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(57) ABSTRACT 
A Semiconductor device and a method for forming the Same. 
The Semiconductor device comprises an insulating or Semi 
conductor Substrate, a thermally-contractive insulating film 
which is formed on said substrate and provided with 
grooves, and a Semiconductor film which is formed on the 
thermally-contractive insulating film and divided in an 
islandish form through the grooves. The thermally-contrac 
tive insulating film is contracted in a heat process after the 
Semiconductor film is formed. 
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SEMCONDUCTOR DEVICE AND METHOD FOR 
FORMING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a thin-film semiconductor 
element Such as a thin film transistor, a thin film diode, etc. 
for use in a Switching element, an integrated circuit, a liquid 
crystal display element, and So on. 
0003 2. Description of Prior Art 
0004. A thin film semiconductor element such as a thin 
film transistor, a thin film diode or the like has been 
researched and developed as an element which can be 
formed on an insulating Substrate, for example, in a driving 
circuit for a liquid crystal display device or an amplifier for 
an image Sensor. Likewise, in a monolithic technique in 
which circuit elements are formed on a Semiconductor 
element or Semiconductor Substrate, the thin film transistor 
has been also tentatively used to improve integration of the 
circuit elements and obtain a cubic structure of the circuit. 
As a thin-film Semiconductor material for the above tech 
nique has been adopted polycrystalline material Such as 
Polysilicon, amorphous material Such as amorphous Silicon, 
or Semi-amorphous Semiconductor Such as Semi-amorphous 
Silicon which is intermediate in material property between 
the polycrystalline material and the amorphous material and 
has both of polycrystalline and amorphous properties. 

0005. However, the carrier mobility of the thin film 
Semiconductor as described above is remarkably Small, for 
example, one-Several to one-Several tens of that of monoc 
rystal material, and thus the operating Speed of a Semicon 
ductor element using the Semiconductor materials as 
described above is also remarkably low. For example, the 
amorphous silicon has an electron mobility below 1 cm/Vs, 
and a general polysilicon has an electron mobility of 10 to 
30 cm /Vs. Even if a special method such as a laser 
annealing method is adopted, the electron mobility is limited 
to 200 cm/Vs at the maximum, and this value is remarkably 
small in comparison with 1350 cm /Vs, the electron mobil 
ity of monocrystal silicon. Therefore, the thin film semicon 
ductor element has been mainly used in a relatively-low 
frequency field or as an auxiliary element for the monoc 
rystal Semiconductor Such as a load resistance element of a 
static RAM. 

0006. It would be considered as a cause of the low carrier 
mobility of the thin film semiconductor that a carrier scat 
tering is liable to occur in the amorphous material because 
the amorphous material has a short crystal periodicity, and 
the mean free path of carriers becomes shorter. On the other 
hand, it would be considered for the polycrystalline material 
that foreign elements are concentrated at grain boundaries 
and a barrier is liable to occur at the grain boundaries, So that 
the carriers are randomly Scattered at the grain boundaries. 
On the basis of the above consideration has been made an 
attempt that each crystal is designed to be larger in size to 
reduce the number of grain boundaries per unit length, 
whereby the mobility is increased. The semi-amorphous 
material mainly comprises a portion having long periodicity 
as a whole, like the polycrystalline material, and has no 
distinct grain boundaries, So that the carrier Scattering at the 
grain boundaries is depressed, and a relatively-high mobility 
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is obtained. However, it is difficult to obtain semi-amor 
phous material having large grain diameter (an area in which 
an orderly State is kept over a long distance). In addition, 
polysilicon having large grain diameter is easily obtained, 
but characteristics of an element is greatly Scattered because 
the size of the element and the grain diameter are in the same 
dimension. Such an element can not be practically used. 

SUMMARY OF THE INVENTION 

0007 An object of this invention is to provide a semi 
conductor material which provides an improved carrier 
mobility in a thin film Semiconductor, and is Suitable for a 
thin film Semiconductor element. 

0008. The inventors of this application have studied the 
cause of the increase of the carrier mobility by a laser 
annealing method. For example, irrespective of the same 
crystal size of Several to ten um order, the electron mobility 
of 200 cm /Vs is obtained by a laser annealing process while 
the electron mobility of 30 cm/Vs is obtained in a heat 
annealing proceSS using an electric furnace. One of causes of 
introducing the difference in the electron mobility is guessed 
to reside in that the heat annealing proceSS requires a 
long-time annealing to cause the concentration of foreign 
elements at a grain boundary, while the laser annealing 
process, particularly the laser annealing proceSS using a 
pulse laser requires a short-time annealing which is insuf 
ficient for the foreign elements to concentrate at the grain 
boundary, and the barrier formation at the grain boundary is 
incomplete in the laser annealing process. 

0009. In addition to the above cause, it is guessed that the 
laser annealing process causes a StreSS occurring in a laser 
irradiation to be conserved in the material, and any affection 
is given to the grain boundary by this conserved StreSS. That 
is, close junction is made between the grain boundaries by 
the laser annealing, and the width of a barrier at the grain 
boundary is shortened. 
0010. In order to verify the above guesses, an experiment 
as shown in FIG. 1 was made. That is, a coating of 
insulating material which is contracted by heat (having a 
thermal contractive property), Such as phosphosilicate glass, 
borosilicate glass, phosphoborosilicate glass, AN glass or 
quartz glass, was formed on a Semiconductor Substrate 101 
by a plasma CVD method or a Sputtering method, and then 
a coating of thin-film Semiconductor material Such as poly 
Silicon, amorphous Silicon or Semi-amorphous Silicon was 
further formed on the coating of the contractive insulating 
coating by the plasma CVD method or the Sputtering 
method. An attention should be given to the difference 
between the terms of thermal contraction and thermal expan 
Sion. The latter has reversibility in a heat cycle, while the 
former has no reversibility in the heat cycle, that is, has 
irreversibility in the heat cycle. Therefore, the laminating 
process using the above materials must be carried out at Such 
a Sufficiently low temperature that the thermally-contractive 
insulating coating is not contracted. 
0011. The semiconductor coating and the insulating coat 
ing were Subjected to a patterning process to form an 
intermediate as shown in FIG. 1(B). Thereafter, the inter 
mediate was heated at a proper temperature to contract the 
insulating coating and thus the Semiconductor coating on the 
insulating coating. The contracting temperature is dependent 
on insulating material of a Substrate, and is optimumly about 
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600° C. for the substrate (coating) of quartz, for example. 
The amorphous silicon coating is crystallized at 600 C. The 
intermediate was kept at this State for 24 hours. 
0012. Thereafter, in order to neutralize or compensate the 
disorder of crystal due to the above annealing process, the 
intermediate was Subjected to a heat-annealing at 200 to 
400 C. in hydrogen atmosphere to add hydrogen to poly 
Silicon which has been formed through the annealing pro 
ceSS. Elements having an MOS-structure was formed using 
the thin-film Semiconductor obtained in the above process to 
measure the electron mobility thereof, and the electron 
mobility of 40 to 60 cm/Vs was obtained as a measured 
result. In comparison with the electron mobility of the 
thin-film Semiconductor formed on a Substrate material 
having non-contractive property, this mobility was larger by 
30 to 100%. 

0013 This experimental result is not a direct proof that 
the laser annealing proceSS provides high mobility, however, 
it has been incidentally recognized through this experiment 
that using a special SubStrate material, the Semiconductor 
coating on the Substrate can be Supplied with StreSS, and the 
mobility thereof can be improved. The inventors of this 
application have further proceeded with their study on the 
basis of this recognition, and has implemented this inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is a schematic view showing a method for 
forming a thin film semiconductor according to this inven 
tion; 
0.015 FIG. 2 is another schematic view showing the 
method according to this invention; 
0016 FIG. 3 is another schematic view showing the 
method according to this invention; 
0017 FIG. 4 shows an embodiment of a semiconductor 
element using the thin film Semiconductor forming method 
of this invention and the Semiconductor formed in the same 
method; 
0.018 FIG. 5 shows a schematic view showing a method 
for forming a Semiconductor element according to this 
invention; and 
0.019 FIG. 6 is another schematic view showing the 
method according to this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020 Preferred embodiments of this invention will be 
described hereunder with reference to the accompanying 
drawings. 

0021. A semiconductor element according to this inven 
tion basically comprises a Substrate, a thermally-contractive 
insulating film on the Substrate and a Semiconductor film on 
the insulating film. Material of the Substrate for the semi 
conductor element according to this invention may be semi 
conductor material or insulating material Such as glass. 
When the thermally contractive insulating film Serving as a 
Substrate coating film which is formed on the Substrate in a 
Subsequent process has a Sufficient thickness, affection of the 
Substrate to the Substrate coating film is entirely negligible 
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(although this seems to be contradictory). Accordingly, in 
this case, any material can be used as the Substrate. The 
thermally-contractive insulating material Such as material of 
phosphosilicate glass, borosilicate glass, phosphoborosili 
cate glass, AN glass or quartz glass is laminated on the 
substrate by a Photochemical Vapor Deposition (photo 
CVD) method, a plasma CVD method or a sputtering 
method. In the process of forming the thermally-contractive 
insulating film, a Silicon-Oxide coating film may be first 
formed on the Substrate, and then phosphorus or boron in 
concentration of 10' to 10 cm, preferably of 10 to 
5x10 cm?, may be doped into the thermally-conductive 
insulating film by ion implantation. It has been found from 
the inventors’ experiment that if hydrogen of 10 to 30 atom 
% is doped into the glass material as described above, the 
thermal contraction is relatively large. The thickness of the 
thermally-contractive insulating film is preferably 50 to 
1000 nm. This thickness is dependent on the thickness of the 
Semiconductor film formed on the thermally-contractive 
insulating film and the size of circuit elements to be formed 
in a Subsequent process. If the thermally-contractive insu 
lating film is remarkably thin, it is liable to be unintention 
ally exfoliated from the substrate in its thermal contraction 
process or not to be contracted due to intensive affection of 
the substrate thereto. Therefore, the thermally-contractive 
insulating film should be designed in at least 50 nm thick 
CSS. 

0022. Thereafter, the semiconductor film such as amor 
phous silicon, polysilicon or semi-amorphous silicon is 
formed in 10 to 500 nm thickness. The semiconductor film 
may contain hydrogen or may contain no hydrogen. The 
amorphous Silicon film may be formed at low temperature, 
and then Subjected to a laser annealing process to polycrys 
tallize the amorphous Silicon film. The laser annealing 
process is preferably used because only the Surface portion 
of the Semiconductor film is heated in the laser annealing 
process, and thus most of the Substrate coating film (ther 
mally-contractive film) is not thermally affected. Particu 
larly when a visible light is used as a laser beam, the laser 
beam is absorbed by the semiconductor film of silicon or the 
like, but is transmitted through the insulating film, So that the 
insulating film is not thermally acted by the light. At any 
rate, it is necessary to form the Semiconductor film at Such 
a temperature that the thermally-contractive insulating film 
is not contracted. 

0023 Thereafter, the semiconductor film and the insulat 
ing film thus formed are Subjected to a patterning process. 
The patterning may be carried out in Such a manner that the 
insulating film is entirely removed as shown in FIG. 2(A), 
or is removed in a depth (i.e. remains in a thickness) as 
shown in FIG. 2(B). In both cases, factors of L and T are 
found to be important, where L represents the width of 
regions which are Separated through grooves formed in the 
patterning process, and T represents the depth from the 
interface of the Semiconductor film and the insulating film 
till the bottom of the groove. In this invention, the factors of 
L and T are required to Satisfy the following inequality: 
L/Tk 1000, preferably L/T-100. This inequality suggests 
that when the width of regions is remarkably larger than the 
thickness of the thermally-contractive insulating film, the 
thermal contraction proceeds not laterally, but vertically. In 
this case, the Semiconductor film is hardly affected. 
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0024. Thereafter, the insulating film is contracted in a 
heating process. The temperature of the heating process is 
set to 600 to 1000 C. which is a suitable temperature for the 
insulating film of Silicon oxide. Through this process, the 
Semiconductor film is also crystallized. A high-temperature 
annealing causes occurrence of a number of crystal nucle 
uses and thus the size of crystals is reduced. In order to avoid 
this phenomenon, the annealing is first carried out at 500 to 
700° C., preferably 550 to 600° C. for 12 to 70 hours (for 
example, at 580° C. for 36 hours), and then is further carried 
out at 700 to 1000° C., preferably 750 to 800° C. for 12 to 
70 hours (for example, at 780 C. for 24 hours) to thereby 
contract the insulating film. A non-Oxide atmosphere Such as 
argon atmosphere, or a reducing atmosphere Such as hydro 
gen atmosphere is Suitable for the heat-annealing process. 
When the annealing is carried out in a vacuum atmosphere 
below 10° torr, the thermal contraction is remarkably per 
formed, particularly in the insulating material containing 
hydrogen. This may be because hydrogen contained in the 
insulating film is discharged as water to the outside. The 
increase of the annealing temperature promotes the thermal 
contraction, but an excessively high annealing temperature 
is unsuitable because it causes the insulating material to be 
melted, or to be vitrified and fluidified. Attention should be 
paid particularly in a case of the insulating materials. Such as 
phosphosilicate glass, borosilicate glass and phosphoboro 
Silicate glass because these materials have low glass tem 
perature. 
0.025 FIG. 6 is a schematic view showing another 
method of this invention. According to this method, a 
thermally-contractive insulating film is first formed on an 
insulating or Semiconductor SubStrate, and then Subjected to 
a patterning process to obtain an intermediate as shown in 
FIG. 6(A). Thereafter, a semiconductor film is formed on 
the intermediate to obtain another intermediate as shown in 
FIG. 6(B), and then subjected to a heat-annealing process to 
contract the insulating film. In this case, unlike the method 
as shown in FIGS. 1 and 2, the semiconductor film is not 
Separated or Sectioned. FIG. 3 is a Schematic view showing 
a further method of this invention. According to this method, 
a thermally-contractive insulating film is first formed on an 
insulating or Semiconductor SubStrate, and then Subjected to 
a patterning process to obtain an intermediate as shown in 
FIG. 3(A). Thereafter, a semiconductor film is formed on 
the intermediate to obtain another intermediate as shown in 
FIG.3(B), and then subjected to a heat-annealing process to 
contract the insulating film. In this case, unlike the method 
as shown in FIGS. 1 and 2, the semiconductor film is not 
Separated or Sectioned, and the Semiconductor film is 
directly contacted with the substrate. Therefore, this method 
is more effective in a case where a part of the Semiconductor 
film is used as a wire, or the Semiconductor film is required 
to be contacted with the Semiconductor Substrate or the like. 

0.026 FIG. 4 shows a manufacturing process which 
contains both of the methods as shown in FIGS. 2 and 3. In 
this process, at a first Step, thermally-contractive insulating 
materials 402A and 402B are selectively formed on a 
Substrate 401, and a semiconductor film 403 is formed on the 
thermally-contractive insulating films 402A and 402B. The 
films 403, 402A and 402B thus formed on the substrate 401 
are Subjected to an etching proceSS using a patterning 
technique Such as a well-known dry etching or the like to 
obtain an intermediate as shown in FIG. 4(B). Thereafter, 
through a heat-annealing process, the insulating films 402a 
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to 402d are contracted, and at the Same time the Semicon 
ductor films 403a to 403d on the insulating films are stressed 
to be provided with high mobility. 
0027 FIG. 4(C) shows a semiconductor element which 
is formed in the above process. This Semiconductor element 
is a complementary MOS (CMOS) comprising thin film 
transistors. In this Semiconductor element, p-type impurity 
regions 412a to 412c are formed on a monocrystal Semi 
conductor Substrate 411, and Semiconductor gate electrodes 
413a and 413b are provided. The semiconductor gate is 
generally formed of n-type Semiconductor containing phos 
phorus. Thermally-contractive insulating film 414a and 
414b are formed on the semiconductor gates 413a and 413b, 
and Semiconductor films having an n-type Semiconductor 
impurity region are formed on the thermally-contractive 
insulating films 414a and 414b. Parts 415b and 415c of the 
n-type Semiconductor regions are contacted with the p-type 
semiconductor region on the substrate. Therefore, PN junc 
tion is made at the interface between the p-type and n-type 
regions 412b and 415b, or between the p-type and n-type 
regions 412c and 415c, however, a rectifying capability is 
hardly obtained if both of the p-type and n-type regions are 
Sufficiently doped with impurities, and thus both regions are 
degenerate Semiconductors. On these Semiconductor regions 
are formed semiconductor gates 416a and 416b. In addition, 
interlayer insulating films 417a to 417e are formed, and 
metal electrodes Such as aluminum, aluminum-silicon alloy, 
tungsten, molybdenum or alloy of Silicon and each of the 
above metals are formed after a hole-forming process. 
0028 AS described above, the Semiconductor element is 
So designed that the thin-film Semiconductor region is con 
tacted with the Semiconductor Substrate, So that an electrode 
formation can be easily performed. 
0029 FIG. 4(D) is a circuit diagram showing a circuit 
element at the left side of FIG. 4(C). When the element has 
a multi-layer structure as shown in FIG.4(C), the holes must 
be deeply formed to form the electrodes. In addition, in order 
to perform an accurate contact through the deep hole, the 
area of the deep hole is required to be Sufficiently large as 
shown by reference numerals 418a and 418f of FIG. 4(C) 
because an electrode-forming material is attached to the Side 
wall of the hole and the hole is liable to be closed without 
coating the deep portion of the inside of the hole. In this 
case, the accurate contact is not performed. However, for 
example, the electrode 418b is relatively shallow, so that the 
area at which the electrodes are formed can be reduced. 

0030. In the semiconductor element having the multi 
layer Structure, it is undesirable that the contact hole is 
formed So as to reach the Semiconductor Substrate, and a 
contact with a wiring of the uppermost layer or layer near 
thereto is made. Accordingly, in the case as shown in FIG. 
4(C), in place of provision of the electrodes 418a and 418f, 
the impurity regions 412a and 412d are practically designed 
So as to Serve as a wiring. In this case, the contact with the 
impurity regions is not necessary, and thus the area of the 
element is sufficiently smaller than that of FIG. 4(C). 
0031. The following embodiments of the semiconductor 
element were representatively produced in the method as 
described above, and will be described in detail. 

Embodiment 1 

0032) An n-channel type MOSFET as shown in FIG. 5 
(A) was formed on a p-type monocrystal Silicon Substrate 
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501 having resistivity of 10 (ohm cm) using a conventional 
integrated circuit producing technique. That is, reference 
numerals 502a to 502c represent element separating regions 
(or field insulating members) each of which comprised a 
thick oxide film and were formed by a so-called LOCOS 
technique or other similar techniques, and reference numer 
als 503a and 503b represent gate electrodes of 200 nm 
thickness which were formed on gate insulating films 504a 
and 504b of 10 nm thickness, and comprised n-type silicon 
doped with phosphorus of about 10° atoms cm. As shown 
in FIG. 5(B), each of the gate electrodes was of an L-shape. 
Reference numerals 505a to 505d represent impurity regions 
which were formed with self-alignment using the field 
insulating members and the gate electrodes as masks, and 
contained impurities of phosphorus of 3x10' atoms cm 
and arsenic of 1x10' atoms cm. Further, as shown in 
FIG. 5(B), the impurity regions 505a and 505d were 
electrically connected to other elements formed on the 
Semiconductor Substrate and a power Source. The width of 
the gate electrode was 1 lum. The length of the impurity 
regions in a Source-drain direction was about 5 um, and the 
channel width thereof was 3 um. 
0.033 Subsequently, a silicon-oxide film of 500 nm thick 
neSS is laminated by a glow-discharge plasma CVD method. 
The method of forming the silicon-oxide film will be briefly 
described below. 

0034) Monosilane gas (SiH) and hydrogen gas were 
used as raw gas, and the monosilane was decomposed by a 
high-frequency (13.56 MHz) discharge. A pressure in a 
chamber at a reaction process was set to 0.1 torr, and the 
Substrate was cooled at room temperature or by liquid 
nitrogen to decrease the Substrate temperature. The hydro 
gen amount doped in the Silicon-oxide film thus formed was 
measured to be about 30 atom 9% by various measurements. 
The silicon-oxide film thus formed was subjected to an 
etching process by a well-known dry etching technique to 
form silicon-oxide film regions 506a and 506b. Disilane gas 
(SiH) may be used in place of monosilane gas. 
0035) Thereafter, an amorphous silicon film 507 of 200 
nm thickneSS was formed over the Silicon-Oxide regions by 
the Sputtering method. The Substrate temperature was Set to 
the room temperature, a silicon target of 99.99999% in 
purity was used as a Sputter target, and the atmosphere in the 
Sputtering proceSS was 100% argon atmosphere under 0.2 
torr. Further, a consumed power used for the Sputtering 
process was 200 W at high frequency of 13.56 MHz. 
Through the above processes, an element as shown in FIGS. 
5(B) and 5(B") was obtained. 
0036) Subsequently, the silicon film 507 and the silicon 
oxide films 506a and 506b were selectively removed by the 
well-known etching technique. FIG. 5(C) is a top view of 
the element which has been Subjected to this etching pro 
cess. An oblique line portion of FIG. 5(C) represents a 
portion where the silicon film was contacted with the 
Substrate or the gate electrode to form a contact. In this case, 
the silicon oxide film is left unremoved in 200 nm thickness. 
Thereafter, the substrate was heated to 600° C. at 10 torr, 
and this condition was kept for 70 hours. Further, the 
temperature was gradually increased to 800°C. for two hours 
with keeping the above condition, and this condition was 
kept for three hours. Through this process, the crystallization 
of the amorphous Silicon and the thermal contraction of the 
insulating film were induced. 
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0037. Thereafter, the surface of the silicon film 507 was 
exposed to a dried oxygen atmosphere of high temperature 
to form a thermally oxidated film having about 10 nm 
thickness. This oxidated film was used as a gate insulating 
layer later. Portions of the oxidated film which were formed 
on the silicon films 507b and 507d as shown in FIG. 5(C) 
were removed to expose the Silicon films under the removed 
oxidated film to the outside, and polycrystalline Silicon films 
were formed on the exposed silicon films by a thermal 
decomposition of Silane. The polycrystalline Silicon was 
added with phosphorus of about 10' to 10° atoms cm to 
have good conductivity. The polycrystalline Silicon film was 
selectively removed to form gate electrodes 508a and 508b. 
The gate electrodes 508a and 508b were contacted with the 
silicon films 507b and 507d in the regions 507b and 507d, 
and thus were contacted with the gate electrodes 503a and 
503b. 

0.038 Further, boron ion of 10' to 10 cm was doped 
by the ion implantation. Thereafter, the annealing was 
carried out in vacuum at 1000 C. for a half hour to 
recrystallize an amorphous region which had been formed 
by the ion implantation, thereby forming p-type impurity 
regions 509a to 509d. In addition, phosphoborosilicate glass 
was formed on the Surface of the element, and the Surface 
thereof was smoothed by a reflow technique to form an 
interlayer insulating film 510. Further, electrode-forming 
holes were formed, and aluminum electrodes 511a to 511d 
were formed in the holes. Through the above processes, a 
CMOS comprising thin-film transistors having a multi-layer 
structure as shown in FIG. 5(D) was formed. The hole 
mobility of the thin-film transistor (p-channel type) was 50 
to 100 cm /Vs, and thus the characteristic of the transistor 
was improved more by two times than that of a conventional 
thin-film transistor. 

Embodiment 2 

0039) An n-type MOSFET as shown in FIG. 5(A) was 
formed on a p-type monocrystal silicon substrate 501 having 
resistivity of 10 (ohm cm) by a conventional integrated 
circuit producing technique. The details of an element of this 
example had the same size as those of the embodiment 1. 
Further, a silicon-oxide film of 500 nm thickness was 
laminated by the glow-discharge plasma CVD method. This 
process was Substantially the same as that of the embodi 
ment 1, except that phosphine (PH) of 1000 ppm to 20% 
was mixed to the raw gas. Therefore, the film thus obtained 
contained phosphorus. The hydrogen amount contained in 
the silicon-oxide film was 30 atom 76 like the embodiment 
1. The Silicon-Oxide film containing phosphorus was Sub 
jected to the etching proceSS by a well-known dry etching 
technique to form silicon-oxide regions 506a and 506b. 
Subsequently, an amorphous silicon film 507 of 200 nm 
thickness was formed on the silicon-oxide regions 506a and 
506b by the sputtering method. The film forming condition 
of this embodiment was identical to that of the embodiment 
1. Through the above processes, an intermediate element as 
shown in FIGS. 5(B) and 5(B) was obtained. 
0040. The silicon film 507 and the silicon-oxide films 
506a and 506b were selectively removed by the well-known 
etching technique. FIG. 5(C) is a top view of the interme 
diate element obtained in the etching process. In figure, an 
oblique line portions represent areas where the Silicon film 
is contacted with the Substrate or the gate electrodes there 
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under. In this case, the Silicon-oxide film was left unremoved 
in 20 nm thickness. Thereafter, the substrate was left in 10 
torr vacuum, and irradiated with excimer laser beam (Krf 
laser, wavelength: 248 nm, pulse width: 30 nsec: 200 
mJ/pulse, 50 shots). The amorphous silicon film was crys 
tallized in this process. Subsequently, the intermediate ele 
ment was kept at 700 C. for 12 hours in vacuum. The 
thermal contraction was induced in the insulating film in this 
process. In addition, the intermediate element was kept at 
200 to 600 C. for three hours in hydrogen atmosphere to be 
Subjected to a hydrogen-passivation treatment, thereby 
improving electrical characteristics of Silicon. 
0041) Thereafter, the surface of the silicon film 507 was 
exposed to a dried high-temperature oxygen atmosphere to 
form a heat-oxidated film of about 10 nm thickness. This 
oxidated film was used as a gate insulating layer later. 
Portions of the oxidated film which were formed on the 
silicon films 507b and 507d as shown in FIG. 5(C) were 
removed to expose the Silicon films under the removed 
oxidated film to the outside, and polycrystalline Silicon films 
of 300 nm thickness were formed on the exposed silicon 
films by a thermal decomposition of Silane. The polycrys 
talline silicon was added with phosphorus of about 10' to 
10° atoms cm to have good conductivity. The polycrys 
talline Silicon films were Selectively removed to form gate 
electrodes 508a and 508b. The gate electrodes 508a and 
508b were contacted with the Silicon films 507b and 507d in 
the regions 507b and 507d, and thus were contacted with the 
gate electrodes 503a and 503b. 
0042. Further, boron ion of 10' to 10'" was doped 
by the ion implantation. Thereafter, the annealing was 
carried out in vacuum at 1000 C. for a half hour to 
recrystallize an amorphous region which had been formed 
by the ion implantation, thereby forming p-type impurity 
regions 509a to 509d. In addition, phosphoborosilicate glass 
was formed on the Surface of the element, and the Surface 
thereof was smoothed by a reflow technique to form an 
interlayer insulating film 510. Further, electrode-forming 
holes were formed, and aluminum electrodes 511a to 511d 
were formed in the holes. Through the above processes, a 
CMOS comprising thin-film transistors having a multi-layer 
structure as shown in FIG. 5(D) was formed. The hole 
mobility of the thin-film transistor (p-channel type) was 150 
to 200 cm/Vs, and thus the characteristic of the transistor 
was improved more above two times than that of a conven 
tional thin-film transistor. 

Embodiment 3 

0043. An n-type MOSFET as shown in FIG. 5(A) was 
formed on a p-type monocrystal silicon substrate 501 having 
resistivity of 10 (ohm cm) by a conventional integrated 
circuit producing technique. The details of an element of this 
example had the same size as those of the embodiment 1. 
Further, a silicon-oxide film of 500 nm thickness was 
laminated by the glow-discharge plasma CVD method. This 
proceSS was Substantially the same as that of the embodi 
ment 1, except that phosphine of 1000 ppm to 20% was 
mixed to the raw gas. Therefore, the film thus obtained 
contained phosphorus. The hydrogen amount contained in 
the silicon-oxide film was 30 atom 76 like the embodiment 
1. The Silicon-Oxide film containing phosphorus was Sub 
jected to the etching proceSS by a well-known dry etching 
technique to form silicon-oxide regions 506a and 506b. 

May 10, 2001 

Subsequently, an amorphous silicon film 507 of 200 nm 
thickness was formed on the silicon-oxide regions 506a and 
506b by the sputtering method. The film forming condition 
of this embodiment was identical to that of the embodiment 
1. Through the above processes, an intermediate element as 
shown in FIGS. 5(B) and 5(B) was obtained. 

0044) The silicon film 507 and the silicon-oxide films 
506a and 506b were selectively removed by the well-known 
etching technique. FIG. 5(C) is a top view of the interme 
diate element obtained in the etching process. In figure, 
oblique line portions represent areas where the Silicon film 
is contacted with the Substrate or the gate electrodes there 
under. In this case, the Silicon-Oxide film was left unremoved 
in 20 nm thickness. Thereafter, the substrate was left in 10 
torr vacuum, and irradiated with excimer laser beam (KrF 
laser, wavelength: 248 nm, pulse width: 30 nsec: 100 
mJ/pulse, 50 shots). The amorphous silicon film was 
changed to the Semi-amorphous film in this process. The 
Semi-amorphous State was confirmed by Raman Spectros 
copy. Subsequently, the intermediate element was kept at 
600 C. for 72 hours in vacuum. The thermal contraction 
was induced in the insulating film in this process. In addi 
tion, the intermediate element was kept at 200 to 400 C., for 
example 300° C. for a half hour, in hydrogen atmosphere 
(for example, a mixed gas of 20% hydrogen and 80% argon, 
1 atm) to be Subjected to a hydrogen-passivation treatment, 
thereby improving electrical characteristics of Semi-amor 
phous Silicon. 

004.5 Thereafter, a silicon-oxide film of about 100 nm 
thickness was formed on the silicon film 507 by the glow 
discharge method. This oxide film was used as a gate 
insulating layer later. Portions of the oxide film which were 
formed on the Silicon films 507b and 507d as shown in FIG. 
5(C) were removed to expose the silicon films under the 
removed oxide film to the outside, and polycrystalline 
silicon films of 300 nm thickness were formed on the 
exposed Silicon films by a thermal decomposition of Silane. 
The polycrystalline silicon was added with phosphorus of 
about 10' to 10° atoms cm to have good conductivity. 
The polycrystalline silicon films were selectively removed 
to form gate electrodes 508a and 508b. The gate electrodes 
508a and 508b were contacted with the Silicon films 507b 
and 507d in the regions 507b and 507d, and thus were 
contacted with the gate electrodes 503a and 503b. 

0046) Further, boron ion of 10' to 10 cm was doped 
by the ion implantation. Thereafter, the annealing was 
carried out in vacuum at 600 C. for a half hour to recrys 
tallize an amorphous region which had been formed by the 
ion implantation, thereby forming p-type impurity regions 
509a to 509d. In addition, phosphoborosilicate glass was 
formed on the Surface of the element, and the Surface thereof 
was Smoothed by a reflow technique to form an interlayer 
insulating film 510. Further, electrode-forming holes were 
formed, and aluminum electrodes 511a to 511d were formed 
in the holes. Through the above processes, a CMOS com 
prising thin-film transistors having a multi-layer Structure as 
shown in FIG. 5(D) was formed. The hole mobility of the 
thin-film transistor (p-channel type) was 130 to 150 cm /Vs, 
and thus the characteristic of the transistor was improved 
more above two times than that of a conventional thin-film 
transistor. In addition, the dispersion of the mobility of the 
elements was Small. 
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0047 According to this invention, the carrier mobility of 
the thin film semiconductor can be improved. The improve 
ment degree is 20 to 100% with respect to the prior art, 
however, the improvement degree of three times can be 
obtained in a special case. In this embodiment, the electron 
mobility is not described, however, the same effect is also 
obtained for the electron mobility using the same manufac 
turing method as described above. Further, in this embodi 
ment, Silicon is mainly used as a Semiconductor material, 
however, this invention is not limited to silicon. The same 
phenomenon and effect as described above are also con 
firmed in a case where germanium or compound Semicon 
ductor material Such as Silicon germanium alloy is used as 
the Semiconductor material. 

0.048. The embodiments as described above are described 
particularly in a case where the Semiconductor material is 
used for the Substrate, however, an insulating Substrate can 
be also used as described above. Further, the embodiments 
as described above have only a double-layer Structure that a 
first-layer transistor is formed on the Semiconductor Sub 
Strate, and a Second-layer thin film transistor is formed on 
the first-layer transistor, however, may have another type 
Structure. For example, the following triple-layer Structure 
may be implemented. A first-layer transistor is formed on the 
Semiconductor Substrate, and a first thin film transistor 
Serving as a Second-layer transistor is formed on the first 
layer transistor in the method of this invention. Further, a 
thermally-contractive material is formed on the first thin film 
transistor Serving as a Substrate, and a Second thin film 
transistor Serving as a third-layer transistor is formed on the 
thermally-contractive material. AS another Structure, first 
and Second thin film transistors may laminated in this order 
on the insulating Substrate to form a double-layer Structure 
element on the insulating Substrate. The former is used to 
improve integration density of a Semiconductor integrated 
circuit, and the latter is used to decrease Semiconductor 
element areas and increase light-transmissible areas in a 
liquid crystal display element or the like. 

In the claims: 
1. A method for manufacturing a Semiconductor device 

comprising the Steps of: 

forming an insulating film over a Substrate, 
forming a Semiconductor film on Said insulating film; 
first heating Said Semiconductor film at a first temperature 

of 500 C. or more; 

a Second heating Said Semiconductor film after Said first 
heating at a second temperature of 700° C. or more; 

forming a gate insulating film over Said Semiconductor 
film after Said Second heating, and 

forming a gate electrode over Said gate insulating film, 
wherein Said Second temperature is higher than Said first 

temperature. 
2. A method according to claim 1, wherein Said insulating 

film comprises a material Selected from the group consisting 
of phosphosilicate glass, borosilicate glass, phosphoboro 
Silicate glass and quartz glass. 

3. A method according to claim 1, wherein Said insulating 
film has a heat contraction in a range of 30-500 ppm. 
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4. A method according to claim 1, wherein Said insulating 
film contains hydrogen at a concentration of 10-30 atomic 
%. 

5. A method according to claim 1, wherein Said Semicon 
ductor film is Selected from the group consisting of an 
amorphous Semiconductor film, a microcrytalline Semicon 
ductor film and a polycrystalline Semiconductor film. 

6. A method for manufacturing a Semiconductor device 
comprising the Steps of: 

forming an insulating film over a Substrate; 
forming a Semiconductor film on Said insulating film; 
first heating Said Semiconductor film at a first temperature 

to crystallize Said Semiconductor film; 
Second heating the crystallized Semiconductor at a Second 

temperature higher than Said first temperature; and 

third heating Said crystallized Semiconductor film in an 
atmosphere containing oxygen. 

7. A method according to claim 6, wherein Said insulating 
film comprises a material Selected from the group consisting 
of phosphosilicate glass, borosilicate glass, phosphoboro 
Silicate glass and quartz glass. 

8. A method according to claim 6, wherein Said insulating 
film has a heat contraction in a range of 30-500 ppm. 

9. A method according to claim 6, wherein Said insulating 
film contains hydrogen at a concentration of 10-30 atomic 
%. 

10. A method for manufacturing a semiconductor device 
comprising the Steps of: 

forming an insulating film over a Substrate; 

forming a Semiconductor film on Said insulating film; 

first heating Said Semiconductor film at a first temperature 
500 to 700° C.; 

Second heating Said Semiconductor film at a Second tem 
perature of 700 to 1000° C.; and 

third heating Said Semiconductor film in an atmosphere 
containinbg oxygen. 

11. A method according to claim 10, wherein Said insu 
lating film comprises a material Selected from the group 
consisting pf phosphosilicate glass, borosilicate glass, phos 
phoborosilicate glass and quart glass. 

12. A method according to claim 10, wherein Sais insu 
lating film has a heat contraction in a range of 30-500 ppm. 

13. A method according to claim 10, wherein Said insu 
lating film contains hydrogen at a concentration of 10-30 
atomic %. 

14. A method according to claim 10, wherein Said Semi 
conductor film is Selected from the group consisting of an 
amorphous Semiconductor film, a microcrytalline Semicon 
ductor film and a polycrystalline Semiconductor film. 

15. A method for manufacturing a Semiconductor device 
comprising the Steps of: 

forming an insulating film over a Substrate; 

forming a Semiconductor film on Said insulating film; 

first heating Said Semiconductor film at a temperature to 
crystallize Said Semiconductor film; 
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Second heating the crystallized Semiconductor film at a 
Second temperature higher than Said first temperature; 
and 

third said crystallized Semiconductor film to form a gate 
insulating film on Said crystallized Semiconductor film. 

16. A method according to claim 15, wherein Said insu 
lating film comprises a material Selected from the group 
consisting of phosphosilicate glass, borosilicate glass, phos 
phoborosilicate glass and quart glass. 

17. A method according to claim 15, wherein Said insu 
lating film has a heat contraction in a range of 300-500 ppm. 

18. A method according to claim 15, wherein Said insu 
lating film contains hydrogen at a concentration of 10-30 
atomic %. 

19. A method for manufacturing a Semiconductor device 
comprising the Steps of: 

forming an insulating film over a Substrate, 
forming a Semiconductor film on Said insulating film; 
first heating Said Semiconductor film at a first temperature 

of 500 to 700° C.; 
Second heating Said Semiconductor film at a Second tem 

perature of 700 to 1000° C.; 
third heating Said Semiconductor film to from a gate 

insulating film on Said Semiconductor film; and 
forming a gate electrode over Said Semiconductor film 

with Said gate insulating film interposed therebetween. 
20. A method according to claim 19, wherein said insu 

lating film comprises a material Selectedd from the group 
consisting of phosphosilicate glass, borosilicate glass, phos 
phoborosilicate glass and quartz glass. 
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21. A method according to claim 19, wherein Said insu 
lating film has a heat contraction in a range of 30-500 ppm. 

22. A method according to claim 19, wherein Said insu 
lating film contains hydrogen at a concentration of 10-30 
atomic %. 

23. A method according to claim 19, wherein Said Semi 
conductor film is Selected from the group consisting of an 
amorphous Semiconductor film, a microcrytalline Semicon 
ductor film and a polycrystalline Semiconductor film. 

24. A method for manufacturing a Semiconductor device 
comprising the Steps of: 

forming an insulating film over a Substrate; 
forming a Semiconductor film on Siad insulating film; 
first heating Said Semiconductor film to form crystallize 

said semiconductor film at a first temperature of 500 to 
700° C.; 

Second heating the crystallized Semiconductor film at a 
second temperature of 700 to 1000 C., and 

third heating Said crystallized Semiconductor film in an 
atmosphere containing oxygen. 

25. A method according to claim 24, wherein Said insu 
lating film comprising a material Selected from the group 
consisting of phosphosilicate glass, borosilicate glass, phos 
phoborosilicate glass and quartz glass. 

26. A method according to claim 24, wherein Said insu 
lating film has a heat contraction in a range of 30-500 ppm. 

27. A method according to claim 24, wherein Said insu 
lating film contains hydrogen at a concentration of 10-30 
atomic %. 


