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(57) ABSTRACT 

A semiconductor device includes a substrate having a ?rst 
area and a second area adjacent to the ?rst area, a ?rst silicon 
layer provided on the substrate in the ?rst area, a relaxed 
layer Which is provided on the substrate in the second area 
and Which has a lattice constant greater than a lattice 

Appl, No; 11/026,542 constant of the ?rst silicon layer, and a strained-Si layer 
Which is provided on the relaxed layer and Which has a 
lattice constant substantially equivalent to the lattice con 

Filed: Jan. 3, 2005 stant of the relaxed layer. 

DRAM 

, Junction ’ ‘ I 

OM03 device capacltor 39 37 4o CMOS dev|ce 
/ \ /—M_\ 

ST‘ 43 42 38 r’ *’ 33A ’ ‘ 30A 
rzz: rzzl ( g ( gm 33mm 308 

‘K “49A V v y I “w 4' AWE/I4” A 4 

will”, I 1 I I 3 I 
34 34 31 1 41 g STI 35 323 2 

3 

36 



Patent Application Publication Jul. 14, 2005 Sheet 1 0f 10 US 2005/0151163 A1 

Analog area Digital area 

i 

24 . l\,2 

F|G.1 

\\\\\\\\\\\\\\\ ~5 
2 

6 6 

5 \\ \15 
2 a 2 

4L1 



Patent Application Publication Jul. 14, 2005 Sheet 2 0f 10 US 2005/0151163 A1 

1 

F|G.5 

) T1 



Patent Application Publication Jul. 14, 2005 Sheet 3 0f 10 US 2005/0151163 A1 

83% @020 

83% 820 



Patent Application Publication Jul. 14, 2005 Sheet 4 0f 10 US 2005/0151163 A1 

F|G.8 
% 

4 I , 

2 ’ 1V2 
» 9 

8 

) 1 
F|G.9 

Analog area Digital area 

11 1A 
< I 

12A!’ 3 ' l i » 12 

10 ) L10 

1 

F|G.1O 

///////14 13 



Patent Application Publication Jul. 14, 2005 Sheet 5 0f 10 US 2005/0151163 A1 

\\\\\\\\\" '13 
~1A 

5 ~ 1 

FIG. 12 

1g 1(A 
\\\\\\\\\ 

10 ’ '1 10 

5 1*‘ 
FIG. 13 ‘(A 

10+ ' 10 

1t‘ 
F | G. 14 

11 
L 

12~ ’ ’ 12 

10+ \'10 
r 9 

-8 

,1 

FIG. 15 

1(1 
124 * - ’ - , 12 

10 //////3/,()/// “10 
L 8 9 1 



Patent Application Publication Jul. 14, 2005 Sheet 6 0f 10 US 2005/0151163 A1 

Analog area Digital?area 
16 
< 

17 . ‘ I r 17 

8 / i // ~8 

) 11 
FIG.17 

\\\\\\\\\\\\\\¢ 5 
~15 

9 
\L///////////// 8 

1 

F|G.18 

I 6 // /// g 
“'15 

///////////// ~8 

FIG.19 

F|G.20 



Patent Application Publication Jul. 14, 2005 Sheet 7 0f 10 US 2005/0151163 A1 

18 

1(8 
15 L ' I 15 

8~ / ’// 8 

l l1 
F|G.22 

16 
17»\ 3 , 17 

15 ' ~15 

9“ I 9 
s // ~s 

) ‘1 
FIG. 23 

Analog area Digital area 

4 3 4 
f () i S I <) 

2+ ‘v19 1g~/ iv2 



Patent Application Publication Jul. 14, 2005 Sheet 8 0f 10 US 2005/0151163 A1 

5 

2 k\\\'\\\\\\\\\ \t 
F|G.25 

F|G.26 

l1 

i1 
//1 

'1 ll 
FIG. 29 



Patent Application Publication Jul. 14, 2005 Sheet 9 0f 10 US 2005/0151163 A1 

4 i ’ = ' 4 

2’? /;~19 19"? {v2 
A 

V/////////////'va 

FIG. 30 

Analogiarea Digital?area 
12 1(A 11 12 
< < < 

I ' : ) ' : ' 

10+ 420 2o 1 ‘~10 

FIG. 31 

IL 
FIG.32 

///////// 
\\\\\\\\\ 13 

20 

i1 
1A 





US 2005/0151163 A1 

SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2004-001075, ?led Jan. 6, 2004, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a semiconductor device 
and a manufacturing method thereof and, more particularly, 
to a semiconductor device comprising a CMOS (Comple 
mentary Metal Oxide Semiconductor) device, a memory 
device and the like on the same substrate and a manufac 
turing method thereof. 

[0004] 2. Description of the Related Art 

[0005] Recently, a faster semiconductor device and a 
loWer poWer consumption thereof have been increasingly 
required. For eXample, faster operations of a CMOS device 
provided in a semiconductor device and loWer poWer con 
sumption thereof have been achieved by a ?ner device 
structure. 

[0006] HoWever, as the device structure becomes ?ner, a 
pattern smaller than an eXposure Wavelength needs to be 
formed by lithography. For this reason, an adequate margin 
of process can hardly be maintained in the lithographic step. 
Thus, there is a limit to satisfying the requirement of faster 
semiconductor device and a loWer poWer consumption 
thereof by the ?ner device structure. 

[0007] To improve a current driving poWer of the MOS 
transistor, development of providing a strained-Si layer on a 
semiconductor substrate and forming a MOS transistor on 
the strained-Si layer has been carried out. In the strained-Si 
layer, a banded structure of Si is varied by applying a tensile 
strain to Si. 

[0008] The strained-Si layer is formed by forming, for 
eXample, a Si1_XGeX layer (hereinafter called a SiGe layer) 
having a greater lattice constant than Si on a semiconductor 
substrate and forming a Si layer thereon by epitaXial groWth, 
to apply a suf?ciently great tensile strain to Si. If a MOS 
transistor is formed on the strained-Si layer thus formed, 
carrier mobility is improved. 

[0009] In accordance With high integration of a semicon 
ductor device, a semiconductor device having a CMOS 
device With a memory device or an analog device on the 
same substrate is manufactured. If a semiconductor substrate 
having a strained-Si layer is used in such a semiconductor 
device, the carrier mobility of the CMOS device can be 
improved as explained above. 

[0010] In the memory device or analog device, hoWever, 
current leak or noise occurs due to in?uences of the strained 
Si layer Whose lattice constant is made greater than that of 
Si and the SiGe layer Whose lattice constant is greater than 
that of Si. The characteristics of the memory device or the 
analog device are thereby deteriorated. 
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[0011] Moreover, if a small-leak type transistor or capaci 
tor in Which the current leak from a capacitor dielectric ?lm 
or junction leak causes problems is formed on a strained-Si 
layer, the device characteristics are deteriorated. This is 
serious for the analog device or DRAM (Dynamic Random 
Access Memory) including such a device. 

[0012] As for a related technique of this kind, a CMOS 
device capable of compensating for high charge carrier 
mobility by using strained silicon is disclosed (see Jpn. Pat. 
Appln. KOKAI Publication No. 10-107294). 

BRIEF SUMMARY OF THE INVENTION 

[0013] According to an aspect of the present invention, 
there is provided a semiconductor device comprising a 
substrate having a ?rst area and a second area adjacent to the 
?rst area, a ?rst silicon layer provided on the substrate in the 
?rst area, a relaXed layer Which is provided on the substrate 
in the second area and Which has a lattice constant greater 
than a lattice constant of the ?rst silicon layer, and a 
strained-Si layer Which is provided on the relaXed layer and 
Which has a lattice constant substantially equivalent to the 
lattice constant of the relaXed layer. 

[0014] According to another aspect of the present inven 
tion, there is provided a semiconductor device comprising a 
silicon substrate having a ?rst area, a second area adjacent 
to the ?rst area, and a protrusion arranged in the ?rst area, 
a relaXed layer Which is provided on the silicon substrate in 
the second area and Which has a lattice constant greater than 
a lattice constant of the silicon substrate, and a strained-Si 
layer Which is provided on the relaXed layer and Which has 
a lattice constant substantially equivalent to the lattice 
constant of the relaXed layer. 

[0015] According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
semiconductor device, comprising preparing a substrate 
having a ?rst area and a second area adjacent to the ?rst area, 
forming on the substrate a relaXed layer Which has a lattice 
constant greater than a lattice constant of silicon, coating the 
relaXed layer of the second area With a resist ?lm, etching the 
relaXed layer by using the resist ?lm as a mask, removing the 
resist ?lm, forming a ?rst silicon layer on the substrate in the 
?rst area, and forming a strained-Si layer on the relaXed 
layer by epitaXial groWth. 
[0016] According to further another aspect of the present 
invention, there is provided a method of manufacturing a 
semiconductor device, comprising preparing a silicon sub 
strate having a ?rst area and a second area adjacent to the 
?rst area, coating the silicon substrate in the ?rst area With 
a resist ?lm, etching the silicon substrate by using the resist 
?lm as a mask to form a protrusion on the silicon substrate, 
removing the resist ?lm, forming a relaXed layer Which has 
a lattice constant greater than a lattice constant of the silicon 
substrate, on the silicon substrate in the second area, and 
forming a strained-Si layer on the relaXed layer by epitaXial 
groWth. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0017] FIG. 1 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a ?rst 
embodiment of the present invention; 
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[0018] FIG. 2 is a cross-sectional vieW showing a method 
of manufacturing the semiconductor device shoWn in FIG. 
1; 

[0019] FIG. 3 is a cross-sectional vieW shoWing the manu 
facturing method subsequently to FIG. 2; 

[0020] FIG. 4 is a cross-sectional vieW shoWing the manu 
facturing method subsequently to FIG. 3; 

[0021] FIG. 5 is a cross-sectional vieW shoWing the manu 
facturing method subsequently to FIG. 4; 

[0022] FIG. 6 is a cross-sectional vieW shoWing the manu 
facturing method subsequently to FIG. 5; 

[0023] FIG. 7 is a cross-sectional vieW shoWing devices 
provided on the semiconductor device shoWn in FIG. 1; 

[0024] FIG. 8 is a cross-sectional vieW shoWing a struc 
ture of a SiGe layer 2 shoWn in FIG. 1; 

[0025] FIG. 9 is a cross-sectional vieW shoWing the semi 
conductor device of FIG. 1 having a SOI structure; 

[0026] FIG. 10 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a second 
embodiment of the present invention; 

[0027] FIG. 11 is a cross-sectional vieW shoWing a 
method of manufacturing the semiconductor device shoWn 
in FIG. 10; 

[0028] FIG. 12 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 11; 

[0029] FIG. 13 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 12; 

[0030] FIG. 14 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 13; 

[0031] FIG. 15 is a cross-sectional vieW shoWing the 
semiconductor device of FIG. 10 having a SOI structure; 

[0032] FIG. 16 is a cross-sectional vieW shoWing the 
semiconductor device of FIG. 15 in Which SiGe layer 10 
reaches a Si substrate 1; 

[0033] FIG. 17 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a third 
embodiment of the present invention; 

[0034] FIG. 18 is a cross-sectional vieW shoWing a 
method of manufacturing the semiconductor device shoWn 
in FIG. 17; 

[0035] FIG. 19 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 18; 

[0036] FIG. 20 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 19; 

[0037] FIG. 21 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 20; 

[0038] FIG. 22 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 21; 

[0039] FIG. 23 is a cross-sectional vieW shoWing the 
semiconductor device of FIG. 17 further having a Si layer 
9 on an insulation layer 8; 
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[0040] FIG. 24 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a fourth 
embodiment of the present invention; 

[0041] FIG. 25 is a cross-sectional vieW shoWing a 
method of manufacturing the semiconductor device shoWn 
in FIG. 24; 

[0042] FIG. 26 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 25; 

[0043] FIG. 27 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 26; 

[0044] FIG. 28 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 27; 

[0045] FIG. 29 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 28; 

[0046] FIG. 30 is a cross-sectional vieW shoWing the 
semiconductor device of FIG. 24 having a SOI structure; 

[0047] FIG. 31 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a ?fth 
embodiment of the present invention; 

[0048] FIG. 32 is a cross-sectional vieW shoWing a 
method of manufacturing the semiconductor device shoWn 
in FIG. 31; 

[0049] FIG. 33 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 32; 

[0050] FIG. 34 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 33; 

[0051] FIG. 35 is a cross-sectional vieW shoWing the 
manufacturing method subsequently to FIG. 34; 

[0052] FIG. 36 is a cross-sectional vieW shoWing the 
semiconductor device of FIG. 31 having a SOI structure; 

[0053] FIG. 37 is a cross-sectional vieW shoWing the 
semiconductor device of FIG. 36 in Which the SiGe layer 10 
reaches the Si substrate 1; and 

[0054] FIG. 38 is a cross-sectional vieW shoWing the 
semiconductor device of FIG. 17 further having a buffer 
?lm 20. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0055] Embodiments of the present invention Will be 
explained beloW With reference to the accompanying draW 
ings. Elements having like or similar functions and struc 
tures are denoted by similar reference numbers. Repeated 
explanations are made if necessary. 

First Embodiment 

[0056] FIG. 1 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a ?rst 
embodiment of the present invention. 

[0057] A memory device and/or an analog device; and a 
digital device are mounted together on the semiconductor 
device. The analog device implies a device Which gives a 
great in?uence to the characteristics and reliability of the 
semiconductor device When the current leak or noise occurs. 
The digital device implies a device Which gives a small 
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in?uence to the characteristics and reliability of the semi 
conductor device When the current leak or noise occurs. 

[0058] Speci?cally, the memory device includes a DRAM, 
an SRAM (Static Random Access Memory), a ?ash memory 
and the like. The analog device includes a capacitor, a 
small-leak type transistor or amplifying element processing 
a greatly noise-in?uenced high-frequency signal, and the 
like. The digital device includes a CMOS device, a logic 
circuit and the like. In the present embodiment, an area 
Where the memory device and/or the analog device (here 
inafter referred to as “analog device and the like”) is formed 
is called an analog area, and an area Where the digital device 
is formed is called a digital area. 

[0059] A Si layer 3 is formed on the analog area of a Si 
substrate 1 Which is formed of, for example, silicon (Si). A 
SiGe layer 2 having a greater lattice constant than Si is 
formed on the digital area of the Si substrate 1. Astrained-Si 
layer 4 having substantially the same lattice constant as the 
lattice constant of the surface of the SiGe layer 2 is formed 
on the SiGe layer 2. The semiconductor device shoWn in 
FIG. 1 is thus formed. 

[0060] Next, a method of manufacturing the semiconduc 
tor device shoWn in FIG. 1 Will be explained With reference 
to FIG. 1 to FIG. 6. In FIG. 2, the SiGe layer 2 is formed 
on the Si substrate 1 by, for example, epitaxial groWth. The 
SiGe layer 2 has a thickness of, for example, 0.3 to 0.5 pm. 
Speci?cally, the thickness of the SiGe layer 2 is great 
enough to apply an adequate tensile strain to the strained-Si 
layer 4 and cause no defect in the SiGe layer 2. 

[0061] Aprotection layer 5 is deposited on the SiGe layer 
2. The protection layer 5 is formed of, for example, SiN. The 
protection layer 5 is used to prevent Si from being formed 
on the surface of the SiGe layer 2 When the Si layer is 
formed during the after-treatment. Next, a resist ?lm 6 is 
applied to the surface of the protection layer 5, and is 
subjected to patterning by lithography so as to expose the 
protection layer 5 of the analog area. 

[0062] After that, the protection layer 5 is etched by Wet 
etching using the resist ?lm 6 as a mask, in FIG. 3. In 
addition, the SiGe layer 2 on the Si substrate 1 is entirely 
etched by using the resist ?lm 6 as a mask. The SiGe layer 
2 is thus formed on the digital area alone. Next, the resist 
?lm 6 is removed as shoWn in FIG. 4. 

[0063] Next, a Si layer 7 having a greater thickness than 
the SiGe layer 2 is formed by epitaxial groWth, on the Si 
substrate 1, as shoWn in FIG. 5. After that, the protection 
layer 5 is etched by Wet etching as shoWn in FIG. 6. The 
surfaces of the SiGe layer 2 and the Si layer 7 are ?attened 
by CMP (Chemical Mechanical Polishing) to become plane. 
The CMP step may be omitted. 

[0064] Next, Si is subjected to epitaxial groWth on the 
SiGe layer 2 and the Si layer 7 in FIG. 1. The strained-Si 
layer 4 is thereby formed on the SiGe layer 2. The Si layer 
3 (including the Si layer 7) is formed on the Si layer 7. The 
semiconductor device shoWn in FIG. 1 is thus formed. 

[0065] In the semiconductor device having this structure, 
the Si layer 3 and the strained-Si layer 4 having a greater 
lattice constant than the Si layer 3 can be formed on the same 
substrate. Thus, the leak current and noise can be reduced for 
the analog device and the like While the carrier mobility can 

Jul. 14, 2005 

be improved for the CMOS device, by forming the analog 
device and the like on the Si layer 3 and forming the CMOS 
device and the like on the strained-Si layer 4. 

[0066] FIG. 7 is a cross-sectional vieW shoWing an 
example of the semiconductor device comprising the 
devices. A device isolation area including an STI (ShalloW 
Trench Isolation) is formed on the semiconductor device. 
The CMOS device is formed on the strained-Si layer 4 (i.e. 
the digital area). 

[0067] The CMOS device includes a P-type MOSFET 
(Metal Oxide Semiconductor Field Effect Transistor) and an 
N-type MOSFET. An N-Well 32 formed by diffusing a 
loW-concentration N-type impurity is provided in the 
strained-Si layer 4. A gate electrode 30A is provided on the 
strained-Si layer 4 via a gate insulation ?lm 30B. A source/ 
drain area 31 formed by implanting a high-concentration 
P-type impurity is provided in the N-Well 32 provided on 
each of both sides of the gate electrode 30A. The P-type 
MOSFET is thus formed. 

[0068] In addition, a P-Well 35 formed by diffusing a 
loW-concentration P-type impurity is provided in the 
strained-Si layer 4. A gate electrode 33A is provided on the 
strained-Si layer 4 via a gate insulation ?lm 33B. A source/ 
drain area 34 formed by implanting a high-concentration 
N-type impurity is provided in the P-Well 35 provided on 
each of both sides of the gate electrode 33A. The N-type 
MOSFET is thus formed. 

[0069] The DRAM is formed on the Si layer 3 (i.e. the 
analog area). A trench capacitor 36 is provided on the Si 
layer 3. A MOSFET 37 is also provided on the Si layer 3. A 
source area of the MOSFET 37 is connected to the trench 
capacitor 36. Ametal layer 39 (bit line) is provided over the 
Si layer 3. The metal layer 39 is connected to a drain area of 
the MOSFET 37 via a contact plug 38. ApassWord line 40 
is also provided on the Si layer 3 through an insulation ?lm. 

[0070] Furthermore, a junction capacitor is formed on the 
Si layer 3. A loWer electrode 41 is provided in the Si layer 
3. A capacitor dielectric ?lm 42 is provided on the loWer 
electrode 41. An upper electrode 43 is provided on the 
capacitor dielectric ?lm 42 so as to be exposed from the 
surface of the Si layer 3. 

[0071] As shoWn in FIG. 7, the CMOS device, the DRAM 
and the like can be formed on the same substrate, the leak 
current and noise can be reduced for the DRAM and the 
capacitor While the carrier mobility can be improved for the 
CMOS device. 

[0072] Next, a structure of the SiGe layer 2 Will be 
explained. FIG. 8 is a cross-sectional vieW shoWing the 
structure of the SiGe layer 2. The SiGe layer 2 of the present 
embodiment includes a buffer layer 2A and a lattice-relaxed 
layer 2B. 

[0073] The buffer layer 2A is formed of silicon germanium 
S1_XGeX in Which the concentration of Ge is increased in the 
groWth direction. In the buffer layer 2A, for example, the 
composition ratio is varied in a range of x=0 to 0.3 from the 
Si substrate 1 toWard the top surface. The lattice-relaxed 
layer 2B is formed of silicon germanium S1_XGeX including 
Ge at a constant concentration. The lattice-relaxed layer 2B 
has, for example, the composition ratio x=0.2 to 0.4. It is 
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desirable that the lattice-relaxed layer 2B should have the 
composition ratio x=approximately 0.3. 

[0074] The dislocation betWeen the SiGe layer 2 and the Si 
substrate 1 surface can be reduced by forming the SiGe layer 
2 in this manner. Similarly, the dislocation betWeen the SiGe 
layer 2 and the strained-Si layer 4 can be reduced. 

[0075] In a case Where the dislocation hardly occurs 
betWeen the Si substrate 1 and the lattice-relaxed layer 2B, 
the lattice-relaxed layer 2B may be formed on the Si 
substrate 1. In this case, the buffer layer 2A may not be 
required. 

[0076] In the present embodiment, too, the substrate may 
have a SOI (Silicon On Insulator) structure. FIG. 9 is a 
cross-sectional vieW shoWing the semiconductor device hav 
ing the SOI structure. An insulation layer 8 is provided on 
the Si substrate 1. The insulation layer 8 is formed of, for 
example, SiO2. 
[0077] A Si layer 9 is provided on the insulation layer 8. 
The structure of the Si layer 3, the SiGe layer 2 and the 
strained-Si layer 4 formed on the Si layer 9 is the same as 
that shoWn in FIG. 1. In addition, a method of forming the 
Si layer 3, the SiGe layer 2 and the strained-Si layer 4 are 
the same as the forming method explained With reference to 
FIG. 1. 

[0078] As for an example of the method of manufacturing 
the SOI structure, the insulation layer 8 is ?rst deposited on 
the Si substrate 1. Then the Si layer 9 is formed on the 
insulation layer 8. An existing SOI substrate may be pre 
pared and used. 

[0079] In the semiconductor device shoWn in FIG. 9, too, 
the leak current and noise can be reduced for the analog 
device and the like While the carrier mobility can be 
improved for the CMOS device, by forming the analog 
device and the like on the Si layer 3 and forming the CMOS 
device and the like on the strained-Si layer 4. 

[0080] Furthermore, the parasitic capacitance of the sub 
strate can be reduced by employing the SOI structure. The 
operation speed of the CMOS device can be thereby 
enhanced. 

[0081] In the present embodiment, as described above in 
detail, the analog area Where the analog device and the like 
are formed, and the digital area Where the digital device is 
formed are separated on the same Si substrate 1. The Si layer 
3 is formed in the analog area of the Si substrate 1 While the 
strained-Si layer 4 is formed in the digital area thereof. 

[0082] According to the present embodiment, the analog 
device and the like, and the digital device can be therefore 
formed on the same substrate. If the analog device and the 
like, and the digital device are formed on the same substrate, 
the leak current and noise can be reduced for the analog 
device and the like While the carrier mobility can be 
improved for the CMOS device. 

[0083] The SiGe layer 2 includes the buffer layer 2A and 
the lattice-relaxed layer 2B. The dislocation betWeen the 
SiGe layer 2 and the layers Which are in contact thereWith 
can be therefore reduced. 

[0084] If the Si substrate 1 has the SOI structure, the 
operation speed of the CMOS device can be further 
enhanced by reducing the parasitic capacitance. 
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Second Embodiment 

[0085] FIG. 10 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a second 
embodiment of the present invention. The Si substrate 1 has 
a protrusion 1A. The protrusion 1A is formed in the analog 
area of the Si substrate 1. The protrusion 1A is also formed 
of the same material as the Si substrate 1. 

[0086] There is a digital area on each of both sides of the 
protrusion 1A. A SiGe layer 10 is formed in the digital area 
of the Si substrate 1. In other Words, the SiGe layer 10 has 
a top surface exposed, and is embedded in the Si substrate 
1. The structure of the SiGe layer 10 is the same as that of 
the SiGe layer 2 of the ?rst embodiment. 

[0087] A Si layer 11 is formed on the protrusion 1A. A 
strained-Si layer 12 having substantially the same lattice 
constant as the lattice constant of the surface of the SiGe 
layer 10 is formed on the SiGe layer 10. The semiconductor 
device shoWn in FIG. 10 is thus formed. 

[0088] Next, a method of manufacturing the semiconduc 
tor device shoWn in FIG. 10 Will be explained With refer 
ence to FIG. 10 to FIG. 14. In FIG. 11, a protection layer 
13 is deposited on the Si substrate 1. The protection layer 13 
is formed of, for example, SiN. The protection layer 13 is 
used to prevent SiGe from being formed on the surface of 
the Si substrate 1 When the SiGe layer is formed during the 
after-treatment. 

[0089] Next, a resist ?lm 14 is applied to the surface of the 
protection layer 13, and is subjected to patterning by lithog 
raphy so as to expose the protection layer 13 of the digital 
area. 

[0090] After that, the protection layer 13 is etched by 
using the resist ?lm 14 as a mask, in FIG. 12. In addition, 
the Si substrate 1 is etched to a predetermined depth by using 
the resist ?lm 14 as a mask. The predetermined depth 
corresponds to the thickness of the SiGe layer 10. The 
thickness of the SiGe layer 10 is great enough to apply an 
adequate tensile strain to the strained-Si layer 12 and cause 
no defect in the SiGe layer 10. The protrusion 1A is thus 
formed. After that, the resist ?lm 14 is removed. 

[0091] Next, the SiGe layer 10 is formed on the Si 
substrate 1 of the digital area by epitaxial groWth such that 
the top surface of the SiGe layer 10 is higher than the top 
surface of the protrusion 1A as shoWn in FIG. 13. The 
protection layer 13 is etched by Wet etching as shoWn in 
FIG. 14. The surfaces of the SiGe layer 10 and the protru 
sion 1A are ?attened by CMP (Chemical Mechanical Pol 
ishing) to become plane. The CMP step may be omitted. 

[0092] Next, Si is subjected to epitaxial groWth on the 
SiGe layer 10 and the protrusion 1A in FIG. 10. The 
strained-Si layer 12 is thereby formed on the SiGe layer 10. 
The Si layer 11 is formed on the protrusion 1A. The 
semiconductor device shoWn in FIG. 10 is thus formed. 

[0093] In the semiconductor device having this structure, 
the Si layer 11 and the strained-Si layer 12 having a greater 
lattice constant than the Si layer 11 can be formed on the 
same substrate. Thus, the leak current and noise can be 
reduced for the analog device and the like While the carrier 
mobility can be improved for the CMOS device, by forming 
the analog device and the like on the Si layer 11 and forming 
the CMOS device and the like on the strained-Si layer 12. 
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[0094] In addition, if the devices shown in FIG. 7 are 
formed on the semiconductor device shown in FIG. 10, the 
characteristics of the devices can be improved. The other 
advantage is also the same as that of the ?rst embodiment. 

[0095] The structure of the semiconductor device accord 
ing to the present embodiment is substantially the same as 
that of the semiconductor device according to the ?rst 
embodiment. HoWever, the semiconductor device can be 
effectively manufactured by selecting the manufacturing 
method of the ?rst embodiment or that of the second 
embodiment in accordance With the extent of the analog area 
and the digital area. 

[0096] In the present embodiment, the Si substrate 1 may 
have the SOI (Silicon On Insulator) structure. FIG. 15 is a 
cross-sectional vieW shoWing the semiconductor device hav 
ing the SOI structure. The insulation layer 8 is provided on 
the Si substrate 1. The insulation layer 8 is formed of, for 
example, SiO2. The Si layer 9 is provided on the insulation 
layer 8. The other constituent elements are the same as those 
of FIG. 10. 

[0097] In the semiconductor device shoWn in FIG. 15, the 
SiGe layer 10 may reach the Si substrate 1. FIG. 16 is a 
cross-sectional vieW shoWing the semiconductor device of 
FIG. 15 in Which the SiGe layer 10 reaches the Si substrate 
1. An example of a method of manufacturing the semicon 
ductor device shoWn in FIG. 16 is explained beloW. 

[0098] For example, the Si layer 9 of the digital area is 
etched by using the resist ?lm 14 shoWn in FIG. 11 as a 
mask, on a SOI substrate (not shoWn), and the insulation 
layer 8 is etched to expose the Si substrate 1. Then the resist 
?lm 14 is removed. 

[0099] Next, the SiGe layer 10 having a higher top surface 
than the top surface of the Si layer 9 of the analog area is 
formed on the Si substrate 1 of the digital area by epitaxial 
groWth. The folloWing steps of the manufacturing method 
are the same as those of the manufacturing method shoWn in 
FIG. 10. 

[0100] In the semiconductor devices shoWn in FIG. 15 
and FIG. 16, too, the Si layer 11 and the strained-Si layers 
12 having a greater lattice constant than the Si layer 11 can 
be formed on the same substrate. In addition, the parasitic 
capacitance can be reduced by employing the SOI structure 
and the operation speed of the devices formed on the Si layer 
11 and the Si layer 9 can be thereby enhanced. 

Third Embodiment 

[0101] FIG. 17 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a third 
embodiment of the present invention. A Si layer 16 is 
provided in the analog area of the Si substrate 1. The 
insulation layer 8 formed of, for example, SiO2 is provided 
in the digital area of the Si substrate 1. 

[0102] A SiGe layer 15 is provided on the insulation layer 
8. The structure of the SiGe layer 15 is the same as that of 
the SiGe layer 2 of the ?rst embodiment. A Si layer 17 
having substantially the same lattice constant as that of the 
top surface of the SiGe layer 15 is provided on the SiGe 
layer 15. The semiconductor device shoWn in FIG. 17 is 
thus formed. 

Jul. 14, 2005 

[0103] Next, a method of manufacturing the semiconduc 
tor device shoWn in FIG. 17 Will be explained With refer 
ence to FIG. 17 to FIG. 22. In FIG. 18, the insulation layer 
8 is formed on the Si substrate 1. The Si layer 9 is formed 
on the insulation layer 8. An existing SOI substrate may be 
prepared and used. 

[0104] Next, the SiGe layer 15 is formed on the Si layer 
9 by epitaxial groWth. The protection layer 5 formed of SiN 
is deposited on the SiGe layer 15. 

[0105] The semiconductor device is annealed in FIG. 19. 
Ge in the SiGe layer 15 is thermally diffused to the Si layer 
9 and the Si layer 9 becomes the SiGe layer 15, by the 
annealing. The resist ?lm 6 is applied to the surface of the 
protection layer 5, and is subjected to patterning by lithog 
raphy so as to expose the protection layer 5 of the analog 
area. 

[0106] After that, the protection layer 5 is etched by using 
the resist ?lm 6 as a mask, in FIG. 20. The SiGe layer 15 is 
also etched by using the resist ?lm 6 as a mask. Furthermore, 
the insulation layer 8 is also etched by using the resist ?lm 
6 as a mask. The surface of the Si substrate 1 in the analog 
area is thus exposed. 

[0107] The resist ?lm 6 is removed as shoWn in FIG. 21. 
A Si layer 18 is formed on the Si substrate 1 by epitaxial 
groWth such that the top surface of the Si layer 18 is higher 
than the top surface of the SiGe layer 15. In FIG. 22, the 
protection layer 5 is etched by Wet etching. The surfaces of 
the SiGe layer 15 and the Si layer 18 are ?attened by the 
CMP to become plane. 

[0108] Si is subjected to epitaxial groWth on the SiGe 
layer 15 and the Si layer 18 as shoWn in FIG. 17. The Si 
layer 17 is thereby formed on the SiGe layer 15. The Si layer 
16 (including the Si layer 18) is formed on the Si substrate 
1 of the analog area. The semiconductor device of FIG. 17 
is thus formed. 

[0109] In the semiconductor device having this structure, 
the insulation layer 8 can be formed beloW the Si layer 17 
of the digital area alone. Therefore, since the parasitic 
capacitance can be reduced, the operation speed of the 
CMOS device can be enhanced. 

[0110] If the concentration of Ge in the SiGe layer 15 is 
loW or thermal diffusion of Ge does not largely occur, the Si 
layer 9 does not entirely become the SiGe layer 15, but 
remains as it is. FIG. 23 is a cross-sectional vieW shoWing 
the semiconductor device having the Si layer 9 on the 
insulation layer 8. 

[0111] In the semiconductor device having this structure, 
too, the same advantage as that of the present embodiment 
can be obtained. Moreover, it is possible to prevent a defect 
from being caused in an interface betWeen the Si layer 9 and 
the SiGe layer 15 as compared With a case Where the SiGe 
layer 15 is stacked on the Si layer 9. 

Fourth Embodiment 

[0112] FIG. 24 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a fourth 
embodiment of the present invention. The Si layer 3 is 
provided in the analog area of the Si substrate 1. The SiGe 
layer 2 is provided in the digital area of the Si substrate 1. 
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[0113] Abuffer ?lm 19 is provided between the Si layer 3 
and the SiGe layer 2 to prevent a fault from being caused at 
a bonding portion betWeen the Si layer 3 and the SiGe layer 
2. In other Words, the buffer ?lm 19 is formed of a material 
such as SiN, Which can absorb the stress caused by the SiGe 
layer 2 or the fault resulting from the SiGe layer 2. 

[0114] The strained-Si layer 4 is provided on the SiGe 
layer 2. The semiconductor device of FIG. 24 is thus 
formed. 

[0115] Next, a method of manufacturing the semiconduc 
tor device shoWn in FIG. 24 Will be explained With refer 
ence to FIG. 24 to FIG. 29. In FIG. 25, fort example, the 
SiGe layer 2 is formed on the Si substrate 1 by epitaxial 
groWth. 

[0116] The protection layer 5 is deposited on the SiGe 
layer 2. The resist ?lm 6 is applied to the surface of the 
protection layer 5, and is subjected to patterning by lithog 
raphy so as to expose the protection layer 5 of the analog 
area. 

[0117] After that, the protection layer 5 is etched by using 
the resist ?lm 6 as a mask, in FIG. 26. The SiGe layer 2 is 
also etched by using the resist ?lm 6 as a mask. Then, the 
resist ?lm 6 is removed. The buffer ?lm 19 formed of, for 
example, SiN is deposited on the entire surface of the 
semiconductor device. 

[0118] The buffer ?lm 19 on the Si substrate 1 and the 
protection layer 5 is etched by anisotropic etching in FIG. 
27. The buffer ?lm 19 is thereby formed on side surfaces of 
the SiGe layer 2 alone. 

[0119] The Si layer 7 having a greater thickness than the 
SiGe layer 2 is formed on the Si substrate 1 by epitaxial 
groWth, as shoWn in FIG. 28. In FIG. 29, the protection 
layer 5 is etched by the Wet etching. The surfaces of the SiGe 
layer 2 and the Si layer 7 are ?attened by the CMP to become 
plane. 

[0120] Next, Si is subjected to epitaxial groWth on the 
SiGe layer 2 and the Si layer 7 as shoWn in FIG. 24. The 
strained-Si layer 4 is thereby formed on the SiGe layer 2. 
The Si layer 3 (including the Si layer 7) is formed on the Si 
layer 7. 

[0121] Si is not subjected to epitaxial groWth on the buffer 
?lm 19. By thinning the buffer ?lm 19, hoWever, cavities are 
not generated betWeen the Si layer 3 and the strained-Si 
layer 4, due to extension of Si from the SiGe layer 2 and the 
Si layer 7. The semiconductor device shoWn in FIG. 24 is 
thus formed. 

[0122] The composition ratio of Ge in the SiGe layer 2 
becomes larger toWard the top surface of the layer. In other 
Words, the lattice constant of the SiGe layer 2 becomes 
larger toWard the top surface. Thus, if the composition ratio 
of Ge is made larger, a fault may occur at the bonding 
portion betWeen the SiGe layer 2 and the Si layer 3. 

[0123] In the present embodiment, hoWever, the buffer 
?lm 19 is provided betWeen the SiGe layer 2 and the Si layer 
3. The buffer ?lm 19 absorbs the stress caused by the SiGe 
layer 2 or the fault resulting from the SiGe layer 2. The 
buffer ?lm 19 also prevents the stress caused by the SiGe 
layer 2 or the like from being applied to the bonding portion 
betWeen the SiGe layer 2 and the Si layer 3. The fault 
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betWeen the SiGe layer 2 and the Si layer 3 can be thereby 
reduced. The other advantages are the same as those of the 
?rst embodiment. 

[0124] In the present embodiment, too, the Si substrate 1 
may have the SOI structure. FIG. 30 is a cross-sectional 
vieW shoWing the semiconductor device having the SOI 
structure. With this structure, the same advantages as those 
of the semiconductor device described With reference to 
FIG. 9 can be obtained. 

Fifth Embodiment 

[0125] FIG. 31 is a cross-sectional vieW shoWing main 
portions of a semiconductor device according to a ?fth 
embodiment of the present invention. The Si substrate 1 has 
the protrusion 1A. The protrusion 1A is formed in the analog 
area of the Si substrate 1. 

[0126] There is the digital area on each of both sides of the 
protrusion 1A. The SiGe layer 10 is formed in the digital 
area of the Si substrate 1. In other Words, the SiGe layer 10 
has a top surface exposed, and is embedded in the Si 
substrate 1. In addition, a buffer ?lm 20 is provided betWeen 
the protrusion 1A and the SiGe layer 10. The buffer ?lm 20 
is formed of, for example, SiN. 

[0127] The Si layer 11 is formed on the protrusion 1A. The 
strained-Si layer 12 is formed on the SiGe layer 10. The 
semiconductor device shoWn in FIG. 31 is thus formed. 

[0128] Next, a method of manufacturing the semiconduc 
tor device shoWn in FIG. 31 Will be explained With refer 
ence to FIG. 31 to FIG. 35. In FIG. 32, the protection layer 
13 is deposited on the Si substrate 1. The resist ?lm 14 is 
applied to the surface of the protection layer 13, and is 
subjected to patterning by lithography so as to expose the 
protection layer 13 of the digital area. 

[0129] Next, the protection layer 13 is etched by using the 
resist ?lm 14 as a mask, in FIG. 33. In addition, the Si 
substrate 1 is etched to a predetermined depth by using the 
resist ?lm 14 as a mask. The protrusion 1A is thus formed. 

[0130] After that, the resist ?lm 14 is removed. The buffer 
?lm 20 formed of, for example, SiN is deposited on the 
entire surface of the semiconductor device. 

[0131] In FIG. 34, the buffer ?lm 20 on the Si substrate 1 
and the protection layer 13 is etched by anisotropic etching. 
The buffer ?lm 20 is thus formed on both sides of the 
protrusion 1A. Furthermore, the SiGe layer 10 is formed on 
the Si substrate 1 of the digital area by epitaxial groWth such 
that the top surface of the SiGe layer 10 is higher than the 
top surface of the protrusion 1A. 

[0132] In FIG. 35, the protection layer 13 is etched by Wet 
etching. The surfaces of the SiGe layer 10 and the protrusion 
1A are ?attened by the CMP to become plane. 

[0133] Next, Si is subjected to epitaxial groWth on the 
SiGe layer 10 and the protrusion 1A in FIG. 31. The 
strained-Si layer 12 is thereby formed on the SiGe layer 10. 
The Si layer 11 is formed on the protrusion 1A. 

[0134] Si is not subjected to epitaxial groWth on the buffer 
?lm 20. By thinning the buffer ?lm 19, hoWever, cavities are 
not generated betWeen the Si layer 11 and the strained-Si 
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layer 12, due to extension of Si from the SiGe layer 10 and 
the protrusion 1A, The semiconductor device shoWn in FIG. 
31 is thus formed. 

[0135] In the present embodiment, as described above, the 
buffer ?lm 20 is provided betWeen the SiGe layer 10 and the 
protrusion 1A. Therefore, the fault generated at the bonding 
portion betWeen the SiGe layer 10 and the protrusion 1A can 
be reduced. 

[0136] In the present embodiment, too, the Si substrate 1 
may have the SOI structure. FIG. 36 is a cross-sectional 
vieW shoWing the semiconductor device having the SOI 
structure. With this structure, the same advantages as those 
of the semiconductor device described With reference to 
FIG. 15 can be obtained. 

[0137] In the semiconductor device shoWn in FIG. 36, the 
SiGe layer 10 may reach the insulation layer 8. FIG. 37 is 
a cross-sectional vieW shoWing the semiconductor device of 
FIG. 36 in Which the SiGe layer 10 reaches the insulation 
layer 8. With this structure, the same advantages as those of 
the semiconductor device described With reference to FIG. 
16 can be obtained. 

[0138] Moreover, the semiconductor device of the third 
embodiment shoWn in FIG. 17 may have the buffer ?lm 20. 
FIG. 38 is a cross-sectional vieW shoWing the semiconduc 
tor device of FIG. 17 further having the buffer ?lm 20. With 
this structure, the fault generated at the bonding portion 
betWeen the Si layer 16 and the SiGe layer 15 can be 
reduced. 

[0139] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A semiconductor device comprising: 

a substrate having a ?rst area and a second area adjacent 
to the ?rst area; 

a ?rst silicon layer provided on the substrate in the ?rst 
area; 

a relaXed layer Which is provided on the substrate in the 
second area and Which has a lattice constant greater 
than a lattice constant of the ?rst silicon layer; and 

a strained-Si layer Which is provided on the relaXed layer 
and Which has a lattice constant substantially equiva 
lent to the lattice constant of the relaXed layer. 

2. The semiconductor device according to claim 1, further 
comprising a buffer ?lm provided betWeen the ?rst silicon 
layer and the relaXed layer. 

3. The semiconductor device according to claim 1, 
Wherein the substrate is a silicon substrate, and 

the semiconductor device further comprises a buffer layer 
provided betWeen the relaXed layer and the silicon 
substrate, a lattice constant of the buffer layer becoming 
greater than a lattice constant of silicon toWard a top 
surface of the buffer layer. 
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4. The semiconductor device according to claim 1, 
Wherein the substrate is a SOI (Silicon On Insulator) sub 
strate, and 

the substrate includes an insulation layer and a second 
silicon layer provided on the insulation layer. 

5. The semiconductor device according to claim 1, further 
comprising an insulation layer provided betWeen the sub 
strate and the ?rst silicon layer. 

6. The semiconductor device according to claim 1, further 
comprising an insulation layer provided betWeen the sub 
strate and the relaXed layer. 

7. The semiconductor device according to claim 1, 
Wherein the relaXed layer is formed of silicon germanium. 

8. The semiconductor device according to claim 1, 
Wherein the buffer ?lm is formed of SiN. 

9. The semiconductor device according to claim 1, 
Wherein the ?rst area is an area in Which a memory device 

and/or an analog device is formed, and 

the second area is an area in Which a digital device is 
formed. 

10. The semiconductor device according to claim 9, 
Wherein the memory device includes at least one of a DRAM 
(Dynamic Random Access Memory), an SRAM (Static 
Random Access Memory) and a ?ush memory, 

the analog device includes at least one of a capacitor and 
an amplifying element Which processes a high-fre 
quency signal, and 

the digital device includes a CMOS (Complementary 
Metal Oxide Semiconductor) device. 

11. A semiconductor device comprising: 

a silicon substrate having a ?rst area, a second area 
adjacent to the ?rst area, and a protrusion arranged in 
the ?rst area; 

a relaXed layer Which is provided on the silicon substrate 
in the second area and Which has a lattice constant 
greater than a lattice constant of the silicon substrate; 
and 

a strained-Si layer Which is provided on the relaXed layer 
and Which has a lattice constant substantially equiva 
lent to the lattice constant of the relaXed layer. 

12. The semiconductor device according to claim 11, 
further comprising a buffer ?lm provided betWeen the pro 
trusion and the relaXed layer. 

13. The semiconductor device according to claim 11, 
further comprising a buffer layer provided betWeen the 
relaXed layer and the silicon substrate, a lattice constant of 
the buffer layer becoming greater than a lattice constant of 
silicon toWard a top surface of the buffer layer. 

14. The semiconductor device according to claim 11, 
Wherein the silicon substrate is a SOI substrate, and 

the silicon substrate includes an insulation layer and a 
silicon layer provided on the insulation layer. 

15. The semiconductor device according to claim 11, 
further comprising an insulation layer provided in the silicon 
substrate and beloW the protrusion. 

16. A method of manufacturing a semiconductor device, 
comprising: 

preparing a substrate having a ?rst area and a second area 
adjacent to the ?rst area; 
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forming on the substrate a relaxed layer Which has a 
lattice constant greater than a lattice constant of silicon; 

coating the relaxed layer of the second area With a resist 
?lm; 

etching the relaxed layer by using the resist ?lm as a 
mask; 

removing the resist ?lm; 

forming a ?rst silicon layer on the substrate in the ?rst 
area; and 

forming a strained-Si layer on the relaXed layer by epi 
taXial groWth. 

17. The method according to claim 16, further comprising 
forming a buffer ?lm on each of side surfaces of the relaXed 
layer after removing the resist ?lm. 

18. The method according to claim 16, Wherein the 
substrate is a SOI substrate. 

19. A method of manufacturing a semiconductor device, 
comprising: 
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preparing a silicon substrate having a ?rst area and a 
second area adjacent to the ?rst area; 

coating the silicon substrate in the ?rst area With a resist 
?lm; 

etching the silicon substrate by using the resist ?lm as a 
mask to form a protrusion on the silicon substrate; 

removing the resist ?lm; 

forming a relaXed layer Which has a lattice constant 
greater than a lattice constant of the silicon substrate, 
on the silicon substrate in the second area; and 

forming a strained-Si layer on the relaXed layer by epi 
taXial groWth. 

20. The method according to claim 19, further comprising 
forming a buffer ?lm on each of both side surfaces after 
removing the resist ?lm. 


