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(57) ABSTRACT 

A method of manufacturing a semiconductor device Which 
has a crystalline silicon ?lm comprises the steps of forming 
crystal nuclei in a surface region of an amorphous silicon 
?lm and then growing the crystals from the nuclei by a laser 
light. Typically the crystal nuclei are silicon crystals or metal 
suicides having an equivalent structure as silicon crystal. 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device Which has a crystalline semiconductor material and a 
method for manufacturing the same. 

BACKGROUND OF THE INVENTION 

[0002] Thin ?lm transistors (TFTs) are knoWn Which 
utiliZe a thin ?lm semiconductor formed on a substrate. The 
TFTs are utiliZed in integrated circuits, especially in an 
electro-optical device such as an active matriX type liquid 
crystal device as sWitching elements for each piXel or as 
driver elements in a peripheral circuit for driving active 
matriX elements. 

[0003] Amorphous silicon ?lms are readily available for 
TFTs. HoWever, the electrical characteristics of amorphous 
silicon ?lms are loW. For this reason, it is desired to use 
semiconductor ?lms having a crystallinity, that is, polycrys 
talline, microcrystalline silicon, monocrystalline semicon 
ductor or the like. 

[0004] As a method for forming silicon ?lms having a 
crystallinity (crystalline silicon, hereinafter), it is knoWn to 
deposit an amorphous silicon ?lm ?rst and then crystalliZe 
it by applying heat or light energy such as laser light. 

[0005] HoWever, in the case of using heat energy, it is 
necessary to heat a substrate to a temperature 600° C. or 

higher for more than 10 hours. For eXample, a Corning 7059 
glass Which is generally used as a substrate for an active 
matriX type liquid crystal device has a glass distortion point 
of 593° C. Accordingly, the crystalliZation through such a 
high temperature heat treatment is not desirable for a class 
substrate. On the other hand, a short pulse laser such as an 
eXcimer laser has an advantage that it does not cause a 

distortion in a glass substrate. HoWever, the uniformity of 
device characteristics is not so good in the case of using a 
laser. The inventors of the present invention considered that 
this is because of a temperature distribution in a laser beam. 

[0006] The inventors of the present invention investigated 
a method for promoting a heat crystalliZation and a method 
for reducing a dispersion (ununiformity) in a laser crystal 
liZation in order to solve the problems concerning a crys 
talliZation of an amorphous silicon as discussed above. 

[0007] With respect to the heat crystalliZation, it has been 
con?rmed by the inventors that an amorphous silicon ?lm 
can be crystalliZed through a heat treatment at 550° C. for 4 
hours by depositing a small amount of nickel, palladium, 
lead or the like on the silicon ?lm. 

[0008] As a method for introducing a small amount of the 
foregoing elements (i.e. a catalyst element for promoting 
crystallization), it is possible to use a plasma treatment, 
evaporation and ion implantation. The plasma treatment is a 
method in Which a plasma of nitrogen or hydrogen is 
produced using an electrode including the catalyst element 
in a parallel plate type or positive columnar type plasma 
CVD apparatus, thereby, adding the catalyst element into an 
amorphous silicon ?lm. 
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[0009] HoWever, it is not desirable if the foregoing ele 
ments eXist in a semiconductor too much because reliability 
or an electrical stability of a semiconductor device using 
such a semiconductor is hindered. Accordingly, the inven 
tors have found that catalyst elements need to be used for 
crystalliZing an amorphous silicon but it is desirable that a 
concentration of the catalyst elements in the crystalliZed 
silicon ?lm be minimiZed. In order to achieve this object, it 
is desirable to use a catalyst element Which is inactive in a 

crystalline silicon, and to accurately control the amount of 
the catalyst to be added into the silicon ?lm in order to 
minimiZe the concentration of the catalyst element therein. 

[0010] The crystalliZation process using a plasma treat 
ment for adding nickel as a catalyst Was studied in detail. 
The folloWing ?ndings Were obtained as a result: 

[0011] (1) In case of incorporating nickel by plasma 
treatment into an amorphous silicon ?lm, nickel penetrates 
into the amorphous silicon ?lm to a considerable depth 
before subjecting the ?lm to a heat treatment; 

[0012] (2) An initial nucleation occurs from the surface of 
the ?lm in Which nickel is added; and 

[0013] (3) When a nickel layer is formed on the amor 
phous silicon ?lm by vapor deposition, the crystalliZation of 
an amorphous silicon ?lm occurs in the same manner as in 
the case of effecting the plasma treatment. 

[0014] In vieW of the foregoing, it is assumed that not all 
of the nickel introduced by the plasma treatment functions to 
promote the crystalliZation of silicon. That is, if a large 
amount of nickel is introduced, there eXists an eXcess 
amount of the nickel Which does not function for promoting 
the crystalliZation. For this reason, it is the point or the face 
of the silicon Which contacts nickel that functions to pro 
mote the crystalliZation of the silicon at loWer temperatures. 
Further, it is concluded that nickel has to be minutely 
dispersed in the silicon in the form of atoms. Namely, it is 
assumed that nickel needs to be dispersed in the vicinity of 
a surface of an amorphous silicon ?lm in the form of atoms, 
and the concentration of the nickel should be as small as 
possible but Within a range Which is suf?ciently high to 
promote the loWer temperature crystalliZation. 

[0015] A trace amount of a catalyst element capable of 
promoting the crystalliZation of silicon can be incorporated 
in the vicinity of a surface of an amorphous silicon ?lm by, 
for eXample, vapor deposition. HoWever, vapor deposition is 
disadvantageous concerning the controllability of the ?lm, 
and is therefore not suitable for precisely controlling the 
amount of the catalyst element to be incorporated in the 
amorphous silicon ?lm. 

[0016] Next, With respect to a dispersion in a character 
istics occurring in a laser crystalliZation, the inventors of the 
present invention found through experiments that this is 
caused by mainly the tWo reason, i.e. (1) a nonuniformity in 
a crystallinity due to a temperature distribution on a laser 
irradiated surface, and (2) the creation of crystal nuclei being 
contingent. Speci?cally, a laser beam generally has an 
intensity distribution in accordance With a gaussian distri 
bution. The temperature of an amorphous silicon ?lm is also 
in conformity With this distribution. As a result, during a 
crystalliZation of amorphous silicon through melting or 
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partial melting, the crystallization must start at a region 
Which has a loWer temperature or a higher temperature 
dispersion than other regions because a crystallization 
occurs When a region from a melting condition to a solid 
phase. HoWever, in practice, a crystal nuclei do not neces 
sarily exist in such a region and therefore, there is a 
possibility that a supercooling region is formed. If such a 
supercooling region contacts crystal nuclei, a crystalliZation 
occurs explosively. Also, it is assumed that a uniform 
crystalliZation is difficult because the crystal nuclei tend to 
be formed at a surface roughness of an interface With a 
silicon oxide. 

[0017] Accordingly, it is desired that a region at Which 
temperature ?rstly becomes beloW a melting point among 
other regions is in conformity With a region in Which crystal 
nuclei exist. 

SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to obtain a 
crystalline semiconductor ?lm With a high uniformity. More 
speci?cally, in vieW of the foregoing circumstances, it is an 
object of the present invention to control the formation of 
crystal nuclei in a silicon ?lm. 

[0019] In accordance With one aspect of the present inven 
tion, crystal nuclei are introduced into at a predetermined 
region of an amorphous silicon ?lm folloWing Which a laser 
crystalliZation is carried out. When the crystal nuclei have a 
higher transmission rate With respect to the laser light than 
the amorphous silicon and have a higher thermal conduc 
tivity, the temperature of the ?lm becomes loWer than the 
melting point ?rst at the crystal nuclei and therefore the 
crystalliZation starts there and a uniform crystalline ?lm can 
be obtained. As the crystal nuclei, it is desirable to use a 
material Which alloWs an epitaxial groWth of silicon, for 
example, minute crystallites of silicon, or nickel silicide 
Which is formed by adding nickel to an amorphous silicon 
?lm and then heating it. 

[0020] Furthermore, it is desirable to add crystal nuclei not 
uniformly Within a silicon ?lm but on an upper or loWer 
surface of the ?lm. The addition of the crystal nuclei onto the 
surface of the silicon ?lm is appropriate because the crys 
talliZation proceeds suf?ciently in a thickness direction of 
the ?lm. Also, this is considered helpful for enlarging a siZe 
of each crystal. 

[0021] Moreover, it is desirable to irradiate a laser light 
from the side of the silicon ?lm on Which the crystal nuclei 
are added. By doing so, it is possible to remarkably reduce 
a surface roughness after the laser irradiation as compared 
With the case in Which only a laser irradiation is used Without 
the formation of the crystal nuclei. The inventors of the 
present invention consider this is because the absorption 
ef?ciency of the laser light by the crystal nuclei (i.e. crystal 
silicon) is smaller than that by an amorphous silicon so that 
this portion does not melts easily. Surface roughness is 
comparable With that in the case of using only a solid phase 
groWth. Generally, the surface roughness is detrimental for 
a semiconductor device such as a TFT, for example, it causes 
a scattering of carriers. 

[0022] In accordance With one embodiment of the present 
invention, a method for manufacturing a semiconductor 
device comprises the steps of: 
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[0023] forming an amorphous silicon ?lm; 

[0024] introducing crystal nuclei to said amorphous sili 
con ?lm; and 

[0025] groWing crystals from said crystal nuclei, thereby 
obtaining a crystalline silicon ?lm. 

[0026] The crystal nuclei are formed by adding a catalyst 
including a catalyst element such as nickel onto a surface of 
the amorphous silicon ?lm and then applying energy by 
heating or light irradiation (IR light irradiation). Further, the 
crystals groW from the introduced crystal nuclei by irradi 
ating a laser light or a light equivalent to the laser light from 
the side on Which the crystal nuclei are formed. The groWth 
of the crystals is epitaxial. 

[0027] As a method for adding a catalyst element, it is 
appropriate to coat an amorphous silicon ?lm With a solution 
Which contains the catalyst element therein. In particular, the 
catalyst element should be added by contacting the surface 
of the amorphous silicon ?lm. This is important for accu 
rately controlling the amount of the catalyst element to be 
incorporated into the ?lm. 

[0028] The catalyst element may be added either from an 
upper surface or a loWer surface of the amorphous silicon 
?lm. In the former case, the solution should be applied onto 
an upper surface of an amorphous silicon ?lm after the 
deposition thereof. In the latter case, the solution should be 
applied onto a base surface and thee the amorphous silicon 
?lm should be formed thereon. 

[0029] The crystalline silicon ?lm in accordance With the 
present invention is suitable as an active region of a semi 
conductor device Which has at least one electrical junction 
such as PN, PI, NI or the like. For example, thin ?lm 
transistors, diodes, photosensors may be manufactured. 

[0030] The present invention has the folloWing advan 
tages: 

[0031] (a) It is possible to accurately control and reduce 
the concentration of a catalyst element in the silicon ?lm. 

[0032] (b) If the solution contacts a surface of an amor 
phous silicon ?lm, the amount of the catalyst element to be 
incorporated into the silicon ?lm is determined by the 
concentration of the catalyst element in the solution. 

[0033] (c) It is possible to introduce the catalyst element 
into the amorphous silicon ?lm at a minimum density since 
the catalyst elements Which are adsorbed by the surface of 
the amorphous silicon ?lm function to promote the crystal 
liZation. 

[0034] (d) A crystalline silicon ?lm having a good crys 
tallinity can be obtained Without a high temperature process. 

[0035] The catalyst provided by the solution may be in the 
form of a compound or in the form of atoms. Also, it may 
be dissolved in the solution, alternatively, it may be dis 
persed in the solution. 

[0036] In the case of using a polar solvent such as Water, 
alcohol, acid or ammonium, it is possible to use the folloW 
ing compounds for adding nickel, namely, nickel bromide, 
nickel acetate, nickel oxalate, nickel carbonate, nickel chlo 
ride, nickel iodide, nickel nitrate, nickel sulfate, nickel 
formate, nickel acetyl acetonate, 4-cyclohexyl nickel butyric 
acid, nickel oxide and nickel hydroxide. 
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[0037] Also, benzene, toluene, xylene, carbon tetrachlo 
ride, chloroform or ether can be used as a non-polar solvent. 

Examples of nickel compounds suitable for a non-polar 
solvent are nickel acetyl acetonate and 2-ethyl hexanoic acid 
nickel. 

[0038] Further, it is possible to add an interfacial active 
agent to a solution containing a catalytic element. By doing 
so, the solution can be adhered to and adsorbed by a surface 

at a higher ef?ciency. The interfacial active agent may be 
coated on the surface to be coated in advance of coating the 
solution. 

[0039] Also, When using an elemental nickel (metal), it is 
necessary to use an acid to dissolve it. 

[0040] In the foregoing examples, the nickel can be com 
pletely solved by the solvent. HoWever, even if the nickel is 
not completely solved, it is possible to use a material such 
as an emulsion in Which elemental nickel or nickel com 

pound is dispersed uniformly in a dispersion medium. It is 
also possible to use a solution Which is for forming a silicon 
oxide ?lm. An example of such a solution is OCD (Ohka 
Diffusion Source) produced by Tokyo Ohka Kocyo 
Kabushiki Kaisha. Asilicon oxide ?lm may be easily formed 
by coating the OCD on a surface and then baking at about 
200° C. It is also possible to add desired impurities to the 
silicon oxide ?lm. 

[0041] When using a polar solvent such as Water for 
dissolving nickel, it is likely that an amorphous silicon ?lm 
repels it. In such a case, a thin oxide ?lm is preferably 
formed on the amorphous silicon ?lm so that the solution 
can be provided thereon uniformly. The thickness of the 
oxide ?lm is preferably 100 A or less. Also, it is possible to 
add an interfacial active agent to the solution in order to 

increase a Wetting property. 

[0042] When using a non-polar solvent such as toluene for 
obtaining a solution of 2-ethyl hexanoic acid nickel, the 
solution can be directly formed on the surface of an amor 

phous silicon ?lm. HoWever, it is possible to interpose a 
material betWeen the amorphous silicon ?lm and the solu 
tion for increasing the adhesivity therebetWeen, for example, 
OAP (containing hexamethyl disilaZane as a main compo 
nent, produced by Tokyo Oka Kogyo) Which is used to 
increase adhesivity of a resist. 

[0043] The concentration of the catalyst element in the 
solution depends on the kind of the solution, hoWever, 
roughly speaking, the concentration of the catalyst element 
such as nickel by Weight in the solution should be 0.1 - 10 

ppm, preferably, 0.01 - 1 ppm. The concentration is mea 

sured based on the nickel concentration in the silicon ?lm 
after the completion of the crystalliZation. 

[0044] After forming crystal nuclei by carrying out a heat 
treating on an amorphous silicon ?lm Which is added With a 
catalyst element, the silicon ?lm can be uniformly crystal 
liZed into a crystalline silicon ?lm by the use of a laser 
irradiation. 

Sep. 20, 2001 

[0045] When a laser crystalliZation is carried out on an 
amorphous silicon ?lm Without crystal nuclei, the poWer of 
the laser necessary for the crystalliZation is much higher 
than the laser crystalliZation in Which crystal nuclei are 
previously formed. Conventionally, it Was knoWn that a laser 
poWer necessary for crystalliZing an amorphous silicon ?lm 
having microcrystallites is higher than the laser poWer 
necessary for crystalliZing an amorphous silicon ?lm having 
no crystallinity (because the difference in absorption ef? 
ciency of a laser light by the silicon ?lms). HoWever, the 
present invention is entirely opposite to this since a loWer 
laser poWer is sufficient for crystalliZing a silicon ?lm in 
Which crystal nuclei are formed. 

[0046] In the present invention, the region of the silicon 
?lm Which become a crystal nucleus upon crystalliZation can 
be controlled by controlling the amount of the catalyst 
element incorporated into the ?lm. The ?lm can be regarded 
as in a state Which is a mixture of a crystalline structure and 
an amorphous structure. Typically, a proportion of crystal 
components With respect to the entire plane of the ?lm is 
from 0.01 to 20%. By the application of a laser light in this 
state, crystals can groW from the crystal nuclei Which exist 
in the regions having crystallinity, and accordingly, it is 
possible to obtain a higher crystallinity. In other Words, 
small crystallites are groWn into large crystallites. For this 
reason, the crystal groWth length, the siZe and number of 
crystallites, or the like can be controlled by controlling the 
amount of a catalyst element and the poWer of a laser light. 

[0047] Instead of using a laser light, it is also possible to 
use an intense light, especially, an infrared light for crystal 
liZation. Since infrared ray is not so absorbed by a glass 
substrate, it is possible to heat only the silicon ?lm. This 
irradiation is generally called as a rapid thermal annealing 
(RTA) or rapid thermal process (RTP). 

[0048] In the present invention, nickel is disclosed as a 
most preferred catalyst element. HoWever, it is to be under 
stood that other catalyst elements may be used in a similar 
manner. Examples of such elements are Pd, Pt, Cu, Ag, Au, 
In, Sn, Pb, P, As and Sb. It is also possible to select one or 
more elements from the groups VIII, IIIb, IVb and Vb 
elements of the periodic table. 

[0049] In place of using a solution such as Water or 
alcohol, it is also possible to use other materials Which 
contain a catalyst material, for example, metal compound or 
oxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIGS. 1A-1D shoW a manufacturing process in 
accordance With the present invention; 

[0051] FIGS. 2A-2C shoW a manufacturing process in 
accordance With the present invention; 

[0052] FIGS. 3A-3E shoW a manufacturing process of a 
TFT in accordance With Embodiment 3 of the present 
invention; 
[0053] FIGS. 4 shoW a manufacturing process of a TFT in 
accordance With Embodiment 6 of the present invention; 

[0054] FIG. 5 is a block diagram shoWing an example of 
an active matrix liquid crystal device in accordance With the 
present invention; and 

[0055] FIG. 6 is a photograph corresponding to the cross 
sectional vieW of FIG. 2A. 
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PREFERRED EMBODIMENTS OF THE 
PRESENT INVENTION 

[0056] [Embodiment 1] 
[0057] In this embodiment, a crystallization through a 
laser irradiation after a heat crystallization on a semicon 
ductor ?lm having been provided With an aqueous solution 
containing a catalyst Will be discussed With reference to 
FIGS. 1A-1D. 

[0058] It is desirable that a concentration of hydrogen 
contained in the amorphous silicon ?lm before a laser 
crystalliZation be as small as possible, for example, 0.01 to 
10 atm %. For this reason, it is preferable to heat the 
amorphous silicon ?lm at a temperature Which is loWer than 
a crystalliZation temperature thereof in order to effuse 
hydrogen from the silicon ?lm. In the alternative, it is 
possible to form an amorphous silicon ?lm in Which the 
concentration of hydrogen falls Within the above range by 
LPCVD using Si2H6 (100 - 500 sccm) and He (500 sccm) at 
a relatively higher temperature for example 430 to 500° C. 

[0059] In FIG. 1A, the reference numeral 11 shoWs a 
Corning 7059 glass substrate of 100 mm><100 mm. Initially, 
an amorphous silicon ?lm 12 is deposited by a knoWn 
plasma CVD or LPCVD to a thickness of 100 - 1500 A on 
the substrate 11. For example, a plasma CVD is used and the 
thickness of the ?lm is 1000 

[0060] The thus formed amorphous silicon ?lm is treated 
With a hydro?uoric acid solution in order to remove con 
taminants or natural oxide from the surface thereof, folloW 
ing Which an oxide ?lm 13 is formed to 10 - 50 If it is 

possible to ignore the contaminants, a natural oxide may be 
used in place of the oxide ?lm 13. The oxide ?lm 13 should 
be very thin, for example, about 20 The oxide ?lm 13 is 
formed by an irradiation of UV light in an oxidiZing atmo 
sphere such as oxygen for about 5 minutes. Alternatively, the 
oxide ?lm may be formed by a thermal oxidation or by 
treating it With a hydrogen peroxide. The oxide ?lm 13 is for 
improving the Wetting property of the surface, namely, a 
nickel acetate acid solution Which Will be used to add a 
catalyst element in a later step can be uniformly coated on 
the entire surface of the silicon ?lm by the provision of the 
oxide ?lm 13. If there is no oxide ?lm on the amorphous 
silicon ?lm, the acetate solution tends to be repelled by the 
amorphous silicon ?lm so that it is not possible to add nickel 
uniformly and therefore, it is not possible to perform a 
uniform crystalliZation. 

[0061] HoWever, if a non-polar solvent such as a toluene 
solution of 2-ethyl hexanoic acid nickel is used, the oxide 
?lm 13 is unnecessary and the solution can be directly 
formed on the ?lm 13. 

[0062] Next, an acetate solution in Which nickel is added 
is prepared. The concentration of nickel in the solution is 5 
ppm. 2 ml of this solution is dropped onto a surface of the 
oxide ?lm 13 formed on the silicon ?lm 12. This condition 
is maintained for 1-5 minutes. Then, a spin dry is performed 
by using a spinner at 2000 rpm for 60 minutes. This coating 
step may be repeated plural times if desired. As a result, a 
layer 14 Which contains nickel therein is formed on the 
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amorphous silicon ?lm 12 to a uniform thickness of several 
A to several hundreds The nickel in this layer Will diffuse 
into the amorphous silicon ?lm during a heat treatment and 
functions as a catalyst for promoting the crystalliZation. 
Also, this layer does not need to be a complete ?lm, ie it 
may be a discontinuous ?lm. 

[0063] The amorphous silicon ?lm is maintained for 1-5 
minutes after applying the solution thereto. The concentra 
tion of nickel introduced into the silicon ?lm may depend 
upon this period. HoWever, the main factor for determining 
the concentration is the concentration of nickel contained in 
the solution. 

[0064] Next, the substrate is heat treated in a nitrogen 
atmosphere for 1 hour at 550° C. As a result of this step, 
crystallinity is partly produced in the silicon ?lm 12, namely 
crystal nuclei are formed as shoWn in FIG. 2A. Reference 
numeral 21 shoWs crystal nuclei formed in the amorphous 
silicon ?lm 12. 

[0065] The temperature of the foregoing heat treatment 
should be not loWer than 450° C. If the temperature is loWer 
than 450° C., the duration of the heat treatment should be 
lengthened so that the productivity is loWered. Also, if the 
temperature is higher than 550° C., a heat resistance of the 
glass substrate becomes a problem. 

[0066] It is to be understood that the nickel containing 
solution may be applied onto the substrate prior to forming 
the amorphous silicon ?lm 13. In such a case, the crystal 
nuclei are introduced from the bottom surface of the amor 
phous silicon ?lm. 

[0067] After the foregoing heat treatment, the silicon ?lm 
12 is completely crystalliZed by the irradiation of several 
shots of a KrF excimer laser 20 (Wavelength 248 nm, pulse 
Width 30 nsec) in a nitrogen atmosphere. The poWer density 
of the laser is 200 - 350 mJ/cm2. In place of the laser, it is 
possible to use an infrared light. It is important in this 
invention that the laser light is emitted from the upper 
surface of the amorphous silicon ?lm on Which the crystal 
nuclei have been formed. FIGS. 2A to 2C shoW hoW the 
crystals groW from the crystal nuclei 21 by the laser irra 
diation. By this crystal groWth, a polycrystalline ?lm 23 is 
formed. FIG. 6 is a photograph Which corresponds to FIG. 
2A. Small crystals Which are groWn from the crystal nuclei 
can be observed from the photograph of FIG. 6. Although 
there is a silicon oxide ?lm betWeen the substrate and the 
silicon ?lm, this can not be seen in FIG. 6. 

[0068] [Embodiment 2] 
[0069] This embodiment is entirely the same except that 
the concentration of nickel in the solution is changed to 1 

[0070] The silicon ?lm after the heat treatment Was 
observed by a microscope. As a result, it Was found that a 
portion of amorphous silicon is increased as compared With 
the previous embodiment. Also, the number of crystal nuclei 
Was reduced. 

[0071] Further, after the laser crystalliZation, the sample 
Was Secco-etched and observed by SEM. As a result, it Was 
found that the siZe of each crystal Was larger than that 
obtained in the previous embodiment. 
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[0072] [Embodiment 3] 
[0073] This embodiment relates to a process for fabricat 
ing TFTs Which are provided to each of the pixels of an 
active matrix liquid crystal display device or for a driver 
circuit, using a crystalline silicon ?lm fabricated by the 
process according to the present invention. TFTs can be 
applied not only to liquid crystal display devices, but also to 
a Wide ?eld generally denoted as thin ?lm integrated circuits 

(ICs). 
[0074] Referring to FIGS. 3A to 3E, the process for 
fabricating a TFT according to the present embodiment Will 
be described beloW. A silicon oxide ?lm (not shoWn in the 
?gure) is deposited to a thickness of 2,000 A as a base 
coating on a glass substrate. This silicon oxide ?lm is to 
prevent the diffusion of impurities into the device from the 
glass substrate. 

[0075] An amorphous silicon ?lm is deposited thereafter 
to a thickness of 500 A in the same manner as in Embodi 
ment 1. After removing a natural oxide ?lm by a hydrof 
luoric acid treatment, a thin ?lm of an oxide ?lm is formed 
to a thickness of about 20 A by means of UV irradiation in 
an oxygen atmosphere. 

[0076] The resulting amorphous silicon ?lm having the 
oxide ?lm thereon is coated With an aqueous acetate solution 
containing nickel at a concentration of 10 ppm. The resulting 
structure is retained for a duration of 5 minutes, and is 
subjected thereafter to spin drying using a spinner. The 
silicon oxide ?lm is removed thereafter using a buferred 
hydro?uoric acid, and a silicon ?lm is partially crystalliZed 
by heating the resulting structure at 550° C. for a duration of 
1 hour. Thus, a silicon ?lm in Which an amorphous compo 
nents and crystalline components are mixed is obtained. The 
crystalliZed portions function as crystal nuclei. Then, the 
silicon ?lm is irradiated With a KrF excimer laser light from 
the upper surface of the silicon ?lm at 200 - 300 m]. During 
the laser irradiation, the substrate is heated at 400° C. Thus, 
crystals groW from the crystal nuclei Which are formed in the 
former step. 

[0077] The silicon ?lm thus crystalliZed is patterned to 
form an island-like region 104 as shoWn in FIG. 3A. The 
island-like region 104 functions as an active layer of the 
TFT. A silicon oxide ?lm 105 is formed thereafter to a 
thickness of from 200 to 1,500 A for example, 1,000 The 
silicon oxide ?lm functions as a gate insulating ?lm. 

[0078] The silicon oxide ?lm 105 is deposited by means of 
RF plasma CVD process using TEOS (tetraethoxysilane). 
That is, TEOS is decomposed and then deposited together 
With oxygen at a substrate temperature of 150 to 600° C., 
preferably in the range of 300 to 450° C. TEOS and oxygen 
are introduced at a pressure ratio of 1:1 to 1:3 under a total 
pressure of 0.05 to 0.5 Torr, While applying an RF poWer of 
100 to 250 W. Alternatively, the silicon oxide ?lm can be 
fabricated by reduced pressure CVD or normal pressure 
CVD using TEOS as the starting gas together With gaseous 
oZone, While maintaining the substrate temperature in the 
range of from 350 to 600° C., preferably, in the range of 
from 400 to 550° C. The ?lm thus deposited is annealed in 
oxygen or oZone in the temperature range from 400 to 600° 
C. for a duration of from 30 to 60 minutes. 
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[0079] A KrF excimer laser (operating at a Wavelength of 
248 nm With a pulse Width of 20 nsec) or an intense light 
equivalent thereto may be irradiated in this condition in 
order to help the crystalliZation of the silicon island 104. In 
particular, an application of RTA (rapid thermal annealing) 
using infrared radiation is effective because the silicon ?lm 
can be heated selectively Without heating the glass substrate. 
Moreover, the RTA is especially useful in the fabrication of 
insulated gate ?eld effect semiconductor devices because it 
decreases the interface level betWeen the silicon layer and 
the silicon oxide ?lm. 

[0080] Subsequently, an aluminum ?lm is deposited to a 
thickness of from 2,000 A to 1 pm by electron beam vapor 
deposition, and is patterned to form a gate electrode 106. 
The aluminum ?lm may contain scandium at 0.15 to 0.2 
Weight % as a dopant. The substrate is then immersed into 
an ethylene glycol solution of a tartaric acid at 1-3% With its 
pH controlled to about 7 to effect anodic oxidation using 
platinum as a cathode and the aluminum gate electrode as an 
anode. The anodic oxidation is effected by ?rst increasing 
the voltage to 220 V at a constant rate, and then holding the 
voltage at 220 V for 1 hour to complete the oxidation. 
During the condition of applying a constant electric current, 
the voltage is preferably increased at a rate of from 2 to 5 
V/minute. Thus, an anodic oxide 109 is formed to a thick 
ness of from 1,500 to 3,500 A, for example, 2,000 (FIG. 
6B). 
[0081] Impurities (phosphorus) are implanted into the 
island-like silicon ?lm of the TFT in a self-alignment 
manner by ion doping (plasma doping) using the gate 
electrode portion as a mask. Phosphine (PH3) is used as a 
doping gas. The dose Was from 1><1015 to 4><1015 cm_2. 

[0082] Thereafter, the crystallinity of the portion Whose 
crystallinity is damaged by the introduction of impurities is 
cured by irradiating a KrF excimer laser (Wavelength 248 
nm, a pulse Width of 20 nsec) as shoWn in FIG. 3C. The 
laser poWer density is from 150 to 400 mJ/cm2, preferably, 
in a range of from 200 to 250 mJ/cm2. As a result, N-type 
impurity (phosphorous) regions 108 and 109 are formed. 
The sheet resistance of the regions is found to be in the range 
of 200 to 800 Q/square. 

[0083] This step of laser annealing can be replaced by an 
RTA process, ie a rapid thermal annealing process using a 
?ash lamp in Which the temperature of the silicon ?lm is 
rapidly raised to a range of from 1,000 to 1,200° C. (as 
measured on the silicon monitor). 

[0084] Next, a silicon oxide ?lm is deposited to a thick 
ness of 3,000 A as an interlayer insulator 110 through a 
plasma CVD using TEOS together With oxygen, or through 
reduced pressure CVD or normal pressure CVD using TEOS 
together With oZone. The substrate temperature is main 
tained in the range of 250 to 450° C., for instance, at 350° 
C. A smooth surface is obtained thereafter by mechanically 
polishing the resulting silicon oxide ?lm. (FIG. 3D). 

[0085] The interlayer dielectric 110 is etched to form 
contact holes on the source/drain as shoWn in FIG. 3E, and 
interconnections 112 and 113 are formed using chromium or 
titanium nitride. 

[0086] In the case of a prior art method in Which nickel is 
introduced by a plasma treatment, it is difficult to selectively 
etch only the silicon oxide ?lm Without etching the silicon 
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?lm. However, in the present invention, nickel is incorpo 
rated into the silicon ?lm by using an aqueous solution 
containing nickel at such a loW concentration of 10 ppm. 
Accordingly, a silicon ?lm having a high resistance against 
hydro?uoric acid can be formed and contact holes can be 
formed With high reproducibility. 

[0087] Finally, the structure is annealed in hydrogen at a 
temperature of 300 to 400° C. for 0.1 to 2 hours in order to 
hydrogeniZe the silicon ?lm. Thus, the fabrication of the 
TFT is ?nished, Which has source drain regions 108 and 109 
and a channel region 114, and an NI junction 115. Aplurality 
of TFTs that are formed on the same substrate simulta 
neously in the foregoing process are arranged in a matrix to 
form an active matrix liquid crystal display device. 

[0088] In accordance With the present example, the con 
centration of the nickel contained in the active layer is 
assumed to be 3><1018 atoms/cm3 or loWer, for example, in 
the range of 1><1016 to 3><1018 atoms/cm3. 

[0089] The N-channel TFTs fabricated in this embodiment 
have a mobility of 200 cm2/V s or higher. Also, the threshold 
voltage of the TFTs is small. Further, it Was con?rmed that 
the variation in the mobility is Within 110%. It is assumed 
that this is because uniform crystals are formed by uniformly 
introducing crystal nuclei through heat treatment and then 
crystalliZing by a laser irradiation. If only a laser irradiation 
is employed, an N channel TFT having a mobility as high as 
150 cm2/V s can be easily obtained. HoWever, in such a case, 
the uniformity is not so improved as in the present invention. 

[0090] [Embodiment 4] 
[0091] In this embodiment, crystal nuclei are introduced 
into an amorphous silicon ?lm from the side of a substrate 
and then a laser light is irradiated also from the side of the 
substrate for crystalliZation. 

[0092] The structure of the TFT to be fabricated in this 
embodiment may be the same as that disclosed in the 
previous embodiment. Since the substrate should transmit a 
laser light, a quartZ substrate is used in the case of using a 
KrF excimer laser (Wavelength 248 nm). HoWever, When a 
XeF excimer laser of Which Wavelength is 353 nm or When 
other longer Wavelength lasers are used, it is possible to use 
a glass substrate (Corning 7059). 

[0093] Initially, a hydro?uoric acid treatment is carried out 
on the surface of a quartZ substrate, folloWing Which the 
surface is exposed to a UV light in an oxidiZing atmosphere 
for 20 minutes. Since the surface of the quartZ substrate 
tends to be hydrophobic due to contaminants, it is desirable 
to carry out these steps in order to make the surface more 
hydrophilic and thereby a solution containing a catalyst can 
be formed more uniformly. 

[0094] The surface of the substrate is then coated With an 
acetate acid solution containing nickel at a concentration of 
10 ppm and is retained for a duration of 5 minutes, folloWing 
Which spin drying is done using a spinner. Thereafter‘, an 
amorphous silicon ?lm having a thickness of 500 A is 
formed by plasma CVD or loW pressure thermal CVD. 

[0095] Then, the silicon ?lm is partly crystalliZed by a heat 
treatment at 550° C. for 1 hour in order to partly crystalliZe 
it. Thereby, crystal nuclei are formed on the loWer surface 
(the surface Which contacts the substrate). The crystal nuclei 
Will function as crystal nuclei during the subsequent laser 
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crystalliZation step. By this step, a silicon ?lm in Which 
amorphous components and crystal components are mixed is 
obtained. 

[0096] Next, a KrF excimer laser is irradiated from the 
substrate side at 200 - 300 m] in order to obtain a crystalline 
silicon ?lm. The substrate is heated at 400° C. by using an 
infrared lamp during the laser irradiation. By this step, 
crystal groWth is performed With the crystal nuclei as nuclei. 

[0097] The thus formed crystalline silicon ?lm is pro 
cessed in the same manner as in Embodiment 3 to manu 

facture a TFT. The electrical characteristics of the TFT 
manufactured in this embodiment is almost the same as that 
of the TFT obtained in Embodiment 3. 

[0098] [Comparative Example] 

[0099] Instead of the heat treatment for forming crystal 
nuclei as explained in Embodiments 3 and 4, the crystal 
nuclei are formed by an irradiation of an infrared light 
having a Wavelength of 1.2 pm. As a light source, it is 
possible to use a halogen lamp. The intensity of the infrared 
light is controlled so that a temperature of a single crystalline 
silicon Wafer Which is a monitor is maintained Within a range 
of 900 to 1200° C. More concretely, a thermocouple is 
embedded Within a silicon Wafer. The output of the thermo 
couple is monitored and fed back to the light source. The 
temperature is raised at a constant rate of 50 - 200° C./sec 
ond. Also, the ?lm is naturally cooled at 20 - 100° C./second. 
Since the silicon ?lm is selectively heated With this infrared 
light irradiation, the damage to a glass substrate can be 
suppressed. 

[0100] [Embodiment 6] 
[0101] Referring ?rst to FIG. 4A, a base ?lm 502 of 
silicon oxide is formed on a Corning 7059 substrate 501 by 
sputtering to 2000 A-thick. The substrate is desirably 
annealed at a temperature higher than a distortion point of 
the substrate folloWing Which the glass is cooled to a 
temperature less than the distortion point at a rate of 0.1 - 
1.0° C./minute. Thereby, it is possible to reduce a contrac 
tion of the substrate due to a substrate heating Which occurs 
later (for example, thermal oxidation, thermal annealing), 
accordingly, a mask alignment process Will be facilitated. 
This step may be performed either before or after the 
formation of the base ?lm 502 or it may be done both before 
and after the formation thereof. 

[0102] In the case of using the Corning 7059 substrate, the 
substrate may be heated at 620 - 660° C. for 1 - 4 hours, 
folloWing Which it is cooled at a cooling rate of 0.1 - 0.3° 
C./minute and taken out from a furnace When the tempera 
ture decreases to 400 - 500° C. 

[0103] Then, an intrinsic gI-type) amorphous silicon ?lm 
is formed to 500 - 1500 A thick, for example, 1000 A 
through plasma CVD. The amorphous silicon ?lm is pro 
vided With nickel as a catalyst for promoting a crystalliZa 
tion on its surface by the method described in Embodiment 
1. Then, a heat treatment is performed at 550° C. for 1 hour 
in a nitrogen atmosphere (atmospheric pressure) in order to 
introduce crystal nuclei into the surface of the silicon ?lm. 
Further, the ?lm is crystalliZed by irradiating a KrF excimer 
laser. After the crystalliZation, the silicon ?lm is patterned 
into an island form having a dimension of 10 - 1000 microns 
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square. Accordingly, a crystalline silicon ?lm 503 in the 
form of an island is formed as an active layer of a TFT as 
shown in FIG. 4A. 

[0104] Referring to FIG. 4B, the surface of the silicon ?lm 
is oxidized by exposing the surface to an oxidiZing atmo 
sphere to form an oxide ?lm 504. The oxidiZing atmosphere 
contains an aqueous vapor at 70 - 90%. The pressure and the 
temperature of the atmosphere is 1 atm and 500 - 750° C., 
typically 600° C. The atmosphere is produced by a pyro 
genic reaction from oxygen and hydrogen gases With a 
hydrogen/oxygen ratio being 1.5 - 1.9. The silicon ?lm is 
exposed to the thus formed atmosphere for 3 hours. As a 
result, the oxide ?lm 504 having a thickness of 500 - 1500 
A, for example, 1000 A is formed. Since the surface of the 
silicon ?lm is reduced (eaten) by 50 A or more due to the 
oxidation, an in?uence of a contamination of the upper most 
surface of the silicon ?lm does not extend to the silicon 
silicon oxide interface. In other Words, by the oxidation, it 
is possible to obtain a clean silicon-silicon oxide interface. 
Also, since the thickness of the silicon oxide ?lm is tWo 
times as the thickness of the portion of the silicon ?lm to be 
oxidiZed, When the silicon ?lm is originally 1000 A thick; 
and the silicon oxide ?lm obtained is 1000 A, the thickness 
of the silicon ?lm remaining after the oxidation is 500 

[0105] Generally, the thinner a silicon oxide ?lm (gate 
insulating ?lm) and an active layer are, the higher a mobility 
is and the smaller an off current is. On the other hand, a 
preliminary crystalliZation of an amorphous silicon ?lm is 
easier When its thickness is larger. Moreover, an amorphous 
component or grain boundaries contained in the crystalline 
silicon ?lm tend to be oxidiZed during the thermal oxidation, 
resulting in a decrease in recombination centers contained in 
the active layer. Accordingly, the production yield can be 
improved. 

[0106] After the formation of the silicon oxide ?lm 504 
through thermal oxidation, the substrate is annealed in a 
100% monoxide dinitrogen atmosphere at 1 atm and 600° C. 
for 2 hours. 

[0107] Referring to FIG. 4C, a polysilicon containing 
0.01 to 0.2% phosphorous is deposited through loW pressure 
CVD to 3000 - 8000 A thick, for example, 6000 A, and then 
patterned into a gate electrode 505. Further, using the gate 
electrode 505 as a mask, an N-type impurity is added into a 
portion of the active layer in a self-alignment manner by ion 
doping (also called as plasma doping). Phosphine is used as 
a dopant gas. The acceleration voltage is 60 - 90 kV, for 
example, 80 kV. Also, the dose amount is, for example, 
5><10 cm_2. Thus, N-type impurity regions 506 and 507 are 
formed. 

[0108] Thereafter, an annealing is performed With a KrF 
excimer laser (Wavelength 248 nm, pulse Width 20 nsec). 
The energy density of the laser irradiation is 200 - 400 

mJ/cm2, for example, 250 mJ/cm2. Also, the number of the 
shots of the laser light for one site is 2 to 10 shots, for 
example 2 shots. Further, the substrate may be heated at 
200 - 450° C. during the laser irradiation. 

[0109] The laser annealing may be replaced by a lamp 
annealing With a near infrared ray. The near infrared ray is 
absorbed by crystalline silicon more effectively than by 
amorphous silicon. Accordingly, the annealing With the near 
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infrared ray is comparable With a thermal annealing at 1000° 
C. or higher. On the other hand, it is possible to prevent the 
glass substrate from being detrimentally heated inasmuch as 
the near infrared ray is not so absorbed by the glass 
substrate. That is, although a far infrared ray can be absorbed 
by a glass substrate, visible or near infrared ray of Which 
Wavelength ranges from 0.5 - 4 pm are not so absorbed. 

[0110] Referring to FIG. 4D, an interlayer insulating ?lm 
508 of silicon oxide is formed to 6000 A thick by a plasma 
CVD. A polyimide may be used instead of silicon oxide. 
Further, contact holes are formed through the insulating ?lm. 
Electrode/Wirings 509 and 510 are formed through the 
contact holes by using a multilayer of titanium nitride and 
aluminum ?lms. Finally, an annealing in a hydrogen atmo 
sphere is conducted at 350° C. and 1 atm for 30 minutes. 
Thus, a TFT is completed. 

[0111] The mobility of the thus formed TFT is 110 - 150 
cmZ/Vs. The S value is 0.2 - 0.5 V/digit. Also, in the case of 
forming a P-channel type TFT by doping boron into source 
and drain regions, the mobility is 90 - 120 cmZ/Vs and the 
S value is 0.4 - 0.6 V/digit. The mobility in accordance With 
the present example can be increased by 20% or more and 
the S value can be reduced by 20% or more as compared 
With a case Where a gate insulating ?lm is formed by a 
knoWn PVD or CVD. 

[0112] Also, the reliability of the TFT in accordance With 
the present example is comparable to that of a TFT Which is 
produced through a thermal oxidation at a temperature as 
high as 1000° C. 

[0113] [Embodiment 7] 
[0114] This embodiment shoWs an example of an inte 
grated electro-optical device (typically, a liquid crystal 
device) Which has one class substrate on Which all of a 
display, CPU and a memory are integrally mounted. FIG. 6 
shoWs a block diagram of such an electro-optical device 
having TFTs in accordance With the present invention. 

[0115] In the diagram, the input port is to read a signal 
input from an outside and to convert it into a display signal. 
The correction memory Which is peculiar to each panel is to 
correct the input signal or the like in accordance With a 
speci?c characteristics of an active matrix panel. Especially, 
the correction memory uses a non-volatile memory in Which 

an information of each pixel is stored in order to perform the 
correction at each pixel. That is, if there is a defective pixel 
(point defect) in the electro-optical device, pixels surround 
ing the defective pixel are supplied With signals Which are 
corrected in order to disappear or cover the defect pixel. 
Also, When there is a pixel of Which brightness is loWer than 
others, the signal to be applied to that pixel is, corrected to 
be a larger signal, thereby, the brightness of that pixel 
becomes the same as its surrounding pixels. Pixels are 
provided With a liquid crystal 73 and capacitor 72 and TFTs 
71. 

[0116] The CPU and the memory are equivalent to those 
used in a normal computer. Especially, the memory uses a 
RAM in Which an image memory corresponding to each 
pixel is stored. Also, it has a function of changing an 
intensity of back light on the rear side of the substrate in 
response to the image information. 
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[0117] While the preferred embodiments of the present 
invention have been described, it is to be understood that 
many modi?cations may be made by those ordinary skilled 
in this art Without departing the scope of the appended 
claims. For example, the catalyst is added onto an entire 
surface of an amorphous silicon ?lm in the embodiments. 
HoWever, it is possible to add the catalyst only a selected 
region of a semiconductor ?lm so that a higher crystallinity 
TFT and a loWer crystallinity TFT may be formed on one 
substrate or a higher crystallinity region and a loWer crys 
tallinity region may be formed Within one TFT. 

What is claimed is: 
1. A method of manufacturing a semiconductor device, 

said method comprising the steps of: 

forming a non-single crystalline semiconductor ?lm com 
prising silicon on an insulating surface; 

forming discrete silicon crystals Within the semiconductor 
?lm by applying a ?rst energy; 

groWing the discrete silicon crystals by irradiating With a 
light applied by a lamp, 

Wherein the ?rst energy is a different energy form from the 
light. 

2. Amethod according to claim 1, Wherein the ?rst energy 
is applied by heating. 

3. A method according to claim 1, Wherein the semicon 
ductor device is a thin ?lm integrated circuit. 

4. A method according to claim 1, 

Wherein the semiconductor ?lm includes a catalyst ele 
ment being capable of promoting crystalliZation of the 
semicpnductor ?lm at a concentration not higher than 
3x10 cm_3. 

5. A method of manufacturing a semiconductor device, 
said method comprising the steps of: 

forming a non-single crystalline semiconductor ?lm com 
prising silicon on an insulating surface; 

forming discrete silicon crystals Within a portion of the 
semiconductor ?lm by applying a ?rst energy; 
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groWing the discrete silicon crystals by irradiating With a 
light applied by a lamp so that the portion of the 
semiconductor ?lm is crystalliZed, 

Wherein the portion of the semiconductor ?lm includes an 
active region of the semiconductor device, 

Wherein the ?rst energy is a different energy form from the 
light. 

6. Amethod according to claim 5, Wherein the ?rst energy 
is applied by heating. 

7. A method according to claim 5, Wherein the semicon 
ductor device is a thin ?lm integrated circuit. 

8. A method according to claim 5, 

Wherein the semiconductor ?lm includes a catalyst ele 
ment being capable of promoting the semiconductor 
?lm at a concentration not higher than 3><1018 cm_3. 

9. A method of manufacturing a semiconductor device, 
said method comprising the steps of: 

forming a non-single crystalline semiconductor ?lm com 
prising silicon on an insulating surface; 

forming discrete silicon crystals in an upper portion of the 
semiconductor ?lm by applying a ?rst energy; 

performing a crystalliZation of the semiconductor ?lm by 
irradiating With a light applied by a lamp so that the 
portion of the semiconductor ?lm is crystalliZed, 

Wherein the crystalliZation of the semiconductor ?lm 
proceeds only from the discrete silicon crystals through 
the semiconductor ?lm, 

Wherein the ?rst energy is a different energy form from the 
light. 

10. A method according to claim 9, Wherein the ?rst 
energy is applied by heating. 

11. A method according to claim 9, Wherein the semicon 
ductor device is a thin ?lm integrated circuit. 

12. A method according to claim 9, 

Wherein the semiconductor ?lm includes a catalyst ele 
ment being capable of promoting the semiconductor 
?lm at a concentration not higher than 3><1018 cm_3. 

* * * * * 


