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(57) ABSTRACT 

A process for fabricating a highly stable and reliable semi 
conductor, comprising: coating the surface of an amorphous 
silicon ?lm With a solution containing a catalyst element 
capable of accelerating the crystallization of the amorphous 
silicon ?lm, and heat treating the amorphous silicon ?lm 
thereafter to crystallize the ?lm. 
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METHOD FOR MANUFACTURING A 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a process for 
manufacturing a semiconductor device having a crystalline 
semiconductor. The present invention further relates to an 
electro-optical device such as an active matrix liquid crystal 
device using the semiconductor device. 

[0003] 2. Prior An 

[0004] Thin ?lm transistors (referred to simply hereinafter 
as “TFTs”) are Well knoWn and are Widely used in various 
types of integrated circuits or an electro-optical device, and 
particularly used for sWitching elements provided to each of 
pixels of an active matrix (-addressed) liquid crystal display 
device as Well as in driver elements of the peripheral circuits 
thereof. 

[0005] An amorphous silicon ?lm can be utilized most 
readily as the thin ?lm semiconductor for a TFT. HoWever, 
the electric characteristics of the amorphous silicon ?lm are 
disadvantageously poor. The use of a thin ?lm of polysilicon 
(polycrystalline silicon), Which is a crystalline silicon, can 
solve the problem. Crystalline silicon is denoted as, for 
example, polycrystalline silicon, polysilicon, and microc 
rystalline silicon. The crystalline silicon ?lm can be pre 
pared by ?rst forming an amorphous silicon ?lm, and then 
heat treating the resulting ?lm for crystallization. 

[0006] The heat treatment for the crystallization of the 
amorphous silicon ?lm requires heating the ?lm at a tem 
perature of 600° C. or higher for a duration of 10 hours or 
longer. Such a heat treatment is detrimental for a glass 
substrate. For instance, a Coming 7059 glass commonly 
used for the substrate of active matrix liquid crystal display 
devices has a glass distortion point of 5930 C., and is 
therefore not suitable for large area substrates that are 
subjected to heating at a temperature of 600° C. or higher. 

[0007] According to the study of the present inventors, it 
Was found that the crystallization of an amorphous silicon 
?lm can be effected by heating the ?lm at 550° C. for a 
duration of about 4 hours. This can be accomplished by 
disposing a trace amount of nickel or palladium, or other 
elements such as lead, onto the surface of the amorphous 
silicon ?lm. 

[0008] The elements above (hereinafter referred to as 
“catalyst elements capable of accelerating the crystallization 
of an amorphous silicon ?lm” or simply as “catalyst ele 
ments”) can be introduced into the surface of the amorphous 
silicon ?lm by depositing the elements by plasma treatment 
or vapor deposition, or by incorporating the elements by ion 
implantation. The plasma treatment more speci?cally com 
prises adding the catalyst elements into the amorphous 
silicon ?lm by generating a plasma in an atmosphere such as 
gaseous hydrogen or nitrogen using an electrode containing 
catalyst elements therein in a plasma CVD apparatus of a 
parallel plate type or positive columnar type. 

[0009] HoWever, the presence of the catalyst elements in 
a large quantity in the semiconductor is not preferred, 
because the use of such semiconductors greatly impairs the 
reliability and the electric stability of the device in Which the 
semiconductor is used. 
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[0010] That is, the catalyst elements are necessary in the 
crystallization of the amorphous silicon ?lm, but are pref 
erably not incorporated in the crystallized silicon. These 
con?icting requirements can be accomplished by selecting 
an element Which tend to be inactive in crystalline silicon as 
the catalyst element, and by incorporating the catalyst ele 
ment at a minimum amount possible for the crystallization 
of the ?lm. Accordingly, the quantity of the catalyst element 
to be incorporated in the ?lm must be controlled With high 
precision. 
[0011] The crystallization process using nickel or the like 
Was studied in detail. The folloWing ?ndings Were obtained 
as a result: 

[0012] (1) In case of incorporating nickel by plasma 
treatment into an amorphous silicon ?lm, nickel is found to 
intrude into the ?lm to a considerable depth of the amor 
phous silicon ?lm before subjecting the ?lm to a heat 
treatment; 

[0013] (2) The initial nucleation occurs from the surface 
from Which nickel is incorporated; and 

[0014] (3) When a nickel layer is deposited on the amor 
phous silicon ?lm, the crystallization of an amorphous 
silicon ?lm occurs in the same manner as in the case of 
effecting plasma treatment. 

[0015] 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 effectively. For 
this reason, the inventors consider that it is a point or face 
at Which the nickel contacts the silicon that functions to 
promote the crystallization of the silicon at loWer tempera 
tures. Further, it is assumed that the nickel has to be 
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 loW temperature crystallization. 

[0016] A trace amount of nickel, i.e., a catalyst element 
capable of accelerating the crystallization of the amorphous 
silicon, can be incorporated in the vicinity of the surface of 
the amorphous silicon ?lm by, for example, vapor deposi 
tion. HoWever, vapor deposition is disadvantageous con 
cerning 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. 

SUMMARY OF THE INVENTION 

[0017] In the light of the aforementioned circumstances, 
the present invention aims to fabricate With high productiv 
ity, a thin ?lm of crystalline silicon semiconductor by a heat 
treatment at a relatively loW temperature using a catalyst 
element, provided that the catalyst element is incorporated 
by precisely controlling the quantity thereof. 

[0018] In accordance With one aspect of the present inven 
tion, the foregoing objects can be achieved by providing an 
amorphous silicon ?lm With a catalytic element for promot 
ing the crystallization thereof or a compound including the 
catalytic element in contact With the amorphous silicon ?lm, 
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and heat treating the amorphous silicon With said catalytic 
element or said compound being in contact therewith, 
thereby, the silicon ?lm is crystallized. 

[0019] More speci?cally, a solution containing the cata 
lytic element is provided in contact With an amorphous 
silicon ?lm in order to introduce the catalytic element into 
the amorphous silicon ?lm. 

[0020] It is another feature of the present invention to add 
a material selected from the group consisting of Ni, Pd, Pt, 
Cu, Ag, Au, In, Sn, Pd, Sn, P, As and Sb into a silicon 
semiconductor ?lm at a trace amount by contacting a 
solution containing said material With the silicon ?lm and 
then crystallize the silicon semiconductor ?lm by heating at 
a relatively loW temperature. 

[0021] By utilizing the silicon ?lm having a crystallinity 
thus formed, it is possible to form an active region including 
therein at least one electric junction such as PN, PI or NI 
junction. Examples of semiconductor devices are thin ?lm 
transistors (TFT), diodes, photo sensor, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The foregoing objects and features of the present 
invention Will be described in detail With reference to the 
attached ?gures in Which: 

[0023] FIGS. 1A to ID are cross sectional vieWs for 
forming a crystalline silicon ?lm in accordance With the 
present invention; 

[0024] FIGS. 2A and 2B are cross sectional vieWs shoW 
ing a formation of a crystalline silicon ?lm in accordance 
With the present invention; 

[0025] FIG. 3 is a graph shoWing a relation of a lateral 
groWth length of crystals With respect to a concentration of 
nickel in a solution; 

[0026] FIG. 4 is a graph shoWing a SIMS data With 
respect to nickel in a silicon region into Which nickel is 
directly added; 

[0027] FIG. 5 is a graph shoWing a SIMS data With 
respect to nickel in a silicon region Where crystals groW 
along the lateral direction from the region into Which nickel 
is directly added; 

[0028] FIGS. 6A to 6E shoW cross sectional vieWs shoW 
ing a manufacturing process of a semiconductor device in 
accordance With Example 3 of the present invention; 

[0029] FIG. 7 shoWs a Ni concentration in a silicon ?lm 
subjected to a plasma treatment; 

[0030] FIG. 8 is a Raman spectroscopic diagram With 
respect to a region into Which nickel is directly added; 

[0031] FIG. 9 is a Raman spectroscopic diagram With 
respect to a region Where crystals groW in a lateral direction; 

[0032] FIGS. 10A-10F are cross sectional vieWs shoWing 
a manufacturing process of an electro-optical device in 
accordance With Example 4 of the present invention. 

[0033] FIGS. 11A-11D are cross sectional vieWs shoWing 
a manufacturing process of a TFT in accordance With 
Example 5 of the present invention; 
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[0034] FIG. 12 shoWs a schematic diagram of an active 
matrix type electro-optical device in accordance With 
Example 6 of the present invention; 

[0035] FIGS. 13A and 13B are cross sectional vieWs 
shoWing the formation of a crystalline silicon ?lm in accor 
dance With Example 7 of the present invention; 

[0036] FIGS. 14A-14E are cross sectional vieWs shoWing 
a manufacturing process of a TFT in accordance With 
Example 8 of the present invention; and 

[0037] FIGS. 15A and 15B are schematic diagrams shoW 
ing an arrangement of an active layer of a TFT in accordance 
With Example 8 of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] The use of a solution for adding nickel or the like 
according to the present invention is advantageous in the 
folloWing points: 

[0039] (a) The concentration of the catalyst element (eg 
nickel) in the solution can be accurately controlled in 
advance; 

[0040] (b) The amount of the catalyst element incorpo 
rated into the amorphous silicon ?lm can be determined by 
the concentration of the catalyst element in the solution so 
long as the surface of the amorphous silicon ?lm is brought 
into contact With the solution; and 

[0041] (c) The catalyst element can be incorporated at a 
minimum concentration necessary for the crystallization 
into the amorphous silicon ?lm, because the catalyst element 
adsorbed by the surface of the amorphous silicon ?lm 
principally contributes to the crystallization of the ?lm. 

[0042] The Word “including” or “containing” mentioned 
in the present speci?cation may be understood as either (a) 
that the catalytic element is simply dispersed in a solution or 
(b) that the catalytic element is contained in a solution in a 
form of a compound. As a solution, various aqueous solu 
tions and organic solvent solutions can be used. Those 
solvents can be roughly classi?ed into a polar solvent and a 
non-polar solvent. 

[0043] Water, alcohol, acid or ammonium can be used as 
a polar solvent. Examples of nickel compounds Which are 
suitable for the polar solvent are nickel bromide, nickel 
acetate, nickel oxalate, nickel carbonate, nickel chloride, 
nickel iodide, nickel nitrate, nickel sulfate, nickel forrnate, 
nickel acetyl acetonate, 4-cyclohexyl butyric acid, nickel 
oxide and nickel hydroxide. 

[0044] 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. 

[0045] 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 e?iciency. The interfacial active agent may be 
coated on the surface to be coated in advance of coating the 
solution. 
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[0046] Also, When using an elemental nickel (metal), it is 
necessary to use an acid to dissolve it. 

[0047] 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. 

[0048] When using a polar solvent such as Water for 
dissolving nickel, it is likely that an amorphous silicon ?lm 
repels such a solution. 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. 

[0049] Further, it is possible to conduct a rubbing treat 
ment on the surface of the thin oxide ?lm in order to give the 
surface an irregularity With a uniform gap, Width and direc 
tion. Such irregularity helps the solvent to permeate, thereby, 
increasing the uniformity of the siZe and directions of crystal 
grains. Also, such a crystalline semiconductor ?lm in Which 
crystals are oriented in a particular direction is advantageous 
to be used for a semiconductor device in order to increase a 
uniformity of device characteristics. 

[0050] Also, 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 amorphous silicon ?lm. HoWever, it is possible to inter 
pose betWeen the amorphous silicon ?lm and the solution a 
material for increasing the adhesivity therebetWeen, for 
example, OAP (containing hexamethyl disilaZane as a main 
component, produced by Tokyo Oka Kogyo) Which is used 
to increase adhesivity of a resist. 

[0051] 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 is 1 ppm to 200 ppm, 
and preferably, 1 ppm to 50 ppm, and more preferably 10 
ppm or loWer. The concentration is determined based on the 
nickel concentration in the silicon ?lm or the resistance 
against hydro?uoric acid of the ?lm upon completion of the 
crystallization. 

[0052] The crystal groWth can be controlled by applying 
the solution containing the catalyst element to a selected 
portion of the amorphous silicon ?lm. In particular, the 
crystals can be groWn in the silicon ?lm by heating the 
silicon ?lm in a direction approximately parallel With the 
plane of the silicon ?lm from the region onto Which the 
solution is directly applied toWard the region onto Which the 
solution is not applied. 

[0053] It is also con?rmed that this lateral groWth region 
contains the catalyst element at a loWer concentration. It is 
useful to utiliZe a crystalline silicon ?lm as an active layer 
region for a semiconductor device, hoWever, in general, the 
concentration of the impurity in the active region is prefer 
ably as loW as possible. Accordingly, the use of the lateral 
groWth region for the active layer region is useful in device 
fabrication. 

[0054] The use of nickel as the catalyst element is par 
ticularly effective in the process according to the present 
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invention. HoWever, other useful catalyst elements include 
nickel (Ni), palladium (Pd), platinum (Pt), copper (Cu), 
silver (Ag), gold (Au), indium (In), tin (Sn), phosphorus (P), 
arsenic (As), and antimony (Sb). Otherwise, the catalyst 
element may be at least one selected from the elements 
belonging to the Group VIII, IIIb, IVb, and Vb of the 
periodic table. 

EXAMPLE 1 

[0055] The present example refers to a process for fabri 
cating a crystalline silicon ?lm on the surface of a glass 
substrate. Referring to FIGS. 1A-1D, the process for incor 
porating a catalyst element (nickel in this case) into the 
amorphous silicon ?lm is described beloW. A Coming 7059 
glass substrate 100 mm><100 mm in siZe is used. 

[0056] An amorphous silicon ?lm from 100 to 1,500 A in 
thickness is deposited by plasma CVD or LPCVD. More 
speci?cally in this case, an amorphous silicon ?lm 12 is 
deposited at a thickness of 1,000 A by plasma CVD (FIG. 
1A). 
[0057] Then, the amorphous silicon ?lm is subjected to 
hydro?uoric acid treatment to remove impurities and a 
natural oxide formed thereon, if necessary. This treatment is 
folloWed by the deposition of an oxide ?lm 13 on the 
amorphous silicon ?lm to a thickness of from 10 to 50 A. A 
natural oxide ?lm may be utiliZed as the oxide ?lm. The 
precise thickness of the oxide ?lm 13 is not available 
because the ?lm is extremely thin. HoWever, the natural 
oxide ?lm is assumably about 20 A in thickness. The oxide 
?lm 13 is deposited by irradiating an ultraviolet (UV) 
radiation in an oxygen atmosphere for a duration of 5 
minutes. The oxide ?lm 13 can be formed otherWise by 
thermal oxidation. Furthermore, the oxide ?lm can be 
formed by a treatment using aqueous hydrogen peroxide. 

[0058] The oxide ?lm 13 is provided With an aim to fully 
spread the acetate solution containing nickel, Which is to be 
applied in the later step, on the entire surface of the 
amorphous silicon ?lm. More brie?y, the oxide ?lm 13 is 
provided for improving the Wettability of the amorphous 
silicon ?lm. If the aqueous acetate solution Were to be 
applied directly, for instance, the amorphous silicon ?lm 
Would repel the aqueous acetate solution to prevent nickel 
from being incorporated uniformly into the surface of the 
amorphous silicon ?lm. 

[0059] An aqueous acetate solution containing nickel 
added therein is prepared thereafter. More speci?cally, an 
aqueous acetate solution containing nickel at a concentration 
of 10 to 200 ppm, eg 100 ppm, is prepared. TWo milliliters 
of the resulting acetate solution is dropped to the surface of 
the oxide ?lm 13 on the amorphous silicon ?lm 12, and is 
maintained as it is for a predetermined duration of time, 
preferably for a duration of 0.5 minutes or longer, eg for a 
duration of 5 minutes. Spin drying at 2,000 rpm using a 
spinner is effected for 60 seconds thereafter to remove the 
unnecessary solution (FIGS. 1C and 1D). 

[0060] The concentration of nickel in the acetate solution 
is practically 1 ppm or more, preferably, 10 ppm or higher. 
The solution needs not be only an acetate solution, and other 
applicable solutions include those of hydrochlorides, 
nitrates, and sulfates. OtherWise, those of organic octylates 
and toluene can be used as Well. In case of using the organic 
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solutions, the oxide ?lm 13 need not be incorporated 
because the solution can be directly applied to the amor 
phous silicon ?lm to introduce the catalyst elements into the 
?lm. 

[0061] The coating of the solution is carried out at one 
time or may be repeated, thereby, it is possible to form a ?lm 
containing nickel on the surface of the amorphous silicon 
?lm 12 uniformly to a thickness of several angstrom to 
several hundreds angstrom after the spin dry. The nickel 
contained in this ?lm Will diffuse into the amorphous silicon 
?lm during a heating process carried out later and Will 
function to promote the crystallization of the amorphous 
silicon ?lm. By the Way, it is the inventors’ intention that the 
?lm containing nickel or other materials do not necessarily 
have to be in the form of a completely continuous ?lm, that 
is, it may be discontinuous, for example, in the form of 
number of clusters. 

[0062] The amorphous silicon ?lm coated With one of the 
above solutions is kept as it is thereafter for a duration of 5 
minutes. The ?nal concentration of nickel catalyst element 
in the crystallized silicon ?lm 12 can be controlled by 
changing this retention time, hoWever, the most in?uencing 
factor in controlling the ?nal concentration of nickel catalyst 
element in the crystallized silicon ?lm is the concentration 
of the nickel catalyst element in the solution. 

[0063] The silicon ?lm coated With a nickel-containing 
solution thus obtained is subjected to heat treatment at a 
temperature of 550° C. for a duration of 4 hours in a nitrogen 
atmosphere in a heating fumace. Thus, a thin ?lm of 
crystalline silicon 12 is formed on the substrate 11. 

[0064] The heat treatment can be effected at any tempera 
ture of 450° C. or higher. If a loW temperature is selected, 
hoWever, the heat treatment Would consume much time and 
result in a poor production ef?ciency. If a heat treatment 
temperature of 550° C. or higher Were to be selected, on the 
other hand, the problem of heat resistance of the glass 
substrate must be considered. 

EXAMPLE 2 

[0065] The present example refers to a process similar to 
that described in Example 1, except that a silicon oxide ?lm 
1,200 A in thickness is provided selectively to incorporate 
nickel into selected regions of the amorphous silicon ?lm 
using the silicon oxide ?lm as a mask. 

[0066] Referring to FIGS. 2A to 2C, the process for 
fabricating a semiconductor according to the present 
example is described beloW. A silicon oxide ?lm is deposited 
to a thickness of 1,000 A or more eg 1200 A as a mask on 
an amorphous silicon ?lm 12. The silicon oxide ?lm 21, 
hoWever, may be thinner than 1000 A, e. g. 500 A if the ?lm 
is suf?ciently dense as a mask. The silicon oxide ?lm 21 is 
patterned into a predetermined pattern thereafter by means 
of a conventional photolithography technique. A thin silicon 
oxide ?lm 20 is formed by irradiating a UV radiation in 
oxygen atmosphere for 5 minutes. The thickness of the 
silicon oxide ?lm 20 is presumably from about 20 to 50 A 
(FIG. 2A). The function of the silicon oxide ?lm thus 
formed for improving the Wettability of the amorphous 
silicon ?lm might be occasionally provided by the hydro 
philic nature of the silicon oxide ?lm formed as the mask in 
case the solution is matched With the size of the mask 
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pattern. HoWever, this is a special case, and, in general, a 
silicon oxide ?lm 20 is safely used. 

[0067] Then, similar to the process described in Example 
1, 5 milliliters (With respect to a substrate 10 cm><10 cm in 
size) of an acetate solution containing 100 ppm of nickel is 
dropped to the surface of the resulting structure. A uniform 
aqueous ?lm is formed on the entire surface of the substrate 
by effecting spin coating using a spinner at 50 rpm for a 
duration of 10 seconds. Then, after maintaining the state for 
a duration of 5 minutes, the resulting structure is subjected 
to spin drying using a spinner at a rate of 2,000 rpm for a 
duration of 60 seconds. During the retention time, the 
substrate may be rotated on the spinner at a rate of 100 rpm 
or loWer (FIG. 2B). 

[0068] The amorphous silicon ?lm 12 is crystallized there 
after by applying heat treatment at 550° C. for a duration of 
4 hours in gaseous nitrogen. It can be seen that the crystal 
groWth proceeds along a lateral direction from the region 22 
into Which nickel is introduced as shoWn by arroW 23 toWard 
the region 25 into Which nickel is not directly introduced. 

[0069] In FIG. 2C, the reference numeral 24 shoWs a 
region in Which the nickel is directly introduced to cause the 
crystallization and the reference numeral 25 shoWs a region 
in Which the crystallization proceeds laterally from the 
region 24. 

[0070] It Was con?rmed through transmission electron 
microscopy (TEM) and electron diffraction that: 

[0071] (a) the crystals groWn in a lateral direction are 
monocrystalline in the form of needle or column having 
uniform Widths; 

[0072] (b) the groWth direction of the crystals are approxi 
mately parallel With the substrate surface although it 
depends upon the ?lm thickness; and 

[0073] (c) the groWth direction of the crystals are substan 
tially aligned With the [111] axis of the crystals. 

[0074] From the foregoing facts, it can be concluded that 
the surface of the lateral groWth region 25 has a plane Which 
is perpendicular to the [111] direction, namely at least one of 
planes {111} and those expressed by {hkl} (h+k=1), for 
example, {110}, {123}, {134}, {235}, {145}, {156}, {257}, 
or {167}, or the neighborhood thereof. 

[0075] It should be noted that since crystalline silicon has 
a diamond structure of Which space group is indicated by 
Fd3m, When the above index hkl is even-odd mixing, a 
forbidden re?ection occurs and it can not be observed With 
the electron diffraction. 

[0076] FIG. 3 shoWs the relation betWeen the distance 
(pm) of the crystal groWth to the region 23 along the 
transverse (lateral) direction and the nickel concentration 
(ppm) in the aqueous acetate solution. 

[0077] FIG. 3 reads that a crystal groWth for a distance of 
25 um or longer can be realized by preparing a solution 
containing nickel at a concentration of 100 ppm or higher. It 
can be also assumed from FIG. 3 that a crystal groWth along 
the lateral direction of about 10 um can be obtained by using 
an aqueous acetate solution containing nickel at a concen 
tration of 10 ppm. 














