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(57) ABSTRACT 

A semiconductor device with high reliability is provided 
using an SOI substrate. When the SOI substrate is fabricated 
by using a technique typified by SIMOX, ELTRAN, or Smart 
Cut, a single crystal semiconductor Substrate having a main 
surface (crystal face) of a 110 plane is used. In such an SOI 
Substrate, adhesion between a buried insulating layer as an 
under layer and a single crystal silicon layer is high, and it 
becomes possible to realize a semiconductor device with high 
reliability. 
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METHOD OF FABRICATINGA 
SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/926,520, filed Oct. 29, 2007, now pending, 
which is a continuation of U.S. application Ser. No. 1 1/731, 
415, filed Mar. 30, 2007, now U.S. Pat. No. 7,473,971, which 
is a continuation of U.S. application Ser. No. 10/914.357, 
filed Aug. 9, 2004, now U.S. Pat. No. 7,476,576, which is a 
continuation of U.S. application Ser. No. 09/808,162, filed 
Mar. 13, 2001, now U.S. Pat. No. 6,803,264, which is a 
divisional of U.S. application Ser. No. 09/386,782, filed Aug. 
31, 1999, now U.S. Pat. No. 6,335,231, which claims the 
benefit of a foreign priority application filed in Japan as Serial 
No. 10-251635 on Sep. 4, 1998, all of which are incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device fabricated by using an SOI (Silicon on Insulator) sub 
strate and a method of fabricating the same. Specifically, the 
invention relates to a semiconductor device including a thin 
film transistor (hereinafter referred to as TFT) formed on an 
SOI substrate. 
0004 Incidentally, in the present specification, the semi 
conductor device indicates any device capable of functioning 
by using semiconductor characteristics. Thus, the semicon 
ductor device includes not only a TFT but also an electro 
optical device typified by a liquid crystal display device or a 
photoelectric conversion device, a semiconductor circuit in 
which TFTs are integrated, and an electronic equipment con 
taining Such an electro-optical device or a semiconductor 
circuit as a part. 
0005 2. Description of the Related Art 
0006. In recent years, VLSI techniques have been remark 
ably developed, and attention has been paid to an SOI (Silicon 
on Insulator) structure for realizing low power consumption. 
This technique is such a technique that an active region (chan 
nel formation region) of an FET, which has been convention 
ally formed of bulk single crystal silicon, is made thin film 
single crystal silicon. 
0007. In an SOI substrate, a buried oxide film made of 
silicon oxide exists on single crystal silicon, and a single 
crystal silicon thin film is formed thereon. Various methods of 
fabricating such SOI substrates are known. As a typical SOI 
substrate, an SIMOX substrate is known. The term SIMOX is 
an abbreviation for Separation-by-Implanted Oxygen, and 
oxygen is ion implanted into a single crystal silicon Substrate 
to form a buried oxide layer. The details of the SIMOX sub 
strate are disclosed in K. Izumi, M. Docken and H. Ariyoshi: 
“C.M.O.S. devices fabrication on buried SiO, layers formed 
by oxygen implantation into silicon'. Electron. Lett., 14. 
593-594 (1978). 
0008 Recently, attention has also been paid to a bonded 
SOI substrate. The bonded SOI substrate realizes the SOI 
structure by bonding two silicon Substrates as suggested by its 
name. If this technique is used, a single crystal silicon thin 
film can be formed also on a ceramic substrate or the like. 
0009 Among the bonded SOI substrates, in recent years, 
attention has been especially paid to a technique called ELT 
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RAN (registered trademark by Canon K.K.). This technique 
is a method of fabricating an SOI substrate using selective 
etching of a porous silicon layer. The particular technique of 
the ELTRAN method is disclosed in, K. Sakaguchi et al., 
“Current Progress in Epitaxial Layer Transfer (ELTRAN). 
IEICE TRANS. ELECTRON. Vol. E80 C. No.3 pp. 378-387 
March 1997, in detail. 
0010. As another SOI technique attracting attention, there 

is a technique called Smart-Cut (registered trademark of SOI 
TEC Co.). The Smart-Cut method is a technique developed 
by SOITEC Co. in France in 1996, and is a method of fabri 
cating a bonded SOI substrate using hydrogen embrittlement. 
The particular technique of the Smart-Cut method is dis 
closed in “Industrial Research Society (Kogyo Chosa Kai); 
Electronic Material, August, pp. 83-87, 1977 in detail. 
0011 When the foregoing SOI substrate is fabricated, a 
single crystal silicon Substrate having a main Surface of a 
crystal face of a 100 plane (crystal orientation is <100> 
orientation) has been used in any technique. The reason is that 
the {100 plane has lowest interface state density (Qss) and is 
suitable for a field effect transistor that is sensitive to interface 
characteristics. 
0012 However, with respect to the SOI substrate used for 
a TFT, since a single crystal silicon thin film must be formed 
on an insulating layer, higher priority must be given to adhe 
sion to the insulating layer than the interface state density. 
That is, even if the interface state density is low, it is mean 
ingless if the single crystal silicon thin film peels off. 

SUMMARY OF THE INVENTION 

0013 The present invention has been made in view of such 
problems, and an object thereof is to provide a semiconductor 
device with high reliability by fabricating an SOI substrate 
suitable for a TFT and by forming TFTs on the substrate. 
0014. The structure of the present invention disclosed in 
the present specification is characterized by comprising the 
steps of: 
0015 forming a hydrogen-containing layer at a predeter 
mined depth in a single crystal semiconductor Substrate hav 
ing a main surface of a 110 plane; 
0016 bonding the single crystal semiconductor substrate 
and a Supporting Substrate to each other, 
0017 splitting the single crystal semiconductor substrate 
by a first heat treatment along the hydrogen-containing layer; 
0018 carrying out a second heat treatment at a tempera 
ture of 900 to 1200° C.: 
0019 grinding a single crystal semiconductor layer 
remaining on the Supporting Substrate and having a main 
surface of a 110 plane; and 
0020 forming a plurality of TFTs each having an active 
layer of the single crystal semiconductor layer. 
0021. Further, another structure of the present invention is 
characterized by comprising the steps of 
0022 forming a porous semiconductor layer by anodiza 
tion of a single crystal semiconductor Substrate having a main 
surface of a 110 plane; 
0023 carrying out a heat treatment to the porous semicon 
ductor layer in a reducing atmosphere; 
0024 carrying out epitaxial growth of a single crystal 
semiconductor layer having a main surface of a 110 plane 
on the porous semiconductor layer, 
0025 bonding the single crystal semiconductor substrate 
and a Supporting Substrate to each other, 
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0026 carrying out aheat treatmentata temperature of 900 
to 1200° C.: 
0027 grinding the single crystal semiconductor substrate 

until the porous semiconductor layer is exposed; 
0028 removing the porous semiconductor layer to expose 
the single crystal semiconductor layer, and 
0029 forming a plurality of TFTs each having an active 
layer of the single crystal semiconductor layer on the Support 
ing Substrate. 
0030 Still further, another structure of the present inven 
tion is characterized by comprising the steps of: 
0031 forming an oxygen-containing layer at a predeter 
mined depth in a single crystal semiconductor Substrate hav 
ing a main surface of a 110 plane; 
0032 changing the oxygen-containing layer into a buried 
insulating layer by a heat treatment; and 
0033 forming a plurality of TFTs each having an active 
layer of a single crystal semiconductor layer having a main 
surface of a 110 plane on the buried insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034 FIGS. 1A to 1F are views showing fabricating steps 
of an SOI substrate of Embodiment 1. 
0035 FIGS. 2A to 2E are views showing fabricating steps 
of a TFT of Embodiment 1. 
0036 FIGS. 3A to 3F are views showing fabricating steps 
of an SOI substrate of Embodiment 2. 
0037 FIGS. 4A to 4C are views showing fabricating steps 
of an SOI substrate of Embodiment 3. 
0038 FIGS. 5A to 5C are views showing a structure of a 
semiconductor device (electro-optical device) of Embodi 
ment 4. 
0039 FIG. 6 is view showing a structure of a semiconduc 
tor device (semiconductor circuit) of Embodiment 5. 
0040 FIGS. 7A to 7F are views showing structures of 
semiconductor devices (electronic equipments) of Embodi 
ment 6. 
0041 FIGS. 8A to 8D are views showing structures of 
semiconductor devices (electronic equipments) of Embodi 
ment 6. 
0042 FIGS. 9A and 9B are photographs showing a crystal 
structure of single crystal silicon of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0043. The gist of the present invention is to use a single 
crystal semiconductor Substrate having a main Surface of a 
{110 plane (crystal face is a 110 plane) as a forming 
material of a single crystal semiconductor layer finally 
formed on a supporting substrate when an SOI substrate is 
fabricated by using an SOI technique such as SIMOX, ELT 
RAN, or Smart-Cut. 
0044) Incidentally, although the semiconductor men 
tioned here typically indicates silicon, the term also includes 
other semiconductors such as silicon germanium. 
0045. The reason why a single crystal semiconductor sub 
strate having a main surface of a 110 plane is used as a 
forming material of a single crystal semiconductor layer will 
be described below. Incidentally, this description will be 
made using single crystal silicon as an example. 
0046. As single crystal silicon, although that formed by an 
FZ method and that formed by a CZ method exist, in the 
present invention, it is preferable to use single crystal silicon 
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formed by the FZ method. In the CZ method which is the main 
stream at present, oxygen of about 2x10" atoms/cm is con 
tained for the purpose of relieving stress, so that there is a fear 
that an electron or hole mobility is lowered. Particularly, in 
the case where a minute TFT is formed, this comes to appear 
remarkably. 
0047. However, in the case where single crystal silicon is 
used for the SOI substrate as in the present invention, since 
there are many cases where the thickness of a single crystal 
silicon layer required for an active layer of a TFT is as very 
thin as 10 to 50 nm, it is not quite necessary to take stress into 
consideration. Thus, even if the FZ method (oxygen contentis 
1x10" atoms/cm or less), which can form single crystal 
silicon more inexpensively than the inexpensive CZ method, 
is used, satisfactory effects can be obtained. 
0048. In a general SOI substrate, a single crystal silicon 
layer is formed on a silicon oxide film. Thus, adhesion and 
conformity between the silicon oxide layer and the single 
crystal silicon layer become important. From Such a view 
point, in the SOI substrate, when the single crystal silicon 
layer comes in contact with the silicon oxide layer, it is ideal 
that the contact of the single crystal silicon layer is realized 
with the most stable plane. 
0049. The plane which is in contact with the silicon oxide 
layer with most stably is a 110 plane. Because, in the case 
of the 110 plane, the plane is in contact with the silicon 
oxide layer through three silicon atoms. This state will be 
explained with reference to photographs shown in FIGS. 9A 
and 9B. 

0050 FIG.9A is a photograph of a crystal structure model 
showing the state where two unit lattices of single crystal 
silicon are placed side by side. Here, a noticeable point is a 
portion indicated by an arrow in the drawing. In the portion 
indicated by the arrow, three silicon atoms are placed side by 
side. Any of the three silicon atoms is contained in a plane of 
the 110 plane. 
0051. That is, when a single crystal silicon layer having a 
crystal face of the 110 plane is formed on an insulating 
layer, it is understood that the number of silicon atoms com 
ing in contact with the insulating layer is three. 
0052 FIG.9B is a photograph showing the state of FIG. 
9A seen in a differentangle. In FIG.9B, although three silicon 
atoms exist in a portion indicated by an arrow, these are the 
same as the three silicon atoms indicated by the arrow in FIG. 
9A. 

0053. Like this, it is understood that three siliconatoms are 
contained in the 110 plane, and are adjacently arranged in 
a Substantially triangular shape. That is, in Such an arrange 
ment state, the single crystal silicon layer is in contact with an 
insulating layer as an under layer, and forms stable contact 
which is realized through “surface'. This indicates that the 
single crystal silicon layer is in contact with the insulating 
layer as an under layer with very high adhesion. 
0054. On the other hand, in the case where the single 
crystal silicon comes in contact with the silicon oxide layer 
through another plane, for example, a {100 plane or a 111} 
plane, the number of silicon atoms coming in contact with the 
silicon oxide layer is at most two, and unstable contact is 
formed in which the contact is realized through “line'. 
0055. Further, as a great merit of using the single crystal 
silicon layer having the main surface of the 110 plane, it is 
possible to mention that a silicon surface is very flat. In the 
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case where the main surface is the 110 plane, a cleavage 
plane appears lamellarly, and it is possible to form a Surface 
with very few asperities. 
0056. Like this, in the present invention, first priority is 
given to adhesion of a single crystal silicon layer to an under 
layer (silicon oxide layer) in the SOI substrate, and the inven 
tion is characterized by using the single crystal silicon Sub 
strate having the crystal face of the {100 plane which has not 
been conventionally used. That is, the invention is character 
ized in that the single crystal semiconductor Substrate having 
the main surface (crystal face) of the 110 plane is used as a 
material, and the SOI technique such as SIMOX, ELTRAN, 
or Smart-Cut is fully used, so that the SOI substrate with high 
reliability is formed. Incidentally, an oriental flat of the single 
crystal semiconductor Substrate having the main Surface of 
the 110 plane may be made a 111 plane. 
0057 Then such an SOI substrate is used, and a plurality 
of TFTs each having an active layer of a single crystal semi 
conductor thin film are formed on the same Substrate, so that 
a semiconductor device having high reliability can be real 
ized. 

0058. The present invention will next be described in 
detail with preferred embodiments described below. 

Embodiment 1 

0059. In this embodiment, with reference to FIGS. 1A to 
1F and 2A to 2E, a description will be made on a case where 
when an SOI substrate is fabricated by a Smart-Cut method. 
a single crystal silicon Substrate having a main Surface of a 
{110 plane is used, and a semiconductor device is fabricated 
by using the SOI substrate. 
0060 First, a single crystal silicon substrate 101 as a form 
ing material of a single crystal silicon layer is prepared. Here, 
although a P-type substrate having a main Surface of a crystal 
face of a 110 plane is used, an N-type substrate may be 
used. Of course, a single crystal silicon germanium Substrate 
may be used. 
0061 Next, athermal oxidation treatment is carried out, so 
that a silicon oxide film 102 is formed on the main surface 
(corresponding to an element forming Surface). Although a 
film thickness may be suitably determined by a user, the 
thickness is made 10 to 500 nm (typically 20 to 50 nm). This 
silicon oxide film 102 functions later as a part of a buried 
insulating layer of an SOI substrate (FIG. 1A). 
0062. At this time, the adhesion between the single crystal 
silicon substrate 101 and the silicon oxide film 102 becomes 
very high. Because, the silicon oxide film 102 is formed on 
the 110 plane in this invention, so that an interface with 
very high conformity can be realized. Since this interface is an 
interface between an active layer and an under film in a final 
TFT, it is very advantageous that the adhesion (conformity) is 
high. 
0063. The reason why the thickness of the silicon oxide 
film 102 can be made as thin as 20 to 50 nm is that the crystal 
face of the single crystal silicon substrate 101 has the 110} 
plane, so that the silicon oxide film having high adhesion can 
be formed even though it is thin. 
0064. Incidentally, the 110 plane has a problem that 
when an oxidation reaction proceeds, undulation (asperity) of 
the silicon Surface gradually becomes large. However, in the 
case where a thin silicon oxide film is provided as in this 
embodiment, since the amount of oxidation is Small, a prob 
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lem of such undulation can be eliminated to the utmost. This 
is an advantage that is common to all embodiments disclosed 
in the present specification. 
0065. Thus, the single crystal silicon layer formed by 
using this invention has a very flat Surface. For example, a 
distance between the top and top of the undulation is 10 times 
or less (preferably 20 times or less) as long as a distance 
between adjacent atoms of the three atoms contained in the 
{110 plane. That is, it is about 5 nm or less (preferably 10nm 
or less). 
0.066 Next, hydrogen is added through the silicon oxide 
film 102 from the side of the main surface of the single crystal 
silicon substrate 101. In this case, the hydrogen addition may 
be carried out as the form of hydrogen ions using an ion 
implantation method. Of course, the addition step of hydro 
gen may be carried out by other means. In this way, a hydro 
gen-containing layer 103 is formed. In this embodiment, a 
hydrogen ion with a dosage of 1x10' to 1x10" atom/cm is 
added (FIG. 1B). 
0067 Since the depth where the hydrogen-containing 
layer is formed determines the thickness of the single crystal 
silicon layer later, precise control is required. In this embodi 
ment, control of a hydrogen addition profile in the depth 
direction is made so that the single crystal silicon layer with a 
thickness of 50 nm remains between the main surface of the 
single crystal silicon Substrate 101 and the hydrogen-contain 
ing layer 103. 
0068. Since the 110 plane is a plane which has the 
lowest atomic density, even if hydrogen ions are added, a 
probability of collision with silicon atoms is lowest. That is, it 
is possible to Suppress damage at the time of ion addition to 
the minimum. 

0069. Next, the single crystal silicon substrate 101 and a 
Supporting Substrate are bonded to each other. In this embodi 
ment, a silicon Substrate 104 is used as the Supporting Sub 
strate, and a silicon oxide film 105 for bonding is provided on 
its surface. As the silicon substrate 104, it is satisfactory if an 
inexpensive silicon substrate formed by the FZ method is 
prepared. Of course, it does not matter if a polycrystal silicon 
Substrate is used. Besides, if only flatness can be assured, a 
highly refractory Substrate Such as a quartz. Substrate, a 
ceramic Substrate, or a crystallized glass Substrate may be 
used (FIG. 1C). 
0070. At this time, since a bonding interface is formed of 
highly hydrophilic silicon oxide films, they are adhered to 
each other with hydrogen bonds by reaction of moisture con 
tained in both the surfaces. 

0071 Next, a heat treatment (first heat treatment) at 400 to 
600° C. (typically 500° C.) is carried out. By this heat treat 
ment, in the hydrogen-containing layer 103, a Volume change 
of a minute vacancy occurs, and a broken Surface is produced 
along the hydrogen-containing layer 103. By this, the single 
crystal silicon substrate 101 is split, so that the silicon oxide 
film 102 and a single crystal silicon layer 106 are made to 
remain on the supporting substrate (FIG. 1D). 
0072 Next, as a second heat treatment, a furnace anneal 
ing step is carried out in a temperature range of 1050 to 1150° 
C. In this step, at the bonded interface, stress relaxation of 
Si-O-Sibonds occurs, so that the boned interface becomes 
stable. That is, this becomes a step of completely bonding the 
single crystal silicon layer 106 to the Supporting Substrate. In 
this embodiment, this step is carried out at 1100° C. for 2 
hours. 
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0073. The bonded interface is stabilized in this way, so that 
a buried insulating layer 107 is defined. In FIG. 1E, a dotted 
line in the buried insulating layer 107 indicates the bonded 
interface, and means that adhesion of the interface has 
become strong. 
0074 Next, the surface of the single crystal silicon layer 
106 is flattened. For flattening, a polishing step called CMP 
(Chemical Mechanical Polishing) or a furnace annealing 
treatment at high temperature (about 900 to 1200° C.) in a 
reducing atmosphere may be carried out. 
0075. The final thickness of the single crystal silicon layer 
106 may be made 10 to 200 nm (preferably 20 to 100 nm). 
0076 Next, the single crystal silicon layer 106 is patterned 

to form an island-like silicon layer 108 which becomes an 
active layer of a TFT. In this embodiment, although only one 
island-like silicon layer is shown, a plurality of layers are 
formed on the same substrate (FIG.1F). 
0077. In the manner as described above, the island-like 
silicon layer 108 having the main surface of the 110 plane 
is obtained. The present invention is characterized in that the 
island-like silicon layer obtained in this way is used as an 
active layer of a TFT, and a plurality of TFTs are formed on 
the same Substrate. 

0078 Next, a method of forming a TFT will be described 
with reference to FIGS. 2A to 2E. First, steps up to the state of 
FIG. 1F are completed. In FIG. 2A, although a supporting 
substrate 201 is actually divided into the silicon substrate 104 
and the buried insulating layer 107 in FIG. 1, they are shown 
in an integrated State for simplicity. An island-like silicon 
layer 202 of FIG. 2A corresponds to the island-like silicon 
layer 108 of FIG.1F. 
0079 Next, a thermal oxidation step is carried out so that 
a silicon oxide film 203 with a thickness of 10 nm is formed 
on the surface of the island-like silicon layer 202. This silicon 
oxide film 203 functions as a gate insulating film. After the 
gate insulating film 203 is formed, a polysilicon film having 
conductivity is formed thereon, and a gate wiring line 204 is 
formed by patterning (FIG. 2A). 
0080 Incidentally, in this embodiment, although the poly 
silicon film having N-type conductivity is used as the gate 
wiring line, the material is not limited to this. Particularly, for 
the purpose of decreasing the resistance of the gate wiring 
line, it is also effective to use a metal material Such as tanta 
lum, tantalum alloy, or a laminate film of tantalum and tan 
talum nitride. Moreover, for the purpose of obtaining the gate 
wiring line with further low resistance, it is also effective to 
use copper or copper alloy. 
0081. After the state of FIG. 2A is obtained, an impurity to 
give N-type conductivity or P-type conductivity is added to 
form an impurity region 205. The impurity concentration at 
this time determines the impurity concentration of an LDD 
region later. In this embodiment, although arsenic with a 
concentration of 1x10" atoms/cm is added, neitheran impu 
rity nor a concentration is not required to be limited to this 
embodiment. 

0082 Next, a thin silicon oxide film 206 with a thickness 
of about 5 to 10 nm is formed on the surface of the gate wiring 
line. This may be formed by using a thermal oxidation 
method or a plasma oxidation method. The formation of the 
silicon oxide film 206 has an object to make it function as an 
etching stopper in a next side wall forming step. 
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I0083. After the silicon oxide film 206 as an etching stop 
per is formed, a silicon nitride film is formed and etchback is 
carried out, so that a side wall 207 is formed. In this way the 
state of FIG. 2B is obtained. 

I0084. In this embodiment, although the silicon nitride film 
is used as the side wall 207, a polysilicon film or an amor 
phous silicon film may be used. Ofcourse, it is needless to say 
that if the material of the gate wiring line is changed, room for 
choice of a material which can be used as the side wall is 
widened. 
I0085 Next, an impurity having the same conductivity as 
the former step is added again. The concentration of the 
impurity added at this time is made higher than that at the 
former step. In this embodiment, arsenic is used as the impu 
rity, and the concentration is made 1x10' atoms/cm. How 
ever, it is not necessary to make limitation to this. By the 
addition step of the impurity, a source region 208, a drain 
region 209, an LDD region 210, and a channel formation 
region 211 are defined (FIG. 2C). 
I0086. In this way, after the respective impurity regions are 
formed, activation of the impurity is carried out by furnace 
annealing, laser annealing, lamp annealing, or the like. 
0087 Next, silicon oxide films formed on the surfaces of 
the gate wiring line 204, the source region 208, and the drain 
region 209 are removed to expose their surfaces. Then a 
cobalt film 212 with a thickness of about 5 nm is formed and 
athermal treatment step is carried out. By this heat treatment, 
a reaction of cobalt and silicon occurs, so that a silicide layer 
(cobalt silicide layer) 213 is formed (FIG. 2D). 
I0088. This technique is a well-known salicide technique. 
Thus, it does not matteriftitanium or tungsten is used instead 
of cobalt, and a heat treatment condition and the like may be 
referred to the well-known technique. In this embodiment, the 
heat treatment step is carried out by using lamp annealing. 
I0089. After the silicide layer 213 is formed in this way, the 
cobalt film 212 is removed. Thereafter, an interlayer insulat 
ing film 214 with a thickness of 1 Lum is formed. As the 
interlayer insulating film 214, a silicon oxide film, a silicon 
nitride film, a silicon nitride oxide film, or a resin film, Such as 
polyamide, polyimide, acryl, etc., may be used. Alternatively, 
these insulating films may be laminated. 
0090 Next, contact holes are formed in the interlayer insu 
lating film 214, and a source wiring line 215 and a drain 
wiring line 216 made of a material containing aluminum as its 
main ingredient are formed. Finally, the entire component is 
subjected to furnace annealing at 300° C. for 2 hours in a 
hydrogen atmosphere, and hydrogenating is completed. 
(0091. In this way, a TFT as shown in FIG. 2E is obtained. 
Incidentally, the structure described in this embodiment is 
merely an example, and a TFT structure to which the present 
invention can be applied is not limited to this. Thus, the 
invention can be applied to a TFT of any well-known struc 
ture. Besides, the step condition of this embodiment is merely 
an example, and a user may properly determine an optimum 
condition other than the essential portion of the invention. 
0092 Besides, in this embodiment, although the descrip 
tion has been made with the N-channel TFT as an example, it 
is also easy to fabricate a P-channel TFT. Further, it is also 
possible to form a CMOS circuit by forming an N-channel 
TFT and a P-channel TFT on the same substrate and by 
complementarily combining them. 
(0093. Further, in the structure of FIG. 2E, if a pixel elec 
trode (not shown) electrically connected to the drain wiring 
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line 216 is formed by well-known means, it is also easy to 
form a pixel Switching element of an active matrix type dis 
play device. 
0094. That is, the invention is also a very effective tech 
nique as a method of fabricating an electro-optical device 
typified by a liquid crystal display device, an EL (electrolu 
minescence) display device, an EC (electrochromic) display 
device, a photoelectric conversion device (optical sensor), 
and the like. 

Embodiment 2 

0095. In this embodiment, a description will be made of an 
example in which an SOI substrate different from that of 
embodiment 1 is fabricated by using a single crystal silicon 
substrate having a main surface of a 110 plane, and a 
semiconductor device is fabricated by using the SOI substrate 
using FIGS. 3A to 3F. Specifically, a case where a technique 
called ELTRAN is used will be described. 
0096 First, a single crystal silicon substrate 301 having a 
main surface (crystal face) of a 110 plane is prepared. Next, 
the main Surface is subjected to anodization to form a porous 
silicon layer 302. The anodization step may be carried out in 
a mixed solution of hydrofluoric acid and ethanol. The porous 
silicon layer 302 is regarded as a single crystal silicon layer 
provided with columnar surface holes at a surface density of 
about 10' holes/cm, and succeeds to the crystal state (ori 
entation, etc.) of the single crystal silicon substrate 301 as it 
is. Incidentally, since the ELTRAN method itself is well 
known, the detailed description will be omitted here. 
0097. After the porous silicon layer 302 is formed, it is 
preferable to carry out a heat treatment step in a reducing 
atmosphere and within a temperature range of 900 to 1200° C. 
(preferably 1000 to 1150° C.). In this embodiment, a heat 
treatment at 1050° C. for 2 hours is carried out in a hydrogen 
atmosphere. 
0098. As the reducing atmosphere, although a hydrogen 
atmosphere, an ammonia atmosphere, or an inert gas atmo 
sphere containing hydrogen or ammonia (mixed atmosphere 
of hydrogen and nitrogen, or hydrogen and argon, etc.)is 
preferable, flattening of the surface of the crystalline silicon 
film can be made even in an inert gas atmosphere. However, 
when a reduction of a natural oxidation film is carried out by 
using a reducing action, many silicon atoms with high energy 
are generated and the flattening effect is resultantly increased. 
Thus, use of the reducing atmosphere is preferable. 
0099 However, attention needs to be especially paid to the 
point that the concentration of oxygen or an oxygen com 
pound (for example, OH radical) contained in the atmosphere 
must be 10 ppm or less (preferably 1 ppm or less). Otherwise, 
the reducing reaction by hydrogen comes not to occur. 
0100. At this time, in the vicinity of the surface of the 
porous silicon layer 302, the surface holes are filled up by 
movement of silicon atoms, so that a very flat silicon Surface 
can be obtained. 
0101 Next, a single crystal silicon layer 303 is epitaxially 
grown on the porous silicon layer 302. At this time, since the 
epitaxially grown single crystal silicon layer 303 reflects the 
crystal structure of the single crystal silicon substrate 301 as 
it is, its main surface becomes a 110 plane. The film thick 
ness may be 10 to 200 nm (preferably 20 to 100 nm) (FIG. 
3A). 
0102 Next, the single crystal silicon layer 303 is oxidized 

to form a silicon oxide layer 304. As a forming method, it is 
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possible to use thermal oxidation, plasma oxidation, laser 
oxidation, or the like. At this time, a single crystal silicon 
layer 305 remains (FIG. 3B). 
0103) Next, as a supporting substrate, a polycrystal silicon 
substrate 306 provided with a silicon oxide layer on its sur 
face is prepared. Of course, a ceramic Substrate, a quartz 
Substrate, or a glass ceramic Substrate each provided with an 
insulating film on its surface may be used. 
0104. After the preparation of the single crystal silicon 
substrate 301 and the supporting substrate (polycrystal sili 
con substrate 306) is completed in this way, both of the 
substrates are bonded to each other in such a manner that the 
respective main Surfaces are opposite to each other. In this 
case, the silicon oxide layer provided on each of the Substrates 
functions as an adhesive (FIG. 3C). 
0105. After bonding is ended, a heat treatment step at a 
temperature of 1050 to 1150°C. is next carried out, and the 
bonded interface made of both the silicon oxide layers is 
stabilized. In this embodiment, this heat treatment step is 
carried out at 1100° C. for 2 hours. Incidentally, a portion 
indicated by a dotted line in FIG. 3C is the bonded interface 
after adhering has been completely performed. The silicon 
oxide layers provided on both the substrates are integrated by 
the heat treatment to become a buried insulating layer 307. 
0106 Next, the single crystal silicon substrate 301 is 
ground from the rear Surface side by mechanical polishing 
Such as CMP, and the grinding step is ended when the porous 
silicon layer 302 is exposed. In this way, the state shown in 
FIG. 3D is obtained. 
0107 Next, the porous silicon layer 302 is subjected to wet 
etching and is selectively removed. As an etchant to be used, 
a mixed solution of a hydrofluoric acid solution and a hydro 
gen peroxide solution is preferable. It is reported that a solu 
tion of a mixture of 49% HF and 30% HO at a ratio of 1:5 
has a selecting ratio of a hundred thousand times or more 
between a single crystal silicon layer and a porous silicon 
layer. 
0108. The state shown in FIG.3E is obtained in this way. 
In this state, the buried insulating layer 307 is provided on the 
polycrystal silicon Substrate 306, and a single crystal silicon 
layer 308 is formed thereon. 
0109 Although the SOI substrate is completed at this 
time, since minute asperities exist on the Surface of the single 
crystal silicon layer 308, it is desirable to carry out a heat 
treatment step in a hydrogen atmosphere to perform flatten 
ing. This flattening phenomenon occurs due to speed-increas 
ing Surface diffusion of silicon atoms by reduction of a natural 
oxidation film. 
0110. At this time, since there is also an effect that boron 
contained in the single crystal silicon layer 308 (that con 
tained in a P-type silicon Substrate) is released into a vapor 
phase by hydrogen atoms, the heat treatment step is also 
effective in decrease of impurities. 
0111. Next, the obtained single crystal silicon layer 308 is 
patterned to form an island-like silicon layer 309. Although 
only one layer is shown in the drawings, it is needless to say 
that a plurality of island-like silicon layers may be formed. 
0.112. Thereafter, a TFT can be fabricated in accordance 
with the same steps as those described in embodiment 1 with 
reference to FIGS. 2A to 2E. The TFT may beformed by other 
well-known means. In this embodiment, the detailed descrip 
tion will be omitted. 

Embodiment 3 

0113. In this embodiment, a description will be made on 
an example in which a single crystal silicon Substrate having 
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a main surface of a 110 plane is used to fabricate an SOI 
substrate different from that of embodiment 1 or embodiment 
2, and a semiconductor device is fabricated by using the 
substrate using FIGS. 4A to 4C. Specifically, a case in which 
an SOI substrate called SIMOX is fabricated will be 
described. 
0114. In FIG. 4A, reference numeral 401 designates a 
single crystal silicon Substrate. In this embodiment, an oxy 
gen ion is first added to the single crystal silicon substrate 401 
to form an oxygen-containing layer 402 at a predetermined 
depth. The oxygen ion with a dosage of about 1x10" atoms/ 
cm may be added. 
0115. At this time, since the 110 plane has small atomic 
density, a probability of collision of the oxygen ion and sili 
con atom becomes lower. That is, it is possible to suppress 
damage of the silicon Surface due to the addition of oxygen to 
the minimum. Of course, if the substrate temperature is raised 
at 400 to 600° C. during the ion addition, the damage can be 
further decreased. 
0116. Next, a heat treatment at a temperature of 800 to 
1200° C. is carried out, so that the oxygen-containing layer 
402 is changed into a buried insulating layer 403. The width 
of the oxygen-containing layer 402 in the depth direction is 
determined by a distribution of the oxygen ion at the ion 
addition, and has a distribution with agentle tail. However, by 
this heat treatment, the interface between the single crystal 
silicon substrate 401 and the buried insulating layer 403 
becomes very steep (FIG. 4B). 
0117 The thickness of this buried insulating layer 403 is 
10 to 500 nm (typically 20 to 50 nm). The reason why the 
buried insulating layer as thin as 20 to 50 nm can be realized 
is that the interface between the single crystal silicon sub 
strate 401 and the buried insulating layer 403 is stably 
coupled, which is the very result of the fact that the single 
crystal silicon substrate having the main surface of the 110} 
plane is used as the material of the single crystal silicon layer. 
0118 When the buried insulating layer 403 is formed in 

this way, a single crystal silicon layer 404 remains on the 
buried insulating layer 403. That is, in this embodiment, since 
the single crystal silicon Substrate having the main Surface of 
the 110 plane is used, the main surface (crystal face) of the 
single crystal silicon layer 404 obtained after the buried insu 
lating layer is formed comes to have the 110 plane as well. 
Incidentally, adjustment may be made so that the thickness of 
the single crystal silicon layer 404 becomes 10 to 200 nm 
(preferably 20 to 100 nm). 
0119. After the single crystal silicon layer 404 is obtained 
in this way, patterning is carried out to obtain an island-like 
silicon layer 405. A plurality of island-like silicon layers may 
be formed. 
0120. Thereafter, a plurality of TFTs may be completed in 
accordance with the steps described in embodiment 1 using 
FIGS. 2A to 2E. The TFTs may be formed by other well 
known means. In this embodiment, the detailed description 
will be omitted. 

Embodiment 4 

0121. In this embodiment, an example of a reflection type 
liquid crystal display device as a semiconductor device of the 
present invention will be shown in FIGS. 5A to 5C. Since a 
fabricating method of a pixel TFT (pixel switching element) 
and a cell assembling step may be made by using well-known 
means, the detailed description will be omitted. 
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I0122. In FIG. 5A, reference numeral 11 designates a sub 
strate having an insulating Surface, 12 designates a pixel 
matrix circuit, 13 designates a source driver circuit, 14 des 
ignates a gate driver circuit, 15 designates an opposite Sub 
strate, 16 designates an FPC (Flexible Printed Circuit), and 17 
designates a signal processing circuit. As the signal process 
ing circuit 17, a circuit performing processing for which an IC 
has been conventionally Substituted. Such as a D/A converter, 
a y-correction circuit, or a signal dividing circuit, can be 
formed. Of course, it is also possible to provide an IC chip on 
a glass Substrate and to perform signal processing on the IC 
chip. 
I0123. Further, although the description in this embodi 
ment has been made on the liquid crystal display device as an 
example, it is needless to say that the present invention can be 
applied to an EL (electroluminescence) display device or an 
EC (electrochromic) display device as long as the display 
device is an active matrix type display device. 
0.124. Here, an example of a circuit constituting the driver 
circuits 13 and 14 of FIG. 5A is shown in FIG.S.B. Since a 
TFT portion has been described in embodiment 1, only nec 
essary portions will be described here. 
(0.125. In FIG. 5B, reference numerals 501 and 502 desig 
nate N-channel TFTs, 503 designates a P-channel TFT, and 
the TFTs 501 and 503 constitute a CMOS circuit. Reference 
numeral 504 designates an insulating layer made of a lami 
nate film of a silicon nitride film/silicon oxide film/resin film, 
and a titanium wiring line 505 is provided thereon. The 
CMOS circuit and the TFT 502 are electrically connected to 
each other. The titanium wiring line is further covered with an 
insulating layer 506 made of a resin film. The two insulating 
films 504 and 506 also have a function as a flattening film. 
I0126. A part of circuits constituting the pixel matrix cir 
cuit 12 of FIG.5A is shown in FIG.5C. In FIG.5C, reference 
numeral 507 designates a pixel TFT made of a double gate 
structure N-channel TFT, and a drain wiring line 508 is 
formed to widely extend into a pixel region. 
I0127. The insulating layer 504 is provided thereon, and the 
titanium wiring line 505 is provided thereon. At this time, a 
recess portion is formed in a part of the insulating layer 504, 
and only silicon nitride and silicon oxide of the lowermost 
layer are made to remain. By this, auxiliary capacitance is 
formed between the drain wiring line 508 and the titanium 
wiring line 505. 
I0128 Besides, the titanium wiring line 505 provided in the 
pixel matrix circuit has an electric field shielding effect 
between the Source/drain wiring line and a Subsequent pixel 
electrode. Further, it also functions as a black mask at gaps 
between a plurality of pixel electrodes provided. 
I0129. Then, the insulating layer 506 is provided to cover 
the titanium wiring line 505, and a pixel electrode 509 made 
of a reflective conductive film is formed thereon. Of course, it 
does not matter if contrivance to raise reflectivity may be 
made on the surface of the pixel electrode 509. 
0.130 Actually, although an orientation film or a liquid 
crystal layer is provided on the pixel electrode 509, the 
description will be omitted here. 
I0131 The reflection type liquid crystal display device hav 
ing the structure as described above can be fabricated by 
using the present invention. Of course, when combined with 
a well-known technique, it is also possible to easily fabricate 
a transmission type liquid crystal display device. Further, 
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when combined with a well-known technique, it is also pos 
sible to easily fabricate an active matrix type EL display 
device. 

Embodiment 5 

0132) The present invention can be applied to all conven 
tional IC techniques. That is, the present invention can be 
applied to all semiconductor circuits presently available on 
the market. For example, the present invention may be 
applied to a microprocessor Such as a RISC processor inte 
grated on one chip or an ASIC processor, and may be applied 
to circuits from a signal processing circuit such as a D/A 
converter to a high frequency circuit for a portable equipment 
(portable telephone, PHS, mobile computer). 
0.133 FIG. 6 shows an example of a microprocessor. The 
microprocessor is typically constituted by a CPU core 21, a 
RAM 22, a clock controller 23, a cache memory 24, a cache 
controller 25, a serial interface 26, an I/O port 27, and the like. 
0134. Of course, the microprocessor shown in FIG. 6 is a 
simplified example, and various circuit designs are made for 
actual microprocessors according to their use. 
0135 However, in any microprocessor with any function, 

it is an IC (Integrated Circuit) 28 that functions as a central 
part. The IC 28 is a functional circuit in which an integrated 
circuit formed on a semiconductor chip 29 is protected with 
ceramic or the like. 
0.136 An N-channel TFT 30 and a P-channel TFT 31 
having the structure of this invention constitute the integrated 
circuit formed on the semiconductor chip 29. Note that when 
a basic circuit is constituted by a CMOS circuit as a minimum 
unit, power consumption can be Suppressed. 
0.137 Besides, the microprocessor shown in this embodi 
ment is mounted on various electronic equipments and func 
tions as a central circuit. As typical electronic equipments, a 
personal computer, a portable information terminal equip 
ment, and other all household electric appliances can be enu 
merated. Besides, a computer for controlling a vehicle (auto 
mobile, electric train, etc.) can also be enumerated. 

Embodiment 6 

0138 A CMOS circuit and a pixel matrix circuit formed 
through carrying out the present invention may be applied to 
various electro-optical devices (active matrix type liquid 
crystal display devices, active matrix type EL display devices, 
active matrix type EC display devices). Namely, the present 
invention may be embodied in all the electronic equipments 
that incorporate those electro-optical devices as display 
media. 
0.139. As such an electronic equipment, a video camera, a 
digital camera, a projector (rear-type projector or front-type 
projector), a head mount display (goggle-type display), a 
navigation system for vehicles, a personal computer, and a 
portable information terminal (a mobile computer, a cellular 
phone, or an electronic book) may be enumerated. Examples 
of those are shown in FIGS. 7A to 8D. 
0140 FIG. 7A shows a personal computer comprising a 
main body 2001, an image inputting unit 2002, a display 
device 2003, and a keyboard 2004. The present invention is 
applicable to the image inputting unit 2002, the display 
device 2003, and other signal control circuits. 
0141 FIG. 7B shows a video camera comprising a main 
body 2101, a display device 2102, a voice input unit 2103, an 
operation switch 2104, a battery 2105, and an image receiving 
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unit 2106. The present invention is applicable to the display 
device 2102, the voice input unit 2103, and other signal con 
trol circuits. 
0.142 FIG. 7C shows a mobile computer comprising a 
main body 2201, a camera unit 2202, an image receiving unit 
2203, an operation switch 2204, and a display device 2205. 
The present invention is applicable to the display device 2205 
and other signal control circuits. 
0.143 FIG. 7D shows a goggle-type display comprising a 
main body 2301, a display device 2302 and an arm portion 
2303. The present invention is applicable to the display device 
2302 and other signal control circuits. 
014.4 FIG. 7E shows a player that employs a recoding 
medium in which programs are recorded (hereinafter referred 
to as recording medium), and comprises a main body 2401, a 
display device 2402, a speaker unit 2403, a recording medium 
2404, and an operation switch 2405. Incidentally, this player 
uses as the recoding medium a DVD (digital versatile disc), a 
CD and the like to serve as a tool for enjoying music or 
movies, for playing games and for connecting to the Internet. 
The present invention is applicable to the display device 2402 
and other signal control circuits. 
0145 FIG. 7F shows a digital camera comprising a main 
body 2501, a display device 2502, an eyepiece section 2503, 
an operation Switch 2504, and an image receiving unit (not 
shown). The present invention is applicable to the display 
device 2502 and other signal control circuits. 
0146 FIG. 8A shows a front-type projector comprising a 
display device 2601 and a screen 2602. The present invention 
is applicable to the display device and other signal control 
circuits. 
0147 FIG. 8B shows a rear-type projector comprising a 
main body 2701, a display device 2702, a mirror 2703, and a 
screen 2704. The present invention is applicable to the display 
device and other signal control circuits. 
0148 FIG. 8C is a diagram showing an example of the 
structure of the display devices 2601 and 2702 in FIGS. 8A 
and 8B. The display device 2601 or 2702 comprises a light 
source optical system 2801, mirrors 2802 and 2805 to 2807, 
dichroic mirrors 2803 and 2804, optical lenses 2808, 2809 
and 2811, liquid crystal display devices 2810, and a projec 
tion optical system 2812. The projection optical system 2812 
consists of an optical system including a projection lens. This 
embodiment shows an example of “three plate type' using 
three liquid crystal display devices 2810, but not particularly 
limited thereto. For instance, the invention may be applied 
also to “single plate type. Further, in the light path indicated 
by an arrow in FIG. 8C, an optical system Such as an optical 
lens, a film having a polarization function, a film for adjusting 
a phase difference, an IR film may be provided on discretion 
of a person who carries out the invention. 
014.9 FIG. 8D is a diagram showing an example of the 
structure of the light source optical system 2801 in FIG. 8C. 
In this embodiment, the light source optical system 2801 
comprises light sources 2813 and 2814, synthetic prism 2815, 
collimator lenses 2816 and 2820, lens arrays 2817 and 2818, 
polarizing converter element 2819. 
0150. The light source optical system shown in FIG. 8D 
employs two light sources, but may employ three to four of 
light sources, or more. Of course, it may employ one light 
SOUC. 

0151. Further, on discretion of a person who carries out the 
invention, the light source optical system may be provided 
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with an optical system Such as an optical lens, a film having a 
polarization function, a film for adjusting the phase differ 
ence, and an IR film. 
0152. As described above, the scope of application of the 
present invention is very wide, and the invention can be 
applied to electronic equipments of any fields. The electronic 
equipment of this embodiment can be realized even if any 
combination of embodiments 1 to 5 is used. 
What is claimed is: 
1. A method of fabricating an SOI substrate comprising the 

steps of: 
forming an oxide layer on a first single crystal silicon 

Substrate having a main surface of a 110 plane; 
forming a hydrogen-containing layer at a predetermined 

depth in the first single crystal silicon substrate by add 
ing hydrogen into the first single crystal silicon Substrate 
from a side of the main Surface through the oxide layer; 

bonding the first single crystal silicon Substrate and a sec 
ond single crystal silicon Substrate to each other with at 
least the oxide layer therebetween; and 

separating the first single crystal silicon Substrate along the 
hydrogen-containing layer by a heat treatment to form a 
single crystal semiconductor layer on the second single 
crystal silicon Substrate. 

2. The method according to claim 1 further comprising 
flattening a surface of the single crystal semiconductor layer 
by a heat treatment at 900 to 1200° C. 

3. The method according to claim 1 wherein the oxide layer 
is 10 to 500 nm thick. 

4. The method according to claim 1 wherein the single 
crystalline silicon layer is 20 to 100 nm thick. 

5. A method of fabricating an SOI substrate comprising the 
steps of: 

forming an oxide layer on a first single crystal silicon 
Substrate having a main surface of a 110 plane; 

forming a hydrogen-containing layer at a predetermined 
depth in the first single crystal silicon substrate by add 
ing hydrogen into the first single crystal silicon Substrate 
from a side of the main Surface through the oxide layer; 

bonding the first single crystal silicon Substrate and a sec 
ond single crystal silicon Substrate to each other with at 
least the oxide layer therebetween: 

separating the first single crystal silicon Substrate along the 
hydrogen-containing layer by a heat treatment to form a 
single crystal semiconductor layer on the second single 
crystal silicon Substrate; and 

polishing a surface of the single crystal semiconductor 
layer. 

6. The method according to claim 5 wherein the oxide layer 
is 10 to 500 nm thick. 

7. The method according to claim 5 wherein the single 
crystalline semiconductor layer Subject to the patterning step 
is 20 to 100 nm thick. 

8. The method according to claim 5 wherein the surface of 
the single crystal semiconductor layer is polished by chemi 
cal mechanical polishing. 

9. A method of fabricating an SOI substrate comprising the 
steps of: 

forming an oxide layer on a single crystal silicon Substrate 
having a main surface of a 110 plane; 

forming a hydrogen-containing layer at a predetermined 
depth in the single crystal silicon Substrate by adding 
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hydrogen into the single crystal silicon Substrate from a 
side of the main Surface through the oxide layer, 

bonding the single crystal silicon Substrate and a polycrys 
tal silicon substrate to each other with at least the oxide 
layer therebetween: 

separating the single crystal silicon Substrate along the 
hydrogen-containing layer by a heat treatment to form a 
single crystal semiconductor layer on the polycrystal 
silicon Substrate. 

10. The method according to claim 9 further comprising 
flattening a Surface of the single crystal semiconductor layer 
by a heat treatment at 900 to 1200° C. 

11. The method according to claim 9 wherein the oxide 
layer is 10 to 500 nm thick. 

12. The method according to claim 9 wherein the single 
crystalline semiconductor layer Subject to the patterning step 
is 20 to 100 nm thick. 

13. A method of fabricating an SOI substrate comprising 
the steps of: 

forming an oxide layer on a single crystal silicon Substrate; 
forming a hydrogen-containing layer at a predetermined 

depth in the single crystal silicon Substrate by adding 
hydrogen into the single crystal silicon Substrate through 
the oxide layer; 

bonding the single crystal silicon Substrate and a polycrys 
tal silicon substrate to each other with at least the oxide 
layer therebetween: 

separating the single crystal semiconductor Substrate along 
the hydrogen-containing layer by a heat treatment to 
form a single crystal semiconductor layer on the poly 
crystal silicon Substrate. 

14. The method according to claim 13 further comprising 
flattening a Surface of the single crystal semiconductor layer 
by a heat treatment at 900 to 1200° C. 

15. The method according to claim 13 wherein the oxide 
layer is 10 to 500 nm thick. 

16. The method according to claim 13 wherein the single 
crystalline silicon layer is 20 to 100 nm thick. 

17. An SOI substrate comprising: 
a silicon Substrate; 
an oxide layer on the silicon Substrate; 
a single crystal silicon layer on the oxide layer, the single 

crystal silicon layer having a main surface of a 110 
plane, 

wherein the single crystal silicon layer is separated from a 
single crystal silicon Substrate. 

18. The SOI substrate according to claim 17 wherein the 
single crystalline silicon layer is 20 to 100 nm thick. 

19. An SOI substrate comprising: 
a silicon Substrate; 
a first oxide layer on the silicon substrate; 
a second oxide layer on the first oxide layer; and 
a single crystal silicon layer on the second oxide layer, the 

single crystal silicon layer having a main Surface of a 
{110 plane. 

20. The SOI substrate according to claim 19 wherein the 
single crystalline silicon layer is 20 to 100 nm thick. 

21. The SOI substrate according to claim 19 wherein the 
first oxide layer is 10 to 500 nm thick. 
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