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(57) ABSTRACT 

A thin ?lm semiconductor device includes a gate electrode 
insulator formed through high-heat oXidization of a semi 
conductor ?lm. The high-heat oXidization of semiconductor 
?lm is carried out, in the process of crystallization or 
recrystallization of non-single-crystalline semiconductor 
thin ?lm on a base layer, by irradiating predetermined areas 
of the thin ?lm Which is implanted With oxygen ion before 
irradiation, to convert such areas to oxidized areas, and these 
areas are processed to gate electrode insulators of electric 
circuit units in the thin ?lm semiconductor device. 
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THIN FILM SEMICONDUCTOR DEVICE HAVING 
A GATE ELECTRODE INSULATOR FORMED 
THROUGH HIGH-HEAT OXIDIZATION 

[0001] This application claims the bene?t of the ?ling date 
of Japanese patent application serial number 2001-317414 
entitled “A Thin Film Semiconductor Device Having A Gate 
Electrode Insulator Formed Through High-Heat OxidiZa 
tion” Which Was ?led on Sep. 10, 2001. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a thin ?lm semi 
conductor device and a semiconductor substrate sheet to be 
used in the semiconductor device as Well as a method for 
producing them. 

[0003] As is Well knoWn, a thin ?lm semiconductor device 
(also knoWn as a thin ?lm transistor (TFT) device) is formed 
on a semiconductor substrate, Which typically consist of a 
thin ?lm layer of semiconductor material, such as silicon, 
over a base layer of insulation material, such as non-alkaline 
glass, or quarts glass. In the thin ?lm layer of the semicon 
ductor, a plurality of channels consisting of a source area and 
a drain area are formed, and each of channels is equipped 
With a gate electrode separated by an insulating ?lm from the 
above areas. 

[0004] In a typical thin ?lm semiconductor device, a gate 
electrode insulator is interposed betWeen the gate electrode 
and the channel area. This insulator is usually formed With 
a ?lm of silicon oxide, and this ?lm is typically required to 
be formed at a loW temperature. To form this silicon oxide 
?lm in a TFT, high temperature silicon oxide ?lm formation 
techniques such as those used in large scale integration (LSI) 
semiconductor processes (Which may require temperatures 
of more than 900° C.) typically cannot be used. Instead, a 
relatively loW temperature deposition process (e.g., a tem 
peratures less than 600° C.), such as one using a plasma 
CVD method, is used. 

[0005] Although an oxidiZed ?lm deposited by the plasma 
CVD method can be used to form an insulator ?lm for a TFT, 
it may have disadvantages in insulation property and/or 
stability compared With a ?lm oxidiZed at a high tempera 
ture. This occurs because, When using the plasma CVD 
method, some impurities remain betWeen the channel area 
and the gate insulator ?lm, and further, the resultant silicon 
oxide ?lm has a tendency to be composed of compounds as 
Which do not have a stoichiometrically regulated composi 
tion of “SiO2” but, instead, have an irregular composition 
such as “SiO1_9”. When an oxidiZed ?lm having such 
characteristics is used as a gate electrode insulator of a TFT, 
the TFT circuit tends not only to have greater variance of 
threshold voltage values, but also have reduced long-term 
stability of TFT properties. For example, in conventional 
products, variation of TFT threshold voltage values may be 
in the 104V range and the magnitude of this variation may 
increase over time. 

[0006] Furthermore, in conventional thin ?lm semicon 
ductor devices using poly-crystalline silicon, disadvantages 
due to the small siZe of crystal grains and the irregularity of 
con?guration mode of crystal grains are inevitable. That is, 
as a poly-silicon ?lm is composed of a numerous crystal 
grains of extreme small siZe, the improvement of mobility is 
limited due to such phenomenon as dispersion of electrons 
or holes at boundaries betWeen crystal grains at the time of 
operation of the device. 
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[0007] Attempts have been made to use relatively large 
grain siZe polycrystalline silicon in order to avoid or mini 
miZe disadvantages such as electron dispersion While simul 
taneously maintaining high electron mobility. For example, 
thin ?lm layers having semiconductor grains of about 1 pm 
siZe and having a mobility of about 100 cm2/V sec. have 
been formed by annealing a layer of polycrystalline silicon 
in a high temperature furnace. HoWever, high temperature 
annealing (e.g., over 1000° C.) is used in this process, and 
this requires the use of expensive quartZ glass sheets instead 
of relatively inexpensive sodium glass sheets. A substrate 
using such expensive materials is not suited for cost-effec 
tive production of a device using a large substrate, such as 
a TFT LCD display screens. 

[0008] Other processes to obtain a thin layer ?lm of 
polycrystalline semiconductor having large siZe grains have 
been proposed. These methods include irradiating a thin ?lm 
of amorphous or polycrystalline semiconductor With an 
energy beam (such as an excimer laser) instead of using high 
temperature annealing. By this irradiation method, it is 
possible to enlarge the siZe of a crystal grain using relatively 
inexpensive glass sheets as the base layer. HoWever, even 
excimer laser irradiation is used, the siZe of obtained crystal 
grain generally does not exceed 1 pm. Furthermore, this 
excimer laser process can cause unevenness of grain siZe. . 

Incidentally, the grain siZe can be determined by “(the 
maximum diameter of a grain+the minimum diameter of the 
grain)+2” and such diameters can be measured through SEM 
observation of crystal grains Which remains after etching the 
?lm by Secco etching process. 

[0009] Furthermore, there is a problem on the con?gura 
tion of crystal grains in a thin ?lm formed using the 
conventional excimer laser process. Namely, in the conven 
tional polycrystalline semiconductor thin ?lm, con?guration 
of crystal grains in the tWo dimensional direction may be 
highly random. The random con?guration of crystal grains, 
and the non-uniformity of grain siZe, may cause serious 
dif?culty in forming TFF devices. Such dif?culties may 
occur because electron mobility may ?uctuate When a device 
is formed traversing the border of crystal grains and, there 
fore, it is dif?cult to integrate TFT circuits having different 
channel lengths. 

[0010] Accordingly, TFT devices in Which polycrystalline 
semiconductor ?lm are used may need to be designed so that 
each circuit extends across several boundaries of crystal 
grains in order to reduce the variation of mobility. This is 
illustrated further in FIG. 7. In such devices, the average 
mobility is usually beloW 150 cm2/V~sec. 

SUMMARY OF THE INVENTION 

[0011] In general, in one aspect, implementations of the 
invention can provide a thin ?lm semiconductor device (i.e., 
a TFT), and a substrate sheet to be used in forming the TFT 
device, Wherein the chemical connection betWeen the semi 
conductor ?lm and the gate electrode insulator ?lm are 
successive through border faces, and the gate electrode 
insulator ?lm has a stoichiochemical composition of SiO2. 
In forming such a device, disadvantages of conventional 
TFT produced by CVD methods can be avoided. Further, the 
disclosed method of device formation can reduce greatly the 
variety of threshold value and maintain stable operating 
characteristics. 



US 2003/0071312 A1 

[0012] In general, in another aspect, implementations of 
the invention can provide a thin ?lm semiconductor device 
and its substrate sheet in Which an electric circuit module 
can be fashioned so as to avoid the need for arrangement of 
the device over many crystal grains of various siZes and of 
disordered con?guration, but rather, the device can be 
arranged to have a con?guration corresponding to the 
arrangement of crystal grains. 

[0013] Implementations can include features such as a thin 
?lm semiconductor device that can Work stably for a long 
time With desirable operating properties and With reduced 
?uctuation in operational threshold values. This can be 
provided When a partial region in the thickness direction of 
the thin ?lm of semiconductor, after being converted to an 
oxidiZed ?lm through irradiation of energy beam, is used as 
the gate electrode insulator of the device. In some imple 
mentations, a thin ?lm semiconductor device can have a 
structure in Which unit circuits are arranged to correspond to 
the arrangement of crystal grains. This may be implemented 
When the above-described substrate sheet is produced such 
that single-crystalline semiconductor grains are arranged in 
a substantially geometric and regular arrangement. 

[0014] Implementations can include a substrate sheet that 
comprises a thin ?lm semiconductor having a layer of 
semiconductor crystal grains formed by crystalliZation (and/ 
or recrystallization) of a non-single-crystalline semiconduc 
tor layer and of a layer of oxidiZed ?lm formed by oxidiZa 
tion of a non-single-crystalline semiconductor layer. The 
layer of semiconductor crystal grains may have a con?gu 
ration in Which single crystalline semiconductor grains are 
arranged in a regular arrangement. 

[0015] Implementations of the thin ?lm semiconductor 
device can include a layer of semiconductor crystal grains 
and a layer of oxidiZed ?lm formed by oxidiZation of 
non-single-crystalline semiconductor layer, and the oxidiZed 
?lm layer can be used as the insulator for the gate electrode. 
Preferably, the layer of semiconductor crystal grains has a 
composition in Which single-crystalline semiconductor 
grains are arranged in a regular arrangement (i.e., an 
arrangement having a predictable crystalline structure). 

[0016] In one implementation, the method for producing a 
substrate sheet for thin ?lm semiconductor devices includes 
the steps of: (a) depositing a layer of non-single-crystalline 
semiconductor on a base layer of insulation materials, (b) 
forming oxygen implanted areas in the non-single-crystal 
line semiconductor layer by implanting oxygen ions into the 
layer and (c) irradiating the layer With an energy beam. The 
energy bean changes the layer of non-single-crystalline 
semiconductor such that the oxygen implanted areas are 
converted to insulating oxidiZed ?lms, and other areas are 
converted to ?lms of semiconductor crystal grains. It is 
preferred that the irradiation by the energy beam be carried 
out so that areas in Which the irradiation intensity are 
maximum, and areas in Which the irradiation intensity are 
minimum are arranged such that the transition of irradiation 
intensity betWeen the above tWo areas is successive. 

[0017] Another method for producing a thin ?lm semi 
conductor device can include steps of: (a) depositing a layer 
of non-single-crystalline semiconductor on a base layer of 
insulation materials, (b) forming oxygen implanted areas in 
the layer of the non-single-crystalline semiconductor by 
implanting oxygen ion into the layer, (c) irradiating the layer 
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With an energy beam, thereby changing the layer of non 
single-crystalline semiconductor such that the oxygen 
implanted areas are converted to insulating oxidiZed ?lms 
and other areas are converted to ?lms of semiconductor 
crystal grains, (d) forming a gate electrode by using the 
insulating oxidiZed ?lms as a gate insulator and, (e) com 
pleting an electric circuit unit by forming a source electrode 
and a drain electrode in the layer of semiconductor crystal 
grains. It is preferred that the irradiation of energy beam is 
carried out so that areas at Which the irradiation intensity are 
maximum and areas at Which the irradiation intensity are 
minimum are arranged in a regulated mode and transition of 
irradiation intensity betWeen the above tWo areas is succes 
s1ve. 

DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is pattern diagrams shoWing steps of one 
embodiment of the process according to the present inven 
tion for manufacturing a thin ?lm semiconductor device. 

[0019] FIG. 2 is pattern diagrams shoWing steps of 
another embodiment of the process according to the inven 
tion for manufacturing a thin ?lm semiconductor device. 

[0020] FIG. 3 is a pattern diagram for illustrating one 
embodiment of distribution of energy beam intensity in 
tWo-dimensional directions in the irradiation step according 
to the process of the present invention. 

[0021] FIG. 4 is a pattern diagram illustrating a pro?le of 
transition of energy beam intensity betWeen a maximum 
value and minimum value in the process according to the 
present invention, being shoWn as a sectional vieW along the 
arroW-mark in FIG. 3. 

[0022] FIG. 5 is a pattern diagram illustrating an align 
ment state and groWth direction of single crystalline grains 
during and after the irradiation of energy beam in the process 
according to the present invention. 

[0023] FIG. 6 is the pattern diagrams illustrating one 
embodiment of the positional relationship of electrodes With 
crystal grains in the thin ?lm semiconductor device of the 
present invention. 

[0024] FIG. 7 is a pattern diagram illustrating the pattern 
of con?guration of maximum intensity irradiation points and 
minimum intensity irradiation points such as mentioned in 
FIGS. 3 and 4, With a three-dimensional model pattern. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] To form the thin ?lm semiconductor device of the 
present invention, it is preferred to use a glass sheet having 
a strain point not exceeding 700° C. as the material forming 
the base layer of a substrate sheet. But, it is possible to use 
various kinds insulation materials other than glass, for 
example, ceramics or plastic ?lms having appropriate heat 
resistance. 

[0026] On the above base layer, the single crystalline 
semiconductor ?lm, in Which an oxidiZed insulation ?lm 
located on top of a single-crystalline ?lm, or in an interme 
diate portion of the ?lm in the thickness direction of the 
single crystalline ?lm, is formed. This semiconductor thin 
?lm can be produced by implanting oxygen ions into a 
non-single-crystalline semiconductor ?lm deposited on a 



US 2003/0071312 A1 

base layer, and then irradiating the layer With an energy 
beam (such as that produced by an excimer laser). This 
irradiation procedure can be used to change the non-single 
crystalline semiconductor ?lm to a semiconductor ?lm com 
posed of an oxidiZed ?lm and a layer of single-crystalline 
grains having a relatively large siZe. In forming the non 
single-crystalline semiconductor, an amorphous semicon 
ductor or poly-crystalline semiconductor, in Which small 
siZe crystal grains are already formed, can be used. In using 
the latter, the poly-crystalline semiconductor is changed to a 
semiconductor ?lm by implantation of oxygen ions and 
recrystalliZation. The thickness of the amorphous semicon 
ductor ?lm is preferred to be 30 through 300 nm, especially 
30 through 200 nm. 

[0027] When the non-single-crystalline semiconductor 
layer is formed on the base layer, a thin control layer (a “?rst 
control layer”) for adjusting heat conduction and crystalli 
Zation is formed betWeen the base layer and the semicon 
ductor layer. The ?rst control layer may be formed from 
materials such as silicon oxide or silicon nitride (SiNx). The 
?rst control layer functions to block the diffusion of impu 
rities (such as glass components) from the base layer into the 
semiconductor layer, and also functions to increase unifor 
mity of heat distribution in the semiconductor layer. This 
uniformity is effected by controlling the orientation of 
crystalliZation. The thickness of the ?rst control layer can be 
betWeen 20 nm and 1000 nm, With a preferred range of 200 
nm to 300 nm. 

[0028] A second control layer may then be formed on top 
of the ?rst control layer. This second control layer has a 
function similar to that of the ?rst control layer, namely, to 
effect uniformity of heat distribution and to control the 
orientation of crystals in the semiconductor layer in the 
process of crystalliZation by irradiation. Materials such as 
silicon-oxide, silicon-nitride, silicon-ox-nitride or silicon 
carbonate (SiC) can be used for the second control layer. The 
thickness of the second control layer can be betWeen 50 nm 
and 500 nm, With a preferred range of 100 nm to 300 nm. 

[0029] In some cases, a thin ?lm semiconductor layer may 
be formed betWeen the tWo control layers. In these cases, the 
material of the ?rst control layer is ?rst deposited as a thin 
?lm on the base layer of insulation material. FolloWing this, 
the thin ?lm of non-single-crystalline semiconductor is 
deposited on the ?rst control layer, and then the second 
control layer is deposited on the thin ?lm semiconductor 
layer. Thereafter, the irradiation of energy beam from the 
upper direction is carried out to crystalliZe (or recrystalliZe) 
the layer of non-single crystalline material. 

[0030] FIGS. 1(a) through 1(e) shoW semiconductor lay 
ers formed at various process stages from deposition on a 
base layer to completion of a thin ?lm semiconductor 
device. In this embodiment, oxygen ions are implanted into 
the top surface of non-single-crystalline semiconductor 
layer. 

[0031] Referring to FIG. 1(a), the ?rst control layer 20 for 
heat conduction and crystalliZation is deposited on the glass 
base layer 10, and a non-single-crystalline semiconductor 
layer 30 is deposited thereon. Next, oxygen ions are 
implanted into a predetermined area to form an oxygen 
implanted area 33 (see FIG. 1(b)). The predetermined area 
33 is then irradiated With an energy beam to form an 
oxidiZed layer 40 (see FIG. 1(c)). The layer 40 can be 
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formed through high-heat oxidiZation of the oxygen 
implanted area 33 by an energy beam. This process also 
results in a single-crystalline semiconductor grain layer 50 
Which is formed through single-crystallization of non 
single-crystalline layer 30. The area Which is not irradiated 
by energy beam remains as a non-single-crystalline area 30. 
FIGS.1(c) and 1(a) shoW the sectional vieW of a single area 
of single-crystalline grains layer; an actual substrate sheet 
has a plurality of such oxidiZed area and single-crystalline 
grains area. 

[0032] Next, the gate electrode 60 is formed on the oxi 
diZed layer 40) (Which has been formed by irradiation of 
energy beam) using the layer 40 as the gate electrode 
insulator (see FIG. Then source area 70 and drain area 
71 are formed by implanting a material to form an electrode 
(such as phosphorous ion), into single-crystalline semicon 
ductor layer 50 using gate electrode 60 as a mask. FolloWing 
this, a ?lm 80 of insulation material (such as silicon oxide) 
is deposited so as to surround the upper side and the lateral 
side of gate electrode 60 (see FIG. 1(e)). Then, after forming 
contact holes in insulating ?lm 80 at the positions corre 
sponding to source area 70 and drain area 71, source 
electrode 81 and drain electrode 82 are formed by depositing 
material such as aluminum to form an electrode; thus 
completing the thin ?lm semiconductor device. 

[0033] FIG. 2 (a) through FIG. 2(e) are pattern diagrams 
shoWing an embodiment in Which oxygen ions are implanted 
into an intermediate layer portion of a non-single semicon 
ductor layer. 

[0034] In the FIG. 2 embodiment, the deposition of the 
?rst control layer for heat-conduction and the non-single 
semiconductor layer in the step (a) can be carried out in 
substantially the same Way as for the embodiment of FIG. 
1. HoWever, the implantation of oxygen ions is made into the 
intermediate layer portion of the non-single-crystalline 
semiconductor layer 30, and therefore, the oxygen implanted 
area 33 is formed in a intermediate region in the thickness 
direction of the non-single semiconductor layer. After for 
mation of oxygen implanted layer 33, in the step(c), the layer 
33 is converted to oxidiZed ?lm layer, and non-single 
crystalline semiconductor areas located at the upper-side and 
under-side of the oxygen implanted area are converted to 
single-crystalline semiconductor layers. Next, as shoWn in 
FIG. 2(a'), the predetermined areas of the upper-side single 
crystalline layer is formed as the gate electrode 60 by the 
patterning process. The process used in step 2(e) is substan 
tially identical to that of step 1(e) in FIG. 1. 

[0035] The volume of oxygen ion (dose) and its implant 
ing depth (Rap) may be determined according to the thick 
ness or position of the oxidiZed insulation layer 30. It is 
noted that irradiation by an energy beam is not be limited to 
the use of excimer laser. For example, an argon laser 
radiated continuously can be used by pulsating or scanning 
it. 

[0036] To obtain a thin ?lm semiconductor layer in Which 
single crystalline semiconductor grains are arranged in a 
regulated alignment mode by irradiation of energy beams, 
the irradiation should be carried out such that irradiation 
energy intensity changes in tWo-dimensional directions 
betWeen the maximum value and the minimum value at 
predetermined intervals, and maximum points and minimum 
points appear one after another in a regular order. In other 
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Words, the irradiation should be carried out so that irradiated 
points to Which maximum irradiation intensity is given and 
irradiated points to Which minimum irradiation intensity is 
given are arranged in a regulated con?guration such as a 
matrix-arrayed con?guration. 

[0037] For example, as shoWn in FIGS. 3 and 4, the 
irradiation is carried out in a repeating energy level pattern 
such as the pattern “maximum value(Emax) folloWed by 
minimum value(Emin) folloWed by maximum val 
ue(Emax).” This changing pattern occurs tWo-dimensional 
ly(i.e., along both the ‘x’ and ‘y’ axes). For example, this 
may be repeated across a rectangle region of 5x5 mm, at 
every intervals of 10 pm. Further, to irradiate the entire 
surface, the irradiated area (for example, the above square 
area of 5 mm><5 mm) may be shifted periodically in either 
‘x’ direction or ‘y’ direction at a predetermined pitch. 

[0038] This change of irradiation energy intensity can be 
realiZed by bringing the variation to the irradiation energy 
intensity distribution using a phase shift mask. Furthermore, 
it is desirable that the change betWeen the maximum value 
and the minimum value be a successive change substantially 
as shoWn in FIG. 4. 

[0039] Determination of the magnitude of the maximum 
value and the minimum value energy levels may be based on 
the ?lm thickness of the non-singular-crystalline semicon 
ductor layer and the thermal conductivity of the ?rst and the 
second control layers. For example, the minimum energy 
intensity may be determined to be an intensity at Which the 
thin ?lm semiconductor doesn’t melt during the irradiation, 
and the maximum value may be an intensity suf?cient to 
melt the thin ?lm semiconductor during the irradiation. A 
melting threshold level (Emth) should be positioned 
betWeen the maximum value (Emax) and the minimum 
value (Emin), as shoWn in the FIG. 4. 

[0040] The face shape of the irradiation beam is not 
limited to a square shape of 5x5 mm as mentioned above, 
and may be various polygon shapes. Further, the arrange 
ment mode of maximum value points and minimum value 
points is not limited to the rectangular lattice. Other shapes, 
such as delta shaped lattice, also can be used. 

[0041] By carrying out the irradiation of energy beam to 
the semiconductor ?lm in the manner disclosed herein, the 
semiconductor layer does not completely melt in the mini 
mum irradiation energy areas (namely, areas to Which irra 
diation energy less than threshold value are given), and ?ne 
crystals of semiconductor are produced in the areas near the 
threshold value areas. Some of these ?ne crystals functions 
as cores for crystalliZation and the crystalliZation progresses 
dimensionally from the points of these cores toWards the 
areas to Which maximum irradiation energy are given (i.e., 
in the direction of arroW marks in FIG. 5). In the areas near 
Where the minimum threshold value energy is given, at the 
same time as formation of the ?ne crystal grains, tWo atoms 
of oxygen and one atom of silicon are bonded chemically 
and the formation of a SiO2 layer starts. The groWth of this 
layer also proceeds horiZontally With the progress of crys 
talliZation of melted silicon. 

[0042] In the areas in Which the temperature of semicon 
ductor ?lm is highest (corresponding to areas receiving the 
highest irradiation energy and, correspondingly, to the areas 
in Which the horiZontal groWth of crystalliZation proceeds), 
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a plurality of crystals Which have different or crossed 
crystalliZation groWth direction collide With one another, 
and their contacting areas form the area of ?ne crystals or the 
borderline of crystals. Thus, When the energy beam Which 
has a energy intensity distribution as shoWn in FIGS. 3 and 
4 is irradiated, a substrate for thin ?lm semiconductor 
devices can be obtained in Which single-crystalline grains 
having the siZe of over 4 pm and covered With insulation 
?lm surface are arranged in a regulated mode. The maxi 
mum siZe of the crystal grains can be adjusted by adjusting 
intervals betWeen maximum irradiation energy points. Fur 
ther, by varying the amount of oxygen ion to be implanted 
or by changing the position of implantation, the thickness 
and position (for example, at the surface area or inside area) 
of oxidiZed layers can be varied. 

[0043] FolloWing this process, electrode materials (such as 
Molybdenum-Tungsten alloy (MoW)) is deposited on the 
single crystalline grain layers of the thin ?lm semiconductor 
substrate. The electrode layer forms a gate electrode and has 
a thickness of, e.g., 300 nm. Then, a source area and a drain 
area are formed using the gate electrode as the implantation 
mask, folloWed by formation of an isolating interlayer With 
insulation materials such as silicon oxide (Which covers the 
gate electrode). Further, contact holes are formed by perfo 
rating through the second control layer at the position above 
the source area and the drain area, and electrode materials, 
such as Aluminum/Molybdenum, is deposited and patterned 
in the contact hole. 

[0044] Thus, as shoWn in (a) and (b) of FIG. 6, a thin ?lm 
semiconductor device in Which one unit electric circuit is 
arranged in each of a single crystal can be obtained. A thin 
?lm semiconductor device of this type can have a high 
mobility (for example, over 300 cm2/V~sec) exceeding the 
mobility of conventional devices in Which a substrate sheet 
comprising polycrystalline semiconductor ?lm is used. 

[0045] When an oxidiZed ?lm is formed by implantation 
of oxygen ions into non-single crystalline semiconductor 
layer together With high-heat oxidation thereof using energy 
beam irradiation to form the gate insulator, the variety of 
threshold voltage value (Vth) of thin ?lm semiconductor 
device can be greatly reduced (to the degree of less than 0.1 
V) compared With conventional devices. Also, the stability 
of threshold value related to contamination of gate insulator 
or channel boundaries is greatly improved to such degree 
that the shift amount of Vth after 10,000 hours operation is 
reduced to less than 0.05 V. 

[0046] These improvements appear to occur because the 
oxidiZed insulation ?lm has a solid and minute character 
similar to that of a heat-oxidiZed silicon ?lm, due to its 
high-heat formation process including a melting step. For 
example, the disclosed oxidiZed ?lm has properties similar 
to that of high-temperature heat-oxidiZed silicon ?lm in the 
value of ?at band voltage obtain by leak current measure 
ment or C-V measurement, or in the shift amount of thresh 
old value in bias temperature stress estimation(BTS). Fur 
ther, the disclosed oxidiZed ?lm layer, not Withstanding its 
thin character, can fully protect the single-crystalline silicon 
layer and does not contribute to breakdoWn. 

[0047] It is possible to omit to set the electrode on some 
predetermined grains of single-crystalline, or to set plural 
electric circuits to one single crystalline grain, if necessary. 
It is noted that the process described above corresponds to 
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a process for the formation of N-channel thin ?lm transis 
tors. This process also can be used for the formation of P 
channel transistors by successive implantation of impurities 
for the formation of P channel transistors using partial 
masking means. Furthermore, it is possible to use the second 
control layer as an accumulated gate insulator directly, or to 
use only the insulating oxidized ?lm as the gate insulating 
layer after making etching-treatment. To reduce leakage 
current that may occur among adjacent transistors, island 
separations can be made by etching after or before the 
crystalliZation. 

Implementation Examples 

[0048] On the surface of non-alkali glass sheet, manufac 
tured by Corning Glass Works, With the outside dimension 
of 400x500 mm, a thickness of 0.7 mm and a strain point of 
650° C., a layer of silicon oxide (SiO2) With thickness of 200 
nm Was deposited by the method of plasma CVD, as the ?rst 
control layer for heat-conduction and crystalliZation. Then, 
a layer of amorphous silicon (a-SizH) With thickness of 60 
nm Was deposited Without being exposed to the atmosphere. 
Next, this layer of amorphous semiconductor Was annealed, 
and after dehydrogenating it, the surface area of the layer is 
formed as an oxygen-implanted area by implantation of 
oxygen ion. The implantation of oxygen ion Was carried out 
With the accelerated voltage of 3 keV, and the dose amount 
of 1.5E17/cm2. Under these conditions, the position of the 
maximum oxygen density Was at the depth of about 10 nm 
corresponding to ion projection range (Rp), and the maxi 
mum density of oxygen Was 1E23/cm3. 

[0049] As stated in the foregoing, the implanting amount 
of oxygen (dose amount) or the implanting depth of oxygen 
(Rp) is determined by the thickness of insulating oxidiZed 
layer and its position to be formed. In the present example, 
the above implantation conditions Were determined from the 
vieWpoint for forming an insulation oxidiZed layer of about 
30 nm thicknesses on the surface of a layer of single 
crystalline semiconductor. 

[0050] Sequentially, pulsated laser beam Were irradiated to 
the substrate sheet from its upper-side, Whereby the amor 
phous silicon layer Was crystalliZed and the oxygen 
implanted layer Was converted to an oxidiZed layer. The 
irradiation Was carried out in a mode that one unit of laser 
has a square siZe irradiation face of 5 mm><5 mm in Which 
250,000 maximum intensity points and minimum intensity 
points are arranged With intervals of 10 pm in a square lattice 
form, by using a phase shift mark for distributing the 
irradiation strength. In this embodiment, the melting thresh 
old value (Emth) Was about 0.6 J/cm2, the maximum energy 
strength of laser beam (Emax) being 1.9 J /cm2 and minimum 
strength value (Emin) being 0.1 J/cm2. 

[0051] By the irradiation process, the layer of amorphous 
silicon of 60 nm thickness Was converted to a layer com 
prising a crystalline silicon layer of about 50 nm thickness 
and an oxidiZed layer of about 30 nm thickness. Implanted 
oxygen ion of dose amount of 1.5 E17/cm2 is reacted With 
silicon atoms equivalent to silicon layer of 20 nm thickness, 
and formed a silicon oxide layer of about 30 nm thickness. 

[0052] The irradiation by excimer laser in this process Was 
carried out over the Whole surface of the sheet by shifting the 
irradiation face stepWise at the intervals of 5 mm. After 
?nishing the irradiation, a Secco-etching treatment Was 
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made. As the result of observation by a scanning-type 
electronic microscope, it Was found that a substrate for thin 
?lm semiconductor device, in Which one million numbers of 
single-crystalline grains of average siZe of 4.5 pm Were 
arranged regularly in the lattice form in every square areas 
of 5x5 mm. 

[0053] Next, a molybdenum/tungsten alloy layer is depos 
ited by a sputtering process, and gate electrodes Were formed 
by patterning the layer to predetermined shapes While 
adjusting its position so as to corresponding to the position 
of single-crystalline grains. Then, by implanting phospho 
rous ions using the gate electrodes as the mask, source 
electrodes and drain electrodes Were formed. Then, layers of 
silicon oxide Were deposited by a plasma CVD process for 
forming an insulator. After perforating contact holes in 
insulator positions corresponding to source areas and drain 
areas, aluminum layers are deposited and patterned thereon, 
thereby completed a thin ?lm transistor This device 
acted With N-channel operation, shoWing the threshold 
voltage (Vth) of 1.2 V and the mobility of 496 cm2/V-sec. 
When thin ?lm transistors Were formed on a thin ?lm 
semiconductor substrate sheet of 400 mm><500 mm siZe, 
threshold values thereof Were 1.2 V:0.08V and the mobility 
Were 496156 cm2/V-sec. In a BTS estimation of 10,000 
seconds, shifting values Were only 0.05V. 

[0054] The folloWing is another example, in Which the 
insulating oxidiZed ?lm layer is embedded into the ?lm of 
single-crystalline silicon grains. 

[0055] On the surface of base layer of non alkali glass 
manufactured by Coming Glass Works, having the dimen 
sion of 400 mm><500 mm, a thickness of 0.7 mm, and a strain 
point of 650° C., an oxidiZed silicon (SiO2) ?lm of 200 nm 
thickness is formed by plasma CVD method as the ?rst 
control layer for heat conduction and crystalliZation. Then, 
a layer of amorphous silicon (a-SizH) of 110 nm thickness is 
formed Without exposing to the atmosphere. 

[0056] The layer of amorphous silicon oxide Was annealed 
and dehydrogenated. Then, oxygen ions Were implanted into 
the intermediate region in the thickness direction in order to 
form an oxygen implanted area. The implantation of oxygen 
ions Was carried out With the accelerated voltage of 20 keV 
and the dose amount of 1.5E17/cm2. Under these conditions, 
the maximum oxygen density point of 3E22/cm3 Was posi 
tioned in the depth of about 50 nm corresponding to the 
projection range of oxygen ions. The above conditions for 
formation of the implantation area Were determined for the 
purpose of forming an insulating oxidiZed layer of about 30 
nm thickness in the depth of about 60 nm (central depth) 
from the surface of the single-crystalline grains layer. 

[0057] Then, the pulsated excimer laser beam Was used to 
irradiate the layer from the upper direction, Whereby the 
amorphous silicon layer Was crystalliZed and the oxygen 
implanted areas Were converted to oxidiZed areas. The 
irradiation by laser Was carried out With the irradiation 
intensity distribution by using a phase shifting mask so that 
a total of 250,000 maximum intensity points and minimum 
intensity points Were formed arranged Within a square lattice 
formed at intervals of 10 pm in one unit of irradiated face of 
5 mm><5 mm. In this example, melting threshold value (Eth) 
Was about 0.8 J /cm2, the maximum value of energy intensity 
(Emax) Was 2.3 J/cm2 and the minimum intensity value Was 
0.1 J/cm2. By the above irradiation, the amorphous silicon 
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layer of 110 nm thickness Was changed to three layers, 
namely, the second single-crystalline silicon grains layer at 
the top area With 45 nm thickness, the oxidized silicon layer 
of about 30 nm at the intermediate area and the ?rst 
single-crystalline grains layer of about 50 nm at the bottom 
area. 

[0058] Next, the second single crystalline silicon layer 55 
Was formed as a gate electrode by patterning, and a source 
area and drain area Were formed by implanting phosphorous 
ions using the gate electrode as a mask. FolloWing this, a 
silicon oxide layer Was deposited as an insulator using a 
plasma CVD deposition method, and contact holes Were 
formed in the insulator at the position above the source and 
drain areas. The thin ?lm transistor (TFT) is then completed 
by depositing aluminum and patterning it. This process 
results in a N channel device With a threshold voltage value 
(Vth) of 1.0V and an electron mobility of 475 cm2/V~sec. 

[0059] The threshold values of 20 numbers of thin ?lm 
transistors, each of Which Was formed on the thin ?lm 
semiconductor base layer of 400 nm><500 nm, Were 1.010.08 
V, and the mobilities thereof Were 475150 cm2/V~sec. Fur 
thermore, by the BTS estimation of 10,000 seconds, shift 
amount of Vth Was only 0.05 V. 

[0060] A number of embodiments of the present invention 
have been described. Nevertheless, it Will be understood that 
various modi?cations may be made Without departing from 
the spirit and scope of the invention. For example, While in 
the above examples the oxidiZe layer is formed by implant 
ing oxygen ion, the layer can be formed by further intro 
ducing other ions such as nitrogen ion. Accordingly, other 
embodiments are Within the scope of the folloWing claims. 

What is claimed is: 
1. A substrate sheet for thin ?lm semiconductor devices 

comprising: 
a base layer of insulation materials; and 

a thin ?lm semiconductor layer formed on the base layer, 
said thin ?lm semiconductor layer comprising a layer 
of crystalline semiconductor grains formed by crystal 
liZation or recrystalliZation of a layer of non-single 
crystalline semiconductor and an oxidiZed layer formed 
by oxidiZation of said layer of non-single crystalline 
semiconductor. 

2. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 1, Wherein a plurality of single-crystalline grains are 
arranged in a regulated mode in the layer of crystalline 
semiconductor. 

3. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 1, Wherein the thin oxidiZed layer formed by oxidation 
of non-single-crystalline semiconductor layer is formed as a 
top layer of the thin ?lm semiconductor layer. 

4. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 1, Wherein the thin oxidiZed layer formed by oxidation 
of non-single-crystalline semiconductor layer is formed as 
an intermediate layer in the thin ?lm semiconductor layer. 

5. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 1, Wherein the grain siZe of single-crystalline semi 
conductor is at least 2 pm. 

6. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 1, Wherein a control layer for heat-conduction or 
crystalliZation is formed betWeen the base layer of insulation 
material and the thin ?lm semiconductor layer. 

Apr. 17, 2003 

7. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 2, Wherein the thin oxidiZed layer formed by oxidation 
of non-single-crystalline semiconductor layer is formed as a 
top layer of the thin ?lm semiconductor layer. 

8. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 2, Wherein the thin oxidiZed layer formed by oxidation 
of non-single-crystalline semiconductor layer is formed as 
an intermediate layer in the thin ?lm semiconductor layer. 

9. Asubstrate sheet for thin ?lm semiconductor devices of 
claim 2, Wherein the grain siZe of single-crystalline semi 
conductor is at least 2 pm. 

10. A substrate sheet for thin ?lm semiconductor devices 
of claim 2, Wherein a control layer for heat-conduction or 
crystalliZation is formed betWeen the base layer of insulation 
material and the thin ?lm semiconductor layer. 

11. A thin ?lm semiconductor device comprising; 

a base layer of insulation materials; and 

a thin ?lm semiconductor layer formed on the base layer, 
said thin ?lm semiconductor layer comprising a layer 
of semiconductor crystal grains formed by crystalliZa 
tion or recrystalliZation of non-single-crystalline semi 
conductor layer and an oxidiZed layer formed by oxi 
diZation of said non-single-crystalline semiconductor 
layer and, the area of said thin oxidiZed layer consti 
tuting a insulator of gate electrode. 

12. A thin ?lm semiconductor device of claim 11, Wherein 
semiconductor crystal grains are arranged in a regulated 
mode in the layer of single-crystalline semiconductor. 

13. A thin ?lm semiconductor device of claim 11, Wherein 
the grain siZe of single-crystalline semiconductor grains 
formed in the layer of single-crystalline semiconductor 
grains is at least 2 pm. 

14. A thin ?lm semiconductor device of claim 11, Wherein 
a control layer for heat conduction and recrystalliZation is 
formed betWeen the base layer of insulation materials and 
the thin ?lm semiconductor layer. 

15. Amethod for producing a substrate sheet for thin ?lm 
semiconductor devices comprising steps of; 

(a) depositing a layer of non-single-crystalline semicon 
ductor on a base layer of insulation materials, 

(b) forming oxygen implanted areas in the layer of 
non-single-crystalline by implanting oxygen ion into 
the layer, and 

(c) irradiating the layer of non-single-crystalline semicon 
ductor With energy beam, thereby changing the layer of 
non-single-crystalline semiconductor so that the oxy 
gen implanted areas are converted to insulating oxi 
diZed ?lms and other areas are converted to ?lms of 
semiconductor crystal grains. 

16. A method for producing a substrate for thin ?lm 
semiconductor devices of claim 15, Wherein the irradiation 
of energy beam is carried out so that the area to Which the 
irradiation intensity of maximum value is given and the area 
to Which the irradiation intensity of minimum value is given 
are arranged in a regulated mode and the transition of 
irradiation intensity betWeen the above tWo areas are suc 
cessive. 

17. A method for producing a substrate for thin ?lm 
semiconductor devices of claim 15, Wherein the minimum 
value of irradiation intensity the intensity Which does not 
cause the melt of the non-single-crystalline semiconductor. 
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18. Amethod for producing a substrate sheet for thin ?lm 
semiconductor devices of claim 15, Wherein the oxygen 
implanted areas are formed in the top layer portion of 
non-single-crystalline semiconductor layer. 

19. Amethod for producing a substrate sheet for thin ?lm 
semiconductor devices of claim 15, Wherein the oXygen 
implanted areas are formed in the intermediate layer portion 
of non-single-crystalline semiconductor layer. 

20. A method for producing a thin ?lm semiconductor 
devices comprising steps of; 

(a) depositing a layer of non-single-crystalline semicon 
ductor on a base layer of insulation materials, 

(b) forming oXygen implanted areas in the layer of 
non-single-crystalline semiconductor by implanting 
oxygen ion into the layer, 

(c) irradiating the layer of non-single-crystalline With 
energy beam, thereby changing the layer of non-single 
-crystalline semiconductor so that the oXygen 
implanted areas are converted to insulating oXidiZed 
?lms and other areas are converted to ?lms of semi 
conductor crystal grains, 

(d) forming a gate electrode by patterning the layer of 
semiconductor crystal grains and using the insulating 
oXidiZed ?lms as a gate insulator and, 
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(e) completing an electric circuit unit by forming a source 
electrode and a drain electrode in the layer of semi 
conductor crystal grains. 

21. A method for producing a thin ?lm semiconductor 
device of claim 20, Wherein the irradiation of energy beam 
is carried out so that the area to Which the irradiation 
intensity of maXimum value in given and the area to Which 
the irradiation intensity of are minimum value is given are 
arranged in a regulated mode and the transition of irradiation 
intensity betWeen the above tWo areas are successive. 

22. A method for producing a thin ?lm semiconductor 
device of claim 20, Wherein the insulating oXidiZed layer is 
formed at the top layer portion of thin ?lm semiconductor 
layer and, the resulted insulating oXidiZed layer is used as 
the gate insulator and the source electrode and the drain 
electrode are formed in the loWer layer of crystal grains. 

23. A method for producing a thin ?lm semiconductor 
device of claim 20, Wherein the insulating oXidiZed layer is 
formed in the intermediate layer portion of thin ?lm semi 
conductor layer and, the resulted insulating oXidiZed layer is 
used as the gate insulation layer and the source electrode and 
the drain electrode are formed in the loWest layer of semi 
conductor grains. 


