB 
273 274 

R 4x.as t R sks sks ... ...xxxx. 

2 .. % %10M-3 

as % ... 3 OM-2 

260-3 260-4 

1OM-1 

  

  



Patent Application Publication Aug. 4, 2005 Sheet 17 of 26 US 2005/0167812 A1 

FIG.31 

300 

FIG.32 

105 28, 21 210-1 

NSEEN 

209 

310 

  



Patent Application Publication Aug. 4, 2005 Sheet 18 of 26 US 2005/0167812 A1 

FIG.33 

FIG.34 
O 3O1 

SSS SS SS 

NSSSSSSSSSSNNNNN SSSSSSSSS 
131 

210-1 211-1 281 105 132 

  

  

    

  

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 19 of 26 US 2005/0167812 A1 

FIG.35 

FIG.36 
209 302 107 301 

22 2'21-310A 
281 2101 - 105 

131 

132 

FIG.37 
108 107 

302 

S. NNNNNSSSSSSSSSSSSSSSSSSSSSS 
- 

281 
20-1 21-1 105 132 

    

  

  

  

  

  

    

    

    

    

    

  

  



Patent Application Publication Aug. 4, 2005 Sheet 20 of 26 US 2005/0167812 A1 

110 (111) 

SS she's 
%Waroa W 

SS S 

2 
132 

  

    

  

    

  

  

  

    

  



Patent Application Publication Aug. 4, 2005 Sheet 21 of 26 US 2005/0167812 A1 

115 

304 

FIG.42 
304 29 115 209 

- 131 

210-1 2-1 ? 105 32 

291 115 2 

210-1 211-1 

  

  

  

  

  

      

  

    

  

  

  



Patent Application Publication Aug. 4, 2005 Sheet 22 of 26 US 2005/0167812 A1 

FIG.44 

5OM-A 
453 452 

443 442 
454 451 

420 290A 444 44 

1OM-A-4 - NEAE-470-4 
10MA3 - 470-3 
10MA2-1 USA-470-2 
1OM-A-1 - A 470-1 
"E- 

260-4 260-1 
260-3 

260-2 



Patent Application Publication Aug. 4, 2005 Sheet 23 of 26 US 2005/0167812 A1 

FIG.45 

211 (211-1 ru211-4) 
21 O(210-1 a 210-4) 

  



Patent Application Publication Aug. 4, 2005 Sheet 24 of 26 US 2005/0167812 A1 

FIG.46 

283(223) 

412 

282(222)- 
411 

281 (221) 

FIG.47 

4394 4.32 420 453 442 

43%;444 451 N3 454 441 

'''R. NA-22-222 1OM-A-3 - 223-N221 
10MA2 - 224-HUJ 221 
1OM-A-1 - 414-AAAI 221 

51M-E 413214 N-411 
412 

260-4 260-1 
260-3 

260-2 

  



Patent Application Publication Aug. 4, 2005 Sheet 25 of 26 US 2005/0167812 A1 

FIG.48 

450 
51M 

St 470-2 
A lessene/ 470-3 

&S 470-4 N 
44 451 443 453 

470-11 431 433 444 454 
1 OM-A-1 S 442 452 434 

1OM-A-2 S 432 
1OM-A-3 S 



Patent Application Publication Aug. 4, 2005 Sheet 26 of 26 US 2005/0167812 A1 

FIG.49 

44.3B 452 
5OM-B 453 442B 

44.4B 451 
290B- 441B 

1OM-B-4 - NiH'70 
SFF 1OM-B-3 - 4703 

1OM-B-2 - 470-2 
1 OM-B-1 470-1 

51M-s / 480 

260-4 260-1 
260-3 

260-2 



US 2005/0167812 A1 

SEMICONDUCTOR DEVICE, 
THREE-DIMENSIONAL SEMCONDUCTOR 

DEVICE, AND METHOD OF MANUFACTURING 
SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a U.S. continuation application 
filed under 35 USC 111(a) claiming benefit under 35 USC 
120 and 365(c) of PCT International Application No. PCT/ 
JP03/00283 filed on Jan. 15, 2003, which is hereby incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention generally relates to semicon 
ductor devices, three-dimensional Semiconductor devices, 
and methods of manufacturing Semiconductor devices, and, 
more particularly, to a Semiconductor device that is Suitable 
for a Stacked Structure, a three-dimensional Semiconductor 
device that is formed by Stacking the Semiconductor devices 
on one another, and a method of manufacturing the Semi 
conductor device. 

0003. In recent years, three-dimensional semiconductor 
devices in which Semiconductor devices are Stacked on one 
another have been developed as highly-integrated, Smaller 
Semiconductor components. To produce a three-dimensional 
Semiconductor device with higher reliability, highly reliable 
electric connection between the Stacked Semiconductor 
devices is essential. To achieve the highly reliable electric 
connection between the Stacked Semiconductor devices, 
highly reliable electrode parts formed through the Substrate 
of each Semiconductor device are essential. 

0004 Japanese Laid-Open Patent Application No. 2000 
277689 discloses a semiconductor device having a three 
dimensional Structure. 

0005. In the formation of the semiconductor device hav 
ing a three-dimensional Structure disclosed in the publica 
tion, holes that penetrate not only a thinned Semiconductor 
Substrate having Semiconductor devices formed thereon but 
also electrode pads are formed at the locations on the 
Semiconductor Substrate corresponding to the electrode pads 
of the semiconductor devices. After the holes are filled with 
resin, through holes are formed in the resin, and the through 
holes are filled with a conductive material to form via wiring 
plugs. The Semiconductor SubStrate is then diced into Semi 
conductor devices, thereby forming three-dimensional Semi 
conductor chips. 

0006 The semiconductor chips are stacked on one 
another. Electric connection between the vertically aligned 
Semiconductor chips is obtained by connecting the via 
wiring plugs to one another with Soldering balls or Stud 
bumps. 

0007. In this structure, the through holes are formed in 
the electrode pads, and the via wiring plugs are formed in the 
through holes with resin layers. Therefore, it is necessary to 
employ an electric connection part between each electrode 
pad and the corresponding via wiring plug. As a result, an 
increase in the connection resistance cannot be avoided 
between each electrode pad and the corresponding via 
Wiring plug. 
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0008 Also, having a through electrode in the middle, 
each of the electrode pads has a Smaller area, resulting in 
difficulties in wire bonding and connecting with other elec 
trodes. 

0009 Japanese Laid-Open Patent Application No. 2000 
94039 discloses a structure in which semiconductor chips 
each having a protruding electrode formed on a principal 
Surface are Stacked up. More Specifically, after the Semicon 
ductor chips are Stacked up, Vertical holes that penetrate the 
protruding electrodes and the Semiconductor chips of the 
Stacked Structure are formed, and conductive members are 
formed in the hole with insulating layers. Also, through 
holes are formed under the respective protruding electrodes 
of the Semiconductor chips each having the protruding 
electrode on a principal Surface. Conductive members are 
formed in the through holes with insulating layers. The 
Semiconductor chips having the protruding electrodes and 
the conductive members in the through holes are Stacked up 
in this structure. 

0010. In this structure, the through holes are formed in 
the respective Semiconductor chips after the protruding 
electrodes are formed on the Surfaces of the respective 
semiconductor chips. Therefore, it is difficult to form the 
through holes, while maintaining the flatness of each Semi 
conductor chip. 
0011. The through hole formed in each semiconductor 
chip has a high aspect ratio, and is vertically formed. 
Therefore, it is difficult to form an insulating layer and a 
conductive layer with Sufficient thicknesses in each through 
hole. 

0012 Japanese Laid-Open Patent Application No. 
10-223833 discloses a structure in which an insulating layer 
is formed on the device forming Surface of a Silicon Sub 
Strate. More Specifically, a vertical hole that penetrates the 
insulating layer and reaches a certain depth in the Silicon 
substrate is formed. The hole is filled with metal, and a pad 
is formed over the holes. The silicon Substrate is then 
thinned from the bottom Surface, So as to expose the filling 
metal layer. Thus, a through plug is formed. 
0013. After the formation of the through plug, a circuit is 
formed on the device forming Surface. Such Silicon Sub 
Strates are Stacked up. 
0014. In this structure, the through hole formed in the 
Semiconductor chip has a high aspect ratio, and is vertically 
formed. Therefore, it is difficult to form an insulating layer 
and a conductive layer with Sufficient thicknesses in each 
through hole. 
0015 Japanese Laid-Open Patent Application No. 
8-306724 discloses a structure in which an etching hole that 
reaches the non-circuit forming Surface (the bottom Surface) 
of a Semiconductor chip is formed in the vicinity of an 
electrode pad on the circuit pattern forming Surface of the 
Semiconductor chip. The etching hole is filled with a con 
ductive material, and an external terminal is provided on the 
bottom Surface of the Semiconductor chip. Such Semicon 
ductor chips are Stacked on one another in this structure. 
0016. In this structure, each through hole is formed at a 
distance from each corresponding electrode pad. As a result, 
each Semiconductor chip takes up a large area. Therefore, 
this structure is not Suitable for high integration. 
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0017 Japanese Laid-Open Patent Application No. 
11-251320 discloses a structure in which a through hole is 
formed from the bottom Surface to the upper Surface of a 
Silicon Substrate. A through contact region is formed in the 
through hole with an insulating layer, and an electronic 
component formed on the upper Surface of the Silicon 
Substrate is connected to the through contact region via a 
metal layer. Thus, the electronic component is electrically 
led to the bottom Surface of the silicon Substrate. 

0.018. In this prior art, the technique of stacking up 
Semiconductor devices is not mentioned, and the Structure 
having a through hole in the electrode pad area of a 
Semiconductor Substrate is not Suggested. 
0.019 Among the conventional semiconductor devices 
having three-dimensional Structures, each memory three 
dimensional Semiconductor device has a chip Select unit that 
designates a memory Semiconductor chip to perform data 
read and write operations among Stacked memory Semicon 
ductor chips. Such a conventional memory three-dimen 
Sional Semiconductor device has a chip Select circuit as the 
chip Select unit formed in each memory Semiconductor chip. 
The chip Select circuit is formed on the integrated circuit 
forming Surface of each memory Semiconductor chip. AS a 
result, each of the memory Semiconductor chips becomes 
larger in size, and the memory three-dimensional Semicon 
ductor device becomes larger in size on a plan view. In 
accordance with this prior art, it is difficult to produce a 
Small-sized memory three-dimensional Semiconductor 
device. 

SUMMARY OF THE INVENTION 

0020. A general object of the present invention is to 
provide Semiconductor devices, three-dimensional Semicon 
ductor devices, and methods of manufacturing Semiconduc 
tor devices in which the above disadvantages are eliminated. 
0021. A more specific object of the present invention is to 
provide Semiconductor devices (semiconductor chips), a 
three-dimensional Structure formed with the Semiconductor 
devices, and a method of manufacturing the Semiconductor 
devices that can reduce the connection resistance between 
the Stacked Semiconductor chipS and realize a Stacked Struc 
ture with higher density. 
0022. The above objects of the present invention are 
achieved by a Semiconductor device that includes: a Sub 
Strate that has first and Second Surfaces, an integrated circuit 
unit and an electrode pad on the first Surface; and a lead-out 
unit that has one end electrically connected to the bottom 
Surface of the electrode pad and the other end exposed to the 
Second Surface of the Substrate, the electrode pad being 
electrically led out to the Second Surface of the Substrate, the 
lead-out unit being formed in a hole that is in the form of a 
concavity extending from the Second Surface of the Substrate 
and penetrating the Substrate, the bottom Surface of the 
electrode pad being exposed through the bottom of the hole. 
0023. In accordance with the present invention, the elec 
trode pad is not broken, and an unnecessary increase is not 
caused in the resistance of the electrode pad. Also, the upper 
Surface of the electrode pad can be used for wire bonding. 
0024. The above objects of the present invention are also 
achieved by a three-dimensional Semiconductor device that 
includes Semiconductor devices that are Stacked on one 
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another. Each of the Semiconductor devices includes: a 
Substrate that has first and Second Surfaces, an integrated 
circuit unit and an electrode pad on the first Surface; and a 
lead-out unit that is formed in a hole in the Substrate and 
electrically leads the electrode pad to the Second Surface of 
the Substrate. In this three-dimensional Semiconductor 
device, the electrode pads of the Semiconductor devices are 
electrically connected to one another and are Stacked on one 
another. 

0025. In accordance with the present invention, the elec 
trode pads are not broken, and electric connection can be 
maintained between Stacked Semiconductor devices, utiliz 
ing the upper Surface of each electrode pad. Also, as the 
electrode pads are not broken, an unnecessary increase is not 
caused in the resistance of each electrode pad. 
0026. The above objects of the present invention are also 
achieved by a method of manufacturing a Semiconductor 
device, including the Steps of: bonding a first Surface of a 
Semiconductor Substrate to a Supporting plate member; 
thinning the Semiconductor Substrate by grinding the Second 
Surface of the Semiconductor Substrate; forming a hole by 
etching the Second Surface of the thinned Semiconductor 
Substrate, the hole penetrating the Substrate and exposing the 
bottom surface of the electrode pad at the bottom; and 
forming a lead-out unit in the hole. 
0027. In accordance with the present invention, a semi 
conductor device that is thinner than the original crystals of 
a semiconductor Substrate obtained by slicing single-crys 
talline ingot can be manufactured. AS the lead-out unit is 
formed after the Semiconductor Substrate is thinned, the 
formation of the hole in the Semiconductor Substrate can be 
carried out in a short period of time. 
0028. The above and other objects and features of the 
present invention will become more apparent from the 
following description taken in conjunction with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 illustrates a semiconductor device in accor 
dance with a first embodiment of the present invention; 
0030 FIG. 2 is an enlarged view of the through electrode 
and the electrode pad shown in FIG. 1; 
0031 FIG. 3 illustrates a three-dimensional semiconduc 
tor device in accordance with a Second embodiment of the 
present invention; 
0032 FIG. 4 is an enlarged view of the device main body 
shown in FIG. 3; 

0033 FIG. 5 illustrates a three-dimensional semiconduc 
tor device in accordance with a third embodiment of the 
present invention; 
0034 FIGS. 6A through 6D illustrate the procedures for 
manufacturing the semiconductor device shown in FIG. 1; 
0035 FIGS. 7A through 7D illustrate the procedures for 
manufacturing the Semiconductor device, continued from 
FIG. 6D; 
0036 FIGS. 8A through 8E illustrate the procedures for 
manufacturing the Semiconductor device, continued from 
FIG. 7D; 
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0037 FIG. 9 illustrates a semiconductor-device in accor 
dance with a fourth embodiment of the present invention; 
0038 FIG. 10 is an enlarged view of the through elec 
trode and the electrode pad shown in FIG. 9; 

0039 FIG. 11 illustrates a semiconductor device in 
accordance with a fifth embodiment of the present invention; 

0040 FIG. 12 illustrates a semiconductor device in 
accordance with a Sixth embodiment of the present inven 
tion; 

0041 FIG. 13 illustrates another example of a three 
dimensional Semiconductor device; 

0.042 FIG. 14 illustrates yet another example of a three 
dimensional Semiconductor device; 

0.043 FIG. 15 illustrates another example of a semicon 
ductor device; 

0044 FIG. 16 illustrates yet another example of a semi 
conductor device; 

004.5 FIG. 17 is an enlarged view of a first modification 
of the lead-out part; 

0.046 FIG. 18 is an enlarged view of a second modifi 
cation of the lead-out part; 

0047 FIG. 19 is an enlarged view of a third modification 
of the lead-out part; 
0048 FIG. 20 illustrates another example of a three 
dimensional Semiconductor device; 

0049 FIG. 21 illustrates yet another example of a three 
dimensional Semiconductor device; 

0050 FIG.22 illustrates still another example of a three 
dimensional Semiconductor device; 

0051 FIGS. 23A through 23C illustrate a modification 
of the Structure that Supports a Silicon wafer; 

0.052 FIGS. 24A through 24C illustrate the adhesion of 
a Supporting plate member made of Cu to the Silicon wafer; 

0053 FIG. 25 illustrates a memory three-dimensional 
Semiconductor device in accordance with a Seventh embodi 
ment of the present invention; 
0054 FIG. 26 is an exploded perspective view of the 
memory three-dimensional semiconductor device of FIG. 
25; 

0055 FIG. 27A is a plan view illustrating the situation in 
which the wires of the lowermost memory semiconductor 
device are cut off; 

0056 FIG. 27B is a cross-sectional view of the memory 
three-dimensional Semiconductor device, taken along the 
line XXVII-XXVII of FIG. 25; 

0057 FIG. 28A is a plan view illustrating the situation in 
which the wires of the Second lowermost memory Semicon 
ductor device are cut off; 

0.058 FIG. 28B is a cross-sectional view of the memory 
three-dimensional Semiconductor device, taken along the 
line XXVIII-XXVIII of FIG. 25; 
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0059 FIG.29A is a plan view illustrating the situation in 
which the wires of the Second uppermost memory Semicon 
ductor device are cut off; 
0060 FIG. 29B is a cross-sectional view of the memory 
three-dimensional Semiconductor device, taken along the 
line XXIX-XXIX of FIG. 25; 
0061 FIG.30A is a plan view illustrating the situation in 
which the wires of the uppermost memory Semiconductor 
device are cut off; 
0062 FIG. 30B is a cross-sectional view of the memory 
three-dimensional Semiconductor device, taken along the 
line XXX-XXX of FIG. 25; 

0063 FIG. 31 illustrates the situation when the first 
manufacturing Step of performing rewiring on the lowermost 
memory Semiconductor device to form the electrode pad 
Structures and wires is completed; 
0064 FIG. 32 is a cross-sectional view of the memory 
semiconductor device, taken along the line XXXII-XXXII 
of FIG. 31; 
0065 FIG.33 illustrates the situation in which the wires 
are cut off; 
0.066 FIG. 34 illustrates the situation in which the bot 
tom Surface of the Silicon wafer is ground and thinned; 
0067 FIG. 35 is a plan view of the memory semicon 
ductor device after an etching process, 
0068 FIG. 36 is a cross-sectional view of the memory 
semiconductor device, taken along the line XXXVI-XXXVI 
of FIG. 35; 
0069 FIG. 37 is a plan view of the memory semicon 
ductor device that has an insulating film formed thereon; 
0070 FIG. 38 is a plan view of the memory semicon 
ductor device that has a slit formed in the insulating film; 
0071 FIG. 39 is a cross-sectional view of the memory 
semiconductor device, taken along the line XXXIX-XXXIX 
of FIG. 38; 
0072 FIG. 40 is a cross-sectional view of the memory 
Semiconductor device having a Seed metal layer formed 
thereon; 
0073 FIG. 41 is a plan view of the memory semicon 
ductor device having Second electrode parts and through 
electrode parts formed therein; 
0074 FIG. 42 is a cross-sectional view of the memory 
semiconductor device, taken along the line XLII-XLII of 
FIG. 41; 
0075 FIG. 43 is a cross-sectional view of the memory 
Semiconductor device from which the plating resist has been 
removed; 
0076 FIG. 44 illustrates a memory three-dimensional 
Semiconductor device in accordance with an eighth embodi 
ment of the present invention; 
0.077 FIG. 45 is a perspective view of part of a memory 
Semiconductor device that constitutes the memory three 
dimensional semiconductor device of FIG. 44; 
0078 FIG. 46 is a plan view of the memory semicon 
ductor device of FIG. 45: 
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007.9 FIG. 47 illustrates a stacked structure that is 
formed by Staking up the memory Semiconductor devices of 
FIG. 45: 
0080 FIG. 48 illustrates the external select bump termi 
nal/Select terminal connecting process, and 
0081 FIG. 49 illustrates a memory three-dimensional 
Semiconductor device in accordance with a ninth embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0082 The following is a description of embodiments of 
the present invention, with reference to the accompanying 
drawings. 

First Embodiment 

0.083 FIG. 1 illustrates the structure of a semiconductor 
device in accordance with a first embodiment of the present 
invention. FIG. 2 is a partially enlarged cross-sectional view 
of the Semiconductor device. 

0084. The semiconductor device 10 shown in FIG. 1 has 
an electronic circuit unit (an integrated circuit unit) 13 that 
includes an active element, a passive element, and an 
electrode/wiring layer. The electronic circuit unit 13 is 
formed on a principal Surface of a thin Silicon Semiconductor 
substrate 11. The wiring layer lead out from the electronic 
circuit unit 13 extends in an insulating layer, and is electri 
cally connected to an electrode pad 15. 
0085. The semiconductor substrate 11 has a hole 16 
formed at the location corresponding to the electrode pad 15. 
This hole 16 does not penetrate the electrode pad 15. 
0086). An embedded electrode 18 is provided in the hole 
16 via an insulating layer 17 and a base (seed) metal layer 
17a. The insulating layer 17 is formed to cover the inner 
Surface of the hole 16. One end of the embedded electrode 
18 is electrically connected to the electrode pad 15, and the 
other end of the embedded electrode 18 slightly protrudes 
from the other principal surface 19 of the semiconductor 
substrate 11. The embedded electrode 18 is equivalent to the 
“lead-out part in claims. 
0087. In the semiconductor device 10 in accordance with 
this embodiment, the embedded electrode 18 penetrates the 
Semiconductor Substrate 11, but does not penetrate the 
electrode pad 15. The electrode pad 15 is electrically con 
nected to the embedded electrode 18 through an opening 20 
formed in the insulating layer 17 under the lower surface 
(the semiconductor substrate side) of the electrode pad 15. 
Accordingly, the embedded electrode 18 and the electrode 
pad 15 can be connected to each other with low resistance. 
0088 As the upper surface of the electrode pad 15 
remains flat, wire bonding to the upper Surface or connection 
to another electrode can be easily performed. 
0089. To form the semiconductor device 10 in accor 
dance with the present invention, the active element, the 
passive element, and the electronic circuit unit (the inte 
grated circuit unit) 13 including the electrode/wiring layer 
are formed on the principal Surface 12 of the Semiconductor 
substrate (a wafer) 11 with a round shape by a known wafer 
processing technique. 
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0090 Here, the electrode pad 15 is formed at the same 
time as the formation of the electrode and the wiring of the 
electronic circuit unit 13. Therefore, the electrode pad 15 
includes three aluminum (Al) layers 15Aa, 15Ab, and 15Ac, 
and tungsten (W) plugs 15Ba, 15Bb, and 15Bc that are 
formed between the aluminum layers, as shown in FIG. 2. 

0091. However, a semiconductor device in accordance 
with the present invention does not necessarily have a 
multi-layer Structure. 

0092 A plating layer that includes a gold (Au) uppermost 
layer and a nickel (Ni)/copper (Cu)/titanium (TI) base layer 
is formed on the Surface of the aluminum uppermost layer 
15Ac, if necessary. 

0093. The other principal surface 19 of the semiconduc 
tor Substrate 11 is then Subjected to grinding by a known 
technique, So that the thickness of the Semiconductor Sub 
strate 11 becomes 25 um to 100 um. 
0094. Selective etching is then performed on the location 
of the thin Semiconductor Substrate 11 corresponding to the 
electrode pad 15, thereby forming the through hole 16 that 
penetrates the Semiconductor Substrate 11 and the insulating 
layer 14, and reaches the lowermost aluminum layer 15Aa 
of the electrode pad 15. The selective etching may be 
performed by a known photoetching technique. 

0095. As a result of this, the lower Surface of the lower 
most aluminum layer 15Aa of the electrode pad 15 is 
exposed. 

0096. The hole 16 is etched so as to have a greater 
diameter (diameter D1) on the side of the other principal 
Surface 19 of the semiconductor Substrate 11 than the 
diameter (diameter D2) on the side of the principal Surface 
12 (on the side of the electrode pad 15). Thus, the hole 16 
is formed as a tapered structure (a conic structure). 
0097 As described above, since the semiconductor Sub 
Strate 11 is a thin Structure, the etching can be performed 
with high precision in a short period of time. 
0098. The insulating layer 17 that is approximately 1 um 
in thickness and is made of Silicon oxide (SiO2) is formed to 
cover the Semiconductor Substrate 11, the aluminum layer 
15Aa, and the insulating layer 14 that are exposed to the hole 
16. 

0099] The insulating layer 17 may be a silicon nitride 
(SiN) layer, instead. The insulating layer 17 may be 
formed using a Sputtering technique or a chemical vapor 
deposition (CVD) technique. 

0100 Since the hole 16 has a tapered structure (a conic 
Structure) that is open on the bottom Surface of the Semi 
conductor substrate 11, the insulating layer 17 is formed to 
have a uniform thickness. The insulating layer 17 also 
covers the other principal surface 19 of the semiconductor 
Substrate 11. 

0101 Selective etching is then performed to selectively 
remove the insulating layer 17 from the location correspond 
ing to the aluminum layer 15Aa of the electrode pad 15 in 
the hole 16, so as to form the opening 20. 

0102) The hole 16 is then filled with copper (Cu), so as 
to form the embedded electrode 18. 
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0103) One end of the embedded electrode 18 is electri 
cally connected to the electrode pad 15, and the other end of 
the embedded electrode 18 slightly protrudes from the other 
principal surface 19 of the semiconductor Substrate 11 by a 
height “a” (=5um to 15um). 
0104. In this manner, the electrode pad 15 provided on 
the Side of the principal Surface 12 of the Semiconductor 
Substrate 11 can be electrically lead out to the other principal 
Surface 19 of the semiconductor device 11 via the embedded 
electrode 18. 

0105. The formation of the embedded electrode 18 can be 
carried out by an electroplating technique. In this electro 
plating process, a base layer is formed in advance by an 
electroleSS plating technique, if necessary. 
0106 AS described above, since the semiconductor Sub 
Strate 11 has a thin Structure, the electroplating can be 
performed in a short period of time. 
0107 A plating layer that includes a gold (Au) surface 
layer and a nickel (Ni) base layer is formed on the Surface 
of the protruding part of the embedded electrode 18. The 
thickness of the nickel layer is approximately 2 tim, and the 
thickness of the gold layer is approximately 0.5 lim. 
0108. The round-shaped semiconductor Substrate 11 is 
then Subjected to dicing also using a known technique, So as 
to form individual Semiconductor devices (semiconductor 
chips) 10. 

Second Embodiment 

0109 FIG. 3 illustrates the structure of a three-dimen 
Sional Semiconductor device 50 as a second embodiment of 
the present invention. This three-dimensional Semiconductor 
device 50 is formed with the semiconductor device 10 with 
the above described Structure in accordance with the present 
invention. 

0110 FIG. 4 is an enlarged cross-sectional view of the 
substantial part of the semiconductor device 50, which is a 
Semiconductor device laminated body. 
0111. In accordance with this embodiment, the semicon 
ductor device 50 has an insulating resin Sheet as a base 
member, and a Supporting Substrate (an interposer) 51 that 
has an electrode/wiring layer formed on the Surface and/or 
in the inside thereof. A plural number (four (10-1 through 
10-4) in FIGS. 3 and 4) of semiconductor devices 10 of the 
first embodiment are laminated and mounted on a principal 
Surface of the Supporting Substrate 51. An external connec 
tion terminal 52 is provided on the other principal surface of 
the Supporting Substrate 51. 
0112 The laminated body of the semiconductor devices 
10 is packaged and sealed with epoxy resin 53. 
0113. This structure is formed by stacking the semicon 
ductor devices 10 one by one on a principal Surface of the 
Supporting Substrate (the interposer) 51, or Stacking and 
fixing a desired number of semiconductor devices 10 in 
advance and mounting and fixing the Stacked Structure to a 
principal Surface of the Supporting Substrate 51, followed by 
resin packaging. 

0114. The embedded electrode 18 of the lowermost semi 
conductor device 10-1 is electrically and mechanically con 
nected to the electrode on the Surface of the Supporting 
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substrate 51 with a solder bump 54. The embedded electrode 
18 is also secured with a resin member (an underfill) 55 that 
fills the gap between the semiconductor device 10-1 and the 
Supporting Substrate 51. 

0115 The embedded electrode 18 of the semiconductor 
device 10-2 is mechanically and electrically connected to the 
electrode pad 15 of the semiconductor device 10-1 by 
ultraSonic connecting or thermocompression bonding. 

0116. An underfill may be provided between the semi 
conductor devices 10-1 and 10-2, if necessary. 
0117 The semiconductor devices 10-3 and 10-4 that are 
provided on the semiconductor device 10-2 are stacked and 
Secured in the same manner as described above. 

0118. In this semiconductor device 50, the semiconductor 
devices 10 each having a thin Semiconductor Substrate and 
an embedded electrode penetrating the Semiconductor Sub 
Strate 51 are employed. Accordingly, the Stacked body can 
be made lower, and high-density mounting can be realized. 
0119) Also, as the height (or the length) of each embed 
ded electrode is Small, the resistance is lowered, and each 
Semiconductor device can be operated at a higher Speed. 
0120) The electrode pad 15 of the uppermost semicon 
ductor device 10-4 is wire-bonded to the electrode pad (not 
shown) of the Supporting Substrate 51, So that the uppermost 
semiconductor device 10-4 can be electrically connected to 
the Supporting Substrate 51. 

Third Embodiment 

0121 FIG. 5 illustrates a third embodiment of the present 
invention. The third embodiment is a modification of the 
three-dimensional Semiconductor device having the Semi 
conductor devices 10 in accordance with the present inven 
tion. 

0122) In this embodiment, a semiconductor device 50A 
has an insulating resin Sheet as a base member, and a 
Supporting Substrate (an interposer) 61 that has an electrode/ 
wiring layer formed on the Surface and/or in the inside 
thereof. A plural number (four (10-1 through 10-4) in FIG. 
5) of semiconductor devices 10 of the first embodiment are 
laminated and mounted on a principal Surface of the Sup 
porting Substrate 61. An external connection terminal 62 is 
provided on the other principal Surface of the Supporting 
Substrate 61. 

0123 The laminated body of the semiconductor devices 
10 is packaged and Sealed with epoxy resin 63. 

0.124. In FIG. 5, reference numeral 64 indicates a solder 
bump, and reference numeral 65 indicates an underfill that 
is made of resin. 

0.125. This embodiment differs from the second embodi 
ment in that the semiconductor device 10-1 is mounted 
upside down onto the Supporting Substrate 61. 

0126 The semiconductor devices 10-2, 10-3, and 10-4 
are also mounted upside down onto the Semiconductor 
device 10-1. 

0127. In this structure, an embedded electrode does not 
need to be provided in the uppermost Semiconductor device 
10-4. Thus, the production costs can be reduced. 
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0128. Next, the method of manufacturing the semicon 
ductor devices 10 in accordance with the present invention 
is described in detail. 

0129 FIGS. 6A through 8E illustrate the procedures for 
manufacturing Semiconductor devices each having an 
embedded electrode in accordance with the present inven 
tion. 

0.130. Using a known wafer processing technique, a sili 
con semiconductor Substrate 101 that has electronic circuit 
units (integrated circuit units) 103 formed on a principal 
surface 102 thereof is prepared. Each of the electronic circuit 
units 103 includes an active element, a passive element, and 
an electrode/wiring layer. In each of the electronic circuit 
units 103, a wiring layer that is lead out from the corre 
sponding electrode circuit unit 103 extends in an insulating 
layer 104. Thus, the silicon semiconductor Substrate 101 is 
electrically connected to an electrode pad 105. 
0131. As shown in FIG. 6A, a supporting substrate 132 
is fixed onto the principal surface 102 of the semiconductor 
substrate 101 with double-faced adhesive tape 131. 
0132 Here, the double-faced tape 131 must be easily 
detachable from the semiconductor Substrate 101 after Sub 
jected to high Vacuum and temperature profiling in the 
embedded electrode forming process that follows. For 
example, a thermal foaming tape that decreases its adhe 
Siveness at a certain temperature, Such as Revaalpha (trade 
mark) manufactured by Nitto Denko Corporation, or an UV 
tape that decreases its adhesiveness through UV radiation, 
such as an UV tape manufactured by Sekisui Chemical Co., 
Ltd. may be employed. 
0133. The supporting substrate 132 is made of a material 
that exhibits rigidity even when the Semiconductor Substrate 
101 is thinned in a later procedure, Such as quartz glass, 
Pyrex glass, a Silicon plate, or a metal plate. The Supporting 
Substrate 132 should be 0.5 mm to 1.0 mm in thickness. 

0134) The other principal surface (the bottom surface) 
106 of the semiconductor 101 is then subjected to grinding 
by a known grinding technique, So as to reduce the thickneSS 
of the semiconductor Substrate 101, as shown in FIG. 6B. 
0135) In the above described wafer processing procedure, 
the silicon semiconductor Substrate 101 has a thickness t2 of 
725 um (8 inch diameter) or 625 um (6 inch diameter). After 
the grinding procedure, the thickness of the Silicon Semi 
conductor substrate becomes t1=25 um to 100 lum. 
0.136. After that, So as to remove the grinding damage or 
StreSS, light etching or polishing may be performed on the 
ground Surface of the Semiconductor Substrate 101, if nec 
eSSary. 

0137 FIG. 6C is an enlarged view of the electrode pad 
105 and the Surrounding area of the ground Semiconductor 
Substrate 101. 

0.138. In the present invention, a photoresist layer is 
formed on the bottom Surface 106 of the semiconductor 
substrate 101, and the portion of the semiconductor substrate 
101 corresponding to the electrode pad 105 is subjected to 
Selective-etching using a known photo-processing tech 
nique. 
0139 More specifically, a photoresist pattern is selec 
tively formed (not shown) So that an opening can be formed 
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at the location on the bottom surface 106 corresponding to 
the electrode pad 105. With the resist pattern serving as a 
mask, dry etching using a fluorine-based gas as the etchant 
gas is performed to form a hole 107 that extends from the 
bottom Surface 106 of the semiconductor Substrate 101 to 
the lower surface of the electrode pad 105 (on the side of the 
semiconductor Substrate 101). 
0140 Here, the electrode pad 105 serves as an etching 
stopper layer. Since the semiconductor substrate 101 is thin, 
the etching can be completed in a short period of time. 
0.141. After the etching, the photoresist is removed. 
0.142 FIG. 6D illustrates the etching process. 
0143. The hole 107 has a greater diameter on the side of 
the bottom Surface 106 of the semiconductor Substrate 101 
than on the side of the electrode pad 105. Accordingly, the 
hole 107 has a tapered structure or a conic structure. 
0144) Where the size of each electrode pad is 90 Am and 
the interval between each two electrode pads is 135 um, the 
diameter D1 of the hole 107 on the side of the bottom Surface 
106 of the semiconductor Substrate 101 can be made 80 
lump, and the diameter D2 of the hole 107 on the side of the 
electrode pad 105 can be made 50 ump. 
0145 An insulating layer 108 is then formed to cover the 
inner Surface of the hole 107 and the bottom Surface 106 of 
the semiconductor Substrate 101. FIG. 7A illustrates this 
process. 

0146 The insulating layer 108 is to prevent the embed 
ded electrode from having unnecessary continuity to the 
semiconductor Substrate 101 when the embedded electrode 
is provided in the hole 107. The insulating layer 108 may be 
a 1 um thick Silicon oxide film or Silicon nitride film. 
0147 The insulating layer 108 is formed by a known 
Sputtering technique or a known chemical vapor deposition 
(CVD) technique. Using a Sputtering technique, the tem 
perature increase is restricted to a maximum of 80 C., and 
the double-faced adhesive tape 131 can be protected from 
thermal impact. 

0.148. In accordance with the present invention, a dry film 
109 is then formed to cover the hole 107 and adhere to the 
bottom Surface 106 of the semiconductor Substrate 101, as 
shown in FIG. 7B. 

0149. A through hole 110 is then formed at the portion of 
the dry film 109 corresponding to the hole 107 and the center 
of the electrode pad 105, as shown in FIG. 7C. 
0150. The diameter of the through hole 110 is approxi 
mately 30 lum. 

0151. Where electric contact between the electrode pad 
105 and the embedded electrode is not desired in the hole 
107, the through hole 110 is not formed in the dry film 109. 

0152 With the dry film 109 serving as a mask, anisotro 
pic dry etching is performed to Selectively remove the 
insulating layer 108 covering the surface of the electrode 
pad 105. Thus, an opening 111 is formed as shown in FIG. 
7D. 

0153. The dry film 109 is then removed as shown in FIG. 
8A. 
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0154) In FIG. 8A, the electrode pad 105 is exposed to the 
hole 107 through the opening 111 formed in the insulating 
layer 108. 

0155) A base (seed) metal layer 112 for electroplating is 
then formed in the hole 107 and on the bottom Surface 106 
of the semiconductor substrate 101. This base metal layer 
112 is in contact with the exposed portion of the electrode 
pad 105 in the through hole 111. 

0156 The base metal layer 112 includes a 2 Oom thick 
titanium (Tl) layer (a base layer) and a 0.5 um thick copper 
(Cu) layer (an upper layer). These layers can be formed by 
a Sputtering technique. 

0157 Adry film 113 is then formed to cover the hole 107 
and adhere to the bottom Surface 106 of the semiconductor 
substrate 101, and an opening 114 is formed at the portion 
of the dry film 113 corresponding to the region on which the 
embedded electrode is to be formed. This process is shown 
in FIG. 8B. 

0158 With the dry film 113 serving as a mask, electro 
plating is performed to fill the hole 107 with metal, thereby 
forming an embedded electrode 115. 

0159. The metal to fill the hole 107 in the electroplating 
may Suitably be copper (Cu) or the like, because plating is 
easy to perform with copper and electric resistance can be 
lowered with copper. 

0160) Further, a plating layer that includes a gold (Au) 
Surface layer and a nickel (Ni) base layer is formed on the 
surface of the embedded electrode 115, if necessary. The 
thickness of the nickel layer is approximately 2 tim, and the 
thickness of the gold layer is approximately 0.5 lim. 

0161 The dry film 113 is then removed as shown in FIG. 
8C. 

0162 The base (seed) metal layer 112 remaining around 
the embedded electrode 115 is removed to expose the 
insulating layer 108. As a result, the embedded electrode 115 
protrudes from the bottom surface 106 of the semiconductor 
substrate 101 by a height of 5 um to 15 um as shown in FIG. 
8D. 

0163 The semiconductor substrate 101 is then diced into 
electrode circuit units (integrated circuit units) by a known 
dicing technique. Before or after the dicing, the double 
faced adhesive tape 131 is removed. Thus, the semiconduc 
tor device 10 shown in FIG. 8E that is the same as the 
semiconductor device 10 of the first embodiment is 
obtained. 

0164. In the above described embodiments of the present 
invention, the embedded electrode is formed in accordance 
with the location of the electrode pad. Therefore, so as to 
obtain electric connection among Stacked Semiconductor 
devices 10, it is necessary to Stack the electrode pads on one 
another at the same locations. This requirement can be easily 
Satisfied in the case of a combination of Semiconductor 
devices with Similar functions and operations Such as Semi 
conductor memories. However, in the case of a combination 
of Semiconductor devices including logic circuits or a com 
bination of Semiconductor devices including Semiconductor 
memories and logic circuits, the above requirement cannot 
be easily Satisfied due to the difference in chip size. 
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0.165. The present invention also facilitates the stacking 
of semiconductor devices that are considered to be difficult 
to combine. 

Fourth Embodiment 

0166 FIG. 9 illustrates the structure of a semiconductor 
device in accordance with a fourth embodiment of the 
present invention. FIG. 10 is an enlarged cross-sectional 
view of the substantial part of the semiconductor device 10A 
shown in FIG. 9. 

0167. In the semiconductor device 10A shown in FIG. 9, 
an electronic circuit unit (an integrated circuit unit) 13 that 
includes an active element, a passive element, and an 
electrode/wiring layer is formed on a principal Surface 12 of 
a silicon Semiconductor Substrate 11. A wiring layer that is 
lead out from the electronic circuit unit 13 extends in an 
insulating layer 14, and is electrically connected to an 
electrode pad 15. 
0.168. The semiconductor substrate 11 has a hole 16 
formed at the location corresponding to the electrode pad 15. 
This hole 16 does not penetrate the electrode pad 15. 
0169. An embedded electrode 18 is provided in the hole 
16 via an insulating layer 17 formed to cover the inner 
Surface of the hole 16. One end of the embedded electrode 
18 is electrically connected to the electrode pad 15 via an 
opening formed in the insulating layer 17 in the hole 16, and 
the other end of the embedded electrode 18 slightly pro 
trudes from the other principal Surface 19 of the semicon 
ductor Substrate 11. 

0170 The structure in accordance with this embodiment 
characteristically has a conductive layer 20 that extends 
from the embedded electrode 18 and is located near the 
protruding portion of the embedded electrode 18 on the 
other principal Surface 19 of the semiconductor device 11. 
This conductive layer 20 is a laminated structure formed on 
the plating base (seed) layer. The laminated Structure 
includes an aluminum (Al) Surface layer, a nickel (Ni) layer, 
and a copper (Cu) layer. 
0171 With the conductive layer 20, the electrode area 
and the electrode pattern length on the bottom Surface of the 
Semiconductor device 10A are Substantially increased. 

Fifth Embodiment 

0172 FIG. 11 illustrates the structure of a semiconductor 
device in accordance with a fifth embodiment of the present 
invention. 

0173) In the semiconductor device 10B shown in FIG. 
11, an electronic circuit unit (an integrated circuit unit) 13 
that includes an active element, a passive element, and an 
electrode/wiring layer is formed on a principal Surface 12 of 
a silicon Semiconductor Substrate 11. A wiring layer that is 
lead out from the electronic circuit unit 13 extends in an 
insulating layer 14, and is electrically connected to an 
electrode pad 15. 
0.174. The semiconductor substrate 11 has a hole 16 
formed at the location corresponding to the electrode pad 15. 
This hole 16 does not penetrate the electrode pad 15. 
0175 An embedded electrode 18 is provided in the hole 
16 via an insulating layer 17 formed to cover the inner 
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Surface of the hole 16. One end of the embedded electrode 
18 is electrically connected to the electrode pad 15 via an 
opening formed in the insulating layer 17 in the hole 16, and 
the other end of the embedded electrode 18 slightly pro 
trudes from the other principal surface 19 of the semicon 
ductor Substrate 11. 

0176) The structure in accordance with this embodiment 
characteristically has a conductive layer 21 that extends 
from the electrode pad 15 and is located on the upper Surface 
of the electrode pad 15 or the upper surface on the side of 
the principal Surface 12 of the Semiconductor Substrate 11. 
This conductive layer 20 is formed to extend toward the 
inside of the semiconductor device 10B. The conductive 
layer 21 has an aluminum layer on the insulating layer 17. 
0177. With the conductive layer 21, the electrode area 
and the electrode pattern length on the Surface of the 
semiconductor device 10B are substantially increased. 

Sixth Embodiment 

0.178 FIG. 12 illustrates the structure of a semiconductor 
device in accordance with a sixth embodiment of the present 
invention. 

0179. In the semiconductor device 10C shown in FIG. 
12, an electronic circuit unit (an integrated circuit unit) 13 
that includes an active element, a passive element, and an 
electrode/wiring layer is formed on a principal Surface 12 of 
a silicon Semiconductor Substrate 11. A wiring layer that is 
lead out from the electronic circuit unit 13 extends in an 
insulating layer 14, and is electrically connected to an 
electrode pad 15. 
0180. The semiconductor substrate 11 has a hole 16 
formed at the location corresponding to the electrode pad 15. 
This hole 16 does not penetrate the electrode pad 15. 
0181 An embedded electrode 18 is provided in the hole 
16 via an insulating layer 17 formed to cover the inner 
Surface of the hole 16. One end of the embedded electrode 
18 is electrically connected to the electrode pad 15 via an 
opening formed in the insulating layer 17 in the hole 16, and 
the other end of the embedded electrode 18 slightly pro 
trudes from the other principal surface 19 of the semicon 
ductor Substrate 11. 

0182. The structure in accordance with this embodiment 
characteristically has a conductive layer 21 that extends 
from the electrode pad 15 and is located on the upper Surface 
of the electrode pad 15 or the upper surface on the side of 
the principal Surface 12 of the Semiconductor Substrate 11. 
0183 Also, the structure in accordance with this embodi 
ment characteristically has a conductive layer 20 that 
extends from the embedded electrode 18 and is located near 
the protruding portion of the embedded electrode 18 on the 
other principal surface 19 of the semiconductor substrate 11. 
0184 These conductive layers 20 and 21 extend toward 
the inside of the semiconductor device 10C. 

0185. With the conductive layers 20 and 21, the electrode 
area and the electrode pattern length on the upper and 
bottom Surfaces of the semiconductor device 10C are Sub 
Stantially increased. 
0186. As the electrode area and the electrode pattern 
length are Substantially increased in each of the Semicon 
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ductor devices of the fourth through sixth embodiments, 
Semiconductor devices having different chip sizes can be 
stacked on one another as shown in FIGS. 13 and 14. 

0187. Accordingly, semiconductor chips having different 
functions can be easily combined, and high performance 
Semiconductor devices can be realized. 

0188 For example, it is easy to combine semiconductor 
devices having different chip sizes, different operating con 
ditions, and different functions. More Specifically, it is easy 
to combine flash memory devices and Static memory 
devices, or combine a microcomputer and memory devices. 
0189 In the foregoing embodiments, the electrode pad of 
a first Semiconductor device is in contact with the embedded 
electrode of a Second Semiconductor device. However, So as 
to improve the connectivity, it is also possible to employ a 
plating layer 151 on the surface of each electrode pad 15, as 
shown in FIG. 15. 

0190. In the foregoing embodiments, a plating layer is 
formed on the Surface of the protruding portion of the 
embedded electrode. However, as shown in FIG. 16, the 
connectivity can be improved by providing Soldering cover 
layers 161 in the form of solder balls or the like. 
0191 Meanwhile, in the structure and the manufacturing 
method in accordance with the first embodiment, the hole 
that penetrates the insulating layer on one of the principal 
Surfaces of the semiconductor Substrate is filled with metal 
to form the embedded electrode. In accordance with the 
present invention, it is also possible to provide a metal layer 
171 to cover the insulating layer selectively formed in the 
hole as shown in FIG. 8A, the exposed portion of the 
electrode pad, and the bottom Surface of the Semiconductor 
Substrate. Thus, an embedded electrode can be formed. 
Reference numeral 171a indicates a metal layer formed on 
the side wall of the hole 16, and reference numeral 171b 
indicates a metal layer formed on the principal Surface 19 of 
the Silicon Semiconductor Substrate 11. The metal layers can 
be formed by a Sputtering technique or the like. The metal 
layer 171 forms the “lead-out part” claimed in claims. 
0.192 As described above, the through hole 16 has a 
tapered Structure. Accordingly, the film formed by the Sput 
tering technique can have a uniform thickness. 
0193 Using the Sputtering technique, a conductive layer 
can be more readily formed. Accordingly, the period of time 
required for manufacturing the Semiconductor device can be 
Shortened. 

0194) 
0195 FIG. 20 illustrates a structure in which semicon 
ductor devices each having a metal layer to form an embed 
ded electrode layer, instead of the embedded electrode 
Structure formed by filling the hole with metal, are Stacked 
on one another. 

0196) In FIG. 20, the lower most semiconductor device 
10-1 that is connected to the Supporting Substrate has an 
embedded electrode formed with a metal filling, but semi 
conductor devices 10-2 and 10-3 placed on the semiconduc 
tor device 10-1 each have an embedded electrode 171 
formed by laminating a metal layer. 
0197). In accordance with the present invention, in the 
Situation where an insulating layer is Selectively formed in 

FIG. 17 is an enlarged view of this structure. 
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the hole as shown in FIG. 8A, a gold (Au) wire may be 
connected to the exposed portion of the electrode pad. The 
gold wire is lead out, and the lead-out portion is melted 
down to form a so-called stud bump 181. The stud bump 181 
forms the “lead-out part” claimed in claims. 
0198 A wire bonding technique normally used for semi 
conductor devices is applied to the Stud bump Structure, So 
that the Stud bump Structure can be easily achieved at low 
costs using a wire bonding device. 
0.199) 
0200 FIG. 21 illustrates a structure in which semicon 
ductor devices each having an embedded electrode Structure 
formed with a Stud bump Structure, instead of an embedded 
electrode Structure formed with a metal filling, are Stacked 
on one another. 

0201 In FIG. 21, an embedded electrode 181 formed 
with a Stud bump Structure is employed in each of the 
semiconductor devices 10-1 and 10-2 that are connected to 
the Supporting Substrate. 

FIG. 18 is an enlarged view of this structure. 

0202 Also in accordance with the present invention, 
where an insulating film is Selectively formed in the hole as 
shown in FIG. 8A, the hole may be filled with conductive 
paste 191, instead of the metal filling. The conductive paste 
191 forms the “lead-out part” claimed in claims. 
0203 This embedded electrode structure formed by fill 
ing the hole with the conductive paste 191 can be provided 
at lower costs than an embedded electrode structure formed 
with a metal filling. 

0204) 
0205 FIG. 22 illustrates a structure in which semicon 
ductor devices each having an embedded electrode Structure 
formed with the conductive paste filling, instead of the 
embedded electrode structure formed with the metal filling, 
are Stacked on one another. 

0206. In FIG. 22, an embedded electrode 191 formed 
with the conductive paste filling is employed in each of the 
semiconductor devices 10-1, 10-2, and 10-3 that are con 
nected to the Supporting Substrate. 
0207. If there are variations in chip size in any of the 
structures shown in FIGS. 20 through 22, the electrode area 
or the electrode pattern length is increased in the manner 
shown in FIG. 12, if necessary. 

FIG. 19 is an enlarged view of this structure. 

0208 Further, in this embodiment, the Supporting Sub 
Strate is fixed to a principal Substrate of the Semiconductor 
device with double-face tape. However, it is also possible to 
form a base metal layer using a plating technique or a 
Sputtering technique, and provide a Supporting Substrate on 
the base metal layer via an adhesive material. Here, the 
Supporting Substrate is a metal plate made of copper (Cu) or 
the like. 

0209 More specifically, as shown in FIG. 23A, a Sup 
porting Substrate 201 made of copper (Cu) is fixed to a 
principal Surface of the Semiconductor Substrate 11. AS 
shown in FIG. 23B, the embedded electrode 18 is then 
formed, with the Supporting Substrate 201 Serving as an 
electrode in the formation of the embedded electrode 18. AS 
shown in FIG. 23C, the Supporting substrate 201 is melted 
and removed. 
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0210. The supporting substrate 201 made of copper (Cu) 
is bonded to the semiconductor substrate 11 in the following 

C. 

0211. As shown in FIG. 24A, a plating layer 202 that 
includes a gold (Au) Surface layer and a nickel (Ni) base 
layer is formed through electroless plating on the electrode 
pad 15 exposed through a principal Surface of the Semicon 
ductor Substrate 11. 

0212. As shown in FIG. 24B, a base layer 203 that is 
made of nickel (Ni) or titanium (Ti) is formed to cover the 
plating layer 202 on the electrode pad 15 and the insulating 
layer around the electrode pad 15. 
0213 As shown in FIG. 24C, an organic adhesive such 
as Cerasin (manufactured by Mitsubishi Gas Chemical Co., 
Inc.) or a polyimide-based heat resistant adhesive is applied 
onto the base layer 203, so that the supporting substrate 201 
made of copper (Cu) with the same size as the Semiconduc 
tor substrate 11 is bonded and fixed onto the base layer 203. 
0214. After the through hole is formed, the copper of the 
Supporting Substrate is removed using an acid etching liquid, 
and the adhesive layer is removed with an alkali etching 
liquid. 

0215. To facilitate the stacking of semiconductor devices 
(semiconductor chips), a conductive passage that penetrates 
the Semiconductor Substrate from one principal Surface to 
the other is provided in accordance with the present inven 
tion. The conductive passage characteristically penetrates 
the insulating layer formed on the Semiconductor Substrate, 
but does not penetrate the corresponding electrode pad. The 
hole (the conductive passage) is then filled with a conductive 
material or a conductive layer is formed, So as to realize an 
embedded conductive layer that penetrates the Semiconduc 
tor Substrate. 

0216) The lead-out structure having such an embedded 
conductive layer does not penetrates the electrode pad, 
unlike the equivalent Structure of the prior art. Accordingly, 
a Stacked Structure can be realized with high reliability, 
without a decrease in electrical or mechanical connectivity 
to the electrode pad. 

Seventh Embodiment 

0217 Next, a memory three-dimensional semiconductor 
device in accordance with a Seventh embodiment of the 
present invention is described. 
0218 FIGS. 25 through 30B illustrate the memory 
three-dimensional Semiconductor device 50M in accordance 
with the seventh embodiment. 

0219. The memory three-dimensional semiconductor 
device 50M has four memory semiconductor devices 10M-1 
through 10M-4 electrically connected to one another and 
stacked on one another, as shown in FIGS.25, 26, 27B, 28B, 
29B, and 30B. A memory integrated circuit is formed in each 
of the memory semiconductor devices 10M-1 through 10M 
4. A memory semiconductor device designating unit 290 that 
designates a memory Semiconductor device to perform data 
read and write operations among the memory Semiconductor 
devices 10M-1 through 10M-4 is provided on a side surface. 
0220. The memory semiconductor device designating 
unit 290 includes select electrode pads 209 (see FIGS. 27A 
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and 27B) and select terminals 210-1 through 210-4 that are 
provided in each of the memory Semiconductor devices 
10M-1 through 10M-4; comb-like wires 211-1 through 
211-4 and electrode pad structures 221 through 224, 231 
through 234, 241 through 244, and 251 through 254 that are 
provided in association with the select terminals 210-1 
through 210-4 of the respective memory semiconductor 
devices 10M-1 through 10M-4; and external select bump 
terminals 260-1 through 260-4 provided on the lower Sur 
face of an interposer 51M. 
0221) Where wires 271 through 274 are formed as 
described later, the memory Semiconductor device designat 
ing unit 290 is formed with the wires 271 through 274 and 
the wires 211-1 through 211-4 having the “X”-denoted 
portions cut off. 
0222. The electrode pad structure 221 has a first electrode 
part 281 and a second electrode part 291 connected to each 
other on a Side Surface of the corresponding Semiconductor 
chip, as shown in FIGS. 26, 27A, and 27B. The first 
electrode part 281 is formed on the surface of the memory 
Semiconductor chip, and the Second electrode part 291 
extends from the side Surface to the bottom Surface of the 
memory Semiconductor chip. 
0223) The electrode pad structures 231, 241, and 251 
each have the same Structure as the electrode pad structure 
221. 

0224). As shown in FIGS. 28A and 28B, the electrode 
pad structures 222, 232, 242, and 252 each have the same 
Structure as the electrode pad structure 221. 
0225. As shown in FIGS. 29A and 29B, the electrode 
pad structures 223, 233, 243, and 253 each have the same 
Structure as the electrode pad structure 221. AS shown in 
FIGS. 30A and 30B, the electrode pad structures 224, 234, 
244, and 254 each have the same structure as the electrode 
pad structure 221. 
0226. As shown in FIG. 26, the electrode pad structures 
221 through 224, 231 through 234, 241 through 244, and 
251 through 254 are located at the respective ends of the 
wires 211-1 through 211-4, and are also located at the 
corresponding areas on the Side Surfaces of the Semiconduc 
tor chips of the memory semiconductor devices 10M-1 
through 10M-4. These electrode pad structures each extend 
from the Side Surface to the upper Surface and the lower 
Surface of the corresponding Semiconductor chip. 
0227. The wires 211-1 through 211-4 each have the 
“X”-denoted portions cut off with a laser, as shown in FIGS. 
26, 27A, 27B, 28A, 28B, 29A, 29B, 30A, and 30B. 
0228. The electrode pad structures 221 through 224 of the 
lowermost memory semiconductor device 10M-1 are elec 
trically connected to the external Select bump terminals 
260-1 through 260-4 on the interposer 51M, respectively. 
0229. The electrode pad structures 221 through 224, 231 
through 234, 241 through 244, and 251 through 254 are 
electrically connected to one another through the corre 
sponding Side-Surface electrode units and bottom-Surface 
electrode units. More specifically, the electrode pad struc 
tures 221, 231, 241, and 251 are electrically connected to 
one another. The electrode pad Structures 222, 232,242, and 
252 are electrically connected to one another. The electrode 
pad structures 223, 233,243, and 253 are electrically con 
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nected to one another. The electrode pad structures 224, 234, 
244, and 254 are electrically connected to one another. 
0230. When the memory three-dimensional semiconduc 
tor device 50M is seen from a side, the electrode pad 
structures 221 through 224, 231 through 234, 241 through 
244, and 251 through 254 form four wires 271 through 274 
that extend horizontally on the Side Surface of the memory 
three-dimensional semiconductor device 50M, as shown in 
FIG. 25. 

0231 Since the wires 211-1 through 211-4 have the 
“X”-denoted portions cut off, a Select Signal Supplied to the 
external select bump terminal 260-1 is sent only to the select 
terminal 210-1, a Select Signal Supplied to the external Select 
bump terminal 260-2 is sent only to the select terminal 
210-2, a Select Signal Supplied to the external Select bump 
terminal 260-3 is sent only to the select terminal 210-3, and 
a Select Signal Supplied to the external Select bump terminal 
260-4 is sent only to the select terminal 210-4. With the 
Select Signal, a memory Semiconductor device to perform 
data read and write operations is designated among the four 
memory semiconductor devices 10M-1 through 10M-4. 
0232. As the above described memory semiconductor 
device designating unit 290 is formed to utilize a side 
Surface of the memory three-dimensional Semiconductor 
device 50M, a smaller memory semiconductor device can be 
obtained, compared with a case where a memory Semicon 
ductor device designating unit is formed by placing termi 
nals and wires on an interposer or the like on which memory 
integrated circuits are mounted. Thus, the above described 
memory three-dimensional semiconductor device 50M is 
Smaller in Size on a plane and more compact than a con 
ventional memory three-dimensional Semiconductor device. 
0233. As shown in FIGS. 31 through 43, the above 
described memory Semiconductor device designating unit 
290, together with each memory integrated circuit, is formed 
on the Semiconductor Substrate. Therefore, the process for 
forming the memory Semiconductor device designating unit 
290 is not necessary after the chip-type memory Semicon 
ductor devices are Stacked on one another, and the memory 
three-dimensional Semiconductor device 50M can be com 
pleted by Simply Stacking the chip-type memory Semicon 
ductor devices on one another. Thus, the memory three 
dimensional Semiconductor device 50M can be 
manufactured with high productivity. 
0234 Next, the method of producing the memory semi 
conductor device 10M-1, especially the electrode pad struc 
ture 221 and the wire 211-1, is described. 

0235 First, as shown in FIGS. 31 and 32, rewiring is 
performed on a silicon wafer 310 that has memory inte 
grated circuits and a select electrode pad 209 formed therein, 
So as to form the select terminal 210-1 on the select electrode 
pad 209, the wire 211-1 that extends from the select terminal 
210-1 and has a pattern width of 50 um or smaller, and the 
first electrode parts 281 through 284 at the ends of the wire 
211-1. A half of each of the first electrode parts 281 through 
284 is located on a scribe line 300 that divides the silicon 
Semiconductor Substrate into Semiconductor chips. 
0236. As shown in FIG. 33, the wire 211-1 is cut off at 
the portions denoted by “X”, using a laser with a spot 
diameter of 100 um. By doing So, the electric connection 
between the select terminal 210-1 and each of the first 
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electrode parts 282 through 284 is cut off, and only the first 
electrode part 281 remains electrically connected to the 
Select terminal 210-1. 

0237 As shown in FIG. 34, with the memory integrated 
circuit side of the semiconductor Substrate 310 facing down, 
the semiconductor Substrate 310 is bonded onto the plate 
like Supporting member (Supporting Substrate) 132 with the 
double-faced tape 131. The bottom surface of the semicon 
ductor Substrate 310 is then ground, so as to thin the 
semiconductor Substrate 310. 

0238 Next, a predetermined resist pattern 301 is formed 
on the bottom Surface of the thinned semiconductor Sub 
strate 310A. Etching is then performed to form the hole 107 
and a scribe groove 302 in the scribe line 300, as shown in 
FIGS. 35 and 36. The end half of each of the first electrode 
parts 281 through 284 is exposed through the bottom surface 
of the scribe groove 302. 
0239. After the resist pattern 301 is removed, the insu 
lating film 108 is formed on the bottom surface of the 
semiconductor Substrate 310A, as shown in FIG. 37. 
0240. As shown in FIGS. 38 and 39, the dry film 109 is 
bonded onto the bottom Surface of the semiconductor Sub 
strate 310A, and a slit 110A and a pin hole 110 are formed 
in the dry film 109. With the dry film 109 serving as a mask, 
dry etching is performed to Selectively remove an insulating 
film 45. A slit 303 is formed in the bottom of the Scribe 
groove 302, and the opening 111 is also formed in the bottom 
of the hole 107. 

0241 Next, the seed metal layer 112 is formed on the 
insulating film 108, as shown in FIG. 40. 
0242. As shown in FIGS. 41 and 42, after a plating resist 
layer 304 is selectively formed, the semiconductor substrate 
310A is immersed in a Cu plating bath, and electroplating is 
performed. Although there are steps on the bottom Surface of 
the semiconductor Substrate 310A, a resist with high solu 
bility is employed, and exposure is carried out by a Stepper 
exposure device with a Small numerical aperture (NA). 
Thus, the plating resist 304 can be suitably formed. Through 
electroplating, the second electrode parts 291 through 294 
are formed in the scribe groove 302, and the embedded 
electrode 115 is formed in the hole 107. 

0243 As shown in FIG. 42, the second electrode part 291 
is electrically connected to the first electrode part 281, and 
is formed on the Side Surface of the Semiconductor Substrate 
310A and extends along the bottom surface of the semicon 
ductor Substrate 310A. 

0244. Meanwhile, the second electrode part 292 is elec 
trically connected to the first electrode part 282, the second 
electrode part 293 is electrically connected to the first 
electrode part 283, and the second electrode part 294 is 
electrically connected to the first electrode part 284. These 
electrode parts 292, 293, and 294 are formed on the side 
Surface of the semiconductor Substrate 310A and extend 
along the bottom Surface of the Semiconductor Substrate 
310A. 

0245 Next, as shown in FIG.43, the plating resist 304 is 
removed, and the exposed portions of the Seed metal layer 
112 are removed. 

0246. After that, the adhesiveness of the double-faced 
tape 131 is reduced, and the plate-like Supporting member 
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132 is removed. As a result, the memory Semiconductor 
device 10M-1 shown in FIGS. 25 and 26 is obtained. 

0247 The other memory semiconductor devices 10M-2, 
10M-3, and 10M-4 are produced through the same proce 
dures as the above, except that the wires 211-2 through 
211-4 are cut off at different locations. 

0248 AS described above, the stacking order of the 
memory semiconductor devices 10M-1 through 10M-4 is 
determined in advance during the wafer processing. 
0249. The memory three-dimensional semiconductor 
device 50M is manufactured by picking up the memory 
semiconductor device 10M-1 from a first semiconductor 
substrate, the memory semiconductor device 10M-2 from a 
Second Semiconductor Substrate, the memory Semiconductor 
device 10M-3 from a third semiconductor Substrate, and the 
memory semiconductor device 10M-4 from a fourth semi 
conductor Substrate, and Stacking up the memory Semicon 
ductor devices 10M-1 through 10M-4 in the predetermined 
order. 

Eighth Embodiment 

0250) Next, a memory three-dimensional semiconductor 
device 50M-A in accordance with an eighth embodiment of 
the present invention is described. 
0251. In the memory three-dimensional semiconductor 
device 50M-A shown in FIG. 44, memory semiconductor 
devices 10M-A-1 through 10M-A-4 are electrically con 
nected to one another and are Stacked on one another. The 
memory three-dimensional semiconductor device 50M-A 
has a memory Semiconductor device designating unit 290A 
formed on a side Surface. The memory Semiconductor 
device designating unit 290A is to designate a memory 
Semiconductor device to perform data read and write opera 
tions among the memory semiconductor devices 10M-A-1 
through 10M-A-4. 
0252 Although not shown in the drawings, the other 
electrodes of each of the memory Semiconductor devices 
10M-A-1 through 10M-A-4 are embedded electrodes 115. 
The embedded electrodes 115 of the memory semiconductor 
devices 10M-A-1 through 10M-A-4 are connected to one 
another when the memory semiconductor devices 10M-A-1 
through 10M-A-4 are stacked as described in the foregoing 
embodiment. 

0253) The memory semiconductor devices 10M-A-1 
through 10M-A-4 are semiconductor chips that have the 
Same Structures and are picked up from a single Semicon 
ductor Substrate. After the four memory Semiconductor 
devices 10M-A-1 through 10M-A-4 are stacked up, the 
memory Semiconductor device designating unit 290A is 
formed through an external Select bump terminal/Select 
terminal connecting process, So that the external Select bump 
terminals 260-1 through 260-4 are electrically connected 
only to the select terminals 210-1 through 210-4, respec 
tively, as shown in FIG. 48. 
0254 Part of a memory semiconductor device 10M-A 
that forms the memory three-dimensional Semiconductor 
device 50M-A is shown in FIGS. 45 and 46. The memory 
semiconductor device 10M-A differs from the memory 
Semiconductor device 10M-1 shown in FIG. 25 in the 
following points 1), 2), and 3). 
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0255] 1) The wire 211-1 is not cut off; 
0256 2) The first electrode parts 281 through 284 of 
the electrode pad Structures 221 through 224 are 
covered with an insulating film 400; 

0257 3) Auxiliary electrode pad structures 411 
through 414 are provided next to the electrode pad 
structures 221 through 224. The auxiliary electrode 
pad structures 411 through 414 have the same struc 
tures as the electrode pad structures 221 through 224. 

0258 Four memory semiconductor devices 10M-A are 
Stacked on the interposer 51M, So as to form a Stacked 
Structure 420 shown in FIG. 47. 

0259 Four pairs of wires 431 through 434 are formed on 
a side surface of the stacked structure 420. The pairs of wires 
431 through 434 are formed with first side-surface wires 441 
through 444 and second side-surface wires 451 through 454. 
0260. As shown in FIG. 47, the first side-surface wire 
441 is formed with the four vertically-aligned electrode pad 
structures 221 of the memory semiconductor devices 10M 
A-1 through 10M-A-4 that constitute the stacked structure 
420. In the first side-surface wire 441, the insulating film 400 
shown in FIG. 46 insulates each two vertically-neighboring 
electrode pad structures 221 from each other. The other first 
side-surface wires 442, 443, and 444 are also formed with 
the vertically-aligned electrode pad structures 222 through 
224 of the memory semiconductor devices 10M-A-1 
through 10M-A-4, respectively. In each of the first side 
surface wires 442, 443, and 444, an insulating film 400 
insulates each two vertically-neighboring electrode pad 
Structures from each other among the electrode pad struc 
tures 222, 223, and 224. 
0261) The second side-surface wire 451 is formed with 
the vertically-aligned auxiliary-electrode pad structures 411 
of the respective memory semiconductor devices 10M-A. 
Among the auxiliary electrode pad Structures 411, each two 
Vertically-neighboring auxiliary electrode pad structures 411 
are electrically connected. The other Second Side-Surface 
wires 452, 453, and 454 are also formed with the vertically 
aligned auxiliary electrode pad Structures 412 through 414, 
and each two vertically-neighboring auxiliary electrode pad 
Structures among the auxiliary electrode pad structures 412 
through 414 are electrically connected. 
0262 The electrode pad structures 411 through 414 of the 
lowermost memory semiconductor device 10M-A-1 are 
electrically connected to the external Select bump terminals 
260-1 through 260-4. 
0263. In this structure, the external select bump terminal/ 
Select terminal connecting proceSS is carried out by applying 
silver paste to predetermined parts of the wires 431 through 
434 with a silver paste dispenser 450, and performing 
thermal hardening to electrically connect the wires 431 
through 434, as shown in FIG. 48. 
0264. As shown in FIG. 44, in the memory three-dimen 
Sional semiconductor device 5M-A, the first side-surface 
wire 441 and the second side-surface wire 451 are short 
circuited to each other with a silver paste 470-1 on the side 
surface of the memory semiconductor device 10M-A-1. 
Likewise, the first side-surface wire 442 and the second 
side-surface wire 452 are short-circuited to each other with 
a silver paste 470-2 on the side surface of the memory 
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semiconductor device 10M-A-2. Also, the first side-surface 
wire 443 and the second side-surface wire 453 are short 
circuited to each other with a silver paste 470-3 on the side 
surface of the memory semiconductor device 10M-A-3. The 
first side-surface wire 444 and the second side-surface wire 
454 are short-circuited to each other with a silver paste 
470-4 on the side surface of the memory semiconductor 
device 10M-A-4. 

0265. In this structure, the external select bump terminal 
260-1 is electrically connected only to the select terminal 
210-1 among the select terminals 210-1 through 210-4 via 
the second side-surface wire 451 (the electrode pad structure 
411), the silver paste 470-1, the first side-surface wire 441 
(the electrode pad structure 221), and the wire 211-1. 
Likewise, the external select bump terminal 260-2 is elec 
trically connected only to the select terminal 210-2 via the 
second side-surface wire 452, the silver paste 470-2, the first 
side-surface wire 442, and the wire 211-2. The external 
select bump terminal 260-3 is electrically connected only to 
the select terminal 210-3 via the second side-surface wire 
453, the silver paste 470-3, the first side-surface wire 443, 
and the wire 211-3. The external select bump terminal 260-4 
is electrically connected only to the select terminal 210-4 via 
the second side-surface wire 454, the silver paste 470-4, the 
first side-surface wire 444, and the wire 211-4. 
0266 The memory three-dimensional semiconductor 
device 5M-A is formed to utilize the side Surface of the 
stacked structure 420, as shown in FIG. 44. Accordingly, the 
memory three-dimensional semiconductor device 5M-A is 
Small in size on a plan view, and is more compact than a 
conventional three-dimensional Semiconductor device. 

0267 Also, the stacked structure 420 is formed by stack 
ing up chips that are randomly picked up from different 
Silicon wafers, regardless of any Stacking order. Thus, the 
memory three-dimensional semiconductor device 50M-A 
can be easily produced. 
0268. The memory semiconductor device designating 
unit 290A is formed by carrying out the external select bump 
terminal/Select terminal connecting process after the forma 
tion of the Stacked Structure 420. Accordingly, there is a 
certain degree of freedom in the correspondence between the 
external select bump terminals 260-1 through 260-4 and the 
select terminals 210-1 through 210-4. Thus, the memory 
three-dimensional semiconductor device 50M-A is Suitable 
for manufacturing a Small number of memory three-dimen 
Sional Semiconductor devices with different Structures. 

0269. Further, the laser cutting process is not necessary in 
the external Select bump terminal/Select terminal connecting 
process in this embodiment. Because of this, the memory 
three-dimensional semiconductor device 5M-A can be more 
easily produced. 

Ninth Embodiment 

0270. A memory three-dimensional semiconductor 
device 5M-B in accordance with a ninth embodiment of the 
present invention is shown in FIG. 49. 
0271 The memory three-dimensional semiconductor 
device 50M-B has memory semiconductor devices 10M-B-1 
through 10M-B-4 electrically connected to one another and 
Stacked on one another. The memory three-dimensional 
semiconductor device 50M-B also has a memory semicon 



US 2005/0167812 A1 

ductor device designating unit 290B on its side surface. The 
memory semiconductor device designating unit 290B is to 
designate a memory Semiconductor device to perform data 
read and write operations among the memory Semiconductor 
devices 10M-B-1 through 10M-B-4. 
0272. The memory semiconductor devices 10M-B-1 
through 10M-B-4 have the same structures as the memory 
semiconductor devices 10M-A-1 through 10M-A-4, except 
that the insulating film 400 shown in FIGS. 45 and 46 is not 
employed. 

0273 First side-surface wires 441B through 44.4B are 
electrically connected to one another over the entire length, 
like the second side-surface wires 451 through 454. 
0274 The external select bump terminal/select terminal 
connecting process includes the Step of performing thermo 
Setting with a Silver paste dispenser that applies Silver paste 
on predetermined locations, and the Step of cutting the first 
side-surface wires 441B through 44.4B at predetermined 
locations with a laser. 

0275. In the memory semiconductor device designating 
unit 290B, the first side-surface wires 441B through 44.4B 
are short-circuited to the second side-surface wires 451 
through 454 with the silver pastes 470-1 through 470-4. 
Furthermore, the first side-surface wires 441B through 44.4B 
of the respective memory semiconductor devices 10M-B-1 
through 10M-B-4 are cut off with a laser at the locations 
denoted by “X” and reference numeral 480. With the 
memory semiconductor device designating unit 290B, the 
external select bump terminals 260-1 through 260-4 are 
electrically connected to the Select terminals of the respec 
tive memory semiconductor devices 10M-B-1 through 10M 
B-4. 

0276 The stacked memory semiconductor devices 10M 
B-1 through 10M-B-4 may not include the second electrode 
part 291 of the electrode pad structure 221 that extends onto 
the bottom Surface of the semiconductor Substrate. In that 
case, the laser cutting denoted by reference numeral 480 in 
FIG. 49 is not necessary. 
0277. Like the memory three-dimensional semiconductor 
device 5M-A, the memory three-dimensional semiconductor 
device 50M-B is small in size on a plan view and is more 
compact than a conventional three-dimensional Semicon 
ductor device. Accordingly, it is easy to produce the memory 
three-dimensional semiconductor device 50M-B. Thus, the 
memory three-dimensional semiconductor device 50M-B is 
Suitable for manufacturing a Small number of memory 
three-dimensional Semiconductor devices with different 
StructureS. 

0278 It should be noted that the present invention is not 
limited to the embodiments specifically disclosed above, but 
other variations and modifications may be made without 
departing from the Scope of the present invention. 
What is claimed is: 

1. A Semiconductor device comprising: 
a Substrate that has first and Second Surfaces, 
an integrated circuit unit and an electrode pad on the first 

Surface; and 

a lead-out unit that has one end electrically connected to 
the bottom surface of the electrode pad and the other 
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end exposed to the Second Surface of the Substrate, the 
electrode pad being electrically led out to the Second 
Surface of the Substrate, the lead-out unit being formed 
in a hole that is in the form of a concavity extending 
from the Second Surface of the Substrate and penetrating 
the substrate, the bottom surface of the electrode pad 
being eXposed through the bottom of the hole. 

2. A Semiconductor device comprising: 
a Substrate that has first and Second Surfaces, 

an integrated circuit unit, an electrode pad, and a Select 
terminal that are formed on the first Surface; 

a lead-out unit that has one end electrically connected to 
the bottom surface of the electrode pad and the other 
end exposed to the Second Surface of the Substrate, the 
electrode pad being electrically led out to the Second 
Surface of the Substrate, the lead-out unit being formed 
in a hole that is in the form of a concavity extending 
from the Second Surface of the Substrate and penetrating 
the substrate, the bottom surface of the electrode pad 
being eXposed through the bottom of the hole; and 

a Side-Surface electrode pad that is formed on a Side 
Surface of the Substrate and is electrically connected to 
the Select terminal. 

3. The Semiconductor device as claimed in claim 1, 
wherein the lead-out unit is formed with a conductive 
material that fills the hole. 

4. The Semiconductor device as claimed in claim 1, 
wherein the lead-out unit is formed with a conductor mate 
rial that is formed along the inner wall Surface of the hole. 

5. The Semiconductor device as claimed in claim 1, 
wherein the hole in the Substrate has a tapered Structure, 
having a Smaller diameter at the bottom than the diameter of 
the opening on the Second Surface. 

6. The Semiconductor device as claimed in claim 1, 
wherein the Substrate is thinner than original crystals. 

7. The Semiconductor device as claimed in claim 1, 
further comprising 

a wire that is formed on the first Surface of the Substrate 
and is electrically connected to the lead-out unit, or a 
wire that is formed on the second Surface of the 
Substrate and is electrically connected to the electrode 
pad. 

8. A three-dimensional Semiconductor device comprising: 

a plurality of Semiconductor devices that are Stacked on 
one another, the Semiconductor devices each compris 
ing: 

a Substrate that has first and Second Surfaces, 

an integrated circuit unit and an electrode pad on the first 
Surface; and 

a lead-out unit that has one end electrically connected to 
the bottom surface of the electrode pad and the other 
end exposed to the Second Surface of the Substrate, the 
electrode pad being electrically led out to the Second 
Surface of the Substrate, the lead-out unit being formed 
in a hole that is in the form of a concavity extending 
from the Second Surface of the Substrate and penetrating 
the substrate, the bottom surface of the electrode pad 
being eXposed through the bottom of the hole, 
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the electrode pads of the Semiconductor devices being 
electrically connected to one another. 

9. A three-dimensional Semiconductor device comprising: 
a plurality of Semiconductor devices that are Stacked on 

one another, the Semiconductor devices each compris 
ing: 

a Substrate that has first and Second Surfaces, 
an integrated circuit unit, an electrode pad, and a Select 

terminal that are formed on the first Surface; and 
a lead-out unit that has one end electrically connected to 

the bottom surface of the electrode pad and the other 
end exposed to the Second Surface of the Substrate, the 
electrode pad being electrically led out to the Second 
Surface of the Substrate, the lead-out unit being formed 
in a hole that is in the form of a concavity extending 
from the Second Surface of the Substrate and penetrating 
the substrate, the bottom surface of the electrode pad 
being eXposed through the bottom of the hole; and 

a Side-Surface electrode pad that is formed on a side 
Surface of the Substrate and is electrically connected to 
the Select terminal, 

the electrode pads of the Semiconductor devices being 
electrically connected to one another, 

the three-dimensional Semiconductor device further com 
prising: 

a plurality of external Select terminals to which a signal 
for designating a Semiconductor device among the 
Semiconductor devices is input; and 

a Semiconductor device designating unit that includes 
parts that electrically connect the Side-Surface electrode 
pads, the Semiconductor device designating unit elec 
trically connecting each of the external Select terminals 
only to the Select terminal of a designated Semiconduc 
tor device among the Semiconductor devices, the Semi 
conductor device designating unit being located on a 
Side Surface of the three-dimensional Semiconductor 
device. 

10. The three-dimensional semiconductor device as 
claimed in claim 9, wherein: 

each of the Stacked Semiconductor devices is part of the 
Semiconductor device designating unit, the Stacked 
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Semiconductor devices having Semiconductor designat 
ing parts that are different from one another; and 

the Semiconductor device designating unit is formed by 
electrically connecting the Semiconductor designating 
parts of the Stacked Semiconductor devices. 

11. The three-dimensional Semiconductor device as 
claimed in claim 9, wherein: 

each of the Stacked Semiconductor devices is part of the 
Semiconductor device designating unit, the Stacked 
Semiconductor devices having Semiconductor designat 
ing parts that are different from one another; and 

the Semiconductor device designating unit is formed by 
electrically connecting the Semiconductor designating 
parts of the Stacked Semiconductor devices, and short 
circuiting or cutting off a predetermined portion, or 
short-circuiting and cutting off a predetermined por 
tion. 

12. A method of manufacturing a Semiconductor device, 
comprising the Steps of: 

forming an integrated circuit unit and an electrode pad on 
a first Surface of a wafer that has the first Surface and 
a Second Surface on opposite Sides, 

bonding the first Surface of the wafer to a Supporting plate 
member, and thinning the wafer by grinding the Second 
Surface of the wafer; 

forming a hole by etching the Second Surface of the 
thinned wafer, the hole penetrating the wafer and 
exposing the bottom Surface of the electrode pad at the 
bottom; 

forming a lead-out unit in the hole, the lead-out unit 
having one end electrically connected to the bottom 
Surface of the electrode pad and the other end exposed 
to the Second Surface of the wafer, the electrode pad 
thus being electrically led out to the Second Surface of 
the wafer; and 

removing the Supporting plate member after forming the 
lead-out unit. 

13. The method as claimed in claim 12, wherein the hole 
is formed by performing etching, with the electrode pad 
Serving as an etching Stopper layer. 
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