
US 20020048891A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0048891 A1 
(19) United States 

YAMAZAKI et al. (43) Pub. Date: Apr. 25, 2002 

(54) METHOD FOR CRYSTALLIZING 
SEMICONDUCTOR MATERIAL WITHOUT 
EXPOSING IT TO AIR 

(76) Inventors: SHUNPEI YAMAZAKI, TOKYO (JP); 
HONGYONG ZI'IANG, KANAGAWA 
(JP); NAOTO KUSUMOTO, 
KANAGAWA (JP); YASUHIKO 
TAKEMURA, KANAGAWA (JP) 

Correspondence Address: 
NIXON PEABODY, LLP 
8180 GREENSBORO DRIVE 
SUITE 800 
MCLEAN, VA 22102 (US) 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/038,926 

(22) Filed: Mar. 9, 1998 

Related US. Application Data 

(60) Division of application No. 08/396,780, ?led on Mar. 
1, 1995, noW patented, Which is a division of appli 
cation No. 08/183,800, ?led on Jan. 21, 1994, noW 
patented, Which is a continuation of application No. 
07/852,517, ?led on Mar. 17, 1992, noW abandoned 
and Which is a continuation-in-part of application No. 
07/933,718, ?led on Aug. 24, 1992, noW patented, 

608 

W 

Which is a continuation of application No. 07/520, 
998, ?led on May 9, 1990, noW patented, Which is a 
continuation-in-part of application No. 07/251,940, 
?led on Sep. 28, 1988, noW patented, Which is a 
continuation of application No. 06/891,791, ?led on 
Aug. 1, 1986, noW abandoned. 

(30) Foreign Application Priority Data 

Mar. 18, 1991 (JP) ............................................. .. 3-80799 

Publication Classi?cation 

(51) Im. c1? ........................ .. H01L 21/00; H01L 21/04; 
H01L 21/336; H01L 21/24 

(52) Us. 01. ......................... .. 438/308; 438/537; 438/510 

(57) ABSTRACT 

A semiconductor material and a method for forming the 
same, said semiconductor material having produced by a 
process comprising melting a noncrystal semiconductor ?lm 
containing therein carbon, nitrogen, and oxygen each at a 
conceptration of 5><1019 atoms-cm“3 or loWer, preferably 
1><10 atoms-cm‘3 or loWer, by irradiating a laser beam or a 
high intensity light equivalent to a laser beam to said 
noncrystal semiconductor ?lm, and then recrystalliZing the 
thus molten amorphous silicon ?lm. The present invention 
provides thin ?lm semiconductors having high mobility at 
an excellent reproducibility, said semiconductor materials 
being useful for fabricating thin ?lm semiconductor devices 
such as thin ?lm transistors improved in device character 
istics. 
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METHOD FOR CRYSTALLIZING 
SEMICONDUCTOR MATERIAL WITHOUT 

EXPOSING IT TO AIR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
material, e.g., containing silicon as the major component. 
More particularly, the present invention relates to a thin ?lm 
transistor improved in properties and a process for fabricat 
ing the same. The semiconductor material according to the 
present invention enables fabrication of thin ?lm semicon 
ductor devices such as thin ?lm transistors having eXcellent 
device characteristics. 

[0003] 2. Description of the Prior Art 

[0004] Non-crystalline semiconductor materials (the so 
called amorphous semiconductors) and polycrystalline 
semiconductor materials have been heretofore used for the 
fabrication of thin ?lm semiconductor devices such as thin 
?lm ?eld effect transistors and the like. The term “amor 
phous materials” as referred herein signi?es not only the 
materials having a strict structural disordering in the atomic 
level, but also includes those having a short range ordering 
for a distance of about several nanometers. More concretely, 
“amorphous materials” include silicon materials having an 
electron mobility of 10 cm2/V s or loWer and materials 
having a carrier mobility loWered to 1% or less of the 
intrinsic carrier mobility of the corresponding semiconduc 
tor material. Accordingly, materials consisting of ?ne crystal 
aggregates Which are composed of ?ne crystals about 10 nm 
in siZe, i.e., the materials knoWn as microcrystals (having a 
grain diameter of 50 to 500 A as calculated according to 
shira equation in Raman shift) or semi-amorphous materials 
(having lattice distortion therein and a peak in Raman shift 
at less than 521 cm_1, and having a structure comprising 
amorphous structure and crystalline structure With unde?ned 
boundary), are collectively referred to hereinafter as amor 
phous materials. 

[0005] The use of an amorphous semiconductor such as 
amorphous silicon (a-Si) and amorphous germanium (a-Ge) 
in the fabrication of a semiconductor device is advantageous 
in that the process can be conducted at a relatively loW 
temperature of 400° C. or even loWer. Thus, much attention 
is paid noW to a process using an amorphous material, 
because such a process is regarded as a promising one for the 
fabrication of liquid crystal displays and the like, to Which 
a high temperature process cannot be applied. 

[0006] HoWever, a pure amorphous semiconductor has an 
extremely loW carrier mobility (electron mobility and hole 
mobility). Thus, pure amorphous semiconductors are rarely 
applied as they are, for eXample, to channel-forming areas of 
thin ?lm transistors (TFTs); in general, the pure amorphous 
semiconductor materials are subjected to the irradiation of a 
high energy beam such as a laser beam or a light emitted 
from a Xenon lamp, so that they may be once molten to 
recrystalliZe and thereby modi?ed into a crystalline semi 
conductor material having an improved carrier mobility. 
Such a treatment of high energy beam irradiation is referred 
hereinafter collectively as “laser annealing”. It should be 
noted, hoWever, that the high energy beam not necessary be 
a laser beam, and included in the high intensity beam is, for 
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eXample, a poWerful light emitted from a ?ash lamp Which 
has a similar effect on the semiconductor material as the 
laser beam irradiation. 

[0007] Generally, hoWever, the semiconductor materials 
heretofore obtained by laser annealing are still loW in the 
carrier mobility as compared With those of single crystal 
semiconductor materials. In the case of a silicon ?lm, for 
eXample, the highest reported electron mobility is 200 
cm2/V~s at best, Which is a mere one seventh of the electron 
mobility of a single silicon, 1350 cm2/V~s. Moreover, the 
semiconductor characteristics (mainly mobility) of the semi 
conductor material thus obtained by the laser annealing 
process suffers poor reproducibility and also scattering of 
the mobility values over the single ?lm. Those disadvan 
tages lead to a loW product yield of semiconductor devices 
having a plurality of elements fabricated on a single plane. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a 
thin ?lm semiconductor material having a high mobility and 
a process for forming the same With eXcellent reproducibil 
ity. More speci?cally, an object of the present invention is to 
provide a process in Which the problems of the conventional 
laser annealing process are overcome, and to provide, 
accordingly, a practically feasible thin ?lm semiconductor 
material improved in characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a graph shoWing the relation betWeen the 
center Wavenumber of the Raman peak (Raman shift; taken 
in the abscissa) and the electron mobility (the ordinate) of a 
laser-annealed silicon ?lm. The oXygen concentration of the 
?lm is found to be 2><1021 cm_3; 

[0010] FIG. 2 is a graph shoWing the relation betWeen the 
center Wavenumber of the Raman peak (Raman shift; taken 
in the abscissa) and the electron mobility (the ordinate) of 
laser-annealed silicon ?lms With varying oXygen concentra 
tion; 
[0011] FIG. 3 is a graph shoWing the relation betWeen the 
ratio of the full band Width at half maXimum (FWHM) of the 
Raman peak for a laser-annealed silicon ?lm to the FWHM 
of the Raman peak for a single crystal silicon (FWHM ratio; 
taken in the abscissa) and the electron mobility (the ordi 
nate), for laser-annealed silicon ?lms With varying oxygen 
concentration; 
[0012] FIG. 4 is a graph shoWing the relation betWeen the 
peak intensity ratio (Ia/Ic; taken in the abscissa) and the 
electron mobility (the ordinate) for laser-annealed silicon 
?lms With varying oXygen concentration, Where Ia repre 
sents the Raman peak intensity (of the peak at a Wavenumber 
of about 480 cm_1) for the amorphous component of the 
laser-annealed silicon ?lm, and Ic represents the Raman 
peak intensity (at about 521 cm_1) for the single crystal 
silicon; 
[0013] FIG. 5 is a graph shoWing a position-dependent 
change of FWHM of the Raman peak for channel-forming 
areas of ?eld effect transistors, Where, the abscissa is X/L 
With L representing the channel length, and the ordinate is 
FWHM; and 

[0014] FIG. 6 shoWs a process for fabricating a ?eld effect 
transistor. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] Raman spectroscopy is an effective method for 
evaluating the crystallinity of a material, and it has been 
used With the purpose of quantitatively evaluating the crys 
tallinity of a semiconductor ?lm fabricated by a laser 
annealing process. During an extensive study on the laser 
annealing process conducted by the present inventors, it has 
been found that the center Wavenumber, as Well as the Width, 
the height, etc., of the Raman peak of a laser-annealed 
semiconductor ?lm is closely related to the properties of the 
semiconductor ?lm. 

[0016] For instance, the Raman peak at 521 cm-1 for a 
single crystal silicon Was observed on a laser-annealed 
silicon ?lm to be shifted to a shorter Wavenumber (longer 
Wavelength). It has been also found that the center Wave 
number of this Raman peak is strongly correlated With the 
carrier mobility of the silicon ?lm obtained by laser anneal 
mg. 

[0017] Referring to FIG. 1, an example Which illustrates 
the relation above is explained. FIG. 1 relates the center 
Wavenumber of the Raman peak (abscissa) to the electron 
mobility (ordinate) of a laser-annealed silicon ?lm. The 
electron mobility Was obtained by measuring the capaci 
tance-voltage (C-V) characteristics on a TFT having fabri 
cated from the silicon ?lm. From FIG. 1, it can be read that 
the electron mobilities for those having a Raman peak center 
of 515 cm'1 or higher behave quite differently from the 
mobilities of those having a Raman peak center beloW 515 
cm '1. More speci?cally, it can be seen that the Raman peak 
center is more sensitive to the change in electron mobility in 
the peak center Wavenumber region of 515 cm'1 or shorter; 
beyond this Wavenumber, in contrast, a little shift of Raman 
peak to higher Wavenumber side signi?es a large increase in 
electron mobility. 

[0018] This phenomena is clearly an evidence of the 
presence of tWo phases. According to the study of the 
present inventors, the phase observed With a Raman peak at 
515 cm'1 or loWer is assumed as a phase Which has achieved 
atomic ordering in the solid phase Without undergoing 
melting, Whereas the phase having a Raman peak of 515 
cm or higher is assumably a phase having solidi?ed from a 
liquid phase Which has once experienced melting by laser 
annealing. 
[0019] The center Wavenumber of the Raman peak Was 
521 cm'1 at maximum, and the highest observed electron 
mobility Was about 200 cm2/V~s. 

[0020] In the course of the study for improving the mobil 
ity, the present inventors then found that oxygen, nitrogen, 
and carbon atoms incorporated in the ?lm greatly in?uence 
the mobility. In the laser-annealed silicon ?lms investigated 
and Which yielded the results shoWn in FIG. 1, the nitrogen 
and oxygen atoms Were both incorporated in negligible 
amounts, hoWever, the number of oxygen atoms present at 
the central portion of the ?lm Was about 2><1021 atoms~cm_3. 
Then, the number of oxygen atoms in the ?lm Was decreased 
to see the in?uence of this decrease on the relation betWeen 
the Raman peak center and the electron mobility. 

[0021] The concentration of elements other than silicon, 
such as oxygen, nitrogen, and carbon, is referred hereinafter 
to the concentration of those elements at the central portion 
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of the ?lm. The concentration of the elements in the central 
region is taken into account because despite the extremely 
high concentration of those elements in the portion near the 
substrate or at the vicinity of the surface, the impurity 
elements in those portions are believed to have little in?u 
ence in the carrier mobility Which is to be considered in the 
present invention. In general, Within a coating, the portion 
loW in concentration of those foreign elements exists at the 
central portion of the ?lm, and it is believed that the central 
portion of the ?lm plays an important role in a semiconduc 
tor device such as a ?eld effect transistor. Accordingly, “a 
concentration of a foreign element” referred simply herein 
signi?es the concentration at the central portion of the ?lm. 

[0022] The in?uence of oxygen concentration on the rela 
tion betWeen the electron mobility and the Raman peak 
center is illustrated in FIG. 2. Obviously, the electron 
mobility is signi?cantly improved by reducing the oxygen 
concentration of the ?lm. The same tendency Was observed 
for both carbon and nitrogen. As a possible explanation for 
the results obtained above, the present inventors propose 
tWo mechanisms as folloWs. In the case of laser annealing a 
?lm containing oxygen at a high concentration, the portions 
loW in oxygen atoms serve as crystal nuclei to effect crystal 
groWth during the melting and crystalliZation of the ?lm; the 
oxygen atoms incorporated into the ?lm are driven to the 
periphery With the groWth of the crystal, and are precipitated 
at the grain boundaries. Thus, the ?lm as a Whole Which 
results from such a process is loWered in mobility due to the 
barriers created at the grain boundaries. Another possible 
explanation the present inventors propose is that the oxygen 
atoms or the areas rich in oxygen (in general, those areas are 
believed to have a higher melting temperature) function as 
crystal nuclei to effect crystal groWth. Accordingly, the siZe 
of the individual crystals becomes smaller With increasing 
population of the oxygen atoms. This leads to a loWer 
crystallinity because of the crystals having groWn into 
smaller siZe, Which in consequence give a loWer mobility. 

[0023] At any rate, decreasing the oxygen concentration in 
the ?lm is effective for signi?cantly increasing the electron 
mobility thereof by laser annealing. For example, an elec 
tron mobility as high as 1000 cm2/V~s Was obtained by 
controlling the oxygen concentration to 1><1019 atoms~cm_3. 
Similar results Were obtained by loWering the concentrations 
of nitrogen and carbon atoms as Well. Also, a similar 
tendency Was observed on hole mobilities. 

[0024] Furthermore, as in the case of FIG. 1, the curve 
relating the electron mobility to the Raman peak position 
shoWs typically a knickpoint (i.e., a bent) irrespective of the 
oxygen concentration. Referring to FIG. 2, the present 
inventors denoted the region at the right side (the side higher 
in Wavenumber) of the broken lines as a melting and 
crystalliZing region. This is because a ?lm falling in this 
region is surmised that it has undergone melting and recrys 
talliZation upon laser annealing. A high mobility Was 
obtained on ?lms falling in this region. The semiconductor 
material in accordance With the present invention preferably 
has a Raman shift of 512 cm'1 or more and is preferably 
produced by laser annealing a semiconductor containing 
therein oxygen, nitrogen and carbon at a concentration of 
5x10 atoms-cm-3 or less respectively in the melting and 
crystalliZing region. 
[0025] Another similar tendency Was observed by the 
present inventors on the relation betWeen the full band Width 
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at half maximum (FWHM) and the electron mobility. The 
relation is shown in FIG. 3. The abscissa is the full band 
Width at half maximum ratio (FWHM ratio), Which is 
de?ned herein as a ratio of the FWHM of a Raman peak 
obtained on a laser-annealed ?lm to that obtained on a single 

crystal silicon. A smaller FWHM ratio closer to unity 
represents a ?lm having a structure similar to that of a single 
crystal silicon. Referring to FIG. 3, it can be seen that the 
FWHM ratio becomes closer to 1 With increasing electron 
mobility if ?lms of equal oxygen concentration are com 
pared. Also, as Was the case above in the relation betWeen 
the mobility and the Raman peak center, the electron mobil 
ity increased With loWering the oxygen concentration in the 
?lm; similar results Were again obtained for nitrogen-and 
carbon atoms. That is, a higher electron mobility Was 
obtained With decreasing concentration of foreign atoms. 
Similarly, the same tendency Was observed for hole mobili 
ties. In FIG. 3, the region at the left hand side of the broken 
lines shoWn in the FIGURE is again considered as the 
melting and crystalliZing region. 

[0026] Furthermore, the present inventors found that the 
electron mobility can be intimately correlated With the peak 
intensity of a peak assigned to the amorphous component 
Within the ?lm. FIG. 4 is a graph shoWing the relation 
betWeen a ratio Which the present inventors de?ne as a peak 
intensity ratio (Ia/Ic; taken as the abscissa), and the electron 
mobility for laser-annealed silicon ?lms With varying oxy 
gen concentration, Where Ia represents the Raman peak 
intensity (of the peak at a Wavenumber of about 480 cm_1) 
for the amorphous component of the laser-annealed silicon 
?lm, and Ic represents the Raman peak intensity (at about 
521 cm_1) for the single crystal silicon. The electron mobil 
ity increased With decreasing intensity ratio, provided that 
the oxygen concentration is the same. This signi?es that the 
electron mobility is higher for ?lms containing less amor 
phous components. Furthermore, the electron mobility 
increased With decreasing oxygen concentration of the ?lm. 
A similar tendency Was observed on the individual effect of 
nitrogen and carbon concentrations. The same tendency Was 
observed for hole mobility. The present inventors denote 
again this region at the left hand side of the broken lines 
shoWn in FIG. 4 as the melting and crystalliZing region. 

[0027] In addition, the present inventors empirically 
obtained higher carrier mobility With increasing intensity of 
Raman peaks, and the Raman peak intensity Was higher for 
?lms having loWer concentrations of oxygen, nitrogen, and 
carbon. 

[0028] Conclusively, from the foregoing description, a 
higher carrier mobility can be obtained by decreasing the 
amounts of oxygen, nitrogen, and carbon incorporated into 
the ?lm. More speci?cally, the present inventors have found 
that, by reducing concentration of each of the foreign atoms 
to 5x1019 atoms-cm“3 or loWer, more preferably to 1><1019 
atoms-cm-3 or loWer, a high electron mobility can be 
obtained, said electron mobility being as high as 1000 
cm2/V~s for a silicon ?lm, for example. The present inven 
tors found that by decreasing concentrations of the foreign 
atoms, this high electron mobility can be ameliorated further 
to a value near to the carrier mobility of a single crystal 
semiconductor, and also that the reproducibility of this high 
mobility can be improved. In addition, a hole mobility of 
from 300 to 500 cm2/V~s Was obtained by a similar process. 
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[0029] In the present invention, the laser annealing is 
carried out in an atmosphere under atmospheric pressure or 
reduced pressure. 

[0030] A laser beam or a light equivalent to the laser beam 
is irradiated to a noncrystal semiconductor containing 
therein carbon, nitrogen and oxygen at a concentration of 
5x10 atoms-cm“3 or less, preferably 1><1019 atoms-cm“3 or 
less, respectively. 

[0031] In practice, hoWever, it is dif?cult to control the 
concentration of the foreign atoms to a value as loW as 
1x10 atoms~cm_3 and beloW, even if the laser annealing 
Were to be carried out under an extremely high vacuum to a 
?lm c6ontaining the atoms at a very loW concentration of 
1x10 atoms~cm_3 or loWer. This is because the oxygen gas, 
nitrogen gas, Water molecules, carbon dioxide gas, etc., 
Which are present in the atmosphere in trace amounts are 
taken up in the ?lm during the laser annealing. OtherWise, it 
is presumably due to the presence of a gas having adsorbed 
on the surface of the ?lm, Which is then trapped into the ?lm 
during the laser annealing. 

[0032] To circumvent the aforementioned dif?culties, a 
particular fabrication process is requisite. One of such 
processes is to ?rst cover the surface of an amorphous 
semiconductor containing the foreign atoms of oxygen, 
nitlrsogen, and carbon at an extremely loW concentration of 
10 atoms-cm“3 or loWer With a protective ?lm such as of 
silicon oxide, silicon nitride, and silicon carbide, and then 
laser annealing the ?lm under a high vacuum at a pressure 
of 10‘4 Torr or loWer. Such a process enables a semicon 
ductor ?lm having very high mobility, With extremely loW 
concentrations for oxygen, nitrogen, and carbon. For 
example, a silicon ?lm having an electron mobility of 1000 
cm2/V~s Was obtained With each of the concentrations of 
carbon, nitrogen, and carbon being controlled to 1><1015 
atoms-cm-3 or loWer. 

[0033] The protective ?lms, such as of silicon oxide, 
silicon nitride, and silicon carbide, can be favorably depos 
ited on the surface of an amorphous semiconductor ?lm by 
continuously depositing the amorphous ?lm and the protec 
tive ?lm in a same chamber. More speci?cally, a preferred 
process comprises, for example, depositing an amorphous 
semiconductor ?lm in a chamber equipped With a single 
vacuum apparatus, using a chemical vapor deposition 
(CVD) process or a sputtering process, and then, in the same 
chamber, continuously depositing the protective ?lm While 
maintaining the same previous atmosphere or by once 
evacuating the chamber to an extreme vacuum and then 
controlling the atmosphere to a one pertinent for the ?lm 
deposition. HoWever, to further improve the yield, the 
reproducibility, and the reliability of the products, it is 
preferred that independent chambers are provided so that the 
?lms are deposited separately therein, and that the amor 
phous ?lm once deposited in a particular chamber is trans 
ferred to another chamber While maintaining the high 
vacuum. The selection of a particular ?lm deposition process 
depends on the plant and equipment investment. At any rate, 
the important points to be assured are to suf?ciently reduce 
the amount of-oxygen, nitrogen, and carbon in the ?lm and 
to avoid adsorption of gases on the surface of the amorphous 
semiconductor and at the boundary betWeen said semicon 
ductor and the protective ?lm provided thereon. Even if an 
amorphous semiconductor ?lm of high purity and a silicon 
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nitride protective ?lm thereon Were to be formed, the carrier 
mobility Would be impaired if the amorphous ?lm Were to be 
once exposed to the atmosphere. In general, such an amor 
phous ?lm Would yield a loW carrier mobility even after 
laser annealing, and moreover, the probability to obtain a 
high mobility Would be very loW. This is believed due to the 
gas adsorbed on the surface of the amorphous semiconduc 
tor ?lm Which later diffuse into the ?lm at the laser annealing 
process. 

[0034] The protective ?lm may be made from any material 
capable of transmitting a laser beam or a light equivalent to 
the laser beam, and usable are silicon oxide, silicon nitride, 
silicon carbide, and a material comprising a mixture thereof 
and represented by the chemical formula SiNXOyCZ (Where, 
0§><§4/3; 0§y§2; 0§Z§ 1; and 0§3x+2y+4z§4). Prefer 
ably, the thickness of the ?lm is in the range of from 50 to 
1000 nm. 

[0035] In the foregoing description, it has been shoWn that 
a semiconductor ?lm having a high carrier mobility can be 
obtained by reducing the concentrations of oxygen, nitrogen, 
and carbon of the amorphous semiconductor ?lm and during 
the laser annealing process. The electron mobility and the 
hole mobility obtained therefrom are mere average values of 
the channel-forming area in the ?eld effect transistors fab 
ricated for the measurement purposes; thus, those values fail 
to give the individual mobilities at particular minute portions 
Within the channel-forming area. HoWever, as Was described 
referring to FIGS. 1 to 4 according to the present invention, 
it has been elucidated that the carrier mobility can be 
univocally de?ned from the parameters such as the Wave 
number of the Raman peak center, the FWHM of the Raman 
peak, and the intensity of the Raman peak attributed to the 
amorphous content in contrast to that of the Whole Raman 
peak. Thus, by the information available from Raman spec 
troscopy, it is possible to semi-quantitatively obtain the 
mobility of a minute area to Which a direct measurement 
cannot be applied. 

[0036] FIG. 5 is a graph shoWing a position-dependent 
change of FWHM of the Raman peak for laser-annealed 
channel-forming areas of ?eld effect transistors Whose elec 
tron mobilities Were found 22 cm2/V~s, 201 cm2/V~s, and 
980 cm2/V~s. Referring to FIG. 5, the abscissa is the position 
of the channel forming area, X/L, With L being the channel 
length of 100 pm, and X being the coordinate of the channel 
forming area. Thus, X/L=0 corresponds to the boundary 
betWeen the channel-forming area and the source area, 
X/L=1 represents the boundary betWeen the channel forming 
area and the drain area, and X/L=0.5 indicates the center of 
the channel-forming area. 

[0037] It can be seen from FIG. 5 that the ?eld effect 
transistor having an electron mobility of 22 cm2/V~s has a 
large FWHM With little ?uctuation. The data is in agreement 
With the previous observations of the present authors refer 
ring to FIG. 3, i.e., that the crystallinity approaches to that 
of a single crystal With decreasing FWHM, and that thereby 
the electron mobility is increased With reducing FWHM. 
These data shoW, in addition, that the positional variation in 
FWHM (dependence of FWHM on position) is loW and 
hence a uniform crystallinity is obtained over the Whole ?lm. 
The ?lm yielded an oxygen concentration of about 8><1020 
atoms-cm_3, and it is assumed that it had not undergone 
melting during laser annealing. 
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[0038] The channel-forming area of a ?eld effect transistor 
having an electron mobility of 201 cm2/V~s also yielded an 
oxygen concentration of 8><1020 atoms~cm_3. As shoWn in 
FIG. 5, the FWHM is loWered over the Whole area, and is 
largely dependent on the position. Moreover, some points 
yielded FWHM values comparable to, or even loWer than 
those of the channel-forming area having an electron mobil 
ity of 980 cm2/V~s. A loW FWHM is suggestive of a high 
electron mobility at that point, and that a localiZed portion 
having a high crystallinity equal to that of a single crystal 
silicon is present. From the vieWpoint of mass-production of 
devices, such a material having large local ?uctuations is not 
favorable despite a high mobility. 

[0039] The channel-forming area of a ?eld effect transistor 
having an electron mobility of 980 cm2/V~s yielded an 
oxygen concentration of about 1><1019 atoms-cm_3, Which 
Was considerably loWer than those of tWo above. From FIG. 
5 it can be seen that the FWHM is generally loW and has less 
positional dependence. The graph indicates that the material 
has a high electron mobility as a Whole, and that it is 
composed of a material having a crystallinity Well compa 
rable to that of a single crystal silicon. Thus, such a material 
is suitable for mass production to be used in devices. 

[0040] To achieve a high carrier mobility, not only the 
concentration of the foreign atoms should be loWered, but 
also the conditions for the laser annealing must be opti 
miZed. The conditions for the laser annealing vary depend 
ing on the operating conditions of the laser (such as Whether 
the laser is operated in a continuous mode or in a pulsed 
mode, the repetition cycle, beam intensity, and Wavelength), 
and the coating. The lasers to be used in the process is 
selected from ultraviolet (UV)-emitting lasers such as the 
various types of excimer lasers, and lasers emitting light in 
the visible and infrared (IR) regions, such as a YAG laser. A 
suitable laser should be selected depending on the thickness 
of the ?lm to be laser-annealed. In silicon and germanium 
materials, the laser annealing is effected at relatively shalloW 
portions on the surface When a UV-emitting laser is used, 
because the materials have a short absorption length for UV 
light. On the other hand, because those materials have a 
longer absorption length for a light in the visible and IR 
regions, such a beam penetrate deep into the material to 
effect laser annealing of the inner portions. Thus, it is 
possible to obtain a laser-annealed portion only at the 
vicinity of the ?lm surface by properly selecting the thick 
ness of the coating and the type of the laser. AnyWay, a high 
carrier mobility can be obtained by optimally controlling the 
laser conditions such as Wavelength and intensity, so that 
melting and recrystalliZation may occur on the ?lm. To 
suf?ciently effect melting of the ?lm, the laser-irradiated 
portion should be maintained at a temperature not loWer than 
the melting point of the semiconductor under process for a 
long duration. In the case of melting silicon, for example, it 
requires heating to 1400° C. or higher under the atmospheric 
pressure; in germanium, it should be heated to at least 1000° 
C. under the atmospheric pressure to effect the melting. 
HoWever, in an extremely short period of, for example, 10 
nsec as practiced in excimer lasers, a temperature as high as 
2000° C. or even higher is achieved instantaneously and 
spectroscopically observed. Such a high temperature does 
not alWays cause melting of the ?lm. Thus, a de?nition of a 
temperature in this case does not make sense. 
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[0041] In addition, a further annealing of a laser-annealed 
semiconductor ?lm in hydrogen gas atmosphere in the 
temperature range of from 200 to 600° C. for a duration of 
from 10 minutes to 6 hours Was effective to obtain a high 
carrier mobility at an improved reproducibility. This is 
presumably due to the formation of many dangling bonds at 
the interatomic bonding sites Within the semiconductor 
during the laser annealing, Which is effected simultaneously 
With the crystalliZation. Such dangling bonds then function 
as barriers to the carriers. If a considerable amount of 
oxygen, nitrogen, and carbon atoms Were to be incorporated 
in the semiconductor, those foreign atoms may enter into the 
interstices of such dangling bonds; hoWever, When the 
concentrations of oxygen, nitrogen, and carbon are 
extremely loW as in the present case, the dangling bonds 
remain as they are and therefore require a further annealing 
in hydrogen atmosphere after the laser annealing. 

[0042] The present invention is described in further detail 
beloW referring to non-limiting examples. 

EXAMPLE 1 

[0043] A planar TFT Was fabricated and the electric char 
acteristics thereof Were evaluated. Referring to FIG. 6, the 
process for the fabrication thereof is described. First, an 
amorphous silicon ?lm (an activation layer of the TFT) Was 
deposited on a quartZ substrate 601 at a thickness of about 
100 nm by a conventional RF sputtering process, at a 
substrate temperature of 150° C. under an atmosphere con 
sisting substantially of 100% argon at a pressure of 0.5 Pa. 
A 99.99% or higher purity argon gas Was used alone, Without 
adding other gases such as hydrogen. The sputtering Was 
conducted at a poWer input of 200 W and an RF frequency 
of 13.56 MHZ. The resulting ?lm Was etched into a 100 
p><500 pm rectangle to obtain a desired amorphous silicon 
?lm 602. 

[0044] The ?lm Was con?rmed by secondary ion mass 
spectroscopy (SIMS) to contain each of oxygen, nitrogen, 
and carbon at a concentration of 1019 atoms-cm-3 or less. 

[0045] The ?lm Was then placed in a vacuum vessel 
controlled to a vacuum of 10-5 Torr for laser annealing. A 
KrF excimer laser Was operated at a pulse duration of 10 
nsec, an irradiation energy of 200 m], and a pulse repetition 
of 50 shots, to effect laser annealing by irradiating a laser 
beam at a Wavelength of 248 nm to the ?lm. 

[0046] A gate dielectric 603 Was then deposited by sput 
tering on the surface of the thus obtained laser-annealed 
silicon ?lm in an oxygen atmosphere, at a thickness of about 
100 nm. The ?lm-deposition Was conducted at a substrate 
temperature of 150° C. and at an RF (13.5 MHZ) poWer input 
of 400 W. The atmosphere Was controlled to be substantially 
oxygen, and no other gas Was intentionally added. The 
oxygen gas Was of 99.9% or higher purity, and the pressure 
thereof Was 0.5 Pa. 

[0047] Then, a 200 nm thick aluminum ?lm Was deposited 
by a knoWn vacuum deposition process, and Was further 
subjected to a conventional dry etching process to remove 
the unnecessary portions to obtain a 100 pm Wide gate 604. 
At this point, a photoresist 605 used in the dry etching 
process Was left unremoved on the gate. 

[0048] Boron ions Were then doped to the Whole structure 
other than the gate by ion implantation at a dopant concen 
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tration of 1014 cm_2. In this case, the gate and the photoresist 
thereon Were utiliZed as masks to avoid doping of boron ions 
to the portion under the gate. Thus Were obtained impurity 
areas, i.e., a source area 606 and a drain area 607. The 

resulting structure is given in FIG. 6(B). 

[0049] The resulting structure Was then placed in a 
vacuum vessel controlled to a vacuum of 10'5 Torr for laser 
annealing. A KrF excimer laser Was operated at a pulse 
duration of 10 nsec, an irradiation energy of 100 m], and a 
pulse repetition of 50 shots, to effect the ?lm annealing by 
irradiating a beam at a Wavelength of 248 nm. The impurity 
areas Which Were made amorphous by the ion doping Were 
thus recrystalliZed. 

[0050] The laser-annealed structure Was thermally 
annealed further in hydrogen atmosphere. The substrate Was 
placed in a chamber equipped With a vacuum-evacuating 
means. The chamber Was ?rst evacuated to a vacuum of 10-6 
Torr using a turbo molecular pump, and this state Was 
maintained for 30 minutes. Then a 99.99% or higher purity 
hydrogen gas Was introduced to the chamber until the 
pressure Was recovered to 100 Torr, to anneal the substrate 
at 300° C. for 60 minutes. The vessel Was once evacuated to 
remove the adhered gases, Water, and the like from the ?lm, 
because it had been knoWn empirically that a high mobility 
With favorable reproducibility cannot be obtained for the 
?lms having thermally annealed With those impurities being 
adhered thereto. 

[0051] Finally, a 100 nm thick silicon oxide ?lm provided 
on the top of the source and the drain areas Was perforated 
to form thereon aluminum contacts 608 and 609. Thus Was 
a complete ?eld effect transistor obtained. A channel is 
located in the activation layer under the gate electrode 
betWeen the source and the drain areas in the ?eld effect 
transistor and comprises the intrinsic or substantially intrin 
sic semiconductor crystalliZed by the KrF excimer laser. 

[0052] The measurement of C-V characteristics on this 
?eld effect transistor yielded an electron mobility of 980 
cm2/V~s for the channel forming area. The threshold voltage 
Was 4.9 V. The concentrations of oxygen, nitrogen, and 
carbon of this ?eld effect transistor Were each found by 
SIMS to be 1><1019 atoms-cm“3 or loWer. 

EXAMPLE 2 

[0053] A planar TFT Was fabricated and the electric char 
acteristics thereof Were evaluated. First, an amorphous sili 
con ?lm containing phosphorus at a concentration of 3><1017 
atoms-cm-3 Was deposited on a quartZ substrate at a thick 
ness of about 100 nm by a conventional RF sputtering 
process. The amorphous silicon ?lm having deposited at this 
thickness can be Wholly annealed by a KrF laser beam at a 
Wavelength of 248 nm. The RF sputtering Was performed at 
a substrate temperature of 150° C. under an atmosphere 
consisting substantially of 100% argon at a pressure of 0.5 
Pa. A 99.99% or higher purity argon gas Was used alone, 
Without adding other gases such as hydrogen. The sputtering 
Was conducted at a poWer input of 200 W and an RF 
frequency of 13.56 MHZ. The resulting ?lm Was etched into 
a 100 pm><500 pm rectangle to obtain the desired amorphous 
silicon ?lm. 

[0054] The ?lm Was con?rmed by secondary ion mass 
spectroscopy (SIMS) to contain each of oxygen, nitrogen, 
and carbon at a concentration of 1019 atoms-cm“3 or less. 
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[0055] A gate dielectric Was then deposited by sputtering 
on the surface of the thus obtained silicon ?lm in an oxygen 
atmosphere, at a thickness of about 100 nm. The ?lm 
deposition Was conducted at a substrate temperature of 150° 
C. and at an RF (13.56 MHZ) poWer input of 400 W. The 
atmosphere Was controlled to be substantially oxygen, and 
no other gas Was intentionally added. The oxygen gas Was of 
99.9% or higher purity, and the pressure thereof Was 0.5 Pa. 

[0056] Then, a 200 nm thick aluminum ?lm Was deposited 
by a knoWn vacuum deposition process, and Was further 
subjected to a conventional dry etching process to remove 
the unnecessary portions to obtain a gate at a Width of 100 
pm. At this point, a photoresist used in the dry etching 
process Was left on the gate. 

[0057] Boron ions Were then doped to the Whole structure 
except for the gate by ion implantation at a dopant concen 
tration of 1014 cm_2. In this case, the gate and the photoresist 
thereon Were utiliZed as masks to avoid doping of boron ions 
to the portion under the gate. Thus Were obtained impurity 
areas, i.e., a source area and a drain area, in the silicon ?lm. 

[0058] The resulting structure Was then placed in a 
vacuum vessel controlled to a vacuum of 10-5 Torr for laser 
annealing. A KrF excimer laser Was operated at a pulse 
duration of 10 nsec, an irradiation energy of 100 m], and a 
pulse repetition of 50 shots, to anneal the ?lm by irradiating 
a beam at a Wavelength of 248 nm from the back of the 
substrate. Thus Was the amorphous silicon ?lm recrystal 
liZed. In this process, the crystalliZation of the source or the 
drain area can be effected simultaneously With the crystal 
liZation of the channel forming area. The instant process is 
therefore advantageous in that a favorable boundary With a 
continuous crystallinity can be obtained With less defects, as 
compared With the process of EXAMPLE 1 in Which many 
defects Were found to generate in the boundary betWeen the 
source or drain area and the channel forming area. 

[0059] The laser-annealed structure Was thermally 
annealed further in hydrogen atmosphere. The substrate Was 
placed in a chamber equipped With a vacuum-evacuating 
means. The chamber Was ?rst evacuated to a vacuum of 10-6 
Torr using a turbo molecular pump, and then heated to 100° 
C. to maintain this state for 30 minutes. Then a 99.99% or 
higher purity hydrogen gas Was introduced to the chamber 
until the pressure Was recovered to 100 Torr, so that anneal 
ing of the substrate may be conducted then at 300° C. for 60 
minutes. The vessel Was once evacuated to remove the 

adhered gases, Water, and the like from the ?lm, because it 
had been knoWn empirically that a high mobility With 
favorable reproducibility cannot be obtained for the ?lms 
having thermally annealed With those impurities being 
adhered thereto. 

[0060] Finally, a 100 nm thick silicon oxide ?lm provided 
on the top of the source and the drain areas Was perforated 
to form thereon aluminum contacts. Thus Was the structure 
completed into a ?eld effect transistor. 

[0061] The measurement of C-V characteristics on this 
?eld effect transistor yielded an electron mobility of 990 
cm2/V~s for the channel forming area. The threshold voltage 
Was 3.9 V. The present ?eld effect transistor yielded an 
improved (loWer) threshold voltage as compared With that of 
the ?eld effect transistor fabricated in EXAMPLE 1. This is 
assumed attributable to the simultaneous laser annealing of 
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the impurity areas and the channel forming area, Which 
might have crystalliZed uniformly at the same time by 
irradiating the laser beam from the back. Furthermore, the 
drain current ratio at the ON/OFF of the gate voltage Was 
found to be 5><10°. 

[0062] The concentrations of oxygen, nitrogen, and car 
bon of this ?eld effect transistor Were each found by SIMS 
to be 1><1019 atoms-cm-3 or loWer. The Raman spectroscopy 
of the channel forming area resolved a Raman peak at a 
center Wavenumber of 520 cm_1, having a FWHM of 4.5 
cm_1. The presence of a once melted and recrystalliZed 
silicon Was evidenced by those results. 

EXAMPLE 3 

[0063] A planar TFT Was fabricated and the electric char 
acteristics thereof Were evaluated. First, about 100 nm thick 
amorphous silicon ?lm and a 10 nm thick silicon nitride 
coating thereon Were continuously deposited on a quartZ 
substrate having coated With a 10 nm thick silicon nitride 
coating by using a ?lm-deposition apparatus having tWo 
chambers. The amorphous silicon ?lm Was deposited by a 
conventional sputtering method, and the silicon nitride ?lm 
Was deposited by a gloW-discharge plasma chemical vapor 
deposition (CVD). 
[0064] The substrate Was set in a ?rst pre-chamber Which 
Was heated to 200° C. and evacuated to a pressure of 10-6 
Torr or loWer for 1 hour. Separately, an air-tight ?rst 
chamber, Which is constantly controlled to a pressure of 10'4 
Torr or loWer except for the case of ?lm deposition, Was 
evacuated to 10'6 Torr. The substrate Was transferred from 
the ?rst pre-chamber to the ?rst chamber and set therein, at 
Which point the chamber Was evacuated to 10'6 Torr or 
loWer While maintaining the substrate and the target to a 
temperature of 200° C. for a duration of 1 hour. Then, argon 
gas Was introduced into the chamber to generate an RF 
plasma to conduct ?lm deposition by sputtering. A 
99.9999% or higher purity silicon target containing 1 ppm of 
phosphorus Was used for the target. The ?lm deposition Was 
conducted With the substrate temperature being maintained 
at 150° C., in an atmosphere consisting substantially of 
100% argon gas at a pressure of 5x10‘2 Torr. No gases other 
than argon, such as hydrogen, Was added intentionally. The 
argon gas used herein Was of 99.9999% or higher purity. The 
sputtering Was operated at an input poWer of 200 W and an 
RF frequency of 13.56 MHZ. 

[0065] Upon completion of the ?lm deposition, the RF 
discharge Was cut off, and While evacuating the ?rst chamber 
to a vacuum of 10'6 Torr, an air-tight second pre-chamber, 
Which is provided betWeen the ?rst and second chambers 
and is constantly maintained to a pressure of 10'5 Torr or 
loWer, Was vacuumevacuated to 10'6 Torr, so that the sub 
strate may be transferred therein from the ?rst chamber. 
Then, an air-tight second chamber, Which is alWays main 
tained at a pressure of 10-4 Torr or loWer except for the case 
of carrying out a ?lm deposition, Was evacuated to 10'6 Torr 
to set therein the substrate having transferred from the 
second pre-chamber. The substrate Was kept at 200° C. in the 
second chamber, While the chamber Was evacuated to main 
tain the substrate under a pressure of 10-6 Torr or loWer for 
1 hour. 

[0066] Then, a gas mixture diluted With hydrogen and 
comprising a 99.9999% or higher purity ammonia gas and 



US 2002/0048891 A1 

disilane (Si2H6) gas at a ratio of 3:2 Was introduced in the 
second chamber to control the overall pressure to 10-1 Torr. 
An RF current Was applied to the chamber to generate a 
plasma therein, so that a silicon nitride ?lm might be 
deposited on the substrate. The poWer input Was 200 W, at 
a frequency of 13.56 MHZ. 

[0067] After completion of the ?lm deposition, the RF 
discharge Was cut off. While evacuating the second chamber 
to 10-6 Torr, a third pre-chamber, Which is provided at one 
side of the second chamber and having a quartZ WindoW, Was 
vacuum evacuated to 10-6 Torr, at Which point the substrate 
Was transferred from the second chamber to the third pre 
chamber. Then, a KrF eXcimer laser Was operated at a pulse 
duration of 10 nsec, an irradiation energy of 100 m], and a 
pulse repetition of 50 shots, so that a laser beam at a 
Wavelength of 248 nm Was irradiated to the ?lm to effect the 
laser annealing. Thus Was the amorphous silicon ?lm crys 
talliZed. 

[0068] The process described in the foregoing Was par 
ticularly effective for improving the product yield. By thus 
conducting continuously the laser annealing from the point 
of ?lm deposition Without substantially disturbing the 
vacuum state, a high product yield can be achieved irre 
spective of the presence of a protective ?lm on the amor 
phous ?lm. Accordingly, the process is effective on the FETs 
described in EXAMPLES 1 and 2 as Well, in Which no 
protective ?lms are provided. Assumably, the ?lms are 
maintained free from adhesion of dusts, etc., from adsorp 
tion of Water and gases, and from scratches and other 
defects. 

[0069] The process of continuously conducting the ?lm 
deposition and the annealing thereof as described above, 
may be carried out in tWo Ways. One is establishing a 
?lm-deposition chamber and separately a pre-chamber as 
described in the foregoing, and providing a WindoW in the 
pre-chamber to effect the laser annealing through this Win 
doW. The other process is similar to the ?rst, eXcept that the 
WindoW is provided to the ?lm-deposition chamber so that 
the laser annealing may be effected subsequently to the ?lm 
deposition. The latter process, hoWever, requires etching of 
the WindoW to remove the coating having adhered during the 
?lm-deposition process, since the coating adhesions make 
the WindoW translucent. Accordingly, the former process is 
favorable from the vieWpoint of its applicability to mass 
production and the maintenance costs. 

[0070] After the laser annealing is ?nished in the third 
pre-chamber, a dry nitrogen gas is introduced into the third 
pre-chamber to recover the atmospheric pressure. The sub 
strate Was then taken out from the third pre-chamber, and the 
silicon nitride ?lm having deposited thereon Was removed 
by a knoWn dry etching process. The resulting silicon ?lm 
Was etched into a 100 pm><500 pm rectangular shape. 

[0071] The concentrations of oXygen, nitrogen, and car 
bon of this ?eld effect transistor Were each 1><1016 
atoms-cm-3 or loWer, Which Were each con?rmed by SIMS 
performed on a separate ?lm fabricated by the same process. 

[0072] A gate dielectric Was then deposited on the surface 
of the thus obtained laser-annealed silicon ?lm in an oXygen 
atmosphere by sputtering, at a thickness of about 100 nm. 
The ?lm-deposition Was conducted at a substrate tempera 
ture of 150° C. and at an RF (13.56 MHZ) poWer input of 400 
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W. A 99.9999% or higher purity silicon oXide Was used as 
the target for sputtering. The atmosphere Was controlled to 
be substantially oxygen, and no other gas Was intentionally 
added. The oXygen gas Was of 99.999% or higher purity, and 
the pressure thereof Was 5x10“2 Torr. 

[0073] Then, a 200 nm thick aluminum ?lm Was deposited 
by a knoWn vacuum deposition process, and Was further 
subjected to a conventional dry etching process to remove 
the unnecessary portions to obtain a gate at a Width of 100 
pm. At this point, a photoresist used in the dry etching 
process Was left on the gate. 

[0074] Boron ions Were then doped to the Whole structure 
eXcept for the gate by ion implantation at a dopant concen 
tration of 1014 cm_2. In this case, the gate and the photoresist 
thereon Were utiliZed as masks to avoid doping of boron ions 
to the portion under the gate. Thus Were obtained impurity 
areas, i.e., a source area and a drain area, in the silicon ?lm. 

[0075] The resulting structure Was then placed in a 
vacuum vessel controlled to a vacuum of 10'5 Torr for laser 
annealing. A KrF eXcimer laser Was operated at a pulse 
duration of 10 nsec, an irradiation energy of 50 m], and a 
pulse repetition of 50 shots, to anneal the ?lm by irradiating 
a beam at a Wavelength of 248 nm from the back of the 
substrate. Thus, the impurity areas Which Were made amor 
phous by the ion doping Were recrystalliZed, that is, the 
amorphous silicon in the impurity areas Was recrystalliZed. 

[0076] The present process is similar to that described in 
EXAMPLE 1 in the point that the laser annealing is con 
ducted in tWo steps, hoWever, the present process should be 
distinguished from the previous in that the laser annealing is 
effected by irradiating the beam from the back of the 
substrate to form a continuous junction betWeen the impurity 
regions and the channel forming area. In particular, the ?rst 
laser annealing is conducted for the purpose of producing a 
?lm of high carrier mobility by effecting melting-recrystal 
liZation, Whereas the second laser annealing is conducted at 
a loWer laser output to accelerate ordering in the micro 
scopic level While avoiding melting of the ?lm, and to 
thereby reduce the resistance in the impurity area. Since the 
laser output is controlled to a loWer level, the crystalline area 
(mainly the channel forming area) having established in the 
?rst laser annealing remain unaffected in the second laser 
annealing. Furthermore, as Was described in EXAMPLE 2, 
a boundary having continuous crystallinity reduced in 
defects can be obtained betWeen the source or drain area and 
the channel forming area. 

[0077] Laser annealing by irradiation of an ultraviolet 
laser beam from the substrate surface is effective for the 
surface portion to Which the ultraviolet laser beam is irra 
diated, and is not suf?ciently effective for deeper portion, 
that is, there is a high possibility that a high mobility cannot 
be obtained in the deeper portion. Thereby production yield 
may be loWered. Laser irradiation from the back of the 
substrate is not suf?ciently effective for obtaining a high 
mobility in a portion of the activation layer in contact With 
the gate electrode. Therefore, laser annealing is carried out 
tWice in this embodiment, that is, the ?rst laser annealing is 
carried out by irradiating a laser beam to the amorphous 
silicon ?lm from the surface side thereof and the second 
laser annealing is carried out by irradiating a laser beam to 
the ?lm from the back of the substrate, to increase the 
production yield and to establish a continuous junction 
betWeen the channel forming area and the impurity areas. 
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[0078] The laser-annealed structure Was thermally 
annealed further in hydrogen atmosphere. The substrate Was 
placed in a chamber equipped With a vacuum-evacuating 
means. The chamber Was ?rst evacuated to a vacuum of 10-6 
Torr using a turbo molecular pump, and then heated to 100° 
C. to maintain this state for 30 minutes. Then a 99.99% or 
higher purity hydrogen gas Was introduced to the chamber 
until the pressure Was recovered to 100 Torr, so that anneal 
ing of the substrate may be conducted then at 300° C. for 60 
minutes. The vessel Was once evacuated to remove the 

adhered gases, Water, and the like from the ?lm, because it 
had been knoWn empirically that a high mobility With 
favorable reproducibility cannot be obtained for the ?lms 
having thermally annealed With those impurities being 
adhered thereto. 

[0079] Finally, a 100 nm thick silicon oXide ?lm provided 
on the top of the source and the drain areas Was perforated 
to form thereon aluminum contacts. Thus Was the structure 
completed into a ?eld effect transistor. 

[0080] One hundred ?eld effect transistors above Were 
fabricated. The measurement of C-V characteristics on these 
?eld effect transistors yielded an average electron mobility 
of 995 cm2/V~s for the channel forming area. The threshold 
voltage Was 4.2 V in average. The drain current ratio at the 
ON/OFF of the gate voltage Was found to be 8><106 in 
average. Each of the ?eld effect transistors thus fabricated 
Was checked Whether it had favorable characteristics on 
electron mobility, threshold voltage, and drain current ratio. 
The standard values for the electron mobility, the threshold 
voltage, and the drain current ratio Were set to 800 cm2/V~s, 
5.0 V, and 1x106, respectively. Ninety-one out of 100 ?eld 
effect transistors Were found as being favorable. 

[0081] The concentrations of oXygen, nitrogen, and car 
bon of these ?eld effect transistors evaluated as favorable 
Were each found by SIMS to be 1><1016 atoms~cm_3 or loWer. 

[0082] As described in the foregoing, the present inven 
tion provides thin ?lm semiconductors of high mobility at an 
eXcellent reproducibility. The description above Was made 
mainly on the laser annealing of a semiconductor ?lm 
having deposited on an insulator substrate made of quartZ 
and the like, hoWever, the present invention is not only 
limited thereto and can be applied to single crystal semi 
conductors such as single crystal silicon substrate Which are 
used in, for eXample, monolithic integrated circuits (ICs). 
Furthermore, in addition to the silicon ?lm Which Was 
described in great detail in the EXAMPLES, the present 
invention can be applied to a germanium ?lm, silicon 
germanium alloy ?lms, or ?lms of various other intrinsic 
semiconductor materials as Well as compound semiconduc 
tor materials. As described hereinbefore, it should be further 
noted that the term “laser annealing” , Which is used as a 
means of increasing the mobility of an amorphous ?lm, 
refers inclusively to means in Which a high density optical 
energy is used, such as a ?ash lamp annealing. Thus, it 
should be noted that a process using a high density optical 
energy for improving the crystallinity of a semiconductor 
material is Within the scope of the present invention. 

[0083] While the invention has been described in detail 
and With reference to speci?c embodiments thereof, it Will 
be apparent to one skilled in the art that various changes and 
modi?cations can be made therein Without departing from 
the spirit and scope thereof. 
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What is claimed is: 
1. A method for forming a semiconductor material com 

prising the steps of: 

forming on a surface a ?lm comprising a noncrystal 
semiconductor and containing therein carbon, nitrogen 
and oXygen at a concentration of 5><1019 atoms~cm_3 or 
less respectively; and 

melting said noncrystal semiconductor by irradiating said 
?lm With a laser beam or a light equivalent to the laser 
beam to crystalliZe the noncrystal semiconductor into a 
crystalliZed semiconductor having a peak of intensity 
of scattered light at a Raman shift of 512 cm-1 or more 
in Raman spectroscopy thereof. 

2. The method of claim 1 for forming a semiconductor 
material Wherein said light comprises a plurality of laser 
pulses. 

3. The method of claim 1 further comprising the step of 
subjecting the ?lm to thermal treatment in an atmosphere 
comprising hydrogen after said melting step. 

4. The method of claim 1 Wherein said light comprises an 
eXcimer laser pulse. 

5. The method of claim 1 Wherein the irradiation is carried 
out by eXcimer laser or YAG laser. 

6. A method for forming a semiconductor material com 
prising the steps of: 

forming on a surface a ?lm comprising a noncrystal 
semiconductor and containing therein carbon, nitrogen 
and oxygen at a concentration of 5><1019 atoms~cm'3 or 
less respectively; 

forming a protective ?lm comprising a material selected 
from the group consisting of silicon oXide, silicon 
nitride and silicon carbide on said ?lm comprising a 
noncrystal semiconductor; and 

melting said noncrystal semiconductor by irradiating said 
?lm comprising a noncrystal semiconductor With a 
laser beam or a light equivalent to the laser beam 
through said protective ?lm to crystalliZe the noncrystal 
semiconductor into a crystalliZed semiconductor hav 
ing a peak of intensity of scattered light at a Raman 
shift of 512 cm'1 or more in Raman spectroscopy 
thereof. 

7. The method of claim 6 for forming a semiconductor 
material Wherein said light comprises a plurality of laser 
pulses. 

8. The method of claim 6 Wherein said protective ?lm 
transmits said laser beam or said light. 

9. The method of claim 8 Wherein said protective ?lm 
comprises a material expressed by a formula SiNXOyCZ 
Where 0§X<4/3, 0§y§2, 0§Z§ 1, and 0<3X+2y+4Z§4. 

10. The method of claim 6 Wherein said light comprises 
an eXcimer laser pulse. 

11. The method of claim 6 Wherein the irradiation is 
carried out by eXcimer laser or YAG laser. 

12. The method of claim 11 further comprising the step of 
subjecting said ?lm comprising a noncrystal semiconductor 
to thermal treatment in an atmosphere comprising hydrogen 
after said melting step. 

13. A method for forming a semiconductor material 
comprising the steps of: 
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forming on a surface a ?lm comprising a noncrystal 
semiconductor and containing therein carbon, nitrogen 
and oxygen at a concentration of 5x1019 atoms~cm_3 or 
less respectively; 

irradiating said ?lm With a ?rst light in order to crystalliZe 
the noncrystal semiconductor into a crystallized semi 
conductor having a peak of intensity of scattered light 
at a Raman shift 512 cm-1 or more in Raman spectros 

copy thereof; 

irradiating said ?lm With a second light after the irradia 
tion of said ?rst light in order to increase the crystal 
linity thereof. 

14. The method of claim 13 for forming a semiconductor 
material Wherein said light comprises a plurality of laser 
pulses. 

15. A method for forming a semiconductor material 
comprising the steps of: 

forming on a surface a ?lm comprising a noncrystal 
semiconductor and containing therein carbon, nitrogen 
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and oXygen at a concentration of 5x1019 atoms~cm_3 or 
less respectively; 

forming a protective ?lm comprising a material selected 
from the group consisting of silicon oXide, silicon 
nitride and silicon carbide on said ?lm comprising a 
noncrystal semiconductor; 

irradiating said ?lm With a ?rst light in order to crystalliZe 
the noncrystal semiconductor into a crystalliZed semi 
conductor having a peak of intensity of scattered light 
at a Raman shift 512 cm-1 or more in Raman spectros 

copy thereof; 

irradiating said ?lm With a second light after the irradia 
tion of said ?rst light in order to increase the crystal 
linity thereof. 

16. The method of claim 15 for forming a semiconductor 
material Wherein said light comprises a plurality of laser 
pulses. 


