
·p;=nsr·· . 
200103453-7 

. ·. ·. 1 f JUN 2001 
! .. 

THIN FILM TRANSISTORS AND SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[Field of the Invention] 

This invention relate::s ro thin fllm mmsisrors using a semiconductor fihn of 

- 5 crystals that are .:vlb:tcd having various azimuths (hereinafter referred to as 

crystalline semiconductor film) as represented by a polycrystalline silicon film1 and 

a semiconductor device formed by using the above thin film transistors. In 

pahicular, the invention relates to a semiconductor film forming a channel,forming 

region, a source. region and a drain region of a thin film rransistor and to a 

10 semiconductor device mounting the above thin fihn transistors. In this 

specification, the semiconductor device refers to devices that work by utilizing 

semiconductor characteristics as a whole inclusive of display devices as represem:ed 

by a liquid crystal display device and semiconductor integrated circuits 

(microprocessors, signal processing circuits and high~frequency circuits). 

15 [Prior Art] 

There has been developed a technology for fabricating thin film transistors 

(hereinafter abbreviated as TFTs) by forming a crystalline semiconductor film on a 

glass substrate or on a quartz substrate. Application of this technology has been 

foiwarded in a field of flat panel displays as represenred by an active matri.x liquid 

ZO crystal display device. TFTs are used as switching elements in che pixels or as 

dements for forming a driver circuit formed in the peripheries of che pLxels. 

Silicon is chiefly used as a material of a crystalline semiconductor film for 

fom1ing rhe channel-forming regions, source regions, drain regions or kw,:-

iiiiU 



concentration drain (lightly doped drain: LLD) regions in aci:ive regions of TFT s. 

The silicon film having a crystalline structure (hereinafter referred to as crystalline 

silicon fih~) is formed by subjecting an amorphous silicon film deposited on a 

substrate ,by a plasm.a CVO method or a low pressure CVD method to the heat 

5 treatment or to the irradiation with a laser beam {hereinafter referred co as laser 

treatment in this specification) . 

. fa condur·ting rb~ heat treatment, however, the heating must be effected at 

a temperature of not lower than 600°C for not less than 10 hours co crystalize the 

amorphous silicon film. The above treating temperamre and the treating time are 

10 not necessarily suitable from the standpoint of productivity of the TFTs. When a 

liquid crystal display device is taken ini:o consideration as an applied product using 

TFTs, a heating furnace of a large size is necessary to cope with an increase in the 

area of the substrate, not only consuming energy in large amounts in the steps of 

production but also making it difficult ro obtain homogeneous crystals over a wide 

15 area. In the case of the laser treatment, it is difficult ro obtain homogeneous crystals 

due co che lack of stability in the output of the laser oscillator. Dispersion in the 

qualiry of crystals could become a cause <:>f dispersion in che TFT characteristics, and 

deteriorates the quality of display of the liquid crystal display devices and the EL 

display devices. 

20 There has also been proposed a technology for forming a crystalline silicon film 

through the heat creaanenr at a temperature lower than the temperatures employed 

chus far by introducing. into the amorphous silicon film, metal elementS chat assist 

the crystallization of silicon. According co, for example, Japanese Patenr: 

Application (Kokai} Nos. 7 .. 130652 and 8-78329, a crystalline silicon tllm is 

obtained by the heat treatment conducted at 550°C for 4 hours by introducing sw:h 

a metal element as nickel imo che amorphous silicon fi.lm. 
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In the crystalline silicon tl.lm fom1ed by the above conventional methods, 

however, the planes of crysrnlline azimurh exist in a random fashion, and the ratio 

of orienta.t~on is low for parr:icular crystalline azimuths. The crystalline silicon filrn 

obtained ~Y rhe heat treatment or the laser treatment permits plural crystalline:: 

5 particles to be precipil;aced and oriented on { 111}. Even when limited t0 the plane 

azimuth, however. the ratio of orientation did not exceed 20% of the whole film. 

When_ c~e !ado of orientation is low, it is almost impossible to maintain 

continuity of lattice on c:he crystalline grain boundaries where the crystals of 

different azimuths abut to each other, and it is estimated that. unpaired bonds are 

10 formed much. The unpaired bonds on the grain boundaries could become centers 

of trapping the carriers (electrons/holes) accounting for a drop in the carrier 

transport property. That is, since the carriers are scattered and trapped, a TIT 

having a high electric~field mobilicy cannot be expected despite the TFT _is 

fabricated by using the above crystalline semiconductor film. Besides, since the 

15 crystalline grain boundaries exist in a random fashion, it is difficult to fonn the 

channel,forming region using crystalline particles having a particular crystalline 

azimuth1 and electric characteristics of the TFT c~nd to become dispersed. 

SUMMARY OF THE INVENTION 

h: is an object of chis invention to provide means for solving che ab1..we, 

ZO mentioned problems, and to provide TFTs using a crystalline semiconductor film 

which is obtained by crystallizing an amorphous semiconductor film and is highly 

oriented. as w~U as co provide a semiconductor device mounting the above TFT s. 

This invention provides a TFf having a channel .. forrning region formed of a 

crystalline semiconducror film obrained by heaM:reating and crysrallizing an 
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amorphous semiconductor film containing silicon as a main component and 

germanium in an amount of not smaller chan 0.1 atomic % but not larger than 10 

awmic % (preferably, not smaller than l atomic % but nor larger chan 5 atomic %) 

while adding a metal elemem theret:O, wherein nor smaller than 20% of the lattice . 
5 plane { 101} has an angle of not larger than IO degrees wir.h respect co che surfa.c<:: 

of the semiconductor film,. not larger than 3% of the lanice plane {001} has an 

- angle ofn0r larger than IO degrees with respect to the surface of the semiconducmr 

fihn, and not larger than 5% of che lattice plane { 111} has an angle of not larger 

than 10 degrees wich respect to the surface of che semiconducror film as detected 

10 by the electron backscatter diffraction pattern method. 

The invention further provides a TFThaving a channd~forrning region formed 

of a crystalline semiconductor film obtained by hear,trearing and crystallizing an 

am.orphous semiconductor film containing silicon as a main component and 

germanium in an amount of not smaller than 0.1 atomic% but not larger than 10 

15 acomic % (preferably, nor smaller than l atomic% but not larger than 5 a comic%) 

while adding a metal element thereto, wherein not smaller than 5% of the lattice 

plane { lO l} has an angle of nor larger than 5 degrees with respect to the surface of 

che semiconduccor film, not larger than 3% of the lattice plane {001} has an angle 

of not larger rhan 10 degrees with respect m the surface of che semiconductor film, 

20 and not larger than 5% of the lattice plane { 111} has an angle of not larger chan 10 

degrees with respect to the surface of the semiconduccor film as detected by rhe 

electron backscatter diffraction pattern method. 

The invention further provides a TFf having a channel;fom1ing region formed 

of a highly oriented crystalline semiconduct~r film having a thickness of from ZO nm 

25 to 100 nm and containing nicrogen and carbon at concentrations of smaller than 5 

x 1018/cm3
, containing oxygen at a concentration of smaller than 1 x l019/cm

3
, and 
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containing rhe meral element at a concentrarion of smaller than 1 x l0 11/cm3
• 

The invemion funher prnvides a semiconductor device havino a channd-
i:-s 

forming r~gion formed of a semiconductor film obtained by heat..-trea(ing ~nd 

crysrallizi.pg an amorphous semiconductor film comaining silicon as a main 

5 component and germanium in an amount of not smaller rhan 0.1 atomic% but not 

larger than lO atomi~ % (preferably, noc smaller than 1 atomic% but not larger 

th'!!.l 5 arom.ic %) while adding a metal element thereto! wherein not smaller than 

20% of the lattice plane {101} has an angle of not larger than 10 degrees with 

respect to the surface of-che semiconductor film, not larger rhan 3% of the lattice 

10 plane {001} has an angle of nor larger rhan 10 degrees with respect to the surface 

of the semiconductor film, and not larger than 5% of the lattice plane { 111} has an 

angle of not larger than 10 degrees relative c:o the surface of the semiconductor film 

as detected by the elecrron backscatter diffraction partern mechod. 

The invention further provides a semiconductor device having a channel~ 

15 forming region formed of a sem.iconduccor film obtained by heat..-t:reating and 

crystallizing an amorphous semiconductor film containing silicon as a chief 

component and g~rmanium in ar:i amount of not smaller rhan 0.1 aromic % bur noc 

larger chan 10 atomic % (preferably, not smaller rhan 1 atomic % bur not larger 

than 5 atomic %) while adding a metal element therem, wherein not smaller than 

20 5% of the lattice plane { 10 I} has an angle of not larger than 5 degrees with respect 

to the surface of the semiconducror film, noc larger than 3% of the lattice plane 

{ 00 I} has an angle of noc larger than 10 degrees with respect co the surface of rh~ 

· semiconduct0r film, and nm larger than 5% of the lattice plane { 11 l} has an angle 

of noc large( c:han 10 degrees relative to the surface of the semiconductor film as 

25 <lececi:ed by (he eleccron backscatter diffraction pattern method. 

The invem:ion further provides a semiconductor Jevice having a channd-
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forming region formed of a highly oriented crystalline semiconJuctor film having a 

thickness of from 20 nm ro 100 nm and concaining nirrogen and carbon ar 

conce.ntra_rions of smaller than 5 x 10 13/cm3
, containing oxygen ac; a concemr.ition 

of smalle~ than Ix 10
19

/cm3
, an~ containing che metal dement ar a concentration 

5 of smaller than 1 x l011/cm3
• 

The metal element that is added is one or more of those selected from Ft!, Co. 

-Ni, Rl!, Rh, PdJ Os, Ir, Pt, Cu and Au. The amorphous silicon film to which the: 

metal element is added is hem:~rreated to thereby form a com.pound (silicide 

compound) of silicon with the metal element. This compound then diffuses co assist 

10 t:he ctySrallization. Germanium that is added to the amorphous silicon does not 

react with chis compound bur stays in the peripheries thereof to build up local strain. 

The strain works to increase the critical radius of the formation of nuclei and, 

hence, to decrease the densicy of the fonnacion of nuclei. The strain furrher limics 

the orientation of crystals. 

15 To produce the above-mentioned action, it has been learned through 

experiment that germanium needs to be added i.n an amount of not smaller than 0.1 

acomic % but nor larger than 10 atomic% (preferably, nor smaller chan l atomic % . 
but not larger than 5 atomic%). When germanium is added in amounts larger than 

the above range, nuclei are fom1ed spontaneously and conspicuously (crystalline 

20 nuclei rhat are not dependent upon the compound of the added metal elemem) as 

an alloy of silicon and germanium, making it difficult to increase the ratio of 

orientation of the obtained crystalline semiconducror film. When germanium is 

added in too small amounts, strain does not build up co a sufficient degree making 

it difficult to increase the ratio of orientation, either. 

25 When the amorphous semiconductor film is ciyscallized, the volume of the film 

contracts due w che rearrangement of acorns if viewed macroscopically. As a result. 
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tensile stress occurs in chc crystalline semiconductor film fom1~d on rhe sub!itrac~. 

Upon containing germanium having an atomic radius larger than that of silictm ar 

a concenrr_ation of O. l ro lO atomic %, preferably, 1 to 3 aromic %, however, the 

contractiqn of volume due to the crystallization is suppressed, and a small im~rnal 

5 stress occurs. That is, upon containing germanium at a concenaation as 

contemplated by this invention, the strain in the crystalline semiconductor film can 

be relaxed. 

TI1e distribution of crysralline azimuths can be found by using an electron 

backscatter diffraction pattern (EBSP). The EBSP is a merhod of analyzing the 

10 crystalline azimuth from the backscattering of primary electrons by providing a 

scanning electron microscope (SEM) with a special detector (hereinafter, this 

method is referred to as EBSP method for convenience). Fig. 2 is a diagram 

illustrating the principle thereof. An electron gun (Schottky fi.dd~effect emission 

elecrron gun) 201, a mirror 202 and a sample chamber 203 are constituted in the 

15 same manner as those of an ordinary scanning electron microscope. To measure the 

EBSP, a stage 204 is tilted at an angle of about 60 degrees, and a sample 209 is 

installed. In this state, a screen 205 of a detector 206 is inserted so as to face the 

sample. Reference numeral 207 indicates an electron beam; 208, a backscattered 

electron. 

20 Here, when an electron ray falls on the sample having a crystalline scrucrure, 

non~elastic scattering also cakes place on the back side thereof. and there can be 

also observed a linear pattern (generally called Kikuchi image) specific to the 

crystalline azimuth due to Btagg diffraction in the sample. According to the EBSP 

method, che Kikuchi image reflected on che detector screen is analyzed co find rhe 

25 crystalline azimuth of the sample. 

Fig. 3 illustrates a crystalline semiconductor film 302 of a polycrystalline 
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structure formed on a substrate 301. The crystalline scmiconJucrnr film 302 has il 

prerequisite in that each crysralline particle therein has a Jifferent crysrn.lline 

azimuth. Upon repeating (mapping) the azimuthal analysis while moving a position 

of the sample where the electron beam falls, the darn rdaceJ to rhe crvstaUine 
> . 

5 azimm:h or to the orienrat:ion can be obtained concerning rhe planar sample. l11e 

thickness of the incident electron beam 303 varies depending upon the type of the 

electron gun of the scanning electron microscope. In the case of che Schm:rky 

electric~field emission electron gullt an electton beam of as very fine as l 0 to 20 mn 

can be projected. In the mapping, more highly averaged data of crystal oriencacion 

10 are obtained with an increase in the number of the measuring points or with an 

increase in the area of the measured region. In practice, about 10000 points (a gap 

of 1 µm) to about: 40000 points (0.5 ,um) are ~easured over a region Qf 100 x 100 

µm2
• Reference numeral 304 indicates a backscattered electron. 

When the crystalline azimuths of the crystalline particles are all found by 

15 mapping, the state of crystal orientation for the film can be expressed in a statistic 

manner. Fig. 4A is a diagram illustrating back poles found by the EBSP method. 

The diagram of the back poles is frequently ~ed for displaying the preferential 

orientation of a polycrystalline substance and collectively represents which lattice 

plane a particular plane (surface of the film, here) of the sample is in agreement 

20 with. 

7~ _J 

A fan,shaped frame of Fig. 4A is usually called a standard triangle in which are 

included all indexes ot" die cubic crystal system. The length in thiS diagram 

corresponds to an angle in che crystalline azimuth. For example, an angle of 45 

degrees i.s defined by {001} and { 101}, an angle (.)f 35.26 degrees is defineJ by 

{ 101} and { 111}, and an angle of 54. 7 4 degrees is Jefined by { 11 l} anJ { 001 } . 

White dotted lines represent ranges of shearing angles of 5 degrees and lO degree; 
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from {101}. 

Fig. 4Ais the one in which all measuring points (11655 points in chisexampk) 

in the m.a~ping are plotted within the standard triangle. It will be learned that [he 

density is ~ghnear the point {101}. Fig. 4Bshows the concentration of suchpoims 

5 using contour lines. These are rhe values of an azimuth discribut:ion function; anJ 

the concentration (density of points of Fig. 4A) is represem:ed by a contour line in 

the case when a random orientation is presumed. Here, the values represent 

magnificacioru of when ir is presumed that the crystalline particles are oriented in 

a quite orderless manner. i.e., when the points are evenly distributed in che standard 

10 triangle, and are the values without dimension. 

When it is learned rhat the crystalline particles are preferentially oriented to 

a particular index (here, {101}), the ratio of the number of crystalline particles 

collected near the index is indicai:ed by a numerical value, so that the degree of 

preferential orientation can be easily imagined. In the diagram of back poles shown 

15 in Fig. 4A, for example, the ratio of the number of points present in a range between 

a shearing angle of 5 degrees and a shearing angle of 10 degi:ees from { 10 I } 

{indicated by white dorred lines in the drawing) m che cocal number of che points 

can be expressed as a ratio of orientation in compliance with the following 

formula. 

20 [Formula 1) 

{101} Ratio of orientation 

= number of measured points within an allowable angle between the lattice 

plane { l 0 l} and the film surface I t0tal nu~ber of rhe measured poincs 

This ratio can be explained in a manner as described below. When the 
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distribution is concentrated near {101} as in Fig. 4A. che inJiviJual pan:icles in a 

real film have an azimuth < 101 > nearly perpendicular co 1:he substrate as shown 

m Fig. 6 qut are expected to be arranged being fluctuared thereabout. The 

allowable yalues of the angle of fluctuation are set w be 5 degrees and l 0 Jegrees, 

5 and the ratio of chose smaller than these values arc numerically expressed. 

Refere:ace numeral 601 indicates a substrate; 602, a crystalline semiconductor tllm. 

In Fig. 5, for example1 the azimuth< 101> 505 of a given crystalline part:ide is nm 

included in an allowable range of 5 degrees 503 but is included in an allowable range 

of 10 degrees 504. In the dara appearing larer1 the allowable shearing angles are set 

10 ro be 5 degrees and IO degrees as described above, and the rario of crystalline 

particles satisfying this is expressed. Reference numeral 50 l indicates surface of a 

film; 5021 a perpendicular line of surface. 

In the diagram of back poles shown in Fig. 4A, che vercexes are { l 01}, { 111} 

and {001}, and rhe ocher plane azimuth appears as the shearing value increases 

15 relative to {101}. As the shearing angle from {101} becomes 30 degrees, then. 

{ll2} develops. When the ratio of e:x:istence of crystalline azimuth is to be 

determined by t~e EBSP, therefore, rhe allowable shearing angle must be 

determined for the crystalline particles that are distributed in a fluctuated manner 

so as nae to include other indexes. The present inventors have discovered chat rhe 

ZO ratio of existence of ccystalline particles oriented in a parr:icular azimu~h can be 

quantitatively expressed by collecting the data while setting the ailowable shearing 

angle co be smaller than 10 degrees or smaller than 5 degrees. 

BRIEF DESCRlPTION OF THE ORA WINGS 

Fig. l is a diagram of back poles of a crystalline semiconductor film of (he 
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invention found by the EBSP method; 

Fig. 2 is a diagram illustrating the const:irution of an EBSP device of i::hc 

present invention; 

Fig. ? is a diagram illustrating the concept of measuring a sample by th~ EBSP 

5 of the present invention; 

Figs. 4A and 4 Bare diagrams of back poles obtained from the EBSP dac:a of rhe 

present invention; 

Hg. 5 is a diagram illustrating shearing angles from rhe { 101} orientation of 

the present invention; 

IO Fig. 6 is a diagram illustrating the fluctuation in the < 101> azimuth of 

crystalline particles preferentially oriented near { 10 l} of the pi:esem inventioni 

Figs. 7 A.-7D are diagrams illustrating a method of forming a crystalline 

semiconductor film of Embodiment l; 

Figs. BA and 8B are diagrams illustrating a method of forming the crystalline 

15 semiconductor film of Embodiment 2; 

Figs. 9A.-9C are diagrams illustrating a method of fonning the crystalline 

semiconductor film of Embodiment 3; 

Figs. lOA~ lOC are diagrams illuscraring a method of forming the crystalline 

semiconductor film of Embodiment 4; 

20 Figs. llA and 1 lB are diagrams illustrating a step of fabricai:ing a 

semiconducror device of Embodiment 5; 

Figs. 12A-12C are diagrams illustrating a step of fabricating the semiconductor 

device of the present invention; 

Fig. l3 shows SIMS data exp~essing C, N and 0 concentrations of samples by 

using SiH4, GeH4 and H 2 gases of the present invemion; 

Fig. 14 is a graph showing Ge concentrations of samples (SGN5) anJ (SGN 10) 
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mea:mred by SIMS of rhe present invention; 

Fig. 15 is a graph illusrracing a relationship between the amounc of aJdiuon l)f 

GeH4 and the densicy of generacion of cryst:aUine nuclei of rhe presenc invention; 

Fig~. 16A and 16B show X,ray diffraction pac(erns ot samples (SN) and 

J (SGN 10} by che a ~ ze method of the present invention; 

Fig. 17 is a diagram ·Of back poles of the sample (SN) found by the EBSP 

method of the present ir. ;.·c;:ition~ 

Fig. 18 is a diagram of back poles of the sample (SN) found by the EBSP 

method of the present invention; 

10 Figs. 19A~19E are diagrams illustrating the steps of fabricating TITs of a 

CMOS scructure of Embodiment 6; 

Figs. 20A~20E are diagrams illustrating examples of electronic devices of 

Embodiment Bi 

Figs. 2IA~21C are diagrams illustrating examples of electronic devices of 

15 Embodiment 8; 

Figs. 22A~22D are diagrams illustrating an example of a projector of 

Embodiment 8; 

Figs. Z3A~23E are diagrams illusrrating a method of forming a crystalline 

semiconductot film of Embodiment 8; 

20 Fig. 24A is a graph illustrating che concentrations of me cal elements measured 

by TXRF (Total Reflection X-ray Fluorescene Spectroscopy} before and after the 

gettering treatment and Fig. 248 os a diagram explaining a measuring method of 

TXRF of Embodiment 7. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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(Embodiment Mode} 

This invencion has a feature in that che cryscallinc scmicon<luctol" film us~J <is 

the channel,forming region of a TFT is rhe one containing, as a main component. 

silicon which is highly orienc:ed on the { 101} iartice plane. According co a . . 

5 representative embodiment for obtaining the crystalline semiconductor film, a mernl 

element is introduced into the surface of an amorphous semiconducwr film formeJ 

by a plasma CVD m~i.hvd or a low pressure CVD method-bv using a gas of a 

hydride, a fluoride or a chloride of silicon atoms and germanium atoms in order ro 

assist the crystallization of rhe amorphous semiconductor film, and a crysralline 

10 semiconductor film is formed by the heat,treatment by urilizing the metal 

element. 

As the substrate for forming the crysrnlline semiconducror film. there can be 

suitably used an alkali~free glass substrate such as an alumina borosilicate glass or 

barium borosilicate glass. Typically, a #7059 glass subsrrarc or a # 1737 glass 

15 substrate of Coning Co. is used. There can be further used a quartz subsrrare ()r a 

sapphire substrate. Or, an insulating film may be formed on che surface of a 

semiconductor substrate of silicon, germanium •. gallium, or arsenic co use it as a 

substrate. 

When rhe above glass substrate is used, a blocking layer of silicon nitride, 

20 silicon oxide or silicon nitride oxide is formed between che amorphous 

semiconductor film and the glass substrate. This prevents impurity elements such -.. ·"" 

as alkali metal elements contained in the glass substrate from diffusing irn:o che 

semiconducwr film. For example, SiH1, NH3 and N2 are used as reaction gases in 

che plasma CYD method to form a silicon nitride film. Or, SiH~, N~O and NH3 are 

25 used as reaction gases w form a silicon nitride oxide film. The blocking layer is 

formed maimaining a thickness of 20 to ZOO nm. 
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The amorphous semiconductor film is formed on rhe substrate by the pb:;ma 

CVD merhod, low pressure CVD m~thod or by any otha suirnhk merhoJ. \Vhl'n 

the plasma_CVD method is applied, rhe reaction gas of SiH~ and GeH~ or rhc 

reacrion g~s of GeH, dilmed with SiH4 and H~. is added anJ introduced into the 

5 reacrion chamber and is decomposed by a high, frequency dectric discharge of l to 

200 MHz ro deposit an amorphous semiconduccor film on the subsrrate. The 

reaction gas may co nm in Si~H6 or SiF4 instead of SiH.4, or may contain GeF-l instead 

ofGeH4• Even when t:h.e low pressure CVD method is employed1 a similar reaction 

gas may be used. Preferably, the reaction gas is diluted wirh He. and an amorphous 

10 semiconductor film is deposited on the subsrrate ac a temperacure of 400 to 500°C. 

In any way, rhe gas used in this invemion is the one thac is highly purified to 

decrease the concentrations of impurity elements such as oxygen, nitrogen, carbon 

that may be trapped by the amorphous semiconductor film thac is deposited. The 

amorphous semiconductor film that is deposited has a thickness in a range of from 

15 20 w 100 nm. 

The amorphous semiconductor fUm used in this invention contains silicon as 

a main component and germanium in an amoum of not smaller rhan 0.1 atomic % 

but not larger than 10 atomic % (preferably, not smaller than 1 atomic % but not 

larger than 5 atomic%). The content of germanium can be adjusted relying upon 

20 the mixing ratio of SiHi and GeH.4 used as typical reaction gases. The amorphous 

semiconducror contains nitrogen and carbon at concentrations of smaller than 5 x 

l016/cm3 and oxygen at a concemradon of smaller than I x l019/cnr1, so thar the 

amorphous semiconductor film will nor be adversely affecced in the seep of 

crystallization and that electric properties o(che crystalline semiconduct(.)r fl.Im that 

25 is formed will not be adversely affecred. 

A meral element is imroduced into che surface of the thus formeJ amorphous 
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semiconduccor film co assist the crysrallization of the amorphou$ semiconJuct:nr 

film. There can be used one or more kinds of metal demenrs selected from iron 

(Fe), nick~l {Ni), cobah: (Co), ruthenium (Ru). rhodium (Rh). palladium (P .. l}. 

osmium (9s), iridium (Ir). platinum {Pt), copper (Cu) and gold (Au). These mcrnl 

5 elements can be used for assisting the crystallization of the amorphous 

semiconductor film in any one of the inventions disclosed in this specification. The 

same and equal effect can be obtained by using any-one of c:he above metal 

elemems. Typically, however, nickel is used. 

The portions into which the metal elements are introduced may be the whole 

10 surface of the amorphous semiconductor film, slic-like surfaces or doc-like surfaces 

ar suirable places on the surface of the amorphous semiconductor film. In the 

former case, the place· may be either rhe surface on rhe substrate side of rhe 

a~orphous semiconductor film or the surface on rhe side opposite m rhe substrate. 

In the latter case, an insulating filh1 is preferably formed on the amorphous 

15 semiconducror film, and the meral element is introduced through openings formed 

in the insulating film. There is no particular limitation on rhe size of the openings, 

but the width may be 10 w 40 µ._m. The length in the lengthwise direction may be 

arbitrarily determined tO be, say, from several rens of microns ro several tens of 

centimeters. 

20 There is no particular limitation on the method of introducing these metal 

elements and any method can be employed provided it forms a metal film on che 

·surface of the amorphous semiconductor film or inside thereof. There can be 

employed, for example, sputtering method, vaporization method, plasma processing 

method (inclusive of plasma CVD method), adsorption method oi; a method of 

25 applying a solucion of a metal sale. The plasma processing merhod utilizes the m~rnl 

demenr sputtered from a cathoJe in a glow-discharge atmo~phere. of an in~rr ~as. 
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The mechod vf applying a solution of a mc(al salt is useful since fr is easy faciliwcing 

the adjusnnenc of concentra(ion of the metal e!emenr. 

As the mecal salr, there can be used various salts. A:; the solvem, thcr<:: can 

be used ~~ater, alcohols, aldchydes, ethers or any ocher organic solvenr. or a rnixrnre 

5 of wacer and the organic solvents. Further, che solution is not necessarily the tme 

in which the metal sale is completely dissolved therein but may be the one in which 

pan: or whd~ of rhe metal salt is present in-the state of a suspension. \'X'hi::hever -

method is employed, the metal element is introduced being dispersed on the surface 

or inside of the amorphous semiconduccor film. 

I 0 After che metal element is introduced by any one of the above mechods, the 

amorphous semiconduci:or film is crystallized by utilizing the metal element. The 

cryscallization is effected by che heat treaanem, or che irradiation with an intense 

light such as laser beam, ultraviolet ray or infrared ray. The heat treacmenc only is 

enough for obraining the crystalline silicon film which is preferentially oriented in 

15 { 101 }. Preferably. however, the hear treatment is effected and, then, an incense 

light such as faser beam is projected. The laser treatment after the hear treatment 

repairs and exringuishes crystal defects left in the crystalline parddes, and i5 

effective in improving the quality of the crysrals that are formed. 

The heat i:reaonem can be conducted over a range of 450 co I000°C. The 

10 upper limit of tempera cure is considered as an upper limit of temperarure which th<:'. 

substrate rhat is used can withstand. For example, a quartz subscrate can withstanJ 

che heat creatmenr at l000°C. When the glass substrate is used. however, the upper 

limit of cemperncure must nor be higher than a discortion point chereof. When, for 

example, rhe glass substrare has a disron:ion point of 667'°C. the upper limic shoutJ 

be sec t0 be about 660°C. The required time is suitably set JepenJing upon (he 

hearing temperature and cht~ subsequent trcaring condirions {t:.g .. wheth~r chc 

16 
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treatment is effected being irradiai:ed with a laser beam.). Suicably, however. th~ 

heat treatment is conJucced <lt 550 ro 600°C for 4 to 24 hours. Wht~n (he laser 

crea cm em follows, dit~ heac trea tmenc is conducted at 500 ro 5 50°C for 4 rn 8 hours 

The hea~ trearment may be conducted in the air or in ci hydrogen acmosphere. 

5 Preferably, however, the heat treatment is conducted in nitrogen or in an inert !JO.:> 

atmosphere. 

Ti1e laser treatment is effected by using, as a source oflighr. ar. e:.:cimer hs,:r 

of a wavelength of shorter than 400 nm, or second hamtonics (wavelength of 532 

nm) ro fourrh harmonics (wavelength of 266 nm) ofYAG or YV04 laser. The laser 

10 beam is focused into a line or a spot through an oprical system and is projecred wich 

an energy density of lOO to 700 mJ/cm2
; i.e., the focused laser beam scans the 

predetermined region of the substrate co execute che processing. It is further 

allowable to use, instead of the laser, a halogen lamp, a xenon lamp, a mercury lamp 

or a mera.l halide lamp as a source of light. 

15 The mechanism of forming the crystalline semicon.duccor film having a highlv 

oriented plane { lO I} of this invention through the above steps, has not yet been 

clarified but is estimated to be as described below. 

First, the crystallization is effected by the heat treatment at 400 to 500°C 

whereby the metal elemenr: reaccs with silicon to form a silicide which serves as 

20 crystalline nuclei that contribute ro growing che crystals. For example, when nickel 

is used as a represem:acive metal element, che:re is fom1ed a nickd silicide 

(hereinafter written as NiSi2). 1l1e structure ofNiSi~ is rhac of fluorite in which a 

nickel arom is arranged between the silicon lattices of rhe diamond structure. 

\Vhen the nickel amms are removed from NiSi:, there remains the crystalline 

2 5 strncrure of silicon. It has been known from ext:ensive experimemal results chat ~ht: 

nickel atoms migra(c tow:ud du: side of amorphous silicon presumably due to rh<1c 

l I 
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che Jegree of solid solution in the amorphous silicon is high~r chan that in chc 

crystalline silicon. Therefore, thne can be establisheJ <:i modd in which nick.:;-! 

forms crys~allinc silicon while migrating in the amorphous .silicon. 

NiS~ is not particularly oriemed. When che amorphous ::iemiconJuctor film 

5 has a thickness of 20 co 100 nm, however, the NiSi1 is permitted to grow only in a 

direction in parallel with the surface of the substrate. In chis case, the energy i.$ ::he 

smaI!cst on the interface where-the .NiSi2 con~ in contact 'l.':itb r.he plane ( 1_11) of 

crystalline silicon. Therefore, rhe plane in parallel with che surface of che crystalline 

silicon film is a plane (110) and this laccice plane is preferentially oriented. When 

10 the direction of growth of crystals is in parallel with the surface of che substrate, and 

the crystals grow like poles> there exists the degree of freedom in the rotational 

direction with the po[e,like crystal as an axis, and che plane ( l l 0) is no( necessarily 

oriented. It is therefore considered that ocher lattice planes may precipitate. 

In order ro enhance the .orientation of the lattice plane { 101} of the crysrnlline 

15 semiconductor film, rhis invention has contrived means for containing germanium 

ac a concentration of 0.1 co lO acomic % as means for imposing limication on the 

direction of wtation of t:he pole,like crystals ?nd for decreasing the degree of 

freedom. 

First. it has been observed rhat the density of formation of crystalline nuclei 

20 decreases when germanium is contained in the amorphous silicon at a concemrmiun 

of 0.1 co IO atomic %. Fig. 15 shows the results rhereof wherein che Jensiry of 

crystalline nuclei decreases with an increase in the amounr of GeH~ added ac the 

rime of forming c:he amorphous silicon film, i.e., decreases with an increase in the 

concentration of germanium trapped by the amorphous silicon film. When NiSi~ 

25 that is a crystalline nucleus is fom1ed, it is considered chat rhe crystals are growing 

while expelling germanium due to a. difference in rhc interawmic distanc~. 
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Accordingly, germanium segregaces on c:he outer side of che pt)fe-like crysrab ::i11Ll 

i( is considered thac i(s presence decreases che freedom in d1e direccion of mtauon 

with the pole-like cryst3ls as axes. As a result, ic becomes possibk co obrnin ;.) 

crystallin~ semiconductor film having a highly oriemcd plane (I l 0). 

5 Next, described below is a relacionship becween the conJii:ions of formation 

and the orientation of crystals observed by the EBSP me£hod using the cr,.stalline 

-semiconductor film fom1e-d according tQ_ the invemior:. J:::scribe.d above. T abk l 

shows the conditions for fom1ing the amorphous semiconduccor film by the plasn1a 

CVD method. The high-frequency electric power i.s 0.3 5 W /cm~ (2 7 MHz) which 

10 is modulated into a pulse discharge of a recurring frequency of 10 kHz (dULy rai:io 

of 30%) and is fed to the cathode of che plasma CVD device of the flat plate type-

15 

20 

Ocher common conditions include a reaction pressure of 33.25 Pa, a substrate 

temperarnre of 300°C and a distance between electrodes of 3 5 mm. 

Table l 

Item SGNJO I SGNlO SGN5 SN 
SiH, flow rare {seem} 70 90 95 100. 

GeHAH, base 10%} flow rate (seem) 30 lO 5 0 
RF oower (W/cm1J 0.35 - - ~ 

Pulse treQu<!ncv {KHz! 10 ,,__ I - I ~ 
Oury [%1 30 ~ - .,.._ 

Pressure {Pa] JJ.Z5 - ,__ -' 
Substrate cemo (Tsub) {oCJ JOO - - -
Gao between electrodes (GAP} fmml 35 ~ ~ .,.._ 

In order co change the content of germanium relative co silicon, the mixing 

25 racio of the flow rate ofGeI-14 gas diluted into 10% with SiH,. and H! is changed in 

a manner that the tolal flow rate is constant. Under t:hc: conditions described in 

Table l. rhc flow rmc oi GeH~ dilmed inco 10% with H~ is ch.~1ngcd to 30, lO ;inJ 

! l} 
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5 seem under the t1Im-forming conditions #SGN30. #SGN lO anJ #SG>JS. The 

SiH4 hJs a puri[y of not luw<:1 i:han 99.9999%, anJ Gd-l. COnt3ins nitrogen ;:inJ 

hydrocad.J?n compounds in amounts of not larger than t pprn anJ C02 in an 

amounc qf nor larger chan 2 ppm. No GeH1 is added unJer che conaiulm #SN. 

5 The thickness of the amOlphous semiconductor film that is deposiceJ is set ro be 50 

run. for all samples. 

The contents of. nitrogen, carbon and oxyge::-:.· :::ont.ained in _the amorphous 

semiconductor film formed under such conditions are measured by the secondary 

ionic mass specuometric method (SIMS). Fig. 13 shows the results thereof. 

lO Samples used for the measurement have films laminated on the silicon subsrracc in 

order of #SN, #SGN5, #SGN 10. Under all of these film~forming conditions. the 

contents of nitrogen and carbon are smaller than 5 x 1013/cm3 and rhe conccnt of 

oxygen is smaller than I x l019/cm3
• 

The thus formed amorphous semiconduct0r films are crysrallized by using 

15 nickel as a meral element through the heat rrearmem ac 550°C in a nicrogen 

atmosphere for 4 hours and through rhe laser treatment. Nickel was added by using 

an aqueous solution containing .nickel acetate at a concenrrm:ion of 10 ppm and by 

applying it using a spinner. The laser treatmenr was conducred by using an XeCi 

excimer laser (wavelength of 308 nm). adjusting rhe irradiation energydensii:y m be 

20 300 to 600 mJ/cm1
, and ac an overlapping ratio of 90 co 95%. The laser rream1em 

is effected for crysrallizing the uncrystallized portions of che fi.lm subjected to che 

cryscaUizacion through the heat treatment and for repaidng defects in the crysrallin<.: 

parcicles. 

Defects remaining in the crystalline semiconduccor film can be cttcc£ivdy 

JecreaseJ by the hydrogenation creacment to concain hydrogen a( a concencra(lun 

of :ibout 0.01 to ! acomic %. The hydrogenacion can be et"focceJ br the heJc 

) ") _IJ 
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t:re:.ltmenc ai:: 350 tO 500°C in an acmosphere containing hydrogen. I c is alsn p<)::i.sible 

co effecc the hydrogenation by using hydrogen formed by plasm.a. The film f·.irmcd 

by the dep_osition of a tluoride such as SiF4 or GeF.; permits fluorine m remain in th1:.· 

fitm at a c;oncentrarion of 0.001 t0 l awmic % to com.pen.Sa(e for che ddeccs. 

5 Fig. l 4 shows the results of evaluating rhe germanium concencracion of the 

thus cryscallized #SGNlO and #SGN30 by rhe SIMS. The content of germanium 

for silicon. is 3.5 atomic %-in #SGNIO and is l l.O atc-:ni-: % in #SGN30. When 

calculated from rhe flow rare ratio of GeH4 relative co SiH~, germanium. is tl"ap(XJ 

in rhe film at a ratio 3 to 4 times as large as silicon. This is because, GcH~ is 

l 0 decomposed by the glow discharge requiring energy smaller than the energy required 

for the SiH4• It is therefore considered that #SGN5 contains germanimn ac a 

concentration of about 1.0 atomic %. 

Fig. l 6 shows the resulrs of measurement of a diffraction peak (220) of the 

same sample by thee , 28 method. The peak position is 4 7.466 in the sample #SN 

15 and 47 .417 in the sample #SGN, indicating a shift in the peak position Jue to the 

addition of germanium. 

Details of the crystalline azimuth are found by che EBSP method. Fig. 17 b a 

diagram of back poles of che sample #SN, and Fig. l is a diagram of back poles nf 

the sample #SGN 10. From the diagratns of back poles, it is observed that the plane 

20 { lO 1} is strongly orieme<l in the sample #SON IO shown in Fig. l. [n the S<lmpk 

#SN shown in Fig. 17, on the other hand, odencacion i..s seen on dle plane { 101 } 

and on a plane { 311} midway benveen che plane { 00 l} anJ the plane { l 11 } . As 

reference daca, further, Fig. 18 is a diagram of back poles of rhe crystalline silicon 

film formed on a q uarcz subsrrace by .the heat treacment at 600°C for ZO ho ms. In 

chis case, it is observed that rhe plane { 111} has been strongly oriemeJ. 

T:1ble 2 shows tht~ results of mien ca don ratios 1Jf { lO I } , { ()0 I } , { l l l } :rnJ 
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{ 31 l} of rhe samples in a range where (he angles of che lauice planes co the surfrKe 

of the film are nor larger than 5 Jegrees <i.nJ in a range where lhc angles of ch~ 

hutice pla1:1cs to the surface of the film ar<:' nm larger (han 10 Jegrecs based on rlh: 

diagram ~fbackpoles. In Table 2, #HS is che Jara corresponding tn Fig. 13. In rhi:; 

5 sample, the planes {J 11} and { 111} are highly oriented, i.e., 18% (noc larger rhan 

lOdegTees) and 12% {nodargerchan lOdegrees),respectively. Inthesample#SN. 

the planes -{ 10 l} and {3 1l }-are highly oriented,· As for the plane {31 l}, the 

number of the equivalent lattice planes is larger chan that of other planes from rhe 

standpoint of symmerry. With the polycrystalline substance oriented in a ranJom 

10 fashion, che probabilicy of occurrence increases correspondingly. 

Table 2 (%) 

Sample {101} {001} {111} {311} 
100 50 1100 ! 50 100 50 100 50 

#SGNJO 7 I 1 s I 2 
.., 

3 19 5 ( 

#SGNlO 31 i 14 1 01 3 I 10 3 
15 #SGNS 20 I 6 1 01 3 0 12 ... 

) 

#SN lZ 3 I 0 7 .2 15 3 
#HS 4 1 10 3 12 6 18 4 

In the samples #SGN30, #SGN 10, #SGN5 to which germanium is a<ldeJ, 

too, a tendency is exhibited, indicating a change in che oriemacion of crysrnls 

2C depending upon the concentration of germanium contained in rhe ·film.. In rhc 

samples #SGNlO and #SGNS, what draws a particular ancmion i.s chat the la trice 

plane { 101} is strongly oriem<:'ci compared with ocher lattice pl:anes. In che sample 

lfSGN 10, the oriemation ratio is 31 % wichin the shearing angle of lO degrees and 

ts l4°/i, <:Vt~n. wirhin) degrees. In the sample #SGN5, dw oril:m:iwm ratiu is .~01~h 

J ) 
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odencat:ion ratios for che lauice plane { 10 l} are not accomplisheJ wirh other 

samples co which germanium is not added. 

In r~e sample #SGN30, however, when che com~nt: o( germanium in (he film 

increases. co l l awmic %, the orientation ratio on the plane { 10 I} {_kcrcases. 

5 Therefore, what these i:esuks mean is chat there exists a suirnhle range for the 

concentration of germanium contained in che amoa:phous silicon filtn for enhancin,g 

::!-:.e orientation ratio of the-plane { lCl}, and this range nfroncemrarion is-from 0.1 

atomic % to lO atomic %. 

The crystalline semiconduccor film exhibiting a high orientation property on 

10 the lattice plane {IO 1} is obtained not only by adding germ.anium at a 

concentration in a range of from 0.1 to lO atomic %, bm also hy suppressing £he 

concentrations of oxygen, nitrogen and carbon in the film co be smaller than I x 

1019/cm3
, preferably, carbon and nitrogen to be smaller than 5 x l018/cm3 and 

oxygen to _be smaller than l x 1019/cm3
, and by selecting the film thickness in a 

15 range of 20 to 100 nm so as co produce such a synergistic effect that t:he crystals 

gi:-ow dominandy in a direction in parallel with che surface of che subsr:race. 

TI1e crystalline semiconductor film having a high oriemarion ratio on the 

lanice plane {101} can be favorably used as the channel,fom1ing region of TFTs 

and as che channel,forming region for determining properties of the demencs sue h 

20 as photo,electric conversion layer of phoco,electromocive devices. 

Next, described below is an example of fabricating TFf s by using the 

crysralline silicon film containing germanium. Figs. l 2A, 12C are diagrams 

illustrating the steps of fabrication of this invention. 

In Fig. l ZA. a crysrnlline silicon film 812 comaining gennanium is fomi.eJ on 

2 5 a substrate 810. Here, the crystalline silicon film 812 m<ly be anv one of chose 

fabricated (hrm1$:h che sreps of rhe following Embodimt.>ms I ro ~1. To fabricate.:: 
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TITs, che subscrace is etched co a predetennined size for elemenc isolation and is 

divided inro islands. \Xlhen the subsmne 810 is a glass $ubsu:ue. a blocking layer 

811 is formed. 

The insulating film 813 is used as a gate-insularing film in rhe TIT:: and is - ~ . 

5 formed in a thickness of 30 w 200 nm. The insulating film 813 is a silicon nitriLk 

oxide film formed from SiH1 and N20 by che p[asmo. CVD method or is a silicon 

nitride oxide film formed from TEOS or N20. In this embodiment, the-form.er one 

is selected and is formed maintaining a thickness of 70 nm. The insulating film 813 

may be formed by a method described in Embodiment: 5. 

10 On the insulating film 813 is formed a gate electrode 814 of an electrically 

conducting material containing one or plural kinds of demencs selected from 

tantalum, tungsten, titanium, aluminum and molybdenum. 

Referring, next, to Fig. 12B, impurity regions 816 are formed for forming 
.· ..... 

source and drain region of the TFT. The iml_?.t!rity regions 816 are fom1ed by the 

l 5 ion-doping method. \"'\1hen the TFT is of the n-channel type, an element of the 

Group 15 of periodic table as represenred by phosphorus or arsenic is added. W'hen 

the TIT is of the p-channel type, an element of the Group 13 of periodic table as 

represemed by boron is added. 

Thereafter, an inrerlayer-insulating film 817 i.s formed by a silicon nitride film 

20 or a silicon nitride oxide t1lm relying upon the plasma CVD method. The impurii:y 

element chat is added must be heac-creaced ac 350 co 500°C for being activated. 

The heat treatment is effected after the interlayer-insulating film 817 has been 

fonned co release hydrogen contained in the silicon nitride film or in che silicon 

nitride oxide film so as co be diffused in the ~rystalline silicon film 812 that conrnin.s 

25 germanium thereby to compensate defeccs in the crystalline silicon film wich 

hydrogen. ·n1creafrcr, source and drain electrodes 818 are fonned co obrnin rhe 
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TFT. 

The channd .. focming region formed of the crystalline silicon film containing 

germaniuqi and is highly oriented on the lattice plane { lO l} obtained by [he 

invention> exhibits good int:erface properties co che gace,insulating film. contains 

5 defects at a decreased density on the crystalline grain boundaries and inside chc 

crystalline particles, and exhibitS an electric .. field cffecr mobility. Though ch.:: TFT 

described above possessed a sir.g!~>drain structure, the TFT may be-formed having 

a low .. concentradon drain (LDD) structure or having a srruccure in which the LDD 

is overlapped on the gate electrode. The TFf s formed by the invention can be used 

lO as TFTs for fabricating an active matrix liquid crystal display device and EL display 

device, and as TFT s for realizing a thin film integrated circuit that substicutes for the 

LSls fabricated by using conventional semiconductor substrates. 

[Embodiments] 

The invention will be described in further detail by way of Embodiments to 

l5 which only, however. the invention is in no way limiced1 as a matter of course. 

[Embodiment l] 

The method of forming the crystalline semiconductor film described with 

reference to Figs. 7 A .. 70 are che one that execures the crystallization by adding a 

metal elemenr into the whole surface of the amorphous silicon film comaining 

20 germanium to assisc rhe crystallization of silicon. Referring to Fig. 7 A. firsc, che glass 

substrate 701 is cheone represented by che #1773 glass substrate of Coning Co. On 

rhe surface of che substrate 70 l. there is formed, as a blocking layer .702, a silicon 

nitride oxide film by using SiH4 and N.:!O by the plasma CVD mechod maintaining 

a thickness of 100 nm. The blocking layer 702 is formed so chac alkali mernb 
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contained in che glass subst:race will nm diffuse imo che se1niconJuct:0r film formeJ 

thereon. 

The ~morphoussilicon film 703 comaininggermanium is ttlm1ed by the plasma 

CVD me;hod, and is deposited on the subsmllt: 70 I by the glow-discharge 

5 decomposition while introducing the Ge~ gas diluted imo 10% with SiH4 and H: 

inco the reacdonchamber. The derailed conditions comply with Table l. However. 

- the conditions em.ployed h~re are those of #SGNS or #SGN LO or intermeJtate 

conditions thereof. The amorphous silicon film 703 containing germanium is 

formed maintaining a thickness of 50 nm. In order to minimize the contents of 

10 impurities such as oxygen, nitrogen and carbon in the germanium-containing 

amorphous silicon film 703, use is made of the Si~ gas having a purity of not lower 

than 99.9999% and the GeH4 gas having a purity of noc lower than 99.99%. The 

specifications of the plasma CVD device are such that the reaccion chamber has a 
. ::·· .-

volume of 13 liters, a composite molecular pump of an evacuacion rate of 300 l/sec 

15 is provided in the first srnge, a dry pump of an evacuat"ion rate of 40 m3
/ hr is 

provided in rhe second stage, to prevent the vapor of organic maccers from reversely 

diffusing from the side of the exhaust system, and to enhance the Jegree of vacuum 

that can be reached in the reaction chamber. so tha( impurity elements will not be 

trapped in che film as much as possible while forming the amorphous semiconductor 

10 film. 

.. r 
_) 

Referring co Fig. 7B, a nickel acetate solution containing nickel a( a 
. • . .,. 

concentration of lO ppm calculated on the basis of \.veighc ts applied by using a 

spinner to fom1 a nickel~concaining layer 704. Here, m order to inl.provc 

compacibilicy for the solution, che surface of the gennanium~containing amorphous 

silicon film 703 is treated, i.e., a very chin oxide film is formed by using an ozone· 

containing aqueous solu(ion, and the oxide film is etched wich a mixed solution of 

16 



hydrofluoric acid and hydrogen peroxide water w form a clean surface, followeJ hy 

rhe creatmem with an aqueous solution comaining ozone w form a very thin oxi1.lc 

film. The _silicon surfaces are hydrophobic in it:sdf anJ, hence. forming the oxitie 

film mak~s ic possib!e co uniformly apply che nickd acetate solution. 

5 Next, hea( treatment is effected at S00°C for one hour co release hydro.gen 

contained in the gennanium~containing amorphous silicon film. Then, che 

crystallization is effect~J by conducting the heat creaanem at 550°C for 4 hours. 

Thus, there is formed a crystalline semiconductor film 705 as shown in Fig. 7C. 

Then, in order to increase the ratio of crystallization (ratio of crystalline 

10 components in the whole volume of the film) and to repair defects remaining in che 

crystalline particles, the laser treatment is conducted, i.e., the crystalline 

semiconducwr film 705 is irradiated with a laser beam 706. An excimer laser beam. 

is used having a wavelength of 308 nm and oscillating at JO Hz. The laser beam is 

focused through an optical system into 400 to 600 mJ/cm\ and the laser trearment 

IS is effected at an overlapping rate of 90 to 95%. Thus, there is obtained a crystalline 

semiconductor film 707 shown in Fig. 7D. 

[Embodiment ZJ 

Germanium can be added ro the amorphous silicon film not only by che 

mechod of forming the film by using gases comaining elements as representeJ by 

20 SiH4 and GeHi by rhe plasma CVO method but also by a method of adding 

germanium by the ion injection method or che ion,doping method (or is also calleJ 

plasma,doping method) afcer rhe amorphous silicon film h3s b<..->en fanned. In chc 

plasma CVD method, GeH4 is preferentially decomposed wich che same high­

frequency elecnic power due co a difference in the dissociation energy between S.tH4 

25 and GeI-!4• In chis case, unless the film~forming conditions are prccisdy concrolld 
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such as employing pulse Jischar::ge, a dustei: of germanium is fonneJ in rhe 

amorphous silicon filn) making it difficult co uniformly disperse germanium. 

Figs. _8A and 8B are diagrams illustrating chc steps of adding germanium by thl:'. 

ion inject}on method or: the ion,Joping method. In Fig. 8.A.., a blocking layer 702 is 

5 fonned on a giass substrate 701 in the same manner as in Embodiment l. anJ an 

amorphous silicon film 708 is formed thereon maimaining a rhickness of 50 nm. 

Germanium ions ~;:c obtained by decomposing GeH4, <lnd are injected into the 

amorphous silicon film ar an acceleration voh:age of 30 co 100 ke V. The amount 

of addition of germanium is from 0.1 to 10 atomic %. In che ion injection method 

10 or the ion,doping method, the amount of addition of germanium is correctly 

controUed by controlling the acceleradon voltage and rhe dosage. Upon injecting 

germanium having a mass larger than that of silicon1 fine crystalline nuclei present 

in the amorphous silicon ft.Im are destroyed making it possible w obcain an 

amorphous semiconductor film which is more favorable in forming the crystalline 

15 semiconductor film. 

Thus, there is formed an amorphous silicon film 7 lO to which germanium is 

added as shown in Fig. 88. Thereafrer, a nickel acetate solurion conraining IO ppm 

of nickel on the basis of weight is applied by using a spinner to form a nickel, 

containing layer 704. Then, rhe same steps as those of Embodiment 1 are effecreJ 

20 to obtain a crystalline semiconductor film 707 as shown in Fig. 70. 

[Embodiment J] 

Described below with reference tO Figs. 9A,9C is a method of selcctivdy 

forming the metal dement that assists. the crystallizacion of che amorphous 

semiconductO( film. In Fig. 9A, a substrace 720 is the above,mem:ioned glass 

2 5 substrate or chc quarr:: substrace. Wht>n rhe glass subs(race is usl!d. a bkx:kin~ larer 
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is fonn.eJ in the same manner as in Embodiment I. 

An am.orphous silicon film 721 containing germanium may be form~J hy rhc 

plasma cyo method like in Embodimenc 1. or gemi.anium may be inno<luced by 

the ion-ir~jection merhod or by the ion-doping merhod as in Embod1mcm 2. It i:; 

5 also allowable ro employ a mechod of formation by decomposing SizH6 and GcH~ at 

a temperature of 450 to 500°C by the low pressure CVD method. 

Then, a si!fr::on oxide film 722 is formed maintaining a thickness of 150 nm o~-. -

the amorphous silicon film 72 l concaining germanium. Though (here is no 

particular limitation on the method of forming the silicon oxide film, the silicon 

10 oxide film is formed by, for example, mixing a tetra.ethyl orrhosilicate {TEOS) and 

0 2 together and under the condidons of a reacdon pressure of 40 Pa, a substrate 

temperature of JOO to 400°C1 discharging at a high frequency (13.56 MHz) and an 

electric power density of 0.5 ro 0.8 W /cm2
• 

Next, an opening portion ? 23 is formed in the silicon oxide film 72 2, and a 

15 nickel acetate solution con raining 10 ppm of nickel on (he weight basis is applied. 

Then, a nickel;concaining layer 724 is formed and comes in contact with the 

germanium-containing amorph9us silicon film 72 I on only the bottom. of che 

opening portion 723. 

The crystallization is effecred by the heat rrearment ar a temperacure of 500 

20 co 650°C for 4 to 24 hours, e.g., at 57fJ°C for 14 hours. In chis case, ch~ 

crystallization rakes place firsr at a portion of the amorphous silicon film with which 

nickel is brought in contact and, then, spreads in a direction in parallel with che 

surface of rhe substrate. Tile thus formed crysrnlline silicon film 7 25 is cons deuced 

by a collection of rod-like or needle-like crystals, each crystal growing in a panicular 

15 direction if viewed macroscopically. Thereafter, the silicon oxide film 722 i.s 

removt~d m obn1in t.he crysralline silicon film 725. 
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[Embodiment 4] 

The metal d~ment used for (he crysta!'.i::ation is remaining in rhe cry:.;calline 

silicon film formt:d according w methods described in Emlx)diments l w 3. I ( 

expressc~ in terms of an average concemration, the metal elem.enc ts remaining ::ic 

5 a concentration in excess of l x l019/cm3 though it may nor:: be unifonnly Ji:mibuced 

in the film. The silicon film in such a srace can be used as the channelJforming 

region of v::lrious semiconductor devices inclusive of TITs. More prefPr:ibly, 

however, it is desired to remove the metal element by gettering. 

This embodimem deals with a ger::rering method with reference to Figs. lOA-

IO IOC. In Fig. IOA, a substrate 730 is the glass substrate of Embodiment l Ot" 2, or is 

the quartz substrate of Embodiment 3. When the glass substrate is used, a blocking 

layer is formed like in Embodiment 1. A crystalline silicon film 7 J l may be formed 

by any one of the merhods of Embodimems l ro 3. A silicon oxid!! film 732 for 

masking is formed maintaining a thickness of 150 nm on the surface of the 

15 crystalline silicon film 731, and an opening portion 7 33 is formed therein so chac rhe 

crystalline silicon film is exposed. In the case of Embodiment J. che silicon oxide 

fi.lm 722 shown in Fig. 9A can be jusr utilized, and a step of Fig. 98 and (he 

subsequent step may be just transferred co the steps of thfa Example. Then. 

phosphorus is added by the ion-doping method to fom1 a phosphorus~added region 

20 735 having a concentration of l x 1019 co l x l0z2/cm3
• 

Referring next co Fig. lOB, the heat treatment is effecred i.n a nicrogen 

atmosphere at 550 co 800°C for 5 co 24 hours. e.g., at 600°C fot" l2 hours. Then. 

che region 7 3 5 to which phosphorus is added works as a genering site, and the 

catalycic element remaining in dle crystallized silicon film 7 31 can be segregaced in 

25 the phosphorus added region 735. 

Then, rcforrin_g ro Fig. lOC, the silicon oxide fihn 7 3 2 for masking and th~ 
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region 7 3 5 co which phosphorus is added arc removeJ hy etching. m obtain rh~ 

crystalline silicon film 7 36 in which the concentration of the mewi eh:rnenc t1:>ed 1n 

the step of crystallization l$ Jecreased dmvn m smaller [han l x l01;/crn 5
. 

[Embodiment 5 j 

5 This embodiment deals with a mechod chat can be favorably utilized for the 

TFTs ::in<~ che like by decreasing defects in che.crysralline particles or by low~ri~g che 

level of interface to che insulacing film. A crystalline silicon film 80 l containing 

germanium shown in Fig. l lA may be che one formed in Embodiment 3. Further, 

the crystalline silicon film 80 l containing germanium may be che one subjected to 

10 the gectering described in Embodimenc 4- fn chis em.bodiment, however, che 

substrate must have a heat resistance of at least about 700 to 1000°C and, hence, 

che quartz subscrace 80 I is employed. 

An insulating film 803 on che germanium-conraining crystalline silicon tllm 

802 is fom1ed of a material containing silicon oxide as a chief component. For 

15 example, a silicon oxide film or a silicon nitride oxide film is formed by che plasma 

CVD method maintaining a thickness of 50 nm. 

The heat treatment" is effected in a state where the insulating film 803 is 

formed in a!l atmosphere containing halogen (typically chlorine) and oxygen as 

shown in Fig. l l B. In chis embodiment, the heat rreacmenc is effected at 950°C fr}r 

20 JO minutes. T11e treating cemperacure may be sdecced in a range of from 700·ro 

l l00°C, and the treating time can be selected in a range of from lO minuces co S 

hours. 

Due co the heat creacment, an oxide film 804 of about 20 run is formed on (he 

interface between the germanium-comaining cryscalline silicon mm 802 and che 

25 insulating mm 803, and ;). germanium-containing crysrallinl~ silicon lihn 805 t:-i 
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formed having a decreased thickness. Impuricy elements and, particularly, metal 

impurity elements contained in the insuladng film 803 anJ in the germanium-

coru:ainin~ crysrnlline silicon film 802 in rhe srep of oxidation in a halogen 

atmosphere, form a compound together wirh halogen and can, hence, be removd . 
5 in the gaseous phase. TI1e mrerfoce between che oxide film 804 anJ the germanium­

containing crystalline silicon film 805 obtained through che above processing, has 

a low imerfacial level density and is vei:y. favorable. 

[Embodiment 6] 

This embodiment deals with a case of forming a CMOS-type TIT by 

10 combining an n.-channel TFT 920 and a p-channel TFT 9 21 in a complementary 

manner with reference to Figs. 19A~ 19E. 

In Fig. 19A, a crystalline silicon film containing germanium is formed on a 

substrate 901. The crystalline silicon ftlm containing germanimn may be any one 

formed by rhe steps of Embodiments 1 to 4. A blocking layer 902 is fom1ed when 
~ 

15 the substrate 901 is a glass substrate. The crystalline silicon film. containing 

germanium Ls etched co a predetermined size for element isolation, and island-like 

semiconductor layers 903 and 904 are formed. 

A first insulating film 905 is utilized as a gate~insulating film for the TFT, and 

is formed maintaining a thickness of 30 to 200 run. The first insulating film 905 is 

20 a silicon nitride oxide film formed ofSiH.1and N~O or is a silicon nicride oxide tllm 

formed of TEOS and N~O by rhe plasma CVD method. This embodiment selects 

the former film formed maintaining a thickness of 75 nm. Further, the tirsc 

insulating film 905 may be foi:med by the method of Embodimem 5. 

On the first insulating film 905 are formed gare electrodes 906, 907 of an 

l.5 electrically conducting mace rial containing one or plural kinds ofdemern:s sdecrd 
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from tanrnlum, tungsten, titanium, aluminum and molylxienum. 

Reforring next to Fig. I 98, phosphorus is doped by che ion~Joping med10J co 

form an LOO region in then-channel TFT 920. Phosphine (PI-i3) that is Jilutcd 

into 0.1 co 5% with H, C:; used as che Joping gas. The doping condi(ions will be . - . 

5 suitably detem1ined. Here, however, the first impuriry region 908 formed in c:!ach 

of the semiconductor layers 903 and 904 will have an average concemradon of from 

I x 1017 co I x 1019/cm3
• At this moment, che gate electrodes 906 and..907 work as 

masks against phosphorus chat is doped, and the impurity region 908 is formed in 

a self .. aligned manner. 

10 Referring next co Ftg. 19C, a mask 909 is formed by using a phororesisr, and 

is doped again with phosphorus by the ion.-doping method. Due ro this doping, the 

second impuriry cegions 910 and 912 have an average phosphorus concentration of 

from 1 x 1020 to l x 1021/cm3
• Thus, the first impurity region 911 fom1ed in the 

semiconductor fayer 903 serves as the LDD region, and che second impurity region 

15 910 serves as source and drain regions. 

In the p-channel TFT921 as shown in Fig.190, a mask 913 is formed by using 

a photoresist. and the semiconductor layer 904 is Jope<l with boron. Diborane 

(B~Ho) diluted into 0.1 to 5% with H2 is used as the doping-gas. A chird impurity 

region 914 formed in the semiconductor layer 904 is added wich boron in an amount 

20 l.5 tO 3 times as much as rhe phosphorus concentration for being inverted from che 

n-cype inco che p-rype, and, hence, has au average con.cemratiou of from l.5 x 1020 

co 3 x 1021/cm3
• Thus, che third impurity region 914 formed in the semiconduccor 

layer 904 serves as source and drain regions of che p-channel TFT 92 l. 

Then, an interlayer-insulating film 91_5 is fom1ed by a silicon nitride film anJ 

15 a silicon nitride oxide film formed by the plasma CVD method. Further, the 

impmicy demencs that are added muse be heat,trcatcd at J50 to 500°C for bein_g 
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activated. The heac ueacment is effecced after the incerlayt::r-insulming film 9 I 5 hJs 

been fonncd to release hydrogen comained in the silicon nirriJ~ film ;mJ in lhe 

silicon nit:ride: oxide film so as co be Jiff1.1sed in the semiconducwr laye{S 903 anJ 

904 m e~ecute the hydrogenauon, lhereby to compensate for rht: defoC(S in the 

5 semiconducto( and in the imerface thereof. Furcher, source and Jrain dectroJcs 

916 and 917 are formed to obtain the TFT. 

Channel-forming regions 918 and 919 are formed of t_he germanium­

containing crystalline silicon film which is highly oriemed on the lattice plane 

{IO l}. Such channel-forming regions have good interface pwpenies relative co the: 

10 gate~insulating film, have a decreased defect density in the crystalline grain 

boundaries and in. che crystalline particles, and make ic possible to obtain a high 

field-effect mobility. 

Through the above steps, there is obtained a CMOS~rype TIT in which the 

n-channel TFT 920 and the p-channel TFT 921 are combined roge(her in a 

15 complemem:ary manner. The n--channel TFT 920 has an LDD region fonneJ 

between c:he channel-forming region and the drain region, and prevents the 

concenrration of electric field a~ the drain tenn.inal. The above C~·fOS~cype TFTs 

make ir possible ro form a liquid crystal display device of the active matrix type or 

a drive circuit of the EL display device. Ic is further allowable co <ipply i:he n-

20 channel TFT or the p~channel TIT to the transistor for fom1ing pixel portions. le 

is further possible to use the transiscor as che TFT for realizing a chin film integrateJ 

circuit ro subscimce for the LSis that have hererofore been produced by using rhe 

conventional semicon<luct0r substrates. 

{Embodiment 7} 

25 Metal elements used for the crystallization are remaining in die crystallin~ 
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silicon film formed according to the methods explained in Embodiments I m 3. 

This embodiment deals \•.:ith a method of removing the n1ernl element in a m<.1nn<.:r 

difforcnc f~om (hat ot EmboJimenc 4. The method consist:s of removing the rnetal 

den1em ~Y the !teat ueaunem from the cryscallized silicon film forrneJ by adding 

5 the metal element by using, as a gem:ring sic:e. a semiconducmr film containing a 

rare gas element or a semiconductor film co which the rare gas demcm is adJeJ. 

The method will now be described with reference to figs. 23A.::2JE. 

Ffrst, a crystalline silicon film which is highly oriented on the plane fl 01 J is 

obtained by any one of the methods of Embodiments I w 3. Reference numeral 

10 2000 denotes a substrate having an insulating surface, and 2001 denotes an 

underlying insulating film comprising an insulating film such as silicon oxide film, 

silicon nitride ftlm or .silicon nitride oxide film (SiOxNy). Here, a glass substrate is 

used, and the underlying insulating film 200 l is the one of a two, layer structure of 

a laminate of a first silicon nicride oxide film of a thickness of 50 to 100 nm formt:!d 

15 by using Sif-4, NH3 and N~O as reaclion gases and a second silicon nitride ()Xide film 

of a thickness of 100 w 150 nm formed by using SiH4 and N~O as reaction gases. 

le is further desired w use a single layer of silicon nitride film as an underlying 

in:sulat:ing fi1m 2001. Use of rhe silicon nitride film exhibits the effect as a blocking 

layer that prevents che alkali meral conrnined in the glass substrate from diffusing 

20 into the semiconduci:or film that will be formed later, as well as the effect of 

enhancing the gettering effect in a gec:rering step thar will be effected lacer. A( the 

time of genering. nickel rends to move into a region of a high oxygt:n concenrta(ion. 

Therefore, very greac effect is obtained in using the underlying insulacing film in 

contact wich the semiconductor film as- the silicon nitride film. It is fon:her 

allowable to use a laminated layer structure in which rhe silicon nitride oxide film 

and rhe silicon nitride film are successively lmninaLeJ. Or, (h.ert! may be useJ a 
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three-layer structure in which the first si.licon nir:ride oxide film. rhe second silicon 

niaide oxide film anJ che silicon nitride film are successively laminateJ. 

Next, an amorphous semiconductor film is formed on chc underlying insulatin_g 

film by the: plasma CVD method, low pressure thern1al CVD rnethoJ or spunering 

5 method, followed by the crystallization described in Embo<limenr l ro form a 

crystalline silicon film 2002 containing gem1anium (Fig. 23A). 

ln this embodiment, the amorphous silicon film containing -germaniurn is 

formed by the plasma CVD method, the Gef-4 gas diluted imo 10% with SiH1 and 

H2 is introduced into rhe reaction chamber, decomposed by glow electric discharge 

10 and is deposiced on the underly;ng insulating film 200 I. On the surface of the dms 

obtained germanium,containing amorphous silicon film is formed a very thin oxide 

film by using an ozone-comaining aqueous solution. The oxide film is then removeJ 

by etching wich a mixed solucion of hydrofluoric acid and hydrogen peroxide warer 

to form a clean surface. Then, a very thin oxide film is formed again by che 

15 treatment with the ozone~containing aqueous solution. Thereafter, a nickel acetate 

solution conraining IO ppm of nickel calculated on the basis of weighc is applied 

onto the whole surface thereof by u~ing a spinner co thereby form a . nickel~ 

containing layer. Next, the heat rreatmenc is effected at 500°C for one hour to 

release hydrogen contained in the germanium-conrnining amorphous silicon film. 

20 TI1en. the heat rreatment is conducted in an annealing furnace at 5 50°C for 4 hours 

ro effect rhe crystallization. 

The crystallization may be effected by the irradiation with an incense light from 

a lamp source of light such as halogen lamp, meral halide lamp, xenon arc lamp. 

carbon arc lamp, high,pressure sodium lamp or a high~pressure mercury lam.p in 

25 place of the heat treatment using the annealing fumace. \Vhen the lamp sourc~ ol 

ligh( is used. rhe lamp source of lighc for heating is mainrnin<~d turned on for 60 w 
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240 seconds and, preferably, foi: 110 co 150 seconds t0 heat the film at 650 to 7 S0°C 

and, preferably, 3( 700°C. 

Thus! the amorphous silicon film comaining germanium ~ crystallizeJ w 

ob(ain the crysrnlline silicon film 2002 containing germanium. During [he gecr.ering, 
.. 0 0 M 

5 nickel tends to migrate into a region where the oxygen concentration is high. lt is 

therefore desired that the oxygen concentration in the gennanium~com:aining 

c-cystalline silicon film 2002 is se!: t:0 be not larger than 5 x 10·18-/.cm3
• 

After the above crystallization, further, the segregated mernl elemencs may be 

removed or decreased with an etchant containing hydrofluoric acid, such as dilured 

10 hydrofluoric acid or FPM (mixed solution of hydrofluoric acid, hydrogen peroxide 

water and pure wacer). When the surface is erched with the erchanc containing 

hydrofluoric add, further, it is desired to flatten the surface by the irradiation with 

an intense light from the above lamp source of lighr. 

Afrer the above crystallization, further, rhe film may be irradiated with an 

15 intense light such as laser beam or light from a lamp source of light to further 

improve the crystallization. The laser beam may be an cxcimer laser beam having 

a wavelength of not longer than 400 nm, or t~1e second harmonics or the third 

harmonics of the Y AG laser~ After the irradiation with an intense lighr such as che 

laser beam or lighr from the lan1p source of l.ighr for improving the crystalli;;arion, 

20 the segregated metal element may be removed or decreased· with the etchanr 

containing hydrofluoric acid. Or, the surface may be flattened by rhe irradiation 

with an intense light from che lamp source of light. 

Next, the gertering is effected to remove the mecal elements contained in the 

. germanium;containing crystalline silicon film 2002. First. a barrier layet" 2003 is 

25 formed on rhe crystalline silicon film containing germanium. As the barrier layer 

2003, there is formed a porous film which pennits rhe metal element (chiefly nickd 
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in (his case} to pass chrough w the gettering site but which Joes not permir chc 

etching solution used in the step of removing che geuering sice to infih:r<:1ce chercin. 

Here, there may be used a chemical oxide film formed by the tn::atmenc wirh ozone 

wacer and a silicon oxide film (SiOx}. ln this specification, the film having :>uch 

5 proper{ies is particularly referred co as porous film. Further, the harrier layer 2003 

may be very thin, and may be a spomaneously oxidized film. or may be an oxide film 

--oxidized by generating ozcnc by the irradiation with- ulrcaviolet niys in an 

atmosphere containing oxygen. 

Next, a semiconducror film 2004 is fottned on che barrier layer 2003 ro work 

10 as a gertering site in a subsequent treatment of gettering {fig. ZJB). Til.e 

semiconductor film 2004 is the one having an amorphous structure formed by the 

plasma CVD method, low pressure thennal CVD merhod or, ·preferably, sputtering 

method. The semiconductor film 2004 has a thickness of 50 co 200 nm and, 

preferably, 150 nm. In the subsequent treatment of gettering, nickel cends to 

15 migrate into a region having a high oxygen concencration. It is therefore desired 

that the semiconducwr film 2004 contains oxygen (at a concennation of not lower 

than 5 x 1015/cm3 and. preferably, not lower than 1 x 10i9/cm3 as measured by the 

SIMS analysis) ro improve the ger:rering efficiency. There is further foi:med a 

semiconductor film containing a rare gas elemem ac a concentration of 1 x 1 o~.:i /cm 3• 

20 The most preferred method of forming the semiconductor film is such rhac 

silicon is used as the target by rhe sputtering method, and a rare gas is used as che 

sputtering gas. According ro the sputtering method, the pressute is decreased at the 

time of forming the film SO" char che rare gas is easily trapped in the semiconducwr 

fi.lm. This makes it possible co fonn a sem~conduccor film containing che rare gas 

25 demenc at a concentration of l x lOwco 5 )( l011/cm3 and, preferably, l x l02~ tO l 

'l j x 10- /cm. 
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The rare gas element is one or plural kinds of chose sdecteJ from He, Ne. Ar, 

Kr and Xe. Upon injecting (he ions chereof imo rhe semic<.1nJuctor film h-:ing 

accderateJ in an electric field, it is allowed to form a gem:nng site while fonnm~ 

Jangling bonds and lau:ice Jiswn:ions. Among chem, it is Jesird m use che Ar .~as 

5 which is cheaply available. The nearing rime for adding the rare gas demenr m;:i~· 

be as shon: as about one mi.nuce or cwo minutes, enabling che rare gas element llf a 

high concem:ration to . be added tO rhe semiconduci:or film. Therefore, che. 

throughput is strikingly improved compared with che genering using phosphorus. 

In addicion co the rare gas element, there may be furcher added one or plural 

to kinds of elements selected from H, H.?• 0, O!, P and B. Upon adding plural kinds 

of elements, me gettering effect is obtained in a synergistic way. 

Thereafter, the gettering is effected by the heat treacmenc or by bdng 

irradiated with an inc~~e light from a lamp source of light. When che gettering is 

to be effecred by the heat treatment, the hear treatment may be executed in a 

15 nitrogen atmosphere ar 450 to 800°C for I to 24 hours, for example, at 500°C fo( 

4 hours. Further, when che geccering is to be effected by rh~ i.nadiacion wirh an 

imense light fro~ a lamp sour(:e of light, the lamp source of light for heacing is 

mainrained wmed on for lZO to 300 seconds and, preferably, for 180 seconds w 

conduct che heat treatment at 650 to 750°C. 

20 Due to the gectering, nickel migrates in the direction of arrows (vertical 

direction) in Fig. 230 whereby the metal elements arc removed from the 

gem1anium~containing crystalline silicon film 2002 covered by the barrier layer 2003 

or the concemration of the metal element decreases. Compared co the ge1:te1ing 

using phosphorus, the gettering by che addition of a rare gas demenc ts very 

effective, enabling the addition co be etfecced at a high concemration. e.g., l x W~0 

w 5 x 1021/cm>, <lnd, hence, em1hliug rhc mernI dcmenr m be: adi.foJ man incrt:<i~d 
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amoum for executing the crystallization. llun is, upon incrt:'asing t:he amount (lf 

addition of mernl element for che crysi:allization. (he crystalli~acion can be t:ffcctcd 

in a further shortened period of tin1e. When (he (imc for crysrnlli:ation is nnc 

changed, xhe met:al demem added in an increased amount makes it po:::siblc to 

5 further lower the temperature for crystallization. Upon adding rhe mernl ekmenr 

in an increased amounr for the crystallization, further, nuclei are spontaneottsly 

generated i.n decr~a!ied amourns and ir is allowed-to form a favorable crystalline 

semiconductor film. 

After the above gettering treatment, the gectering sire 2005 which is rhi:: 

10 semiconductor film is selectively removed by etching. The etching method may be 

dry etching using CIF; but not using plasma, or wet etching using an alkali solution 

such as an aqueous solution containing hydrazine or tetraerhylammonium hydroxide 

(chemical fonn.ula, (CH3) 4NOH)). Here. the barrier layer 2003 works as an etching 

stopper. The barrier layer 2003 may then be removed with hydrofluoric acid. 

15 Thereafter, the germanium,containing crystalline silicon film is etched imo a 

desired shape to form a semiconductor layer 2006 isolated like an island (Fig. 23E). 

Figs. 2 4A and 24B show the results of measuring the concentration of a metal 

element (nickel here) before and afi:er the gettering creacmenc: (by the (otal 

reflection X,ray fluorescence spectroscopy (TXRF)}. As shown in Fig. 248, the 

20 TXRF is a measuring method according to which an X,ray beam is permitted to be 

incidenc on the surface of the film at a very shallow angle m detect the X-ray 

fluorescence emitted by impurities such as metal elements. The TXRF gives Jata 

chiefly from a depth of 3 to 5 nm from the surface, and makes it further possible co 

estimate the concentration of nickel.remaining in the crystalline silicon film. The 

25 sensitivity of detection is nearly 1010Jcm2
• 

[n Fig. 24A, rhc ordinate represencs the concencration of nickel. The Jaca of 
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the sample wichouc che geuering treatment include a value of 5 x l012 (arbiuory 

value). However, che samples subjected co the genering trearmcnt exhih1r smaltn 

values, frQrn. which it is learned that the nickel concemrarion in tht'. crysral!ine 

semiconquccor film is decreased down to abouc one-hundredth th.rough chc 

5 gecrering crearment. When the gettering rrearmencs conducted ac temperatures of 

450°C and S00°C are compared co each ocher, it will be learned chat the nickel 

concentration is !owered more in rhe case of 500°C. 

The germanium~conraining cryscalline silicon film obtained in chis 

embodiment: is highly oriented on che plane [101J and contains metal elements ar 

IO concentrations that are sufficiently low in rhe film, and makes it possible co lower 

the off current in the TIT characteristics. 

[Embodiment 8] 

The semiconductor device of this invention can be applied to the circuits to 

substitute for the display devices and integrated circuits of a variety of electronic 

15 devices and co subsritut:e for t:he conventional integraced circuirs. Such 

semiconductor devices include porrabl~ data terminals (electronic not:ebook. mobile 

computer, cell phone, ere.), video camera, still camera, personal computer, TV an~I 

projector. Their examples are shown in Figs. 20A to 220. 

Fig. 20A shows a cell phone which comprises a display panel 2701. an 

20 operation panel 2702 and a connection portion 2703, the display panel 2701 

including a display device 2704, a voice output unit 2705 and an antenna 2709. 

The operation panel 2702 includes operation keys 2706, a power source switch 

2707, a voice input unit 2708, etc. This invenrion forms the Jisplay device 2704. 

Fig. 20B shows a video camera which comprises a main body 9101, a display 

25 device 9102, a voice inpur unit 9103, operation swicches 9104, a barrery 9105 and 
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a piccure unit 9106. The invention can be applied m the display device 9102. 

Fig. 20C shows a mobile computer or a porcablc darn (erminal which is 

constitute? by a main body 9201, a camera unit 9202, a picture unit9203. opaarinn 

switches ?204 and a display device 9205. The semiconductoi: device of chis 

5 invention can be applied co rhe display device 9205. 

Fig. 20D shows a TV receiver constituted by a main body 940 l, a speaker 

9402, a di.Splay device 9403, a receiver unit 9404 and an amplifier unil'. 9405. The 

invention can be applied to the display device 9403. 

Fig. ZOE shows a portable notebook constituted by a main body 9501, display 

IO devices 9503, a storage medium 9504, operation switches 9505 and an antenna 

9506, which is used for displaying data scored in a mini~disk (MD) or in a DVD and 

for displaying data received by the antenna. The invention can be applied to the 

display devices 9503 and to the storage medium 9504. 

Fig. 2 lA shows a personal computer constituted by a main body 9601, an 

15 image input unit 9602, a display device 9603 and a keyboard 9604. The invencion 

can be applied co the display device 9603 and to various integrated circuits 

contained therein. 

Fig. 2 lB shows a player using a recording medium recording a program 

(hereinafter referred ro as recording medium), which is constituted by a main body 

20 9701, a display device 9702, a speaker unit 9703, a recording medium 9704 and 

operation switches 9705. This device uses a DVD (digital versatile disc) or a CD 

as a recording medium, with which the user can enjoy appreciating music, movies, 

or playing games or incemet. The invention can be applied to the display device 

9702 and to various imegraced circuits contained therein. 

Fig. 21C shows a digital camera constirnted by a main body 9801, a display 

device 9802, an eyepiece unir9803. operation switches 9804 and a picture unit (nor 
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shown). The invention can be applied to the display device 9802 and w variou.s 

integrated circuics contained therein. 

Fig. 2_2A shows a from-rype projector constituted by a projector 3601 anJ a 

screen 36Q2. The invention can be applied to the projecrnr 360 l and (O othc( .signal 

5 control circuics. 

Fig. 22B shows a rear-rype projector constituted by a main body 3701, a 

projectoc3702, a mirror 3703 and a-screen 3704. The invent:i.011 .... it-n be applied m 

the projeccor 3702 and other signal control circuits. 

Fig. 22C is a diagram illustrating srrucrures of the projectors 360 l and 3 702 in 

10 Figs. 22A and 22B. The.projectors 360 l, 3702 are constituted by an optical system 

380 I of a source of light, mirrors 3802, 3804 to 3806, a dichroic mirror 3803, a 

prism 3807, a liquid crystal display device 3808, a phase difference plate 3809 and 

a projection optical system 3810. The projection optical system 3810 is constituted 

by an optical system inclusive of a projection lens. Though this embodiment shmvs 

15 an example of the three-plate type, there may be employed the one of the single­

plate type without being limited thereto. In the oprical paths indicated by arrows 

in Fig. 22C, further, the user may suitably provide an optical system such as an 

optical lens, a film having a polarizing function, a film for adjusting the phase 

difference or an IR film. 

20 Fig. 220 is a diagram illustrating che structure of the oprical system 380 l of the 

source of light in Fig. 2ZC. In this embodiment, the optical system 380 l of the 

source of light is constituted by a reflector 3811, a source oflight 3812, lens arrays 

3813, 3814, a polarizer/convener elemenc 3815 and a focusing lens 3816. The 

optical system of che sourceoflighrshown i~ Fig. 220 is only ane:xarnple, and is noc 

25 particularly limited thereto only. For example, che user may suicably provide the 

optical system uf t:ht! source oflight with an optical syscem. such as an optical IL'.n:i. 
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a film having a polarizing func£ion, a film for adjusting the phase difference t)r an IR 

fiim. 

Tho1:1gh noc diagramed. rhe invention can be {un:her applid as a Jispbv 

device tq navigation systems as well as m refrigerators, washing machines, 

5 microwave ovens and fixed telephones. Thus, the invention finds a very wide range 

of applications and can be applied to a variety of products. 

· As described above, rhis invention makes it possiLle cv 0Ltain a crystalline 

semiconductor film by heat~trearing and crystallizing an amorphous semiconductor 

film containing silicon as a main component and germanium in an amount of not 

10 smaller than 0.1 atomic% but not larger than 10 atomic% (preferably, nor smaller 

than I atomic% but not larger than 5 amtnic %) while adding a meral ~lemenr 

thereto, wherein not smaller than 20% of the lattice plane { 10 I} has an angle of 

not larger than 10 degrees with respect to rhe surface of the semiconductor film, not 

larger than 3% of rhe lattice plane {001} has an angle of not larger than 10 degrees 

15 with respect to the surface of the semiconductor film, and not larger than 5% of the 

lattice plane { 1 l l} has an angle of not larger than 10 degrees with respect ro che 

surface of the semiconduccor fill? as detected by the electron backscatter diffraction 

pattern mei:hod. By using the above crystalline semiconductor film, ic is allowed to 

form a channel~fonning region of a thin film transistor. 

20 The TITs using the crystalline semiconductor film having a highly oriemed 

lattice plane { 101} can be used for fabricating accive matrix liquid cryscal display 

devices and EL display devices, and for realizing thin film integtated circuits t0 

substitute for the LSis that are produced by using the conventional semiconducmr 

subscrates. 
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WHAT IS CLAIMED IS: · 

l. A_thin film transistor comprising: 

, ac: leasi: a channel forming region in a crystalline semiconductor film 

comprising silicon, 

wherein not smaller than 20% of a larcice plane { 10 l} of i:he cryscailin~ 

semiconductor film has an angle of nor larger r:han i.0-"degrees with respect t(.) a 

surface of the crystalline semiconductor film, noc larger than 3% of a lattice plane 

{001} of the crystalline semiconductor film has an angle of not larger than 10 

degrees with respect to the surface of the crystalline semiconducrnr fi.ln.1, not larger 

10 than 5% of a lattice plane { 111} of the crystalline semiconductor film has an angle 

of not larger than 10 degrees with respect co the surface of the semiconductor film 

detected by an eleco:on backscatter diffraction pattern method. 

2. A thin film cransiscor comprising; 

at least a channel forming region in a crysralline semiconductor film 

l 5 comprising silicon, 

wherein not smaller than 5% of a lattice plane { 10 I} of the crystalline 

semiconductor film has an angle of not larger than 5 degrees with respecr to a 

surface of the crystalline semiconductQ( film, not larger than 3% of a lattice plane 

{001} of the crystalline semiconductor film has an angle oi not larger i:han 10 

20 degrees with respect to the surface of the cry~~lline semiconductor film, not larger 

than 5% of a lattice plane { 111} of the crystalline semiconductor film has an angle 

of not larger than 10 degrees with respect to the surface of che crysi:alline 

semiconducror film detected by an electron b:acksca1:cel" diffraction panem 

method. 
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3. A thin film transistor comprising: 

at least a channel forming region in a crystalline semiconJuctor film 

comprisin~ silicon, 

wherein nm smaller than 20% of a lattice plane { 101} of (h~ crysrnlline 

5 semiconductor film has an angle of not larger than IO degrees with respect to a 

surface of the cryscalline semiconducror film, not larger than 3% of a lattice plane 

{001} of the crystalline-semiconductor film has an ·afi.gle of nor larger than 10 

degrees with to the surface of the crystalline semiconducror film, not larger than 5% 

of a lattice plane { 111} of the crystalline semiconductor film has an angle of nor 

10 larger r:han 10 degrees with respect co rhe surface of rhe crystalline semiconducror 

film detected by an electron backscatter diffraction pattern method, 

wherein the crystalline semiconductor film comprises nitrogen and 

carbon each at a concentration smaller than 5 x 1018/cni.3, an<l oxygen at a 

concentration smaller chan Ix 1019/cm3 
.•.. 

15 4. A thin film transistor comprising: 

at least a channel forming region in a crysralline semiconductor film 

comprising silicon, 

wherein not smaller than 5% of a lattice plane { 10 I} of the cryscaHine 

semiconduct0r film has an angle of not larger than 5 degrees wich respect co a 

:ZO surface of rhe crystalline semiconductor film, not larger than 3% of a lattice plane. 

{001} of the crystalline semiconductor film has an angle of not larger than 10 

degrees with respect to the surface of the crystalline semiconducror film. not larger 

than 5% of a lactice plane { 111} of the crystalline semiconductor film has an angle 

of not larger than 10 degrees with respect tO the surface of tht: crystalline 

2 5 semiconductor film de rected by an electron backscauer diff rnc tion po nem method. 
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wherein the crystalline sern.iconducwr film comrrises niuogc:n anJ 

carbon each at a concentration smaller ch<m 5 x l015/cm3
, auJ rn:ygen at a 

concentration smaller than 1 x 1019/cmj. 

5. A chin film transiswr comprising: 

at least a channel forming region in a crystalline semiconducmr film 

comprising silicon. 

wherein the crystalline semiconductor ftlm. comprises genn.anium at a 

concencration not smaller than O. l acornic % but not larger than lO acomic %. 

wherein not smaller th.an· 20% of a lattice plane { 101} of rhe czyscalline 

10 semiconductor film has an angle of not larger than 10 degrees with respect to a 

surface of the cryscalline semiconductor film. not larger than 3% of a lattice plane 

{ 001} of the crystalline semiconductor film has an angle of not larger than 10 

degrees with respect to the surface of the crystalline semiconduccor film, not larger 

than 5% of a lacrice plane { 111} has an angle of not larger than lO degrees with 

15 respecc ro the surface of (he crystalline semiconductor film detecced by an electron 

backscatter diffraction pattern method. 

20 

6. A thin film transistor comprising: 

at least a channel forming region in a cryscalline st!miconducwr film 

comprising silicon, 

wherein me crystalline semiconductor film comprises germanium at a 

conceno:acioo. not smaller chan O. l atomic% buc not larger rhan 10 ai:omic %, 

wherein noc: smaller than 5% of a lattice plane { l 0 l} of che crystalline 

semiconduccor fltm has an angl~ of not larger than 5 Jegrees with respect co a 

surface of the crystalline scmiconduccor film. nor larger ch.an. 3% of a larcice plane 

·17 
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{001} of the crystalline semiconduci:or film has an angle of not larger chan iO 

degrees with respect to che surface of the cryscalline semiconducmr filrn, not larg1.:r 

rhan 5% of? lauice plane { 111} of the crysrnlline semiconducmr film has an angle 

of not larger than 10 degrees with respect to the surface of the crystalline 

5 semiconductor film detected by an electron backscatter diffraction pattern 

method. 

7. A thin film transistor comprising: 

at least a channel forming region in a crystalline semiconduct0r film 

comprising silicon, 

10 wherein the crystalline semiconductor film comprises germanium at a 

concentration not smaller than 0.1 awmic % bur nor larger than 10 acomic %, 

wherein not smaller than 20% of a lattice plane { 101} of the crystalline 

semiconductor film has an angle of nor larger than 10 degrees with respect ro a 

surface of the semiconductor film, not larger than 3 % of a lattice plane { 00 I } has 

15 an angle of not larger than 10 degrees with respect to the surface of the crystaUine 

semiconductor film, not larger than 5% of a lattice plane { 111} of rhe -crysraUine 

semiconductor film has an angle of not larger than 10 degrees with respect to che 

surface of rhe crystalline semiconducror 6:lm as detected by an decrron backscatter 

diffraction pattern method, 

20 wherein the crystalline semiconductor film comprises nitrogen and 

carbon each at a concentration smaller than 5 x l01s/cm3
, and oxygen at a 

concentration smaller than l x l019/cm3
• 

8. A thin film transistor comprising: 

a1: least a channel fom1ing region in a crystalline semiconductor film 
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comprising silicon, 

""'herein rhe cryscalline semiconducwr comprises gcrmaniurn at ;1 

concencrari9n not small~r than 0.1 awrnic % but not larg<~r than J.O aromic %. 

~vh.erein not smaller than 5% of a lattice plane { 10 l} of the crystalline 

5 semiconductor film has an angle of not larger than 5 degrees with respect l."O a 

surface of the crystalline semiconductor film, noc larger th.:'1.n 3% of a lattice plane 

{ 001 } of the crystalline semiconducto< tllm has an angle of not larger than l Q_ 

degrees with respect to the surface of the crystalline semiconductor film, not larger 

than 5% of a lattice plane { 111} of the crystalline semiconductor film has an angle 

IO of not larger than 10 degrees with respect to che surface of the crystallin~ 

semiconductor film detected by an electron backscatter diffraction panem method, 

wherein the crystalline semiconductor film comprises nirrogen anJ 

1- 3 carbon each at a concencracion smaller than 5 x 10 ° /cm , and oxygen m: a 

concentration smaller than 1x1019/cm5
• 

15 9. A transistor according tO claim l, 

wherein the crystallin<: semiconducter fihn comprises a me cal element ai: 

a concemration smaller than I x 101'/cm3
• 

10. A transistor according to claim l, 

wherein the crystalline semiconductor film comprises at l~<lSt a mt::tal 

20 elem.em sdecced from the group consisting of Fe. Co, Ni, Ru. Rh. Pd. Os. Ir. Pt, Cu 

and Au. 

11. A transistor according co claim 1, 

wherein the crysrnl!ine semiconduccor film has a thickness in a rangt: ti( 
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20 to 100 nm. 

12. A (hin film rransismr comprising: 

. at least a channel forming region in a crysnilline semiconducmr filrn. 

wherein the crystalline semiconduci:or film is formed by heating an 

5 amorphous semiconductor film comprising silicon added with a meral elemenr, 

wherein the amorphous-semiconductor film comprises germariium at a 

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %, 

wherein not smaller than 20% of a lattice plane { 101} of che crystalline 

semiconductor film has an angle of noc larger than l 0 Jegrees with respect to a 

10 surface of i:he crystalline semiconductor fllm, not larger rhan 3% of a lattice plane 

{001} of the crystalline semiconductor film has an angle of not larger than 10 

degrees with respect to the surface of the crystalline semiconductor film, not larger 

than 5% of a lattice plane { 111} of the crystalline semiconductor film has an angle 

of not larger than I 0 degrees with respect to the surface of the crystalline 

15 semiconductor film detected by an electron backscatter diffraction pan:ern 

method. 

13. A th.in film cransiscor comprising: 

at least a channel forming region in a crystalline semiconductor film, 

wherein die crystalline semiconductor film is formed by heating an 

20 amorphous semiconducror film comprising silicon added wirh a metal element, 

wherein the amorphous semiconductor film comprises germanium. at a 

concentration not smaller than 0.1 a,tomic % bm not larger than 10 acomic %, 

wherein not smaller than 5% of a lattice plane { lO 1} of che crystalline 

~emiconductor film has an angle of noc larger than 5 Jegrec..:s with respecc to a 
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surface of the crystalline semiconductor film, nor larger than 3% of a lattice plane 

{ 001} has an angle nf noc larger than 10 degrees with respect to th<: surface of chc 

crystalline.semiconductor film, not larger than 5% of a lanice plane { 11 l } nf che 

crystalline semiconductor film has an angle of not larger (han lO degrees with 

5 respect to the surface of che semiconduct0r film detectt!d by an deci:ron backscatter 

diffraction pattern method. 

14. A thin film transistor comprising: 

ac least a channel forming region in a crystalline semiconduccor film, 

wherein the crystalline semiconductor film is formed by heating an 

10 amorphous semiconductor film comprising silicon added wich a metal element, 

wherein rhe amorphous semiconductor film comprises germanium at a 

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %, .. .. . ........ - -

wherein not smaller than 20% of a lactice plane { IO l} of the crystalline 

semiconductor film has an angle of not larger than 10 degrees with respect to a 

15 surface of the crystalline semiconductor film, not larger rhan 3% of a lattice plane 

{001} of rhe crystalline semiconductQr film has an angle of not larger rhan 10 

degrees with respect to the surface of the crystalline semiconductor film, not larger 

than 5% of a lattice plane { 111} of rhe crystalline semiconductor film has an angle 

of nor larger than 10 degrees wirh respect to the surface of the crystalline 

20 semiconductor film detected by an electron backscatter diffraction parrem method, 

wherein the crystalline semiconducror film comprises nitrogen and 

IS 3 carbon each at a concentration smaller than 5 x 10 /cm , and oxygen at a 

concentration smaller than I x l019/cm3
• 

15. A thin film i:ransistor comprising: 
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ar lease a channel forming region in a crystalline semiconductor film, 

wherein the crystalline semiconductor film is formed by heating an 

amorphous semi.conductor film comprising silicon added with a mcrnl element, 

, wherein the amorphous semiconductor film comprises germanium at a 

5 concentration not smaller than 0. l atomic % but not larger than 10 acomic %, 

wherein not smaller than 5% of a lattice plane { 10 l} of the crysraUine 

- semiconducror film has an ·angle of not larger than 5 degrees with respect to a 

surface of the crystalline semiconductor fihn, not larger than 3 % of a la crice plane 

{ 001} of the crystalline semiconductor fil~ has an angle of nor larger than 10 

10 degrees with respect ro the surface of the crystalline semiconductor film, not larger 

than 5% of a lattice plane { 11 l} of che crystalline semiconductor film has an angle 

of not larger than 10 degrees with respect· co che surface of the crysralline 

semiconductor film as detected by an electron backscatter diffraction pattern 

method, 

15 wherein [he crystalline semiconducwr film comprises nirrogen and 

!S 3 carbon each at a concentration smaller than 5 x 10 /cm , and oxygen at a 

concentration smaller than 1x1019/cm3
, 

16; A transistor according co claim 12, 

wherein the metal element has a concentration smaller chan 1 x 

l 7. A transist0r according co claim 12, 

wherein the mecal element is at lease one selected from the gcoup 

consisting of Fe, Co, Ni, Ru. Rh, Pd, Os, Ir, Pt, Cu and Au. 
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lO 

18. A transistor according to claim 12, 

wherein the crysi:alline semiconduccor film has a thickness in a range of 

20 ro 100.nm. 

19. A transistor according to claim 1, 

wherein the crysralline semiconductor film comprises hydrogen or a 

halogen element:. 

20. A semiconductor device comprising: 

at least a channel forming region in a crystalline semiconduct0r film 

comprising silicon, 

wherein not smaller than 20% of a lattice plane {l 01} of the crystalline 

semiconductor film has an angle of not larger than 10 degrees with respect co a 

surface of the crystalline semiconductor film, not larger than 3% of a lattice plane 

{001} of the crystalline semiconductor film has an angle of not larger than lO 

degrees with respect to the surface of the crystalline semiconductor film, not larger 

15 than 5% of a lattice plane { 111} has an angle of not larger than 10 degrees with 

respect co che surface of the crystalline semiconductor film detected by an electron. 

backscatter diffraction pattern med10d. 

Zl. A semiconductor device comprising: 

at least a channel fanning region in a crystalline semiconductor film 

20 comprising silicon, 

wherein not smaller than 5% of a lattice plane { 101} of the crystalline 

semiconductor film has an angle of not larger than 5 degrees with respect t"O a 

surface of the c1ystalline semiconductor film, nor larger than 3% of a lan:ice plant.' 
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{ 00 l} of the crystalline semiconductor film has an angle of not larger chan 10 

degrees with respect w the surface of the crystalline scmiconJucmr film, noc larger 

than 5% of a lattice plane { 11 l} of the crystalline semiconduccor film has an <tng!e 

of not larger ch.an 10 degrees with respect to the surface of the crystalline 

5 semiconducror film as detected by an electron backscaccer diffraction pattern 

mei:hod. 

lO 

22. A semiconductor device comprising: 

at lease a channel forming region in a crystalline semiconductor film 

comprising silicon, 

wherein not smaller than 20% of a lattice plane { 101} of rhe cryscallint:: 

semiconductor film has an angle of not larger than 10 degrees with respect co the 

surface of the crystalline semiconductor film, not larger than 3% of a lattice plane .. 

{001} of the crystalline semiconductor film has an angle of not larger than IO 

degrees with respect to the surface of the crystalline semiconduct0r film, not larga 

15 than 5% of a lattice plane { 111} of the crystalline semiconducror film has an angle 

o_f not larger than IO degrees with respect to rhe surface of the c1ysrnllin~ 

semiconductor film detected by an electron backscatter diffracrion pattern 

method, 

wherein the crystalline semiconductor film comprises nitrogen and 

20 carbon each at a concentration smaller than 5 x 1015/cmJ, and oxygen at a 

concencration smaller than 1 x I 0 19 /cm 3• 

23. A semiconductor device comprlSing: 

at least a channel forming region in a crystalline semiconducr:or tilm 

comprising silicon. 
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\t·herein noc smaHer than 5% o( a lattice plane {IO l} of the cryst;i.Hint' 

semiconducwr film has a.n angle of noc larger than 5 Jegrccs with respe:::t C<) (l 

surfac~ph:he cryscaliinc semiconductor film, nor larger chan 3% 0( (l lattice pbn~: 

{001} ohhe crystalline semiconductor film has an angle of nor larger than 10 

5 degrees with respecr co the surface of the cr:yscaHine semiconductor film, not larga 

than 5% of a lattice plane {I 11} of the crystalline semiconduccor film has an angle 

of nor larger than 10 degrees wich respect co che surface of che crystalline 

semiconductor film detected by an electron backscatter diffract:ion patt:em merhoJ, 

wherein the crystalline semiconductor film comprises nitrogen anJ 

IO carbon each at a concenrracion smaller than 5 x l013/cm3
• and oxygen ac: a 

concentration smaller than I x 1019 /en/ 

15 

24. A semiconducwr device comprising: 

at lease a channel forming region in a crysralline semiconducror film 

comprising silicon, 

wherein the crysralline semiconducror film comprises gennanium at a 

concentration nor smaller than 0.1 atomic% but nor larger than 10 atomic%, . 

wherein not smaller than 20% of a lattice plane { I 0 I } of rhe crysn.1 lline 

semiconductor film has an angle of nor larger rhan IO degrees with respect w a 

surface of the crysralline semiconductor film. not larger rhan 3% of a lattice plane 

20 {OOl} of rhe crystalline semiconducror film has :an arrgle of noc larger than IO 

degrees with respect to the surface of the cryst:alline semiconductor film, nor larger 

~!--.;::.:a 5% of a lauice plane { 11 l} of rhc crystalline semiconducror film has an angle 

of nor larger chan 10 degcees ·with respect co i:he surface of the crystalline 

semiconductor film detected by an electron backscatter diffraction panem 

me(hod. 
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25. A semitonductor device comprising: 

ar: least a cho.nnel forming region in a crystalline semico!l.ductor film 

comprising silicon. 

· wherein che crystalline semiconduccor film comprises gem1anium at a 

5 concenrrat:ion not smaller than 0.1 atomic % bm nor larger than lO atomic %, 

wherein not smaller r:han 5% of a lattice plane { l 0 l} of the crystalline 
- . --· 

semiconductor film has an angle of not larger Chan 5 degrees with respecr t<.; a 

surface of the crystalline semiconductor film, not larger r:han 3% of a lattice plane 

{00 I} of r:he crystalline semiconductor film has an angle of not larger rhan lO 

IO degrees with respect co the surface of the crystalline semiconductor film, not larger 

than 5% of a lattice plane { 111} of rhe crystalline semiconducr:or film has an angle 

of not larger than IO degrees with respect co the surface of the crystalline 

semiconductor film detected by an electron. backscarrer diffraction pattern 

merhod. 

15 26. A semiconductor device comprising: 

20 

.~ 

.:.) 

at least a channel forming region in a crystalline semiconductor film 

comprising silicon, 

wherein che cryst:alline semiconductor film comprises gem1anium at a 

concentration not smaller than 0.1 atomic % but noc larger than 10 m:omic %, 

wherein not smaller than 20% of a lactice plane { 10 l} of rhe crystalline 

semiconductor film has an angle of not larger than 10 degrees with respect to a 

surfac~ 0f the crystalline semiconductor film, not larger chan 3% of a lattice plane 

{001} of the crystalline semiconductor film has an angle of noc farger than 10 

degrees with respect w the surface of the crystalline semiconductor fi.l.m, nor large( 

rhan 5% of a lattice plane { l l l} of the cryscalline semiconduccor film has an angk: 
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of not larger than 10 degrees wirh respect ro rhe surface of the crysrnlline 

semiconductor film detected by an electron backscarter Jiffo.1ction pattern 

method, _ 

, wherein the crysralline semiconducror film compt:ises nitrogen <mJ 

IS 3 carbon each ac a concencration smaller than 5 x 10 /cm , and oxygen ar a 

concentration smaller than 1 x 1019/cmJ. 

27. A semiconductor device comprising: 

at least a channel forming region in a crystalline semiconductor film 

comprising silicon, 

wherein the crystalline semiconductor film comprises germanium at a 

concentradon not smaller than 0.1 atomic % but not larger than 10 atomic %, 

wherein not smaller than 5% of a lattice plane { 101} of the cryscalline 

semiconducror film has an angle of not larger than 5 degrees with respect to a 

surface of the crystalline semiconductor film, not larger than 3% of a lattice plane 

15 {001} of the crystalline semicomluccot film has an angle of not larger than 10 

degrees with respect m the surface of the _crystalline semiconductor film, not larger 

than 5% of a lattice plane { 111} of the crystalline semiconductor film has an angle 

of not larger than 10 degrees wi(h respect co the surface of i:he crystaUim: 

semiconductor film detected by an eleccron backscat:t:er diffraction pattern 

20 method, 

wherein the crystalline semiconductor film comprises nitrogen and 

carbon each. at a concentration smaller rhan 5 x l015/cm3
, and oxygen at a 

.concentration smaller than 1 x l019/cm3
• 

28. A device accotding tO claim 20, 
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wherein the crystalline semiconductor film comrrises () meral de men tat 

a concemracion smaller than 1 x 1017!cm3
. 

29. A device according m claim 20, 

wherein the crystalline semiconducwt film comprises at: least a metal 

5 element selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pr, Cu 

and .A.u. 

30. A device according w claim 20. 

wherein the crystalline semiconducror film has a rhickness in a range of 

20 co 100 nm. 

10 31. A semiconductor device comprising: 

at least a channel forming region in a crystalline semiconductor film, 

wherein the crysrnlline semiconductor film is fom1ed by heating an 

amorphous semiconduccor film comprising silicon added with a mernl elemem, 

wherein the amorphous semiconductor film comprises gerntanium ar a 

15 concentration not smaller than 0.1 atomic% but not larger than 10 atomic%. 

wherein nor smaller than 20% of a lattice plane { lO l} of the cryscalline 

semiconductor film has an angle of not larger chan 10 degrees with respect co a 

surface of the crystalline semiconducwr film, not larger than 3% of a lattice plane 

{001} of che crystalline semiconductor film has an angle of not larger rhan 10 

20 degrees with respect to the surface of the crystalline semiconduccor film, not larger 

than 5% of a lattice plane { 111} of the crys.talline semiconducror film has an angle 

of not larger than 10 degrees with respect to the surface of the crystalline 

semiconduccor film as detected by an electron backscatter diffraction pattl~m 
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method. 

3~:.A semiconducwr device comprising: 

·at least a channel forming region in a crystalline semiconJ.uctor film, 

wherein rhe crysrnlline semiconducror film is formed by heating an 

5 amorphous semiconductor filni. comprising silicon added with a metal demem, 

wherein the amorphous semiconductor ftlm comprises germanium at a 

concentrarion not smaller than 0.1 atomic % but noc: larger than 10 atomic %, 

wherein not smaller than 5% of a latrice plane { 101} of rhe crystalline 

semiconductor film has an angle of not larger than 5 degrees with respect ro a 

IO surface of the crystalline semiconductor film, noc larger than 3% of a lattice plane 

{001} of the crystalline semiconductor film has an angle of nor larger than 10 

degrees with respect to the surface of the crystalline semiconductor film, not larger 

chan 5% of a lattice plane { 11 l} of the crystalli.ne semiconductor film has an angle 

of not larger than 10 degrees wirh respecr to the surface of rhe crysrnlline 

15 semiconductor film as detected by an electron backscatter diffraction pattern 

method. 

33. A semiconductor device comprising: 

ar least a channel forming region in a crystalline semiconductor film, 

wherein the crystalline semiconductor film is formed by heating an 

20 amorphous semicond·ucror film comprising silicon added with a metal element, 

where~~ ::he amorphous semiconductor film comprises germanium at a 

concentration not smaller than 0.1 atomic % but not larger than 10 awmic %. 

wherein not smaller rhan 20% of a lattice plane { 10 I} of the cryscalline 

semiconductor film has an angle of not larger rhan lO degrees with respect to a 

59 This Sheet Has Been Replaced 

1•111m11 
I lllllll 111111 11111 11111 " 1111 * C L M S * 



surface of the crysralline semiconducrnr film. noc larger than 3% ot" <1 l;:mJCe pbne 

{00 l} of the crystalline semiconducwr film has an angle of not larger than 10 

degrees with respect co the surface of the crystalline sern.iconduetor film. not larg~r 

than 5% of a laccice plane { 111} has an angle of nor larga than 10 degrees with 

5 respect to the surface of the crystalline semiconduci::or film Jei:ecceJ by an electron 

backscatter diffraction pattern method, 

wherein -the crystalline semiconducwr film comprises nitrogen anJ 

carbon each at a concentration smaller than 5 x 1015/cm.3, and oxygen at a 

concentration smaller than 1 x 1019/cm3
• 

10 34. A semiconduccor device comprising: 

at least a channel forming region in a crystalline semiconducwr film, 

wherein the crys~<:!iJine semiconductor film_ is fom1e<l by heating an 

amorphous semiconductor film comprising silicon added with a metal element, 

wherein the amorphous semiconducror film comprises germanium <it a 

15 concentration not smaller than 0.1 acomic % but not larger rhan lO atomic%, 

wherein noc smaller than 5% of a lattice plane { 101} of the crysrallinc 

semiconductor film has an angle of not larger rhan 5 degrees with respect to a 

surface of the crystalline semiconductor film, not larger than 3% of a lanice plane 

{001} of the crystalline semiconductor film has an angle of nor larger than 10 

20 degrees with respect ro the surface of the crystalline semicon.ducwr film, not larger 

than .5% of a lattice plane { 111} of the crystalline semiconductor fi.lrn has an angle 

of nor larger than lO degrees with respect to the surface of the crysralline 

semiconductor film derec(ed by an eleccron backscatter diffraction pacrem mcrhoJ. 

wherein the cryscalline semiconductor film comprises nitrogt:n anJ 
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concencrarion ::;mailer than 1 x 1Q19/cm3
• 

35. A device according to claim 31, 

· wherein the metal element has a concentration smaller than l x 

5 36. A device according co claim 31. 

wherein the mernl elemenc is at least one selecced from the group 

consisting of Fe, Cot Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au. 

3 7. A device according to claim 31, 

wherein the crystalline semiconductor film has a thickness in a range of 

IO 20 to 100 run. 

15 

38. A device according to claim 20, 

whetein rhe crysralline semiconductor film comprises hydrogen or a 

halogen element. 

39. A transistoi; according to claim 2, 

wherein the crystalline semiconductor film comprises a metal elemem at 

a concentration smaller chan l x l017/cm3
. 

40. A transistor according to claim Z, 

wherein che crystalline semiconductor film comprises at least a mernl 

element selecred from che group consisting of Fe, Co. Ni, Ru. Rh, Pd, Os, Ir. Pt, Cu 

20 and Ati. 
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41. A cransistor according to claim 2, 

wherein the crysi:aI!ine semiconductor film has a thickness in a range of 

20 to 100 nm. 

42. A rransi.si:or according co claim 2, 

wherein the crystalline semiconductor film comprises hydi:ogen or a 

halogen element. 

43. A rransisror according co claim 3, 

wherein the crysralline semiconductor film comprises a metal element at 

a concencration smaller than Ix l01;/cm3
• 

10 44. A transistor according w claim 3, 

wherein the crystalline semiconductor film comprises at least a metal 

element selected from the group consisdng of Fe, _Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu 

and Au. 
....... 

45. A transismr according to claim 3, 

15 wherein the cryscaUine semiconduct:0r film has a thickness in a range of 

20 to lOOnm. 

46. A transistor according to claim 3, 

wherein the c1ystalline semiconductor film comprises hydrogen or a 

halogen element. 

20 47. /\. tr:msisror according ro cl'1irn 4, 
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wherein the crystalline semiconductor film compris~s a rnetal elemenc 3[ 

a concentration smaller rhan l x 10:'/cm3
• 

48. A transist0r according tO claim 4, 

wherein che crystalline semiconductor film comprises ac least a metal 

5 element selected from the group consisting of Fe, Co, Ni, Ru, Rh1 Pd, Os, Ir, Pt, Cu 

and Au. 

49. A rransistar according to claim 4, 

wherein the crystalline semiconductor film has a thickness in a range of 

20 tO 100 nm. 

10 50. A transistor according to claim 4, 

wherein the crystalline semiconductor film comprises hydrogen or a 

halogen element. 

51. A rransist0r according to claim 5, 

wherein the crystalline semiconducror film comprises a metal element at 

15 a concentration smaller than l x l01i/cm3
• 

52. A rransistor according co claim 5, 

wherein the ~rystalline semiconductor film comprises at: least a metal 

element selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu 

and Au. 

20 5 3. A transistor according to claim 5, 
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wherein the crystalline semiconductor film has a thickness in a r~nge ul 

ZO to lOO nm. 

54. A transistor according ro daim 5, 

wherein the oystatline semiconductor film comprises hydrogen or a 

5 halogen element:. 

10 

5 5. A transistor according to claim 6; 

wherein che crystalline semiconductor fihn. comprises a mei:al element ac 

a concentration smaller than 1x1017/cm3
• 

56. A transistor according to claim 6, 

wherein the crystalline semiconductor film comprises at least a metal 

elemenc selected from c:he group consisting of Fe, Co, Ni, Ru. Rh, Pd, Os, Ir, Pr, Cu 

and Au. 

5 7. A transistor according -to claim 6, 

wherein the crysralline semiconductor film has a thickness in a range of 

15 20 to 100 nm. 

58. A transistor according co claim 6, 

wherein the crystalline semiconductor film comprises hydrogen or a 

halogen demem. 

59. A transistor according co claim 7, 

20 wherein thecrysrnllinesemiconducrorfilmcomprises a meral demenc at 

liiiD 
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a concemration smaller chan 1 x 10 '/cm . ii'iiiU 

60. A cransiswr according co daim 7, 

, wherein the crysrallinc semiconduct0r film comprises a( least a metJl 

elemem selected from che group consisting of Fe, Co, Ni, Ru, Rh. Pd, Os, Ir. Pt, Cu 

5 and Au. 

10 

61. A transistor according to claim 7, 

wherein the crystalline semiconductor film has a thickness in a range of 

20 to 100 nm. 

62. A transistor according to claim 7> 

wherein the crysralline semiconductor film comprises hydrogen or a 

halogen element. 

63. A transistor according to claim 8, 

wherein the crystalline semic.onductor film comprises a metal element at: 

a concentration smaller than I x 1017/cm3
• 

15 64. A transistor according ro claim 8, 

wherein the crystalline semiconducror film comprises at least a metal 

element selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd. Os, Ir, Pt, Cu 

and Au. 

65. A transiscor according to claim 8, 

wherein the crysrnllinc semiconductor film has a 1:hickness in a range of 

65 
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20 to 100 nm. 
This Sheet Has Been Replaced 
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66. A transistor according to claim 8. 

. wherein t:he crystalline semiconductor film comprises hydrogen or 3 

halogen element. 

5 61. A transistor according to claim 12, 

wherein the crystalline semiconductor film comprises hydrogen or a 

halogen element. 

68. A transist0r according w claim 13, 

wherein the metal element has a concem:ration smaller than l :\'. 

69. A transistor according t0 claim 131 

wherein the metal element is at least one selected from the group 

consisting of Fe, Co, Ni, Ru, Rh, Pd, Os,_ Ir, Pt, Cu and Au. 

70. A transistor according to claim 13, 

wherein the crystalline semiconductor film has a thickness in a range of 

20 to 100 nm. 

7 L A transiswr according to claim 13, 

wherein rhe crystalline semiconductor 6.lm comprises hydrogen or a 

halogen element. 
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72. A transistor according w claim 14. 

This Sheet Has Been Replaced 
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wherein [he metal element has a concentration smaller dwn 1 x 

1 • 3 10 '/cm. · 

73. A transistor according tO claim 14, 

5 wherein rhe metal element is at least one selecred from che group 
-

consisting of Fe, Co. Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au. 

74. A transisc:or according to claim 14, 

wherein the ctystalline semiconductor film has a thickness in a range of 

20 to 100 nm. 

10 75. A transistor according t:O claim 14, 

wherein the crystalline semiconductor film comprises hydrogen or a 

halogen element. 

76. A rransisto:c- according to claim 15, 

wherein the metal element has a concentration smaller than x 

77. A transistor according co claim 15, 

wherein che meral element is at lease one selected from che group 

consisting of Fe, Co, Ni, Ru, Rh. Pd, Os, Ir. Pt. Cu and Au. 

78. A t:ransisrnr according ro daim 15. 

20 \\"hnein rht~ crysrnlli11c semiconducror film h:is ;i thickn~ss in :-1 r:111gt: {)f 
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79. A mmsisror according ro claim 15, 

whe(ein the crystalline semiconduccoi: film comprises hydrogen oi: a 

halogen element. 

5 80. A device according to claim 21, 

wherein the crystalline semiconductor film comprises a metal elemem at 

a concentration smaller than Ix 101;/cm3
• 

81. A device according co claim 21, 

wherein the crystalline semiconductor film comprises at least a mera1 

to element selected from. the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu 

and Au. 

82. A device according tO claim 21, 

\\.·herein.the crysralline semiconducwr film has a thickness in a range of 

20 w 100 nm. 

15 83. A device according to claim 21, 

) ') _c 

wherein the crystalline semiconductor film comprises hydrogen or a 

halogen element. 

84. A device according ro claim 22. 

wherein the crysralline semiconductor film comprises a metal demern: at 

;-i co nee nrrat ion :;m~ller than 1 x 1011 !cm3
• 
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85. A device accordino- to claim 22, 

"" 
wherein che crystalline serniconduccoi:- film comp{ises at leci:>t <l m<;'.cal 

element selecced from. che group consiscing of Fe, Co, Ni, Ru, Rh, Pd. Os, Ir, Pc, Cu 

and Au. • 

5 86. A device according to claim 22, 

wherein the crystalline semiconductor film has a thickness in a range of 

20 to 100 nm. 

87. A device according w claim 22, 

wherein rhe crystalline semiconductor film comprises hydrogen or a 

10 halogen element. 

15 

88. A device according to claim 23, 

wherein rhe crystalline semiconducror film comprises a metal element at 

a concenrracion smaller than l :x l017/cm3
• 

89. A device according ro claim 23 t 

wherein the crystalline semiconductor film comprises at least a metal 

element selected from thegroupconsistingofFe, Co, Ni, Ru, Rh, Pd, Os, Ir. Pt. Cu 

and Au. 

90. A device according to claim 23, 

wherein the crystalline semiconductor film has a thickness in a rnnge of 

20 20 co lOO nm. 
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91. A device according to claim 23. 
iliiU 

wherein the crystalline semiconduci:or film comprise~ hydrogen l)f J 

halogen element. 

92. A device according to claim 24, 

wherein the crystalline semiconductor film comprises a metal elemem at 

a concentradon smaller chan 1 x l01i/cm3
. 

93. A device according ro claim 24, 

wherein the ccyscalline semiconductor film comprises ar least a metal 

element selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, fr, Pt, Cu 

10 and Au. 

15 

94. A device according co claim 24, 

wherein the crystalline semiconduccor film has a thickness in a ranRe of 

20 co 100 nm. 

95. A device according to claim 24, 

wherein the crystalline semiconducrnr film comprises hydrogen or a 

halogen element. 

96. A device according ro claim 25, 

wherein the crystalline semiconductor film comprises a metal element ar 

a concentration smaller than 1 x l017/cm3
• 

20 97. A device according rn claim 25, 
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wherein the crystalline semiconductor film compris<'.:s ar l~ast a rn.ctal 

dernent selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt. Cu 

and Au. · 

98. A device according to claim 25, 

wherein the crystalline semiconductor film. has a rhickness in a range of 

20 to 100 nm. 

99. A device according ro claim 25, 

wherein the crystalline semiconducror film comprises hydrogen or a 

halogen element. 

10 100. A device according to claim 26, 

wherein the crystalline semiconductor film comprises a metal demenr ar 

a concenrrarion smaller rhan 1 x 1017/cn/ 

101. A device according to claim 26, 

wherein che crystalline semiconductor film comprises at least a metal 

15 element: selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, fr, Pt. Cu 

and Au. 

102. A device according to claim 26, 

wherein the crystalline semiconductor film has a thickness in a range of 

20 co 100 nm. 

.~o 103. A device according to claim 26, This Sheet Has :Seen Replaced 
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iii UT 
wherein the crysi:alline semiconducror film comprises hydrogen ur <1 

halogen elemem. 

104: A device according to claim 27, 

wherein the crystalline semiconducror film comprises a metal element at 

i- 3 
a concentration smaller rhan 1 x 10 1 /cm . 

105. A device according to claim 27, 

wherein rhe crystalline semiconductor film comprises at least a m~tal 

element selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu 

and Au. 

10 106. A device according to claim 27, 

wherein rhe crystalline semiconductor fl.Im has a thickness in a range of 

20 to 100 run. 

107. A device according to claim 2 7, 

wherein che crystalline semiconductor film comprises hydrogen or a 

l5 halogen eiemenc. 

," :.. l..J 

108. A device according w claim 31, 

wherein the crystalline semiconducc:or film comprises hydrogen or a 

halogen element. 

109. A device according to claim 32, 

wherein th~ metal dement has a concemradon smaller than l x 

1 IRf llt 1111\l llltt tllll 11 tllf 
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110 .. A device according to claim 32, 

, wherein the mei:al demem is at leas( one sdect:ed from the group 

consisting of Fe, Co, Ni, Ru, Rh, Pd1 Os, Ir, Pt, Cu and Au. 

5 ll I. A device according tO claim 3 Z, 

wherein the crystalline semiconductor film has a thickness in a range of 

20 to 100 nm. 

112. A device according to claim 32, 

wherein the crystalline semiconductor film comprises hydrogen or a 

l 0 halogen element. 

113. A device according m claim 33, 

wherein the meral element has a concenrrarion smaller than 1 x 

1· • 10 '/cm~. 

114. A device according to claim 33, 

15 wherein the meral element is at least one selected from the group 

consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au. 

115. A device accox:ding i:o claim 33, 

wherein the crystalline semiconductor film has a thickness· in a range of 

20 to 100 nm. 
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l 16. A device according to claim 33, 
iiiimrr 

wherein the crysraliine semiconductor fil111 Cl'lllFrises bydro~cn ur J 

halogen el¢ment. 

117. A device according w claim 34, 

wherein the mecal element has a concentracion sm.aller than l x 

118. A device according ro claim 34, 

wherein the metal elemem is at least one selected from the group 

consisting of Fe, Co, Ni, Ru, Rh. Pd, Os, Ir, Pt, Cu and Au. 

10 119. A device according to claim 34, 

wherein the crysralline semiconduct0r film has a thickness in a range of 

20 co 100 nm. 

120. A device according tO claim 34, 

wherein rhe crystalline semiconductor film comprises hydrogen or a 

i5 halogen element. 

121. A device according to claim 20, 

wherein the semiconducrordevice comprises one selected from the group 

consisting of a cell phone, a video camera, a mobile computer, a porrnble darn 

terminal, a TV receiver, a portable nt?tebook, a personal computer, a player usin~ 

20 a recording medium recording a program, a digital camera, a fronc-type proiecror 

and a rear~ryp~ projeci:or. 
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122. A device according tO claim 21. 

This Sheet Has Been Replaced 

lllrnHlll 
wherein (he serniconductor device comprises one sdccr·~d from {he group 

consisting.of a cell phone, a video camera, a mobile compurer, a porrnbk ... brn 

terminal,~ TV receiver, a portable nocebook, a personal computer, a player usmg 

5 a recording medium recording a program, a digital camera, a fronc~rype projecmr 

and a rear~cype projector-

123. A device according to claim 22, 

wherein the semiconducwr device comprises one selec red from che group 

consisting of a cell phone, a video camerat a mobile compU(er, a portable daca 

10 terminal, a TV receiver, a portable notebook, a personal compurer, a player using 

a recording medium recording a program, a digital camera, a frortt~rype projector 

and a rear~type projecror. 

124. A device according to claim 23, 

wherein che semiconductor device comprises one selecr:ed from the group 

15 consisting of a ceil phon~. a video camera, a mobile computer, a portable Jaca 

terminal, a 1V receivert a porrnble notebook, a personal computer, a player using 

20 

a recording medium recording a program, a digital camera, a front-type projector 

and a rear-type projector. 

125. A device according to claim 24, 

wherein the semiconductor device comprises one sdecced from the group 

consisting of a cell phone, a video camera. a mobile computer, a portabk Jara 

terminal, a TV receiver, a portable notebook, a personal compurer, a player using 

:~ recording medium recording a program, a digital cam~w. a front-cype pro1ector 
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and ::l rear-cype projector. 
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126.-A device according ro claim 25, 

, wherein t:he semiconducter device comprises one sdec teJ from che amuo 
<:> ' 

consisting of a cdl phone, a video camera, a mobile computer, a portable Jara 

5 terminal, a TV receiver, a portable notebook, a personal computer, a player using 

- a recording medium recording a program, a digital camera, a front-type projector 

and a rear~type projector. 

127. A device according to claim 26, 

wherein the semiconduc cor device comprises one selected from the group 

IO consisting of a cell phone, a video camera, a mobile computer, a portable data 

tem1inal, a TV receiver, a portable notebook, a personal computer, a player using 

a recording medium recording a program, a digital camera, a fronM:ype projecror 

and a rear-type projector. 

15 

128. A device according to claim 2.7, 

wherein the semiconductor device comprises one selected from the group 

consisting of a cell phone, a video camera. a mobile computer, a ponable .Jara 

terminal, a TV receiver, a pon:able notebook, a personal compurer, a player using 

a recording medium recording a program, a digital camera, a front-type projector 

and a rear~cype projector. 

20 129. A device according t0 claim 3 l, 

wherein the semiconducrordcvice comprises one sdecw.i from rhe group 

consisting of a cell phone, a video camera. ll m.obik· compmcr. a ponablc dar;1 
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terminal, a TV receiver, a ponabte notebook, a personal computer, a pbycr usmg 

a recording medium recording a program, a digirnl CGJmern, a frvnt-rype projcCWl 

and a rear~lype projecwr. 

130. A device according w daim 32, 

5 wherein rhe semiconductor device comprises one selected from the group 

-- consis(ing of a cell phone,- u. video camera, a mobile conrpmt;1,· a portable Ja(<t 

rerminal, a TV receiver, a porcable notebook, a personal compmer, a player using 

a recording medium recording a program, a digital camera, a from-cype projecmr 

and a rear-i:ype projector. 

10 131. A device according to claim 33, 

wherein rhe semiconducror device comprises one selecred from rhe group 

consisting of a cell phone, a video dimera, a mobile computer, a porrnble darn 

rerminal, a TV receiver, a portable notebook. a personal computer, a player using 

a recording medium recording a pwgram, a digital camera, a from-type projecmr 

15 and a rear-rype projector. 

132. A device according to claim 34. 

wherein rhe semiconductor device comprises one selected from the ~1\rnp 

consisting of a cell phone. a video camera, a mobile compu"Cer. a porrnbk dat;:i 

terminal, a TV receiver, a po-ctable notebook, a personal computer. a player usmg 

20 a recording medium recording a program, a digital carnera, a fronr-rype proj~cr:<.>r 

and a rear-type projector. 
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