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(57) ABSTRACT 
A TFT having stable characteristics is obtained by using a 
crystal silicon ?lm obtained by crystalliZing an amorphous 
silicon ?lm by using nickel. Phosphorus ions are implanted 
to regions 111 and 112 by using a mask 109. Then, a heat 
treatment is performed to getter nickel existing in a region 
113 to the regions 111 and 112. Then, the mask 109 is 
side-etched to obtain a pattern 115. Then, the regions 111 
and 112 are removed by utilizing the pattern 115 and to 
pattern the region 113. Thus, a region 116 from Which nickel 
element has been removed is obtained. The TFT is fabricated 
by using the region 116 as an active layer. 
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METHOD FOR FABRICATING SEMICONDUCTOR 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention disclosed in this speci?cation relates 
to a thin ?lm transistor and a fabrication method thereof and 
more particularly to a circuit and a device constructed by 
using a thin ?lm transistor. 

[0003] 2. Description of Related Art 

[0004] Hitherto, there has been knoWn a thin ?lm transis 
tor (hereinafter referred to as a TFT or the like) constructed 
by forming a thin ?lm semiconductor or a silicon semicon 
ductor ?lm in particular on a substrate. 

[0005] While such a TFT is used in various integrated 
circuits, it is often used in an active matrix type liquid crystal 
display in particular. The active matrix type liquid crystal 
display has a structure in Which the TFT is disposed as a 
sWitching device in each pixel electrode arranged in a 
matrix. There has been also knoWn a liquid crystal display 
in Which not only the matrix circuit but also a peripheral 
driving circuit thereof is constructed by TFTs (Which is 
called a peripheral driving circuit integrated display). 

[0006] The TFT is also used in various integrated circuits 
and multi-layered integrated circuit (three-dimensional IC). 
[0007] It is convenient to use an amorphous silicon ?lm 
Which is formed by means of chemical vapor deposition 
such as plasma CVD as a silicon ?lm used in the TFT. It may 
be said that this technology has been almost established. 

[0008] HoWever, the TFT using the amorphous silicon 
?lm has an electrical characteristic Which is far loWer than 
that using a single crystal semiconductor used in general 
semiconductor integrated circuits. Therefore, it is the present 
situation that it is used only in the limited uses such as a 
sWitching device of the active matrix circuit. 

[0009] As a technological trend of the future, it is required 
to realiZe an arrangement in Which the active matrix circuit, 
the peripheral driving circuit, an image processing circuit, an 
oscillation circuit and the like are integrated on one and the 
same substrate. 

[0010] A crystal silicon ?lm may be used, instead of the 
amorphous silicon ?lm, in order to improve the character 
istic of the TFT using the amorphous silicon ?lm. A silicon 
?lm having a crystallinity beside single crystal silicon is 
called poly-crystal silicon, poly-silicon, microcrystal silicon 
and the like. 

[0011] Such a silicon ?lm having the crystallinity may be 
obtained by forming the amorphous silicon ?lm at ?rst and 
then by crystalliZing it by heating (annealing). This method 
is called solid phase groWth because the amorphous state 
changes to the crystal state While keeping the solid state. 

[0012] HoWever, there has been a problem that the solid 
phase groWth of silicon requires more than 600° C. of 
heating temperature and more than 20 hours of heating time 
and it is dif?cult to use a loW cost glass substrate as a 
substrate. 

[0013] For example, the Corning 705 9® glass used for the 
active matrix type liquid crystal display has a glass strain 

Aug. 23, 2001 

point of 593° C. and there is a problem in performing the 
annealing at 600° C. or more When the increased area of the 
substrate is taken into consideration. 

[0014] There has been also another problem in terms of 
productivity that it takes more than 20 hours for the heat 
treatment for crystalliZation. 

[0015] In order to solve such problems, the inventors had 
developed a technology Which alloWs the crystalliZation to 
be achieved at 550° C. in about 4 hours of treatment time by 
depositing a trace amount of a certain kind of metal element 
such as nickel and palladium on the surface of the amor 
phous silicon ?lm and then by heating it (Japanese Patent 
Laid-Open No. 6-244103, the disclosure thereof being incor 
porated herein by reference). 
[0016] It is possible to obtain a silicon ?lm having a better 
crystallinity When it is annealed at 600° C. for 4 hours. 

[0017] This technology alloWs a crystal silicon ?lm hav 
ing a large area to be obtained on a loW cost glass substrate 
With a high productivity. 

[0018] As methods for introducing such a trace amount of 
metal element (metal element Which promotes the crystal 
liZation), there are methods of depositing a coating ?lm of 
the metal element or its compound by means of sputtering as 
disclosed in Japanese Patent Laid-Open No. 6-244104, of 
forming a coating ?lm of the metal element or its compound 
by means of spin coating or the like as disclosed in Japanese 
Patent Laid-Open No. 7-130652 and of forming a coating 
?lm by decomposing gas containing the metal element by 
means of thermal decomposition, plasma decomposition or 
the like as disclosed in Japanese Patent Laid-Open No. 
7-335548. The disclosure of these Laid-Opens are incorpo 
rated herein by reference. 

[0019] There is also a method of selectively introducing 
the metal element to a speci?c part and of then Widening the 
groWth of crystal from the part Where the metal element has 
been introduced to the peripheral part (lateral groWth 
method). The crystal silicon obtained by such a method has 
an oriented crystal structure and shoWs very excellent char 
acteristics in response to the orientation. 

[0020] The methods for fabricating the crystal silicon ?lm 
by using a certain kind of metal element, eg nickel, is very 
excellent as described above. HoWever, it has been found 
that there are problems When a TFT is fabricated by using 
such a crystal silicon ?lm that its device characteristic varies 
and its reliability is loW. 

[0021] Accordingly, it is an object of the invention dis 
closed in the present speci?cation to provide a technology 
Which alloWs a TFT Whose device characteristic varies less 
to be obtained in fabricating the TFT by using the crystal 
silicon ?lm obtained by using metal element. 

SUMMARY OF THE INVENTION 

[0022] According to one aspect of the invention disclosed 
in the present speci?cation, a method for fabricating a 
semiconductor device comprises, as its one exemplary fab 
rication steps are shoWn in FIGS. 1A through 2I, steps of 
forming a crystal silicon ?lm 107 on an insulated surface by 
using metal element Which promotes crystalliZation of sili 
con (FIGS. 1A and 1B); forming a mask 109 on the crystal 
silicon ?lm (FIG. 1C); gettering the metal element to 
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speci?c regions 111 and 112 of the crystal silicon ?lm by 
using the mask 119 (FIG. 2E); and forming an active layer 
116 of a device by using the mask 109 (Which turns out to 
be a part 115 as its side is etched) (FIG. 2H). 

[0023] According to another arrangement of the invention, 
a method for fabricating a semiconductor device comprises 
steps of forming a crystal silicon ?lm on an insulated surface 
by using metal element Which promotes crystalliZation of 
silicon; forming a mask on the crystal silicon ?lm; selec 
tively doping element selected among nitrogen, phosphorus, 
arsenic, antimony and bismuth to the crystal silicon ?lm by 
using the mask, performing a heat treatment to getter the 
metal element to regions Which have been doped; and 
removing the doped regions by using the mask. In the 
arrangement described above, What is most effective as the 
dopant is phosphorus. 

[0024] According to a still other arrangement of the inven 
tion, a method for fabricating a semiconductor device com 
prises steps of forming a crystal silicon ?lm on an insulated 
surface by using metal element Which promotes crystalliZa 
tion of silicon; forming a mask on the crystal silicon ?lm; 
selectively doping element selected among nitrogen, phos 
phorus, arsenic, antimony and bismuth to the crystal silicon 
?lm by using the mask; performing a heat treatment to getter 
the metal element to regions Which have been doped; and 
forming an active layer of a device by using the regions from 
Which the metal element has been gettered by utiliZing the 
mask. 

[0025] According to a still other arrangement of the inven 
tion, a method for fabricating a semiconductor device com 
prises, as its concrete fabrication steps are shoWn in FIGS. 
1A through 2I, steps of forming a crystal silicon ?lm 107 on 
an insulated surface by using metal element Which promotes 
crystalliZation of silicon (FIGS. 1A and 1B); forming a mask 
109 on the crystal silicon ?lm 107 (FIG. 1C); selectively 
doping element selected among nitrogen, phosphorus, 
arsenic, antimony and bismuth (phosphorus in this case) to 
the crystal silicon ?lm by using the mask 109 (FIG. 1D); 
performing a heat treatment to getter the metal element to 
regions 111 and 112 Which have been doped (FIG. 2E); and 
etching regions of the gettered regions adjacent to the doped 
regions in a manner of self-alignment by utiliZing the mask 
113 (FIG. 2H). It is possible to introduce other elements 
instead of phosphorus as far as gettering effects can be 
eXpected. 
[0026] The above-mentioned steps are characteriZed in 
that phosphorus is doped by using the mask 109 and that a 
pattern 116 is obtained by using the pattern 115 Which has 
been obtained by side-etching the mask 109. 

[0027] It alloWs the regions of the mask 113 adjacent to 
regions 111 and 112 to be removed and to suppress nickel 
element from in?uencing on the region 116. 

[0028] In the invention disclosed in the present speci?ca 
tion, it is most preferable to use Ni (nickel) as the metal 
element Which promotes the crystalliZation of silicon. 

[0029] Further, one or a plurality of types of metal ele 
ments selected among Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu 
and Au may be used as the metal element Which promotes 
the crystalliZation of silicon. 

[0030] Still more, a compound ?lm represented as SiXGe1_ 
X, <:< ma e use 1nstea o t e cr sta s11con m. 0<1 yb d' dfh yl'l' ?l 
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In this case, the amorphous silicon ?lm, i.e. the starting ?lm, 
may be made of the compound ?lm represented as SiXGe1_X 
(0< i <1). 
[0031] The speci?c nature of the invention, as Well as 
other objects, uses and advantages thereof, Will clearly 
appear from the folloWing description and from the accom 
panying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0032] FIGS. 1A through 1D are diagrammatic vieWs 
shoWing steps for fabricating a TFT; 

[0033] FIGS. 2E through 2I are diagrammatic vieWs 
shoWing steps for fabricating the TFT; 

[0034] FIGS. 3J through 3M are diagrammatic vieWs 
shoWing steps for fabricating the TFT; 

[0035] FIG. 4 is a chart shoWing concentration of nickel 
element in a region to Which phosphorus has been doped and 
a region not doped; 

[0036] FIGS. 5A through 5E are diagrammatic vieWs 
shoWing steps for fabricating a TFT; 

[0037] FIGS. 6A through 6C are diagrammatic vieWs 
shoWing steps for obtaining a crystal silicon ?lm; 

[0038] FIGS. 7A through 7E are diagrammatic vieWs 
shoWing steps for fabricating a PTFT and an NTFT on one 
and the same substrate; 

[0039] FIGS. 8F through 8J are diagrammatic vieWs 
shoWing steps for fabricating the PTFT and the NTFT on 
one and the same substrate; 

[0040] FIGS. 9K through 9L are diagrammatic vieWs 
shoWing steps for fabricating the PTFT and the NTFT on 
one and the same substrate; 

[0041] FIGS. 10A through 10D are diagrammatic vieWs 
shoWing steps for fabricating a bottom gate type TFT; 

[0042] FIGS. 11E through 11H are diagrammatic vieWs 
shoWing steps for fabricating the bottom gate type TFT; 

[0043] FIGS. 12A through 12F shoW schematic struc 
tures of equipments utiliZing the present invention; and 

[0044] FIGS. 13A through 13E are diagrammatic vieWs 
shoWing a part of steps for fabricating a TFT. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0045] First Embodiment 

[0046] FIGS. 1A-1D, 2E-2I and 3J-3M are diagrammatic 
vieWs shoWing steps for fabricating a TFT according to a 
?rst embodiment. At ?rst, a silicon oXide ?lm is formed so 
as to be 300 nm in thickness as an underlying ?lm on a glass 
substrate 101 as shoWn in FIG. 1A by means of plasma 
CVD or sputtering. 

[0047] NeXt, an amorphous silicon ?lm 103 is formed so 
as to be 50 nm in thickness by means of loW pressure thermal 
CVD. The thickness of the amorphous silicon ?lm may be 
selected from a range from 20 to 100 nm. 

[0048] Beside the amorphous silicon ?lm, a compound 
containing silicon represented as SiXGe1_X may be utiliZed. 
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[0049] Further, a silicon oxide ?lm not shown is formed so 
as to be 120 nm in thickness by means of plasma CVD. 
Then, this silicon oxide ?lm is patterned to form a mask 104. 

[0050] A slit-like opening 105 is created on the mask 104. 
This opening 105 has a thin and long shape longitudinally 
from the front side to the depth direction of the ?gure as 
shoWn in FIG. 1A. 

[0051] Next, a nickel acetate solution containing 10 ppm 
(in terms of Weight) of nickel is applied and an extra solution 
thereof is removed by a spinner. Thus, a state in Which nickel 
element is held in contact With the surface of the specimen 
as indicated by the reference numeral (106) in FIG. 1A is 
obtained. 

[0052] In the state shoWn in FIG. 1A, the nickel element 
is held in contact selectively With the surface of the amor 
phous silicon ?lm 103 in the region of the opening 105. 

[0053] As methods for introducing nickel, there are meth 
ods of plasma CVD, of sputtering, of plasma treatment by 
discharging from an electrode containing nickel, of gas 
adsorption, of ion implantation and the like. 

[0054] Next, this specimen is heated for 4 hours Within a 
nitrogen atmosphere at 600° C. In this step, the nickel 
element diffuses from the region Where the opening 105 is 
provided into the amorphous silicon ?lm and thereby, the 
crystalliZation advances as indicated by an arroW 106 as 
shoWn in FIG. 1B This crystalliZation is observed as a 
singular one Which advances along the direction parallel to 
the substrate. Thus, a crystal silicon ?lm 107 Whose crystal 
groWth has advanced in the direction parallel to the substrate 
as indicated by the arroW 106 is obtained. 

[0055] The condition of the above-mentioned heating for 
the crystalliZation may be selected from a range from 550 to 
700° C. When nickel element is used, it is not so effective 
to increase the heating temperature. 

[0056] After ?nishing the crystalliZation, the mask 104 
made of the silicon oxide ?lm is removed. Next, infrared 
rays are irradiated to anneal the silicon ?lm. This step 
reduces defects in the region Where the crystalliZation has 
advanced and enhances the crystallinity. 

[0057] It is also possible to irradiate excimer laser in the 
ultraviolet region, not the infrared ray. The irradiation of 
laser light is effective in promoting the unequilibrium state 
Within the ?lm and in causing nickel element to be readily 
moved. It also has an effect of promoting the crystalliZation 
as a matter of course. 

[0058] Next, a silicon oxide ?lm and a silicon nitride ?lm 
not shoWn are formed so as to be 200 nm in thickness, 
respectively, by means of plasma CVD. Then, a resist mask 
108 is formed and the silicon oxide ?lm and the silicon 
nitride ?lm formed before are patterned by means of dry 
etching as shoWn in FIG. 1C. 

[0059] Thus, a state in Which a pattern 109 of the silicon 
oxide ?lm and a pattern 110 of the silicon nitride ?lm are 
laminated is obtained. The laminated pattern is formed on 
the region Where the crystal silicon ?lm 107 has been groWn. 

[0060] Next, phosphorus is doped on the surface of the 
exposed silicon ?lm as shoWn in FIG. 1D. Here, phosphorus 
ions are accelerated and implanted to regions 111 and 112 by 
using plasma doping. 
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[0061] Although the case of doping phosphorus ions by 
accelerating and implanting the ions is shoWn here, it is 
possible to adopt the folloWing other methods as doping 
methods, each comprising steps of: 

[0062] (1) forming a ?lm containing phosphorus and 
performing a laser annealing or a heat treatment; 

[0063] (2) forming a ?lm containing phosphorus 
Which is formed by applying a solution such as a 
PSG ?lm and performing a laser annealing or a heat 
treatment; and 

[0064] (3) performing a laser annealing Within an 
atmosphere containing phosphorus. 

[0065] Next, a heat treatment is performed Within a nitro 
gen atmosphere at 600° C. for 2 hours. The condition of the 
heat treatment may be selected from a range from 400° C. 
to a strain point of the substrate. It may be selected from a 
range from 400 to 650° C. in general. 

[0066] Through this heat treatment, nickel element moves 
from a region 113 to the regions 111 and 112 as indicated by 
arroWs 114 in FIG. 2E. That is, the nickel element existing 
in the region 113 is gettered to the regions 111 and 112. 

[0067] Such a phenomenon is observed due to the reasons 
of that; 

[0068] (1) phosphorus doped selectively to the 
regions 111 and 112 is apt to combine With nickel; 
and 

[0069] (2) the regions 111 and 112 have been dam 
aged during the doping and defects Which trap nickel 
have been formed in high density. Therefore, the 
nickel element readily moves to these regions. 

[0070] Phosphorus combines With nickel in various Ways 
as represented by Ni3P, Ni5P2, NiZP, Ni3P2, Ni2P3, NiP2 and 
NiP3 and these combinations are very stable at least in an 
atmosphere in temperature of about 700° C. or less. Accord 
ingly, nickel moves from the region 113 to the regions 111 
and 112 unilaterally. 

[0071] The concentration of nickel element in the region 
113 decreases by several times as compared to that in the 
regions 111 and 112 through the step shoWn in FIG. 2E. 

[0072] FIG. 4 shoWs a result of concentration of the 
residual nickel element in the region Where phosphorus has 
been doped (the region corresponding to the region 111 in 
FIG. 2E) and in the region not doped (the region corre 
sponding to the region 113 in FIG. 2E) measured by SIMS 
(secondary ion mass spectroscopy) on a specimen processed 
under the similar condition With the present embodiment. 

[0073] A measured curve A in FIG. 4 represents the 
concentration of nickel element in the region Where phos 
phorus ions have been accelerated and implanted. A mea 
sured curve B in FIG. 4 represents the concentration of 
nickel element in the region Where no phosphorus ions have 
been accelerated and implanted. 

[0074] It is noted that it had been con?rmed that there is 
no speci?c difference in the concentration in those tWo 
regions When no phosphorus ions are implanted and no heat 
treatment thereafter is performed. 
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[0075] After ?nishing the step shown in FIG. 2E, isotropic 
etching is performed to the silicon oxide ?lm pattern 109 by 
masking With the silicon nitride ?lm pattern 110 as shoWn in 
FIG. 2F. That is, the side of the silicon oxide ?lm 109 is 
etched. Thus, a silicon oxide ?lm pattern 115 Whose periph 
ery has been etched is obtained as shoWn in FIG. 2F. 

[0076] Next, the silicon nitride ?lm pattern 110 is removed 
as shoWn in FIG. 2G. 

[0077] Next, the exposed silicon ?lm is removed While 
masking With the silicon oxide ?lm pattern 115 as shoWn in 
FIG. 2H. Thus, a crystal silicon ?lm pattern 116 Which is 
composed of the region Where the crystal has groWn as 
indicated by the arroW 106 in FIG. 1B is obtained. 

[0078] This silicon ?lm pattern 116 is formed by utilizing 
the region 113 Where nickel has been gettered. This silicon 
?lm pattern 116 turns out to be an active layer of the TFT 
later. 

[0079] In forming, the pattern 116, the nickel element 
existing, in high concentration in the regions 111 and 112 is 
suppressed from getting into the ?nal remaining pattern 116 
by adopting the steps shoWn in FIGS. 2F through 2G. That 
is, the etched region of the silicon oxide ?lm 115 Whose side 
has been etched in the step in FIG. 2F becomes the margin, 
preventing the nickel element existing in the regions 111 and 
112 from entering the pattern 116. 

[0080] After ?nishing the step shoWn in FIG. 2H, the 
silicon oxide ?lm pattern 115 is removed next. Then, a 
silicon oxide ?lm 117 is formed so as to be 100 nm in 
thickness so as to cover the silicon ?lm pattern 116 by means 
of plasma CVD as shoWn in FIG. 21. 

[0081] Then, an aluminum ?lm not shoWn is formed and 
a pattern made of the aluminum ?lm is formed by using a 
resist mask 119 as shoWn in FIG. 21. 

[0082] Next, a porous anodic oxide ?lm 120 (aluminum 
oxide ?lm) is formed so as to be 500 nm in thickness by 
means of anodic oxidation as shoWn in FIG. 3J. At this time, 
the porous anodic oxide ?lm 120 is formed on the side of the 
pattern because the resist mask 119 exists. An aqueous 
solution containing 3% of oxalic acid is used as an electro 
lyte in forming the porous anodic oxide ?lm 120. 

[0083] Next, the resist mask 119 is removed and another 
anodic oxidation is performed. In this step, an ethylene 
glycol solution containing 3% of tartaric acid neutraliZed by 
aqueous ammonia is used as an electrolyte. In this step, a 
anodic oxide ?lm 121 having a minute ?lm quality is formed 
so as to be 80 nm in thickness. The anodic oxide ?lm 121 is 
formed on the circumference and the surface of the alumi 
num pattern 122 because the electrolyte in?ltrates to the 
inside of the porous anodic oxide ?lm 120. The remaining 
aluminum pattern 122 turns out to be a gate electrode. Thus, 
a state shoWn in FIG. 3J is obtained. 

[0084] Next, the exposed silicon oxide ?lm 117 is 
removed by means of dry etching. Then, a remaining silicon 
oxide ?lm 123 is obtained. Thus, a state shoWn in FIG. 3K 
is obtained. 

[0085] Next, the porous anodic oxide ?lm 120 is removed. 
Then, phosphorus is doped in order to fabricate an NTFT (N 
channel type TFT) in the step in FIG. 3L. Here, plasma 
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doping is used as a method for doping phosphorus. It is 
noted that a PTFT (P channel type TFT) may be fabricated 
by doping boron. 

[0086] Phosphorus is doped selectively to the active layer 
pattern 116. Through this step, a source region 11, a loW 
concentrate impurity region 12, a channel region 13, a loW 
concentrate impurity region 14 and a drain region 15 are 
formed in a manner of self-alignment as shoWn in FIG. 3L. 

[0087] Here, the regions 12 and 14 turn out to be the loW 
concentrate impurity regions by the folloWing reasons (“loW 
concentrate” means that the concentration of impurity decid 
ing a channel type is loW as compared to that of the source 
and drain regions). 

[0088] The silicon oxide ?lm 123 remains on the regions 
12 and 14. Accordingly, part of phosphorus ions accelerated 
and implanted to the regions 12 and 14 are blocked by the 
silicon oxide ?lm 123. As a result, phosphorus is doped to 
the regions 12 and 14 in loW concentrate as compared to that 
of the regions 11 and 15. 

[0089] The region 13 turns out to be a channel region, 
because the gate electrode 122 and the anodic oxide ?lm 121 
around that mask it and no phosphorus is doped there. 

[0090] It is noted that When the turn-around of ions and the 
diffusion of electric ?eld are neglected, an offset gate region 
(Which functions as a high resistant region similarly to the 
loW concentrate impurity region) is formed in adjacent to the 
channel region by the thickness of the anodic oxide ?lm 121. 

[0091] HoWever, the thickness of the anodic oxide ?lm 
121 is as thin as 80 nm in the present embodiment, so that 
its existence is negligible When the turn-around of phospho 
rus ions during doping is taken into consideration. 

[0092] Next, an silicon oxide ?lm 16 is formed as an 
interlayer insulating ?lm by means of plasma CVD and a 
silicon nitride ?lm 17 is formed further by means of plasma 
CVD as shoWn in FIG. 3M. 

[0093] Then, a polyimide resin ?lm 124 is formed. Using 
the resin ?lm alloWs the surface thereof to be ?attened. 
Beside polyimide, polyamide, polyimide amide, acryl, 
epoxy and the like may be used. 

[0094] Next, contact openings are created to form a source 
electrode 125 and a drain electrode 126. Thus, a thin ?lm 
transistor is completed as shoWn in FIG. 3M. 

[0095] Second Embodiment 

[0096] The present embodiment relates to an improvement 
of the fabrication steps shoWn in FIGS. 1A through 3M. 

[0097] FIGS. 5A through 5E shoW part of steps for 
fabricating a TFT according to the second embodiment. 

[0098] At ?rst, as shoWn in FIG. 5A, a crystal silicon ?lm 
503 Which is crystalliZed at least partly in accordance to the 
fabrication steps shoWn in FIGS. 1A and 1B is obtained on 
a glass substrate 501. Here, there is formed an underlying 
silicon oxide ?lm 502. 

[0099] Next, a silicon oxide ?lm not shoWn is formed. 
Then, the silicon oxide ?lm is patterned by utiliZing a resist 
mask 504 to obtain a pattern 505 as shoWn in FIG. 5A. 

[0100] Further, phosphorus ions are accelerated and 
implanted by means of plasma doping. Thus, the accelerated 
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phosphorus ions are implanted to regions 506 and 507 
shown in FIG. SB. No phosphorus ions are implanted to a 
region 500. 

[0101] Next, the side of the silicon oxide ?lm pattern 505 
is etched as indicated by the reference numeral (508) (side 
etching) by utilizing the resist mask 504 as shoWn in FIG. 
5C. Thereafter, the resist mask 504 is removed. 

[0102] Then, a heat treatment is implemented as shoWn in 
FIG. 5D. This heat treatment is implemented Within a 
nitrogen atmosphere at 600° C. for 2 hours. 

[0103] In this step, nickel element moves from the region 
500 to the regions 506 and 507. That is, the nickel element 
contained in the region 500 is gettered to the regions 506 and 
507. 

[0104] After ?nishing the heat treatment step shoWn in 
FIG. 5D, the silicon ?lm is patterned by masking With the 
silicon oxide ?lm pattern 509 as shoWn in FIG. 5E. In this 
step, the regions 506 and 507 are completely taken aWay and 
regions of the region 500 adjacent to the regions 506 and 507 
(Which correspond to the side etched regions in the above 
mentioned step shoWn in FIG. 5C) are also removed to 
suppress the nickel element from entering the region Which 
is utiliZed in the end as an active layer of a device. 

[0105] After obtaining the state shoWn in FIG. 5E, the 
silicon oxide ?lm pattern 509 is removed to obtain the 
silicon ?lm pattern 510. Then, the TFT is fabricated by using 
this silicon ?lm pattern 510 as its active layer. 

[0106] Third Embodiment 

[0107] The present embodiment is a case When crystalli 
Zation is implemented by a method Which is different from 
the crystal groWth in the direction parallel to the substrate as 
shoWn in the ?rst embodiment. The present embodiment 
also uses nickel to obtain a crystal silicon ?lm. 

[0108] The method of the present embodiment is to crys 
talliZe the Whole surface of an amorphous silicon ?lm 
uniformly by introducing nickel element on the Whole 
surface, not to groW crystal in the direction parallel to the 
substrate by selectively introducing nickel element as 
described in the ?rst embodiment. 

[0109] FIGS. 6A through 6C shoW steps for fabricating a 
crystal silicon ?lm according to the present embodiment. At 
?rst, a silicon oxide ?lm 602 is formed as an underlying ?lm 
on a glass substrate 601. Next, an amorphous silicon ?lm 
603 is formed by means of loW pressure thermal CVD or 
plasma CVD. Thus, a state shoWn in FIG. 6A is obtained. 

[0110] Next, a nickel acetate solution is applied on the 
Whole surface of the amorphous silicon ?lm 603. At this 
time, an extra solution is spun aWay by using a spinner. It is 
noted that it is desirable to form a very thin oxide ?lm on the 
surface of the amorphous silicon ?lm 603 before applying 
the solution to improve the Wettability (hydrophilic prop 
erty) of the surface of the silicon ?lm to suppress the 
solution from being repelled. The oxide ?lm may be formed 
by irradiating UV rays Within an oxygen atmosphere, by 
treating by aqueous oZone, or the like. 

[0111] Thus, a state as shoWn in FIG. 6B in Which nickel 
element is held in contact With the surface of the amorphous 
silicon ?lm 603 as indicated by the reference numeral (604) 
is obtained. 
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[0112] Next, a heat treatment is implemented to obtain a 
crystal silicon ?lm 604 as shoWn in FIG. 6C. This heat 
treatment may be performed Within an nitrogen atmosphere 
at 600° C. for 4 hours. This heat treatment step alloWs a state 
in Which the Whole ?lm has been crystalliZed uniformly, not 
the crystal groWth in the speci?c direction as shoWn in FIG. 
1, to be obtained. 

[0113] This fabrication steps are characteriZed in that they 
are simple as compared to the fabrication steps shoWn in 
FIGS. 1A through 1D. HoWever, a TFT having a higher 
performance may be obtained by utiliZing the crystal 
obtained by using the lateral groWth shoWn in FIGS. 1A 
through 1D When the TFT is to be fabricated. 

[0114] Fourth Embodiment 

[0115] Steps for fabricating a PTFT and an NTFT in the 
same time Will be shoWn in the present embodiment. An 
arrangement for gettering nickel element from the channel 
and the loW concentrate impurity region to the source and 
drain regions, in addition to the gettering of nickel element 
from the active layer, Will be shoWn. 

[0116] FIGS. 7A-7E, 8F-8J, and 9K-9L shoW the fabrica 
tion steps of the present embodiment. At ?rst, an underlying 
?lm 702 is formed on a glass substrate 701 and a crystal 
silicon ?lm (or a silicon ?lm Which is crystalliZed partly) 
703 is obtained as shoWn in FIG. 7A by the previously 
described methods. 

[0117] Next, a silicon oxide ?lm and a silicon nitride ?lm 
not shoWn are laminated and are patterned by resist masks 
707 and 709. Thus, a pattern of laminated ?lms composed of 
a silicon oxide ?lm pattern 704 and a silicon nitride ?lm 
pattern 706 is obtained. Similarly, a pattern of laminated 
?lms composed of a silicon oxide ?lm pattern 705 and a 
silicon nitride ?lm pattern 708 is obtained. Thus, a state 
shoWn in FIG. 7A is obtained. 

[0118] Next, the resist masks 707 and 709 are removed 
and phosphorus ions are doped by means of plasma doping 
as shoWn in FIG. 7B. In this step, the phosphorus ions are 
doped into regions 710, 711 and 712. After that, nickel 
element is gettered to the regions 710, 711 and 712 by 
implementing a heat treatment. 

[0119] Next, the side of the silicon oxide ?lm pattern 704 
is etched by utiliZing the silicon nitride ?lm pattern 706 as 
shoWn in FIG. 7C. Thus, a silicon oxide ?lm pattern 713 
Whose side has been etched as indicated by the reference 
numeral (715) is obtained. Similarly, a silicon oxide ?lm 
pattern 714 Whose side has been etched is obtained. 

[0120] Next, the silicon ?lms at the exposed regions are 
removed by using the silicon oxide ?lm patterns 713 and 714 
as shoWn in FIG. 7D. Silicon ?lm patterns 716 and 717 
obtained here are composed of the regions from Which the 
nickel element has been gettered to the regions 710, 711 and 
712 and in Which the concentration of nickel element has 
been dropped. 

[0121] Next, a silicon oxide ?lm 718 Which functions as a 
gate insulating ?lm is formed by means of plasma CVD. 
Further, aluminum patterns 719 and 720 are formed by 
forming an aluminum ?lm and by patterning it by using 
resist masks 71 and 72. Thus, a state shoWn in FIG. 7E is 
obtained. 
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[0122] Next, porous anodic oxide ?lms 721 and 724 are 
formed by anodic oxidation as shoWn in FIG. 8F. Then, the 
resist masks 71 and 72 are removed and anodic oxide ?lms 
723 and 726 having minute ?lm quality are formed. Gate 
electrodes 722 and 725 are de?ned in this state. 

[0123] After obtaining the state in FIG. 8F, phosphorus is 
doped as shoWn in FIG. 8G. This doping is performed to 
cause the nickel to be gettered again to the doped regions. 

[0124] After that, a heat treatment is performed at 400° C. 
for 1 hour. In this step, the nickel element remaining in a 
region 731 is Lettered to regions 727 and 728. Further, the 
nickel element remaining in a region 732 is gettered to 
regions 729 and 730. 

[0125] Thus, the nickel element is gettered from the 
regions 731 and 732 again thoroughly. That is, the nickel 
element is removed thoroughly from the regions 731 and 
732 as shoWn in FIG. 8H. It is noted that it is important to 
perform this heat treatment step under the condition (mainly 
upper limit temperature) in Which the gate electrodes 722 
and 725 can sustain. 

[0126] When silicon or silicide is used as the gate elec 
trode, this treatment may be performed in a temperature in 
Which the glass substrate can sustain. In this case, a higher 
gettering effect can be obtained. 

[0127] Because the regions 727, 728, 729 and 730 are 
regions Which turn out to be sources and drains in the end, 
the TFTs are not in?uenced so much in their operation even 
if the concentration of nickel element is high more or less. 
In contrary, the regions 731 and 732 are regions Where the 
channels and loW concentrate impurity regions are formed, 
so that they are sensitive to the existence of nickel element. 

[0128] That is, because the channel region is the region 
Where a carrier density is changed by an electric ?eld applied 
from the gate electrode, the existence of the metal element 
Which traps them gives an adverse effect on its operation. 

[0129] The loW concentrate impurity region or the loW 
concentrate impurity region on the drain side in particular 
has a function of relaxing a high electric ?eld applied 
betWeen the channel region and the drain region and a 
relatively high electric ?eld is applied there. 

[0130] Nickel element Within a semiconductor functions 
as a trap level of the carriers. When the trap level exists in 
the region Where the relatively high electric ?eld is applied, 
there arises changes in the motion of the carriers and in the 
characteristics of the semiconductor. Accordingly, the nickel 
element remaining in the loW concentrate impurity region 
may cause problems such that a leak current is generated and 
a Withstand voltage drops. 

[0131] After ?nishing the gettering step by means of 
heating shoWn in FIG. 8H, the exposed silicon oxide ?lm 
718 is etched as shoWn in FIG. 8I. Then, remaining silicon 
oxide ?lms 733 and 734 are obtained in this state. Further, 
the porous anodic oxide ?lms 721 and 724 are a removed as 
shoWn in FIG. 8I. 

[0132] Phosphorus is doped again in the state shoWn in 
FIG. 8I. In this step, phosphorus is doped in high concen 
tration to a region 735, in loW concentration to a region 736, 
in loW concentration to a region 738 and in high concen 
tration to a region 739. 
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[0133] In the same time, a drain region 740, a loW con 
centrate impurity region 741, a channel region 742, a loW 
concentrate impurity region 743 and a source region 744 of 
the NTFT are formed in a manner of self-alignment. 

[0134] Next, a resist mask 745 is formed on the NTFT and 
boron is doped this time by means of plasma doping. The 
conductive type of the regions to Which phosphorus has been 
doped before is reversed by this doping and turns out to be 
P type. 

[0135] Thus, a source region 745, a loW concentrate 
impurity region 746, a channel region 747, a loW concentrate 
impurity region 748 and a drain region 749 of the PTFT are 
formed as shoWn in FIG. 8J in a manner of self-alignment. 

[0136] Next, a silicon oxide ?lm 750, a silicon nitride ?lm 
751 and a resin ?lm 752 are formed as interlayer insulating 
?lms as shoWn in FIG. 9K. Then, contact holes are created 
to form a source electrode 753 and a drain electrode 754 of 
the PTFT as Well as a source electrode 756 and a drain 
electrode 755 of the NTFT. 

[0137] Thus, the NTFT and the PTFT may be formed on 
one and the same substrate as shoWn in FIG. 9L through the 
same fabrication steps. 

[0138] The step for gettering nickel from the active layer 
composing the TFT (step in FIG. 7C) and the step for 
gettering nickel from the channel region and the loW con 
centrate impurity region (step in FIG. 8H) are performed in 
the present embodiment to thoroughly prevent the nickel 
element from in?uencing on the device characteristics of the 
TFT. 

[0139] Thereby, the device having a better characteristic 
and high reliability may be obtained. This is important in 
constructing integrated circuits. 

[0140] Fifth Embodiment 

[0141] The present embodiment relates to an arrangement 
for obtaining a crystal silicon ?lm by a method different 
from the fabrication steps shoWn in FIGS. 1A and 1B. This 
embodiment utiliZes the methods as described in Japanese 
Patent Application No. 8-335152 Which has been applied by 
the present applicant, Which in turn corresponds to a pending 
US. application Ser. No. 08/785,489, the disclosure of 
Which is incorporated herein by reference. 

[0142] An outline of the fabrication steps Will be 
explained by using FIGS. 1A and 1B. Here, a quartZ 
substrate is used instead of the glass substrate as a substrate 
101 because this process requires a heat treatment in a high 
temperature of 900° C. or more Which is unsustainable for 
the glass substrate. 

[0143] At ?rst, a silicon oxide ?lm 102 is formed as an 
underlying ?lm on the quartZ substrate 101. It is noted that 
because the quartZ substrate having a good ?atness is 
available, the underlying ?lm needs not be formed in such 
a case. 

[0144] Next, an amorphous silicon ?lm is formed so as to 
be 50 nm in thickness by means of loW pressure thermal 
CVD. Further, a mask 104 made of a silicon oxide ?lm is 
formed as shoWn in FIG. 1A. 

[0145] Then, a nickel acetate solution is applied to obtain 
the state in Which nickel element is held in contact on the 
surface as shoWn in FIG. 1A. 










