SEM CONDUCTOR DEVI CE AND METHOD FOR MANUFACTURI NG THE SAME BACKGROUND OF
THE INVENTION 1. Field of the invention [0001] The present invention
relates to a sem conductor device including thin filmtransistors (TFTs),
a method for manufacturing the sane, and a sem conductor manufacturing
apparatus. More particularly, the present invention relates to a

sem conduct or device in which the active regionis fornmed froma
crystalline sem conductor filmobtained by crystallizing an anorphous
sem conductor |ayer, and a nethod for manufacturing the sane. 2.
Description of the Related Art [0002] In recent years, attenpts have been

made in the hi gh-perf ormance sen conductor el enents on an

i nsul ative %ﬁt@?@?@;@@h’)ﬁgxgﬁ ghHRMETHQD, EOR WANUEACTHRING: THE SAME
aimng at realization of liquid crystal display devices and organic EL

di spl ay devices having | arger sizes and higher resolutions, contact inmage

sensors operating at higher speeds with higher resol utions,
three-dinensional 1Cs, etc. Particularly, a type of liquid crystal display

devi ce having the pixel Se?ﬂdﬁ'&k@i‘)‘ﬁd?ﬁ' d@'ﬁ/mt on the sane
househo

substrate is finding its use Tn various pliances, in addition
to a nonitor gf personal _.computer (PC). For exanple, liquid crystal
di spl ays are géggdagf the 1nvention

{0001] The present 1nvention relates to a semiconductor
device including thin film transistors (TFTs), a method for
manufacturing the same, and a semiconductor manufacturing
apparatus. More particularly, the present invention relates
to a semiconductor device in which the active region 1is
formed from a crystalline semiconductor film obtained by
crystallizing an amorphous semiconductor layer, and a method

for manufacturing the same.

2. Description of the Related Art

[0062] In recent years, attempts have been made in the art
to form high-performance semiconductor elements on an
insulative substrate such as a glass substrate or an
insulating film, aiming at realization of 1liquid crystal
display devices and organic EL display devices having larger
sizes and higher resolutions, contact image sensors operating
at higher speeds with higher resolutions, three-dimensional
lICS' etc. Particularly, a type of ligquid crystal display

device having the pixel section and the driving circult on

the same substrate 1s finding its use in various household



tel evision sets, replacing CRTs (Cathode-Ray Tubes), and front projectors
are used for hone entertainnment applications such as for watching novies
and for playing video ganes. Thus, the market for liquid crystal display
devi ces has been growing at a remarkable rate. Mreover, system on-panel
devi ces have been devel oped actively, in which logic circuits such as a
menory circuit and a clock generation circuit are forned on a glass

substrate, Q3] Di s | ayi h-resol uti | mages means a increase in
The amouiPRILANHes 1 b oSaREETR 't i wipaLtancotha BRLEOTbL(ESRBREEr
witten within a short tine. Gherwse, it is not possible to display a
movi ng pildQre t HERT haXamRARy ligudd afbYAtadf dbeplays (ingh- wsedni a8on

di splay. Therefore, TFTs used in a driving circuit are required to operate

at a hig@lﬁyiaionlqsaﬂﬁer trepdekilage BREs- speathofgerRayonTubebére and a
demand for formng the TFTs using a crystalline sem conductor |ayer having
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field-effect nobility. [0004] A conmonly-known nethod for alnlng a
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I rradi ating an anorp ous sem conduct or
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develOpe%rowing at a remarkable rate. Moreover, system-on-panel
devices have been developed actively, in which logic circuits

such as a memory circuit and a clock generation circuit are

formed on a glass substrate.

[6003] Displaying high-resolution images means an increase
in the amount of data to be written to pixels, and the data
needs to be written within a short time. Otherwise, it 1is
not possible to display a moving picture that has a very
large amount of data for high-definition display. Therefore,
TFTs used in a driving circuit are required to operate at a
high speed. In order to achieve high-speed operations, there
1s a demand for forming the TFTs using a crystalline
semiconductor layer having a desirable crystallinity, with

which 1t is possible to obtain a high field-effect mobility.

[0004] A commonly-known method for obtaining a desirable
crystalline semiconductor film on a glass substrate involves
irradiating an amorphous semiconductor film with laser light

such as excimer 1laser 1light so as to instantaneously



in the art involves adding a netal elenent capable of pronoting
crystallization to an anorphous sem conductor film which is then
subjected to a heat treatnent. Wth this nethod, a desirabl e sem conductor

filmhaving a uniform crystal
t r eat ment

performed at a | ower tenperature and for a shorter tine than

ot her conventional nethods. In this nethod, laser light irradiation is
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Then, the crystal grain boundary portions, which are
crystal orientation can be obtained through a heat treatment

performed at a lower temperature and for a shorter time than
other conventional methods. In this method, laser 1light
irradiation is often used in combination in order to further
improve the crystallinity, by irradiating a crystalline
semiconductor film obtained through a heat treatment with
laser light so as to partially melt/solidify and thus
recrystallized the crystalline semiconductor film, thereby
reducing the crystal defects therein and obtaining a

crystalline semiconductor film of a higher quality.

[0005] However, 1t has been found that with such a method of
irradiating an amorphous or crystalline semiconductor film
with laser light so as to melt/solidify and thus crystallize
or recrystallize the amorphous or crystalline semiconductor
film, surface irregularities are formed on the surface of the
semlconductor f£ilm. The surface irregularities are formed as
follows. After a semiconductor film is once melted by laser
light irradiation, crystal nuclei are formed, and the melted

portions are gradually solidified starting from the crystal

orientation can be obtained through a heat

film surface irregularities are



solidified lastly, are raised in a nountain-range-like shape (where two

crystal

t hree or
expansi on coefficient
portions on the surface of a sem conductor filmthat are
a nountain-range-|li ke shape or in a nountain-like shape will be hereinafter
referred
transi st
sem conductor_filmand the
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nore crystal grains neet), due to the difference in volunetric

between a nelted portion and a solidified portion.
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portions on the surface of a semiconductor film that are
ralsed in a mountain-range-like shape or in a mountain-like
shape will be hereinafter referred to as “"protruding
portions™ or "ridges". With a top-gate thin film transistor,
the ridge is present at the channel interface between the
semiconductor film and the gate insulating £ilm, thereby
deteriorating the interface characteristics and the field-
effect mobility. Furthermore, an electric field is localized
at the tip of a ridge. Thus, it 1is believed that a ridge
deteriorates the voltage endurance of the gate 1insulating
film, and lowers the overall device reliability including the

hot-carrier resistance.

[0006] Therefore, various methods have been developed in the
art for reducing the surface 1rregqularities/ridges of a
semiconductor f£ilm. Japanese Laid-Open Patent Publication
No. 8-213637 discloses a method in which a semiconductor film
has an i1sland-like shape with an inclined edge, after which
the semiconductor film is irradiated with laser light, in an

attempt to prevent the formation of protruding portions on



4 the surface of the sem conductor film Japanese Laid-Open Patent
Publ i cation No. 10-92745 discloses a nmethod in which a natural oxide film
on the surface of an anorphous silicon filmis renmoved by dry etching,
after which the anorphous silicon filmis irradiated with laser light in a
vacuum process. Japanese Lai d-Open Patent Publication No. 10-106951

di scl oses a nethod in which the surface of a silicon filmon which
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which protruding portions have been formed through laser
light dirradiation is oxidized to 1reduce the surface
irregularities utilizing the fact that the oxidization rate
is higher at ridges. Japanese Laid-Open Patent Publication
No. 10-200120 discloses a method 1n which surface
irregularities formed through laser 1light irradiation are
reduced by surface polishing. Japanese Laid-Open Patent
Publication No. 11-186552 discloses a method in which surface
irregularities formed through laser 1light irradiation are

reduced by etching the surface of a semiconductor film.

[0007] All of these publications disclose methods for
"reducing ridges on the surface of a semiconductor film. As
described above, one factor for the formation of ridges is
the difference in volumetric expansion coefficient between a
melted portion and a solidified portion in the process of
melting/solidifying a semiconductor film. Therefore,
physically speaking, it is difficult to improve the surface

configuration by making changes in the process conditions, or .



configuration by maki ng changes in the process conditions, or 5 the Ilike.

Thus,

publ i cations nenti oned above. [0008] However, the nethods disclosed in the
publications all increase the nunber of process steps and conplicate the
manuf act uri ng apparatus, and the increase in the nunber of process steps

various nethods have been proposed in the art as disclosed in the

I nevitably increases the cost and decreases the production yield.
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production yield. Moreover, these publications aim at
preventing the decrease in the channel interface
characteristics, the field-effect mobility, the voltage
endurance of the gate insulating film and the reliability of
a top-gate thin film transistor due to the presence of ridges

on the surface of the semiconductor film.

[0009] The present inventors quantitatively examined the
influence of the presence of ridges on a thin film
transistor, finding that the decrease in the channel
interface characteristics, the field-effect mobility, the
voltage endurance of the gate insulating film and the device
reliability was not so significant. Needless to say, the
surface i1irregularities on the semiconductor film should
preferably be as small as possible. However, it has been
found that the channel interface characteristics and the
field-effect mobility, for example, are influenced
significantly by the condition of the semiconductor film

itself, i.e., the crystalline condition thereof, whereas the



itself,

vol t age endurance of the gate
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significant when the thickness of the gate

|.e., the crystalline condition thereof, whereas the 6 influence of
ridges is negligible, conparatively speaking. It has been found that the

insulating filmand the device reliability

influenced primarily by the bul k properties and the thickness of
insulating filmitself, and the influence of ridges is not so
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[0010] However, a new problem has been discovered by the
inventors of the present application. The problem is related
to the production yield, and is one that cannot be found
except by a quantitative experiment. A top-gate thin film
transistor (TFT) using a semiconductor layer having surface
irregularities that 1s formed by laser irradiation normally
exhibits Vg-Id characteristics as shown in FIG. 10B. In FIG.
10B, curves 1l0a and 10b show the Vg-Id characteristics for
d;ain-source voltages of 8 V and 1 V, respectively. However,
while normal TFTs exhibit characteristics as shown in FIG.
10B, there were some TFTs with Vg-Id (gate voltage-drain
current) characteristics as shown in FIG. 10A at an
occurrence rate on the order of 0.01% to 0.1%. 1In FIG. 1l0A,
cur&es 10a and 10b show the Vg-Id characteristics for drain-
source voltages of 8 V and 1 V, respectively. When a gate
voltage 1s applied in the off-state direction in such TFTs,
abnormal humped curves of leak current occur as indicated by

an arrow X for lower veoltage values. The leak current values

nd 1

e off-state glrect|on
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hunped curves of |eak current occur as indicated by an arrow X
r voltage values. The leak current values 7 in the hunped portion
are greater than those of normal TFTs for the sane gate voltages by one or
two orders of magnitude. As the gate voltage is further increased in the

direction, these TFTs exhibit | eak current curves simlar to
normal TFTs. The occurrence of an off-state current in a TFT
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subst ant

is¥hnlfbonductor f£ilm is commonly modeled with thermal
excitation and tunneling via a trap level occurring due to
crystal defects, etc., present near ther-center of the
bandgap. However, the abnormal humped curves of leak current
as described above cannot be explained with this model
because the 1leak current increases as the gate voltage

increases in the off-state direction.

[0011] In a liquid crystal display device, for example, such
an abnormal off-state leak current may prevent a TFT for
switching a pixel electrode from sufficiently holding a
charge written to the pixel electrode, resulting in a point
defect. In a driver circuit for driving a display section,
such an abnormal off-state leak current may prevent a charge
written to a bus line from being held in a sampling TFT such
as an analog switch, resulting in a 1line defect. As a

result, the production yield is lowered substantially.

SUMMARY OF THE INVENTION

[0012] In order to overcome the problems described above,



SUMMARY COF THE | NVENTI ON [0012] In order to overcone the problens described
above, 8 preferred enbodi nents of the present invention provide a nuch

nore reliable sem conductor device and a nmethod for nanufacturing such a
novel sem conductor device, by preventing the increase in the |eak current
while a TFT is off. [0013] An inventive senm conductor device includes a
thin filmtransistor including a sem conductor |ayer that includes a

channel magiferred SmbaEnaovANthe pifEsdnt cUhvent fogapLoviasuaanisn fil m
provided on the seniconductor layer, and a gate electrode for controlling
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sem conduct or | ayer includes a mnute protruding portion,

surface i ' ' ngl f the t | ectrqde is. larger .than an
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[ 0014] Anot her .inventive sem conductor device includes a thin film

transi st SRt ARG gtRe sARCESASEC IRt RS eleakacurnpnt dekisec@aTEY 18gi on,
a source region and a drain region, a gate insulating filmprovided on the
sem cond®fifor |ayer, and a gate electrode for controlling a conductivity
of the channel region, wherein the sem conductor |ayer includes a mnute
protrudin ortion, a cross-sectional shape of the gate electrode includes
a first 4¢@3]poranoninyentivecmemiconductor device includes a thin

£ilm transistor including a semiconductor layer that includes
a channel region, a source region and a drain region, a gate
insulating film provided on the semiconductor layer, and a
gate electrode for controlling a conductivity of the channel
region, wherein a surface of the semiconductor layer includes
a minute protruding portion, and a side surface inclination
angle of the gate electrode is larger than an inclination

angle of the protruding portion of the semiconductor layer.

[0014) Another inventive semliconductor device includes a
thin film transistor including a semiconductor 1layer that
includes a channel region, a source region and a drain
region, a gate insulating film provided on the semiconductor
layer, and a gate electrode for controlling a conductivity of
the channel region, wherein the semiconductor layer includes
a minute protruding portion, a cross-sectional shape of the
gate electrode includes a first step portion and a second
step portion provided on the first step portion, and a side

surface inclination angle of each of the first and second



step portion provided on the first step portion, and a side surface

I nclination angle of each of the first and second 9 step portions is |arger
than an inclination angle of the protruding portion of the sem conduct or

| ayer. [0015] In a preferred enbodi nent, the gate el ectrode preferably

i ncludes a first conductive filmprovided on the gate insulating film and
a second conductive filmprovided on the first conductive film a wdth

(gate lengldp pbrthonki res 1e@4ct tNanfidin ifichahdeiohhangiat o the

second conductive film and the first and second conductive filns formthe

first and, SAGANE | ons, S | n a preferred

enbodi nernt, a surﬁ?&%ﬁ%*eﬁs%ﬂn?ec%%%%%ﬁﬁd?%é/g?fﬁ%*Udes a plurality of
nount ai n-shaped minute protruding portions, and a side surface inclination
angl e of gate_electr s _larger .than an inclination angle pof gny of
the plur dM8) of ?Br ott udgggfﬁﬁlf?aons?m&o%nr}s'em t%ﬁdu&ag:re I ag'L?‘.’g:maT?l I n
a preferredj§nb 'negt, a.surface of the _senjconductor |ayer includes a
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el ect roddate |ingrkating Hhln and mitserenthgen@dictive ofiineprovidedi on of

protrudi ng portions of the sem conductor layer. [0018) In a preferred
enbodi nertthe f£igsde candwreivenctilmt imrwidth (gate length) of the first

conductive film is larger than that of the second conductive
film, and the first and second conductive films form the

first and second step portions, respectively.

[0016] In a preferred embodiment, a surface of the
semiconductor layer includes a plurality of mountain-shaped
minute protruding portions, and a side surface inclination
angle of the gate electrode is larger than an inclination
angle of any of the plurality of protruding portions of the

semiconductor layer.

[0017] In a preferred embodiment, a surface of the
semiconductor layer includes a plurality of mountain-shaped
minute protruding portions, a side surface inclination of
each of the first and second step portions of the gate
electrode 1is larger than an inclination angle of any of the

plurality of protruding portions of the semiconductor layer.

[0018] In a preferred embodiment, a side surface inclination
angle of the gate electrode is preferably about 75° to about

20° .
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angle of the gate electrode is preferably about 750 to about 900. 10
[0019] In a preferred enbodi nent, an inclination angle of the protruding
portion of the sem conductor |ayer is preferably about 30 to about 70.
[0020] in a preferred enbodi ment, an average height of the protruding
portion is preferably about 8 nmto about 60 nm [0021] In a preferred
enbodi nent, an average surface roughness (Ra) of a surface of the

sem condJ6019] | ayer asprefefrtiedd| smbbelihedt DMdr0 2HEYINa3016M dMPRP] okn a
preferred enbodi nent, the sem conductor |ayer is preferably forned froma

crystal | itife sepr6erddshg’ portionand of hetREO! isleeii kG nRIdt N iﬁaﬁéfse% over

a boundary between crystal grains included in the sem conductor |ayer.

[ 0023] | | , cikystal grain boundary is a
PRSI} AU ORTE - abfier O ¢

mul ti poi ere three or nore crystal grains neet. [0024] In a preferred
enbodi nment, grain dianeters of the <crystal grains included in the
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sem conduct or | ayer forned through a

[0021] In a preferred embodiment, an average surface
roughness (Ra) of a surface of the semiconductor layer is

preferably about 4 nm to about 30 nm.

[0022] In a preferred embodiment, the semiconductor layer is
preferably formed from a crystalline semiconductor film, and
the protruding portion is present over a boundary between

crystal grains included in the semiconductor layer.

[0023] In a preferred embodiment, the crystal grain boundary

is a multipoint where three or more crystal grains meet.

[0024] In a preferred embodiment, grain diameters of the
crystal grains included in the semiconductor layer are

preferably about 100 nm to about 1000 nm.

[6025] In a preferred embodiment, the crystal grain boundary
is visualized through an etching process by a Secco etching

method.

[0026] In a preferred embodiment, the semiconductor layer is

a crystalline semlconductor layer formed through a

11



11 nelting/solidification process, and the protruding portion is fornmed
through the nelting/solidification process. [0027] In a preferred

enbodi ment, at |least a portion of the sem conductor |ayer includes a
catal yst el enent capable of pronoting crystallization of an anorphous
sem conductor film [0028] In a preferred enbodi nent, the catal yst el enent
Is preferably one or nore elenent selected fromthe group consisting of

ni ckel (MeltingfsqiBa)ifimdaidn (finjceds N 415d) the | poott@@)Lngr pobenorimigRuY) ,
rhodi um (Rh), palladium (Pd), osmum(Gs), iridium(lr), platinum(Pt),

copper ( @orniil tidvhH Athe mDPAg /do 1Pl £f 84¢ £6h OFbedbaENt , the

sem conductor layer is a crystalline sem conductor filmmade up primarily
of regions that are oriented along <111> crystal zone planes. [0030] In a

pr ef err eqogamodi FRNG, et o Pt , "RE 1085t e ﬂdi&"hﬁ}? bfatnar e

oriented along the <111> crystal zone planes are regions that are oriented

0n0 2 U HARRSE SaybfLindlath, LOUMabe Bighented amhadl rog!,

dormai n di aneters of crys aving a substantrally
uniform Qrientation). qof sem conductor |ayer are preferably about 2 pm
Yo about Bk e st LR 0 i e A FeRl G ROt SR a1y
12

[0028] In a preferred embodiment, the catalyst element is

preferably one or more element selected from the group
consisting of nickel (Ni), iron (Fe), cobalt (Co), tin (Sn).
lead. (Pb), ruthenium (Ru), rhodium (Rh), palladium (Pd4),
osmium (Os), iridium (Ir), platinum (Pt), copper (Cu) and

gold (Au).

[0029] In a preferred embodiment, the semiconductor layer is
a crystalline semiconductor film made up primarily of regions

that are oriented along <111> crystal zone planes.

[0030] In a preferred embodiment, approximately 50% or more
of the reglons that are oriented along the <111> crystal zone
planes are regions that are oriented along a (110) plane or a

{211) plane.

{0031] In a preferred embodiment, domain diameters of
crystal domains (regions each having a substantially uniform
orientation} of the semlconductor layer are preferably about

2 pm to about 10 pm.
[0032] In a preferred embodiment, a lightly-doped impurity

12



region is provided at a junction between the channel region and the source
or drain region of the sem conductor layer. [0033] In a preferred

enbodi ment, the first step portion of the gate electrode is present in a
lightly- doped impurity region. [0034] In a preferred enbodi nent, the gate
el ectrode is |ocated above the channel region, and only the first
conductive filmof the gate electrode is present in a |ightly-doped

| npurity deRflich. 1§ 0pB6Y1484i Aery i yeneqeibﬁdbé%eaﬁmtflﬁctéﬁéﬂl%f region
sem conductor device includes the steps of: (a) providing a SEH]Cg 8uctor

film (Darteldd & ibe Udt Haldd ol Srdgifors GE CORLUSLAT cOhailk POy 5ykR Obtain a

crystal line sem conductor layer inc Ing a pro I Ng por
surface thereof; (c) formng a gate insulating filmon the crystalllne

sem cond | ayer I 1] dugi i film n t he

I nsul ati Eﬁﬂl m ¥§1n8 (p??%fe at %Zréndll@n(gd?rﬂgg@b gf‘%t | \"Esftl elp ?%gﬁ#%n ggfe
electrod for ontrollln onduct|V|t of the . cha jon, wherein a
si de surf e 9?i i PG W%r?g ofplfef‘%elb%té‘ eI%cﬁvié’g'é: Ys °| eHPHEA LY
inclination angle of the protruding portion on the surface of the
crystaIHQﬁ9¥ﬂ&ﬁconductor | ayer. [00361 In a preferred enbodi nent, the

sem conductor filmis an anorphous sem conductor film 13 [0037] In a

preferred enbodi nent, the step (a) is a step of
{0034] In a preferred embodiment, the gate electrode 1is

located above the channel region, and only the first
conductive £film of the gate electrode 1s present in a

lightly-doped impurity region.

[0035] An inventive method for manufacturing a semiconductor
device includes the steps of: (a) providing a semiconductor
film; (b) melting and solidifying the semiconductor film so
as to obtain.a crystalline semiconductor layer including a
protruding portion on a surface thereof; (c) forming a gate
insulating film on the crystalline semiconductor layer; (d4)
depositing a conductive film on the gate insulating £ilm; and
(e) patterning the conductive film to form a gate electrode
for controlling a conductivity of the channel region, wherein
a side surface inclination angle of the gate electrode is
larger than an inclination angle of the protruding portion on

the surface of the crystalline semiconductor layer.

[0036] In a preferred embodiment, the semiconductor film is

an amorphous semiconductor £ilm.

13



performng a first heat treatnent on an anorphous sem conductor filmwth
a catal yst elenent capable of pronoting crystallization thereof being
added to at |east a portion thereof so as to crystallize at |east a
portion of the anorphous sem conductor film thereby providing a

sem conductor filmincluding a crystalline region, and the step (b) is a
step of nelting and solidifying a sem conductor filmincluding the

crystalli eqgi 0_as 4o _oht ai sem conductor filmthat includes a
crystall ilﬁ(g3 egi gﬁ %i ﬁ%leu&rﬁ& a eﬂ?%o?aqjd%ﬁrhﬁ' pgl??i 8ﬁ38n(3ms&rsf R STR, 8§f.
[0038] In a preferred _enbodi nent, the ste d r ef er abl I ncl udes the
steps of PEECHEM R osp: | nggﬁs i rsl?e%BndJc"tp‘?‘?(}'é'ze T 1 mP8n té@ ga®BOFRRAPSt i ng
film and (d-2) depositing a second conductive filmon the first
conduct i emiqapdyciygo] § pvitlrrad eatadiysént elkement epcdpgble ef efabl y
I ncludes: a first step (e-1) of etching the second conductive filmso that

t he secompdanertduy | oeydtahlhzatbohi thersofie bedind caddedictonatl dreasigl &; a
second step (e-2) of etching the first conductive filmso that the first

conduct i porftiildh heseBeofegBntsi €6 evibaatiine! idat188sangl Gotibi bird
step (e-3) of further selectively etching the second conductive film

L2 RS TSR O T e

side surface i nc n angle, so that the sSecon n | mMmhas a
third SI%% W Ié?'ffi&' %éTEHf%g a crystalline region, and the

micon d%t
step (b) is a step of melting and solidifying a semiconductor
film including the c¢rystalline region so as to obtain a
semiconductor film that 1includes a crystalline region

including a protruding portion on a surface thereof.

[0038] In a preferred embodiment, the step (d) preferably
includes the steps of: (d-1) depositing a first conductive
film on the gate insulating film; and (4d-2) depositing a

second conductive £ilm on the first conductive f£ilm.

[0039] In a preferred embodiment, the step (e) preferably
includes: a first step (e-1) of etching the second conductive
film so that the second conductive £film has a first side
surface inclination angle; a second step (e-2)} of etching the
first conductive film so that the first conductive £ilm has a
second silde surface inclination angle; and a third step (e-3)
of further selectively etching the second conductive f£ilm,
which has been etched so that the second conductive film has

the first side surface inclination angle, so that the second

14



that is larger than the first side surface inclination angle,

i ncl udes,

between the step (e-2) and the step , a step doplng a

porton SipddeFrisall Dgeheopst 8%.1%??%%?%haﬁ‘c%éﬁgﬁabteﬁﬁﬁ'gigf e

filmand theeﬁbgggg first onductlve filmas a nask. 0042; In a preferred
e ang ephef) of
doping a portion of the island-shaped sem conductor layer with an inmpurity
el enent dihdndy sideg munfage tigel twatien i angle usiageatke Bargeretbanrtbe as a
mask. [0043] In a preferred enbodinent, the step (f) includes a step (f-1)
of perfodMuiﬁnatiahuﬁngﬂstaﬁ)tﬁmcpmwmtﬁmﬁﬁgrpbrtrondunttue sukrfagsi 6@ t he

enbodi nerfhiex

RoPe5R1 e S1den FuRERCE 4Gl inat 1on. napg

second conductive filmof the gate electrode as a nmask. 15 [0044] In a
pref er r ek OB 1 1 ) s SthEFor dd c 86 £ BapoL Y

[0040] In a preferred embodiment, the step (e-1), the step
(e-2) and the step (e-3) of the step (e) are performed

continuously in an etching apparatus.

[0041] In a preferred embodiment, the step (e) preferably
includes, between the step (e-2) and the step (e-3), a step
of doping a portion of the crystalline semiconductor layer
with an impurity element giving n-type or p-type conductivity
using the etched second conductive film and the etched first

conductive f£ilm as a mask.

[0042] In a preferred embodiment, the method further
includes, after the step (e), a step (f) of doping a portion
of the island-shaped semiconductor layer with an impurity
element giving n-type or p-type conductivity using the gate

electrode as a mask.

[0043] In a preferred embodiment, the step (£f) includes a
step (f-1) of performing the doping step through the first
conductive film using the second conductive f£ilm of the gate

electrode as a mask.

15

wherein the
second side surface inclination angle and the third side surface

inclination angle are each larger than the inclination angle of the
protrudi ng portion on the surface of the crystalline sem conductor |ayer.
[0040] In a preferred enbodinent, the step (e-1), the step (e-2) and the
step (e-3) of the step (e) are performed continuously in an etching

appar at Usconditddvd NFR1A" oA r £d etiihedi SERd - shy @a&%e&r(@.ﬂirﬂiﬁt?{ agh¥%1e



I ncludes the steps of: (f-la) doping a | ow concentration of the inpurity
el ement giving n-type or p-type conductivity through the first conductive
filmusing the second conductive filmof the gate el ectrode as a mask; and
(f-2) doping a high concentration of the inpurity elenment giving n-type or
p-type conductivity using the first conductive filmof the gate electrode
as a mask. [0045] in a preferred enbodi nent, the step (f-1a) and the step
(f-2) ar dOp#dlf or Tod ai prefarereds| gmbadiimeht, | dhe cobepnt(f) | phreiferabayst ep
(f-la) and the high concentration in the step (f-2) are controlled by a

total thitkehstesfthéestepsstof:onfificiayedbplifigand 1dw c6668HteatduAt be
filmand a thickness of the first conductive film respectively. [0046] In

a preferrath eTRQUIXTRY | o1 BRe ARt RAd fry t 'ﬂe{txgien%i:'d‘iﬁ-’t d eE:oBB?c%&%&t&L)g’ a

step of etching away exposed regions of first "conductive t1lmus

t he secocrj}_q_‘]__ [ V. | t | e ode,as a mask. [0Q47] .ln a

preferre eﬁ%P|:#§%,f1%éi£%é§9§€§i€§ %%@Te§%%P9 Bﬁ?fﬁ?ﬁﬂﬂgbﬁLgangéve

et chi ng thod. _[0048] In referred enmbodi nent, .the step (e) is

pref er ab@%‘ér?%rﬁ?—ﬁl tee ‘Et’ﬁ%‘%‘ho%l? Fonask: | and pfzferfepiBapadhight

the step (b) preferably 16 includes a step of irradiating the sem conductor

fi|m\Mtrqugﬂ9t#qEﬁﬁn of the impurity element giving n-type or p-type
conductivity using the first conductive film of the gate

electrode as a mask.

[0045] In a preferred embodiment, the step (f-la) and the
step (£-2) are performed simultaneously, and the 1low
concentration in the step (f-la) and the high concentration
in the step (f-2) are controlled by a total thickness of the
first conductive film and the second conductive film and a

thickness of the first conductive f£ilm, respectively.

[0046] In a preferred embodiment, the method further
includes, after the step (f), a step of etching away exposed
regions of the first conductive film wusing the second

conductive film of the gate electrode as a mask.

[0047] In a preferred embodiment, the step (e) is preferably

performed by an ICP etching method.

[0048] In a preferred embodiment, the step (e) is preferably

performed by an RIE method.

[0049] In a preferred embodiment, the step (b) preferably

16



[0050] In a preferred enbodinment, the laser light irradiation step is
performed so that any point on the sem conductor filmis irradiated with
pul sed | aser light a plurality of times continuously. [0051] In a
preferred enbodi nent, the catalyst elenent is one or nore el enent sel ected
fromthe group consisting of nickel (Ni), Iron (Fe), cobalt (Co), tin
(Sn), lead (Pb), ruthenium (Ru), rhodium (Rh), palladium (Pd), osm um

(Cs), irinbluaed ra, siledl i o€ MithniatapRerti&Usemidof@hdtbfU)e1 I 0R2LnAN

i nventive el ectronic device includes any of the sem conductor devices
descri bed zahve 1dHi053] In a preferred embodi ment, the electronic device
further includes a display section where an image is displayed by using

t he sem conduct or device according to preferred enbodinents of the present

i nventio 054 O her f el e ractgristi step
advantagggmgg th% pre§ent§?%€éﬁf?gn m?ﬁﬁ&ée%gﬁg rn)rgf'1 ai%ﬁ? %ﬁgﬁﬁ
follow n des ti,on of referred e odrnents W t refere ceto
t he attag'h&% ré:\re‘\‘n‘%ngs Igﬁp DE%?ﬁQ FraRNGSPPE r{oogﬁ] F & 1A
to FIG 1G“ﬁ§e schemati ¢, cross- sectlonal vrems illustrating steps for

manuf act EHFRWSHonbttPols dekFadiatedr Hilih tQ}J]anCir%PSBFefJérQ@H a

enbodi nent of the present invention.
plurality of times continuously.

[0051] In a preferred embodiment, the catalyst element is
cne or more element selected from the group consisting of
nickel (Ni), iron (Fe), cobalt (Co), tin (Sn), lead (Pb),
ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os),

iridium (Ir), platinum (Pt), copper (Cu) and gold (Au).

[0052] An inventive electronic device includes any of the

semiconductor devices described above.

[0053] In a preferred embodiment, the electronic device

further includes a display section where an image 1is
displayed by using the semiconductor device according to

preferred embodiments of the present invention.

[0054] Other features, elements, characteristics, steps and
advantages of the present invention will become more apparent
from the following detailed description of preferred

embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0056] FIG 2A to FIG 2F are schematic cross-sectional views illustrating
steps for manufacturing a sem conductor device according to a second -
preferred enbodi nent of the present invention. [0057] FIG 3Ato FIG 3D
are schematic cross-sectional views illustrating steps for manufacturing a
sem conductor device according to the second preferred enbodi nent of the
present invention (continued fromFIG 2F). [0058] FIG 4A to FIG 4F are

schemat | (005%)ss- Fecli OBl toi g5, | hest aabi NgchbRABLEOT cPBEKL 6LV bAGL A
sem conductor device according to a third preferred enbodi nent of the

present ARA | 901ubPPaRknk! Gty t eoF %aé&éé@uffngn%t | Sefif 837ad8ELLO"2

views illustrating steps for manufacturing a sem conduct or
accordin e r rre dlnent nt i.nve t|
(conti nugi(f%gégl E}c&o&%&?xg 860 %Aqroe P%Ge&bé’%gﬂ?%tl

cross-sectional, views jll ust rating steps for manuf acturing a sem conductor
devi ce ad¥& My WPt ARt h preferred enbodi ment of the 18 present
invention. [0061] FIG 7A to FIG 7E are schematic cross-sectional views

|IIustra£[ steps for_nanufacturing a sem conductor device according to
the four h&si;efe 160 etboditrefI%r “fe aFpestBfbemalift | sRoseoferhienalr om

FIG 6Q
views illustrating steps for manufacturing a semiconductor

device according to a second preferred embodiment of the

present invention.

[0057] FIG. 3A to FIG. 3D are schematic cross-sectional
views 1llustrating steps for manufacturing a semiconductor
device according to the second preferred embodiment of the

present invention (continued from FIG. 2F).

[0058] FIG. 4A to FIG. 4F are schematic cross-sectional
views 1llustrating steps for manufacturing a semiconductor
device according to a third preferred embodiment of the

present invention.

[0059] FIG. 5A to FIG. B5E are schematic cross-sectional
views i1llustrating steps for manufacturing a semiconductor
device according to the third preferred embodiment of the

present invention (continued from FIG. 4F).

[0060) FIG. 6A to FIG. 6G are schematic cross-sectional
views illustrating steps for manufacturing a semiconductor

device according to a fourth preferred embodiment of the

18



[0062] FIG 8A to FIG BE are schematic cross-sectional views illustrating
steps for manufacturing a sem conductor device according to a fifth
preferred enbodi nent of the present invention. [0063] FIG 9A and FIG 9B

are bl ock diagrans each illustrating a sem conductor device according to a
sixth preferred enbodi nent of the present invention. [0064] FIG 10Ais a
graph illustrating the Vg-1d characteristics of a TFT havi ng an abnor nal

| eak cur rprdsermdnvdrtid®B is a graph illustrating the Vg-I1d
characteristics of a normal TFT. [0065] FIG 11A and FIG 11B are

schematic cross-sectional views each illustrating a portion near the

sour ce- drj@d6t] j Urgi.ON7RT €0t Gor@at emTFEranbaﬁbﬁaticSG&SQBUHGEEiohaief
having protruding portions on the surface thereof, wherein

i |1 ust r atyeaeis cgﬂﬁ@&%&hgTFJteﬁé‘df@rG &-ﬂ-@faéﬁhﬁﬁ%%%tggf S%f%gzﬁgﬁ"@“

preferred enbodi nent of present I nvention

hill t t f id f TFT,
ha 1op 4EHA 53%3%98+¥§st o, PR FRUEHD 14 S Sreil  PrEBRInen B othe)
portion of the TET, and FI 120 is a graph_illustrating the overall Vg-Id
char act e RGN GHiyeRtien, (T%%#}uﬂcf ram FiGd ¥ 13B are schematic

Cross-secti onal

(0062} FIG. 8A to FIG. 8E are schematic cross-sectional
views 1llustrating steps for manufacturing a semiconductor
device according to a fifth preferred embodiment of the

present invention.

[0063] FIG. 9A and FIG. 9B are block diagrams each
1llustrating a semiconductor device according to a sixth

preferred embodiment of the present invention.

[0064] FIG. 10A 1is a graph illustrating the Vg-Id
characteristics of a TFT having an abnormal leak current, and
FIG. 10B is a graph illustrating the Vg-Id characteristics of

a normal TFT.

[0065] FIG. 11A and FIG. 11B are schematlic cross-sectional
views each illustrating a portion near the source-drain
Junction of a top-gate TFT including a semiconductor layer
having protruding portions on the surface thereof, wherein
FIG. 11A 1illustrates a conventional TFT, and FIG. 11B
illustrates a TFT of a preferred embodiment of the present

invention.
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views illustrating the inclination angle of a protruding portion on the
surface of a sem conductor layer. [0068] FIG 14A to FIG 14C are di agrans
illustrating the crystal orientation a crystalline sem conductor film
obtained by crystallizing an anorphous sem conductor filmwhile adding a
catal yst elenent thereto, wherein FIG 14A illustrates how the crystal
growm h proceeds, FIG 14B illustrates the <111> crystal zone planes, and

FI'G 14C[pbegIstr pies a gagndargd ki agghsnof o lent §hieon. vE0P&9]
FI G 15A[and6]F| G 15B each illustrate th%hori%n]%‘ﬁtlaﬁo%@mﬁst%i eﬁtigé g? a

crystal | Idia Ol of | bl ADHBERAT agd!f aanfdl Ay, AL, gand |

FIG 15C ustrates a standard angl'e crys ori éntation.

DESCRI PTI ON PREFERRED .ENB MENIS 07 The present inventors conduct ed
an in-derﬂﬁ?psgfu uﬁézé'#&%c?hs I&%ﬁt&i sgdaa‘?ﬂi:%%k%t?%‘?‘ e BunBet™edrve
of leak current occurri,ggfg\/\hile the TFT is off as illustrated in 20 FIG

10A. As Parddan of hehe, TEEnt apdy EdGor 42§ ddoverakpphatlluskrating ctheent
was caused by ridges on the surface of the sem conductor |ayer, and based
on this divegmidr Wg-tIht ghasagiteristirs ovf Uee THPed t he preferred

enbodi nents of the present invention. It has been reported in the art that
surface irregularities/ridges of a sem conductor |ayer deteriorate the
on- st at e [@M@ilact BIGst i13A ahéd FAGL.ad3Rndreaschenfattifte cross-sectional

views 1llustrating the inclination angle of a protruding

portion on the surface of a semiconductor layer.

[0068] FIG. 14A to FIG. 14C are diagrams illustrating the
crystal orientation a crystalline semiconductor f£ilm obtained
by crystallizing an amorphous semicondﬂctor film while adding
a catalyst element thereto, wherein FIG. 14A i1llustrates how
the crystal growth proceeds, FIG. 14B illustrates the <111)
crystal zone planes, and FIG. 14C illustrates a standard

triangle of crystal orientation.

[0069] FIG. 15A and FIG. 15B each illustrate the orientation
distribution of a crystalline semiconductor film obtained by
using a catalyst element, and FIG. 15C illustrates a standard

triangle of crystal corientation.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0670] The present inventors conducted an in-depth study
regarding the mechanism and cause for the humped curve of

leak current occurring while the TFT is off as 1llustrated in
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gate insulating film and the device reliability, as described above.
However, it has not been reported that the surface irregularities /ridges
of a sem conductor |ayer have an influence on the off-state |eak current.
[0071] The process of identifying the cause for the hunped curve of |eak
current, the results thereof, and preferred enbodiments of the present

i nvention, wll now be described. [0072] FIG 11A is schenmatic

cross- sedti®@nalOdi evks eacresullistthe i ppesenbrinvenhbens dhscowvered- ghain
junction of a top-gate TFT including a sem conductor |ayer having

pr ot r udi ntheoléalonsusnehhe wasr fcmsdd apotidieseon the surlrfdfece 1A, thegat e
insulating film72 is provided on a sem conductor |ayer 71, and a gate

el ect r odgsefdidsn iV ethy &P, td¥ea I5d Fed NSY! BhiHdaisbovd2y, Thﬁe5§%ﬁeﬂféuct0r
| ayer 71 |ncludes on the surface thereof, ridges 74a and 74b orne

through the, dipld i naksebi %&aceggogra&%ﬁatao%yygaas[%neg (G hL OB LU 0A1 ©

|nsulat|ng f Ssite e sefnl con ayer
71 havi ng _the r d es 74 a substantially. uni |c ness acr.oss the

gate i nsutBtThy° flrngﬁm%ﬁﬁlﬁﬁ SWPFgﬁgcﬁ%r at, s¥REAGPor e

t he surface |rregular|t|es are transferred to the surface of the gate

i nsul at i AFEeIHanltiggmidges gofe ansupmkeonductor 1avier néeterilaratieover
the ridges 74, the presence of the ridges 74 does not substantially

det eri or dihe t bB-sbhAtegecharacteristics, the voltage endurance of the

gate insulating f£ilm, and the device reliability, as
described above. However, it has not been reported that the
surface 1irregularities/ridges of a semiconductor layer have

an influence on the off-state leak current.

[0071] The process of identifying the cause for the humped
curve of leak current, the results thereof, and preferred

embodiments of the present invention, will now be described.

[0072] FIG. 11A 1is schematic cross-sectional views each
1l1lustrating a portion near the source-drain junction of a
top-gate TFT 1including a semiconductor layer having
protruding portlions on the surface thereof. Referring to
FIG. 11lA, a gate insulating film 72 1is provided on a
semiconductor layer 71, and a gate electrode 73 is provided
on the gate insulating film 72. The semiconductor layer 71
includes, on the surface thereof, ridges 74a and 74b formed
through the melting/solidification process by laser

irradiation. The gate insulating film 72 is deposited so as
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endurance of the gate insulating film72. The gate electrode 73 is forned
on the gate insulating film72. The gate electrode 73 has an inclined side
surface 77. It is believed that it is desirable to have a snmall angle 75
(hereinafter referred to as "side surface inclination angle") between the
side surface 77 and a bottom surface 78 of the gate electrode 73. If the
side surface inclination angle 75 of the gate electrode 73 is small, it is

possi bl e tioo devetetthed demidraditod Ad¥Rsk o tﬁ@vﬂgj etled eELdgEle 78 Hiem
ode

breaking at the step portion of the gate electr 73. In addition, if the

angle 73 igub¥@dt1diNG COVEEGER {HiERNEQ%C AR SR ﬁ‘h(;%; t Qté’fiﬁéhlcﬂt’fﬁ ying

insulating filmis inproved, thereby preventing a current through the
step por td;qn. r asgo bhov it.ks bg{'eved ,n t art_that the
si de sur gfg'g‘ f%cf%’ggﬁlﬁ%hsa%’@%io gth(gv%ﬁt é:lhgl e ‘#’%%I% 74-i s preretarfy
smal | . [Q073] Then, I mpurity elenment 76 giving n-type conductivity is
i mpl ant edentSy %@W%W%‘Fi%t arai ﬁﬁa-gﬁfEErﬁdcﬁ'é’nrH’fe mrfage i ¢Hurity
el enent giving p-type conductivity is inplanted for obtaining a p-channel
TFT) in &heec|gatsy ié?ﬁ!ﬂla#meﬂmi %94 t h81lggee thiee gatmicdl mankat ingre€klmFor a
TFT for which suppressing the off-state current is of particular
i nport an@@, baicho&s thiginedl d¥dr tthe inpdgesy7dny dee ppebented ot théow
concentration. At this point, the ridge-
ridges 74 does not substantially deteriorate the voltage
endurance of the gate insulating film 72. The gate electrode
73 1is formed on the gate insulating £ilm 72. The gate
electrode 73 has an inclined side surface 77. It i1s believed
that it 1s desirable to have a small angle 75 {(hereinafter
referred to as "side surface inclination angle") between the
side surface 77 and a bottom surface 78 of the gate electrode
73. If the side surface inclination angle 75 of the gate
electrode 73 1s small, it is possible to prevent a line to be
formed on the gate electrode 73 from breaking at the step
portion of the gate electrode 73. 1In addition, 1f the angle
75 1is small, the coverage (step-covering property} of an
overlying insulating film is improved, thereby preventing a
leak current through the step portion. For these reasons
above, 1t is believed in the art that the side surface

inclination angle of the gate electrode 73 is preferably

small.

[0073] Then, an impurity element 76 giving n-type

conductivity is implanted into the structure for obtaining an
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m m cki ng property of the gate el ectrode 73 has been |owered by an etching

process in a tapered portion 73t of the gate
portion 73t" of the gate

the bottom surface 78. If the ridge 74a having a larger size (e.g., a
ri dge having a height of about 40 nmor nore) happens to be present under

the tape&ﬁfémﬂélorrﬂﬁtea@am&i%iﬁr@i@ﬁbﬂ@ ﬁngllﬁ%l?s %&&ﬁeeww& the

gate electrode 73 is reduce

Pl m 72 B8 ranaleed o AR andls B amn wed) U8 2 0 bo R EtniReny

e tapered portion

n
impurity el enment gjving n-type conductivity, for exanpl i s inplanted
nto sucHarnEn Rine, the aFe SLRGhRPas: 1¥hasna Jigsk mpdat va 1 BT nBPEn: ed
into the ridge 74a under the tapered portion 73t, which is supposed to be
masked Whdieh heugpressiag: r the BEHmetatst anrrandd. 14 efr eBarticubary the
ridge 74a is n-doped in the channel-form ng region 23 under the gate
el ect r oddnp®rtande, seauclondaxct @ |mhsesl 7OFT) f che@orimpurbftyt heay be

channel -form ng region is n-doped, the portion functions as a parasitic

el ectrode 73. The "tapered
el ectrode 73 is a portion of the gate el ectrode
73 between the side surface 77, which has been inclined by etching, and

N sone cases,

a
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t her eby

exhibiting Vg-1d characteristics as shown in FIG 12B. In
mimicking property of the gate electrode 73 has been lowered

by an etching process in a tapered portion 73t of the gate
electrode 73. The ™tapered portion 73t" of the gate
electrode 73 1s a portion of the gate electrode 73 between
the side surface 77, which has been inclined by etching, and
the bottom surface 78. If the ridge 74a having a larger size
(e.g., a ridge having a height of about 40 nm or more)
happens to be present under the tapered portion 73t, as
i1llustrated in FIG. 11lA, the thickness of the gate electrode
73 is reduced in the tapered portion 73t. In some cases, a
portion of the gate electrode 73 may disappear with the gate
insulating film 72 being exposed therethrough, as confirmed

by SEM.

[0074] When an impurity element giving n-type conductivity,

for example, 1s Iimplanted into such a structure, a small
amount of the n-type impurity 1s implanted into the ridge 74a
under the tapered portion 73t, which is supposed to be masked
with the gate electrode 73 and left undoped. As a result,

only the ridge 74a 1s n-doped in the channel-forming region
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contrast,

a normal portion exhibits Vg-1d characteristics as shown in FIG
12A. Since the area of the ridge 74a is very snall as conpared to the area

of the entire channel region of the TFT, the current Id through the

parasitic transistor is smaller than that through the entire channel

region according to the area ratio therebetween, as illustrated in FIG

12B. Moreover, the parasitic transistor portion exhibits a

char act eRiridic Sty Yatehal1dstdad t 99 i1h tHe P%Qﬁ&b&ﬁduﬁltb‘?c.ctiéifbd% 9  that
ped.

of a normal TFT, becCause the parasitic transistor portion is n-
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the negative direction is greater as the concentration is higher. The

overal | RPOHPhFIRGEINS 198 BPATRS ke | trapgistehpi nBeven

curves, as illustrated in FIG 12C. Thus, in a portion of the off-state
regi on wismetianspsas ut @an varvdopdd t hpagasdtiol t dgansistoat), theyebye
parasitic transistor in the ridge 74a is turned on, thereby resulting

a hunped

ectirhbd tdfing evig-Tar characterilstikiy cdedshowhl @n BPE. 32BL0O0794 This

i s the nmechani smof the occurrence of the hunped curve of |eak current
di scover ebritrddie, N e86Hhal NPERELLA- exiid st Rgy TRE Nt S48 @51 PELSs

S
described referring to FIG 11A and FIG 12A to FIG 12C assum ng tﬁat t he

TFT IS aQHyyn in FIG. 12A. Since the area of the ridge 74a 1s very

small as compared to the area of the entire channel region of
the TFT, the current I4 through the parasitic transistor is
smaller than that through the entire channel region according
to the area ratio therebetween, as illustrated in FIG. 12B.
Moreover, the parasitic transistor portion exhibits a
characteristics curve that 1s shifted in the negative
direction from that of a normal TFT, because the parasitic
transistor portion is n-doped. The amount of the shift
depends on the concentration of the n-type impurity implanted
into the ridge (parasitic¢ transistor portion), and the shift
in the negative direction is greater as the concentration is
higher. The overall Vg-Id characteristics of the TFT is the
combination of these two curves, as illustrated in FIG. 12C.
Thus, in a portion of the off-state region where the absolute
value of the gate voltage i1s small, only the parasitic
transistor in the ridge 74a is turned on, thereby resulting
in a humped curve of leak current, as illustrated in FIG.

12C,
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channel TFT, a simlar phenonmenon occurs also with a p- channel TFT. Wth a
p-channel TFT, an inpurity elenment giving p-type conductivity is inplanted
Into the ridge 74a, which behaves as a parasitic transistor whose current
Id curve is shifted in the positive direction, whereby only the parasitic
transi stor portion Is turned on in a portion of the off-state region
(where the gate voltage is of a positive value), thus resulting in a

hunped cy@d75jof fTRak der thet melchandkbn RO Auidgriditcdr6f ethéthumped
enbodi ments of the present invention, the present Inventors set out to

sol ve t heuiRfedbbe M edls CEuPLen BDAY 8cheed BY CtHBN M sl Ohventors.
conplicating the manufacturing process or thé manufacturing apparatus and

Wi thout AGHEASID S IRILA 6LLY bAERCARkersBLE St aithodlgepte. ofyhhe

sem conductor device an for manufacturing Sane  atcordi ng

to the presgen I nvention 'ié n be descyribed . in detail. [00771 A

seni cond@&%rﬁ'ag\'/i clezr}bf 88 \p,# ‘ergélﬁ mj;%t %BPt tHRe plEdentsi Afenfron

preferably Includes a thin film transistor including a sem conductor |ayer
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I ncludes a protruding portion on the surface thereof, a gate insulating

fil m prowhdghedn TRF.senmWitiduat op-thgenelartF B, @ai eimpactitgdeelement

controlling the conductivity of the channel region. The sem conductor

devi ce i s chetype€dcbiiductivity is implanted into the ridge 74a,
which behaves as a parasitic transistor whose current 1Id4
curve is shifted in the positive direction, whereby only the
parasitic transistor portion i1s turned on in a portion of the

off-state region (where the gate voltage 1s of a positive

value), thus resulting in a humped curve of leak current.

[0076] In developing the preferred embodiments of the
present invention, the present inventors set out to solve the
problems described above in a simple manner without
complicating the manufacturing process or the manufacturing
apparatus and without increasing the manufacturing cost.
Preferred embodiments of the semiconductor device and the
method for manufacturing the same according to the present

invention will now be described in detail.

[0077] A semiconductor device of a preferred embodiment of
the present invention preferably includes a thin film
transistor including a semiconductor layer that includes a

channel region, a source region and a drain region and
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that the side surface inclination angle of the gate electrode is |arger
than the inclination angle of the protruding portion on the surface of the
sem conductor |ayer. Typically, there are a plurality of nountain-shaped
protrudi ng portions on the surface of the sem conductor |ayer, and the
side surface inclination angle of the gate electrode is larger than the

I nclination angle of any of the individual nountain-shaped protruding
porti ons igiclides senprotrading paytion| 0678helmumfdade theeecfl) f acgate
inclination angle 75 of the gate electrode in the sem conductor device of

at | east mldtaier fetmeprodiid 6h the NaSRNdnduvesti 28yes,! e at han
the inclination angle of the protruding portion 74a on the surface of the

serm oONdughdl I gieierdife 1490t IGUEC MG old® olRaRelgiEed sEboghgent s

of the present 1nvention, the i1nclinatio e proftuding portion
on the surface .of the serg.conduct or %a er _is defined t he, angl e _bet ween
a baselﬁh?éhﬁ%zf%%ﬁﬂﬁﬂui elﬁ?ﬂi%ﬁ?)%gépﬁrﬁﬁgféﬁcf?o%ﬁﬁ?a?ﬁﬁrgzed in
sem conductor | ayer (taken in the channel direction), where the baseline
ext ends ity thee rface nckinabigrcargle | of ckhe sgateneleghgedei al
line is a line tangential to the 26 protruding portion at a position half
t he hei giits oflaniger pthianudithe pdntilldnatReher rngdet 0oEl Gthé3/Aprotir&ithg13B
the inclination angle of a ridge (protruding portion) 82 on the
portion on the surface of the semiconductor 1layer.
Typically, there are a - plurality of mountain-shaped
protruding portions on the surface of the semiconductor
layer, and the side surface inclination angle of the gate
electrode is larger than the inclination angle of any of the

individual mountain-shaped protruding portions of the

semiconductor layer.

[0078] Thus, the side surface inclination angle 75 of the
gate electrode in the semiconductor device of at least one
preferred embodiment of the present invention is larger than
the inclination angle of the protruding portion 74a on the
surface of the semiconductor layer, as illustrated in FIG.
11B. 1In preferred embodiments of the present invention, the
inclination angle of the protruding portion on the surface of
the semiconductor layer is defined as the angle between a
baseline and a tangential line along a cross section of the
semiconductor layer (taken in the channel direction), where
the baseline extends along the surface of the semiconductor

layer, and the tangential line is a line tangential to the
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surface of a sem conductor |ayer 81 will be described in greater detail.

As illustrated in FIG 13B, a baseline 83 is drawn along a flat portion
(non-protruding portion) of the surface of the sem conductor |ayer 81. A
tangential line 86 1is drawn to be tangential to the protruding portion 82

at a position 85 half the height of the protruding portion 8 (half the
hei ght between the baseline 83 and a tip 84 of the protruding portion 82).

The i ncl iphalitiria iy goﬁi:ibhe 4t dge poBAe4oRdi RI1EOT{HONh annﬁf b€ the
sen1conductor |l ayer 81 is defined as an angle 87 between t'he tangenti al

line 86 g,gulamlng,g A1,03. FOPISLANT DoSHER 313 Usldining eVl fepber e

are irr e surface o hé sem con uctor I"ayer,

possi bl et reyent the t|on ara3| transi st Qr as descrlbed
above und®F ﬁwe% TBon” Gt daen LErREredng | BREELGRS 83 Soviehe o

def ect represented by a hunped curve of off state leak current. [0080] In
a pref er edFfagsodpfert semigengustent lawent i8dn, willsdm cédesgaideddeidice
preferably includes a thin film transistor |nclud|ng a sem conductor | ayer

t hat inclomdetexr deltamidel Regiidiustrsateddr REGN BB, aa baselingi 8 dsd 27
I ncludes a protruding portion on the surface thereof, a gate insulating

filmprovrdes odnéhe &emm\dﬂ6fﬁioha)ﬁ‘fon-§ﬁ%t&'néﬁkﬁ BoBEL6AYE IO the

controlling the conductivity of the
surface of the semiconductor layer 81. A tangential line 86
is drawn to be tangential to the protruding portion 82 at a
position 85 half the height of the protruding portion 82
(half the height between the baseline 83 and a tip 84 of the
protruding portion 82). The inclination angle of the ridge
(protruding portion}) 82 of the semiconductor layer 81 1is

defined as an angle 87 between the tangential line 86 and the

baseline 83.

[0079] With such a structure, even if there are
irregularities on the surface of the semiconductor layer, it
1s possible to prevent the formation of a parasitic
transistor as described above under the tapered portion of
the gate electrode, and to prevent a defect represented by a

humped curve of off-state leak current.

[0080] In a preferred embodiment of the present invention, a
semiconductor device preferably includes a thin film
transistor including a semiconductor layer that includes a

channel region, a source region and a drain region and
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channel

of each of the step portions is

there

-form ng region, wherein the cross-sectional shape of the gate
el ectrode includes step portions, and the side surface inclination angle

of each afndiified &P PR6LE9dEnd CpSrtibiCon! YR Witlratle it Hsié#é&ﬂn)a a{:Qe

gate el ectrode haV|ng a stepped cross-sectional shape

|ncI|nat| H1 n o%ifﬂy Jfﬂ%drﬁg gﬂgaglﬁ%gg uﬁﬁﬁgpﬁg¥§rot4ﬁ§ng

portions onq
el ectrode

| ower

face O e Sem conduct or ayer

and t he shaanal-feaming|regionn whegrelnf thaclervss-isectional sshhpmpef

conductive filns is larger than the
porti on dhet hgater f alecttodéheisehhdonductey

of the

protrudi R@r¥FAdd Ofc1 #AEtifR Hndf eSUbE AGRAdHCoE NJiHeONg

sem conductor |ayer includes a plurality of nountain-shaped

| ower and upper conductive filnms of the gate electrode EaV|ng a |layered
structur g Jlied o fioh 2tnbe33c14Wation angle of the protruding portion

on the surface of the semiconductor layer. Typically, there
are a plurality of mountain-shaped protruding portions on the
surface of the semiconductor layer, and the side surface
inclination angle of each of the step portions (e.g., the
lowermost step portion) of the gate electrode having a
stepped cross-sectional shape is larger than the inclination
angle of any of the individual mountain-shaped protruding

portions on the surface of the semiconductor layer.

[0081] The gate electrode may have a layered structure
including at least two layers of different conductive films.
In such a case, the width (gate 1length) of the lower
conductive film is larger than that of the upper conductive
£film, and the side surface inclination angle of each of the
lower and wupper conductive films is larger than the
inclination angle of the protruding portion on the surface of
the semiconductor layer. Typically, the surface of the
semiconductor layer includes a plurality of mountain-shaped

protruding portions, and the side surface inclination angle

28

| arger than the inclination angle of the
protruding portion on the surface of the sem conductor |ayer. Typically,
are a plurality of nountain-shaped protrudi ng portions on the
surface of the sem conductor |ayer, and the side surface inclination angle

arger than the

ve a | ered structure including at_least two | ayers of
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conductive filmis larger than that of the upper conductive film
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| ayers of different conductive filnms is larger than the inclination angle
of any of the individual nountain-shaped protruding portions of the

sem conductor |ayer. [0082] Wth such a structure, even with a TFT whose
gate electrode has a stepped or |ayered structure and even though there
are protruding portions on the surface of the sem conductor layer, it is
possible to prevent the formation of a parasitic transistor as described

above unds bhen t@Peniveror hhan Wipdie coaldhctive r edemsanske t ARy eyapk a
defect represented by a hunped curve of off-state leak current. [0083] It

Is prefer, ggyﬁ t l de_syr. ' ' ' electrode
IS gbout er%%(i:[ 0 a eouﬂtﬁ‘é%#g eg'at'f?ﬁ%ds F%éefﬁs%%l?]g%eiﬁﬁghﬁﬁgpi E)anl?:ea%%t i éﬁgbout
75 or nore, it isp i.ble to nore reliabl r event defect .due to a | eak
current. %ﬁ%ﬁ?q:hgisigiétﬁFFﬁ%e ?ﬂ%&?ﬁgiYﬁn % i85 er@otanleEE? t he
entire side surface of the gate electrode is sufficiently covered with the
over | yi ndtcddRahiany angike ofd arnuefi tthe dmdivddpalhapoanpainrshapedt he

side surface of the gate electrode will be shaded by the gate el ectrode

and | ef t ponotomdime porttians tofi sthpo ssenl eondusupprbspen. | eak current

t hrough such an uncovered portion of the side surface of the 29 gate

el ectrode. [00841 It is preferred that a |ightly-doped inpurity region
[0082] With such a structure, even with a TFT whose gate

electrode has a stepped or layered structure and even though
there are protruding portions on the surface of the
semiconductor layer, it is possible to prevent the formation
of a parasitic transistor as described above under the
tapered portion of the gate electrode, and to prevent a
defect represented by a humped curve of off-state leak

current.

[0083] It is preferred that the side surface inclination
angle of the gate electrode is about 75° to about 90°. When
the side surface inclination angle is about 75° or more, it
is possible to more reliably prevent a defect due to a leak
current. When the side surface inclination angle 1is about
90° or less, the entire side surface of the gate electrode is
sufficiently covered with the overlying insulating film, and
thus it is unlikely that a portion of the side surface of the
gate electrode will be shaded by the gate electrode and left
uncovered. Thus, it is possible to suppress a leak current

through such an uncovered portion of the side surface of the
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(LDD region) is provided at the junction between the channel region and
the source or drain region of the sem conductor Ilayer. In a case where the
gate el ectrode has a stepped cross-sectional shape, it Is preferred that
one or nore |ower step portions (e.g., the |owernost step portion) are
provided in the lightly-doped Inpurity region (LDD region) of the

sem conductor layer. Alternatively, it |Is preferred that the region of the
sem condu@Et® dlaciradees which | ower and upper conductive filns of the
gate el ectrode having a layered structure including tw |ayers of
different conductive filnms are present is the channel region, and the

regi on oyees4phi clit QBl pridvetuer tk@PdHC W thiy-Bdpedr SHoEit$ F8§ion
Iightly-wdoped inpurit¥)region (LDD region%g [8%85 When t he dite glectrode

has a stgmirvy Bgldyr' 86 pRbi¥abd’ 8t2TndeSfn AR Ere &R hRB1can

be forne a self-aligned manner in thé junction between the channel

region a S C r drain regi qa._.An LDD regin .S royi.ded for
decr easi %4’%&1 o) 'F&st% gt e TUHTeht O%f %%alilgl' 5?%10? n8%ea‘§}%gg?ﬂ¥°ﬂﬁa“8§$’ﬁ er
resi stance so as to inprove the reliabilitg. However, if the length of
this regil@¥&Fari edD Rh&ARKi ¥ROF ithS | 92te, aliesirodey RafedcPtePPefeat es
a parasitic resistance, thereby also varying the on-state 30
char act edessscsediianahshpne. dlects refexred sthabeoneror| mgreclower
structure as described above and the | ower portion

step portions (e.g., the lowermost step portion) are provided

in the 1lightly-doped impurity region (LPD region) of the
semiconductor layer. Alternatively, 1t is preferred that the
region of the semiconductor layer over which lower and upper
conductive films of the gate electrode having a layered
structure including two layers of different conductive films
are present is the channel region, and the region over which
only the lower conductive film is present is the lightly-

doped impurity region (LDD region}.

[06085] When the gate electrode has a stepped or layered
structure as described above, an LDD region can be formed in
a self-aligned manner in the junction between the channel
region and the source or draln region. An LDD reglon 1s
provided for decreasing the off-state current of a TFT and
increasing the hot carrier resistance so as to improve the
reliability. However, if the length of this region varies,
the device reliability wvaries, and moreover it creates a

parasitic resistance, thereby also varying the on-state
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t hereof where one or nore |lower step portions or the |lower conductive film
are present is used as the LDD region, it is possible to stably obtain
constant LDD regions. [00861 A protruding portion on the surface of a

sem conductor layer is nornmally present over a crystal grain boundary in
the sem conductor layer. Typically, a protruding portion of the

sem conductor |ayer is present over a nultipoint where three or nore

crystal ghmirmcteaeistigieh awhenottheli ggteodliedtricid onagda nstidped 06€ss of
mel ting/solidifying an anmor phous sem conductor filmto obtain a

crystal | ilng eyl CopPlELatef idgM addctbea n%bbka&g(agﬁ: gg&; glgﬂé;kn g&?ﬁféﬁ’ the

crystal grain boundary portions, which are soli re ralsed

inalin t o] r rydi partion_ d to difference in

vol unet r ioheneit FBAr8 0 ohfl B BoE! 1Y e RobbEohS, onn 1S Eirel 1 e
portion of the sem conductor film The term_'crystal qgrain boundary"” as
used her &RGuatde (L UnATe Pregent Lgaksedy atshrtélfgﬁ-"ﬁh g bEol8ss by
a Secco etching nmethod. A Secco etching nethod is a nmethod of selectively
et chi ng @9saihlen & staloky riaiml¢ongtant b axeglengstal grain boundary
portion by using a m xed solution of potassium dichromate and hydrofl uoric
acid. 31 [0087] In the present preferred enbodi nent, the sem conductor
device id uf adt ur pgobyudingt hogorhébndi ngn the surface of a

semiconductor layer is normally present over a crystal grain
boundary in the semliconductor layer. Typically, a protruding
portion of the semiconductor 1layer 1is present over a
multipoint where three or more crystal grains meet. Such a
protruding portion is formed in the process of
melting/solidifying an amorphous semiconductor f£ilm to obtain
a crystalline semiconductor film. In the
melting/solidification process, the crystal grain boundary
portions, which are solidified lastly, are raised in a linear
pattern to form a protruding portion due to difference in
volumetric expansion coefficlent between a melted portion and
a solidified portion of the semiconductor f£ilm. The term
"crystal grain boundary" as used herein refers to one that is
visualized through an etching process by a Secco etching
method. A Secco etching method is a method of selectively
etching a portion of a poor crystallinity such as a crystal
grain boundary portion by using a mixed solution of potassium

dichromate and hydrofluoric acid.
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the steps of: providing an anor phous sem conductor film nelting and
solidi fying the anorphous sem conductor filmso as to obtain a
sem conductor filmincluding a crystalline region having a protruding

portion on the surface thereof;

havi ng a protruding portion on the surface thereof; formng a gate

i nsul ati
conducti

00871, m B8 ¢ neie o HRRHAR g BFRPRELRRY o mBRARARER e

conductive filmso.as to form ate electrogde for controlli h
conduct | Ve csRoE oL | SakEPet e Mt ERF St Sl e » MREhOtc Sedvding
inclination angle of the gate electrode is |arger than the inclination
angl e of thige Bt8PPudPhy pgrreviiing @Re awprabeusi sewlicendugtoxrhabblm:
sem conductor |ayer; and doping a portion of the island-shaped

sem condoetlddngayand wsohidhfyapgr ithe amomphlious)i semjjcontuptonr fi-lmy pso

conductivity using the gate el ectrode

et hod, ewentdf dbtiitr ar sdnicgdudtidr eg10m i RidfmgeaoiciPetalline
sem conductor layer, it is possible to prevent a ridge (protruding

por tion) Qfyslhe na¢h ogdﬁfgﬂcgﬁg%t é&gfgggﬁi dpped Sited an 4 oty

under the tapered poftio

o0 OB b shARRRRA R AP L7 ek B AdEAMAL

shaped semiconductor layer including a crystalline region
having a protruding portion on the surface thereof; forming a
gate insulating film on the island-shaped semiconductor
layer; depositing a conductive film on the gate insulating
film; patterning/etching the conductive film so as to form a
gate electrode for controlling the conductivity of the
channel-forming region, whereln the side surface inclination
angle of the gate electrode is larger than the inclination
angle of the protruding pbrtion on the surface of the island-
shaped semiconductor layer: and doping a portion of the
i1sland-shaped semiconductor layer with an impurity element
giving n-type or p-type conductivity using the gate electrode
as a mask. With such a manufacturing method, even if there
are irregularities on the surface of the semiconductor layer,
it is possible to prevent a ridge (protruding portion) of the
semiconductor layer from being doped with an impurity under
the tapered portion of the gate electrode, thereby preventing

the formation of a parasitic transistor as described above.
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patterning the sem conductor filmso as to
forman island- shaped sem conductor |ayer including a crystalline region

as a mask. Wth such a nmanufacturing

ctrode, thereby preventing "the



as descri bed above, in which a defect represented by a hunped curve of
off-state leak current is prevented. [0088] In a preferred enbodi nent, the
sem conductor device is manufactured by a nethod including the steps of:
provi ding an anorphous sem conductor filmwith a catal yst el enent capable
of pronmoting crystallization thereof being added to at |east a portion
thereof; performng a first heat treatnent on the anorphous sem conduct or

filmso ag ted resi®) | i€e18t pob8abll ed tROItAIPla 4 AEBH BNOEST device
sem conductor film thereby obtaining a sem conductor filmincluding a

nd Im by  obtaini ng ! euding &
CrYSL R LY ads b By 0 ed Bl YA Mot i SEOREONENELE o o ThELR ! O

a crystal as to obtain a sem con

crystalline reqgion vi,ng a .praqtrudin ortion on  the surface thereof;
patterniﬁ&IWWb%ggﬁégaﬁﬁéﬁ?nlqékrﬁ%ﬁféhg){ﬁ)RQﬁYﬁ%ﬁP$sland-shaped

sem conductor layer including a crystalline region having a protruding
portion E Ee surface thereof; formng a gate insulating filmon the

i sl and-s @%@ sthi CorREetBFredy &mbo % nthe SeMdsondietan ndevieee
gate insulating film patterning/etching the conductive filmso as, to
forma g&tse“lﬂ“é’%ﬁ%ef‘ﬁrbibﬁtw Qdhdlreuding he \$EgpHfof t Herevibdhog

region, wherein the side surface inclination angle of the gate. el ectrode
i s | ar gean hamoriphousc| seatliconduatgire &filmhewptht r adi ogtpbyst one bemeht
surface of the island- shaped sem conductor |ayer; and doping a portion of
the 33 capable of promoting crystallization thereof being added to
at least a portion thereof; performing a first heat treatment
on the amorphous semiconductor film so as to crystallize at
least a portion of the amorphous semiconductor £ilm, thereby
obtaining a semiconductor £film including a crystalliﬁe
region; melting/solidifying the semiconductor f£ilm including
a crystalline region so as to obtain a semiconductor film
including a crystalline region having a protruding portion on
the surface thereof; patterning the semiconductor film so as
to form an island—shaped semiconductor layer including a
crystalline region having a protruding portion on the surface
thereof: forming a gate insulating £ilm on the island-shaped
semiconductor layer; depositing a conductive film on the gate
insulating film; patterning/etching the conductive film so as
to form a gate electrode for controlling the conductivity of
the channel region, wherein the side surface inclination
angle of the gate electrode is larger than the inclination

angle of the protruding portion on the surface of the island-

shaped semiconductor 1layer; and doping a portion of the
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I sl and- shaped sem conductor layer with an inpurity elenment giving n-type
or p-type conductivity using the gate electrode as a mask. Wth such a
manuf acturing nmethod, it is possible to prevent a ridge (protruding

portion)

under the tapered portion of the gate el ectrode,

of the sem conductor |ayer from being doped with an inpurity

t her eby preventing the

formation of a parasitic transistor, thus achieving the advantages of the

present iiRVHd -Hhagddd88kmiBonddbtben . 144dh Mith "gput :I.'t'}?l %&H@Ht it

is possible to obtain a desirable crystalline sem conduct or

S B % P RS R Py fRdah e AR ECREREEEaR! o

uni form
film wh

through a heat treatnent using a catal yst el ement capabl e of pronpting

cryst al | i#Pai@d e B thypRARSAc MRUASCGTIF1ngs

met hod of crystallizing an anorphous sem conductor filmby directly
mel ti ng/ teolnngventq t hkdgembpphbrvdiagi portdondr dofi |the i semicpndacbbr to

obtain a

current driving power that is twice as high or nore in terns

the fi el dayleecfrombibieing oflopedhiwithi | ant napuirdityr . uMdéh thd stapébed,

however,

the metal elenment used as the catalyst elenent may have an

adver se ipdidtuRnce ¢mn tﬂeesegh andggketroddler ehrebp§rstsdit fng  the

manuf acturi ng nmethod i s used,

channel  reegihnn 30

source/drain

the catalyst elenent is renoved fromthe

advantages of the present invention.

[0089] In addition, with this manufacturing method, it is
possible to obtain a desirable crystalline semiconductor film
with a  uniform orientation by melting/solidifying a
crystalline semiconductor film, which is obtained by
crystallizing an amorphous semiconductor film through a heat
treatment using a catalyst element capable of promoting
crystallization thereof. With such a method, as compared
with the other method of crystallizing an amorphous
semiconductor film by directly melting/solidifying the
amorphous semiconductor film, it 1is possible to obtain a
current driving power that is twice as high or more 1in terms
of the field-effect mobility of a thin film transistor. With
this method, however, the metal element used as the catalyst
element may have an adverse 1influence on the semiconductor.
Therefore, when such a manufacturing method is used, the
catalyst element is removed.frém the channel region ana from

the junction between the channel region and the source/drain
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34 region. The present inventors refer to this process as "gettering' . The
catal yst elenent, by nature, is attracted to a region where a group VB

el enent giving n-type conductivity (e.g., phosphorus) or a group II11B

el ement giving p-type conductivity (e.g., boron) is present. Thus, such
el ements are introduced to forma "gettering region" to attract the

catal yst elenent thereto. [0090] However, if the sem conductor |ayer has

surface ddgi il arivhes prdkbrit I 19SRMYIY E.—E%e}capﬁéedcﬁ)é?'%c%fsst hge gate

el ectrode is partially doped wth an 1npurity element giving n--type or

p-type c | Vi tVe th at al | enent | ttracted not to,ihe
getteringggﬂg%%ﬁJgﬁf toﬁpﬁe4%€§;¥§%1égéée?€'a di B ¢ ?B&ﬁﬁ?FBﬂ of a
parasitic transistor described above, the catalyst elenent is trapped and
segregat 6@ i i suERILOBor WhSKe t 1fer eBFOWRCr ¥Bsi fJementrriokving st Ar EYPeak
current. The area under the tapered portion of the gate el ectrode

cor r espof@hdustiie Yyundie . bePhosphams )chammela- f groupg [E§Bonelenenhe
source/drain region, where the electric field |ocalization is nost

prom nentgiviing he-typé atpativek vty JRORjatbhOrowyClES pridsiehits arerust he
area becones a |leak path, thereby increasing the |leak current. The

pe 5 ! t ! | .
present ighedtd RimdH €Y eats Rerb86884a0to %%62‘.8? Gfa%%;eé ng hﬁé! on¥ tge

tapered portion of the gate electrode fro g an inpurirty

6|e”9nt1a@%%&gﬁfﬂﬁeiéﬁﬁ§¥§§{”éiéj£nt thereto.

[06090] However, i1f the semiconductor layer has surface
irregularities, and a ridge under the tapered portion of the
gate electrode 1is partially doped with an impurity element
giving n-type or p-type conductivity, the catalyst element is
attracted not to the gettering region but to the ridge.
Thus, in addition to the formation of a parasitic transistor
described above, the catalyst element 1s trapped and
segregated in such a portion, thereby increasing the TFT off-
state leak current. The area under the tapered portion of
the gate electrode corresponds to the junction between the
channel-forming region and the source/drain region, where the
electric fileld 1localization is most prominent. If the
catalyst element segregation occurs in this area, the area
becomes a leak path, thereby increasing the leak current.
The present invention prevents the ridge of the semiconductor
layer in the tapered portion of the gate electrode from being
doped with an impurity element, whereby it i1s possible to

reduce the segregation of a catalyst element in the ridge,
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reduce the segregation of a catalyst elenent in the ridge, 35 which has

been causi ng problens in conventional

nmet hods in which a catal yst el enent

is used. Thus, where crystallization is performed with a catal yst el enent,

t he

present preferred enbodi ment provides another advantageous effect

addition to the effect of preventing the formation of a parasitic
transistor. [0091) In another preferred enbodi nent, the sem conductor

Qevt oo I Rabu bR Yo AP OBroRI el th | BEnFbAPIoARL AL "na"

anor phous sem conduct or f

I ng an sol 1 e anor phous

ylng t

sem condygioh, films obtai.n__a.sem,conductqr filmjncluding, a
crystall&ﬁgi%%gigh hgﬁﬁﬁﬁ&%t prggﬁﬂﬁwﬁg p&?tioHSSﬁ'the su#ﬁﬂﬁe tthEB?;
patterning the sem conductor filmso_as to forman island-shaped

sem condfEst At iR ydsnperEeTmedl Mitd r BgiAt Fe¥A hg ed emendi.r uhag
portion on the surface thereof; formng a gate insulating filmon the
i sl and- sipgeseenproferredr émhedimentpagiavidess Anptheronadeantagéotim on

the gate insulating

conduct i \wFfadtmimpaideitiog/ ebchhagelfffecti oH pravbicting thé NFopmdtiba
second conductive filmso as to forma gate el ectrode having a stepped

layered Y Cigh@asiVid s ftdy of the second conductive film being

smal l er than that of the first

i nclination angle

[0091) In another preferred embodiment, the semiconductor
device is manufactured by a method including the steps of:
providing an amorphous semiconductor film; melting and
solidifying the amorphous semiconductor film so as to obtain
a semiconductor film including a crystalline region having a
protruding portion on the surface thereof; patterning the
semiconductor film S0 as to form an island-shaped
semiconductor layer including a crystalline region having a
protruding portion on the surface thereof; forming a gate
insulating film on the 1sland-shaped semiconductor layer:
depositing a first conductive film on the gate insulating
film; depositing a second conductive film on the first
conductive film; patterning/etching the first conductive f£film
and the second conductive film so as to form a gate electrode
having a stepped and layered structure, with the width of the
second conductive film being smaller than that of the first
conductive film, wherein the side surface inclination angle
of each of the first conductive film and the second

conductive film of the gate electrode i1s larger than the
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of each of the first conductive filmand the second
gate electrode is larger than the 36 inclination angle of the protruding
portion on the surface of the island-shaped sem conductor |ayer; and
doping a portion of the island-shaped sem conductor layer with an inmpurity

el ement giving n-type or p-type conductivity using the gate
[00921 In this nethod, the step of obtaining a sem conductor film
i ncludin

conductive filmof the

el ectrode as a

iR B B W B Gil r o B A ebactbs

filmw th_ a catal yst . el epent capabl e of pronoting créstallization t her eof

drghaped geMireRAVFEPELFLANRIf AR nHOR1PEr @4 PREtion

treatment on the anorphous sem conductor filmso as to «crystallize at

| east a 96t tha dfsldnd-shapgdusendriondudioror lager mwittiter any tiparitng a
sem conductor filmincluding a crystalline region; and melting/solidifying
the sem eQemientorgivingn hheypdi 88 p-Ciypd atdbhdect£elep aeiag thedbfate a

sem conductor filmincluding a crystalline region having a protruding

portion @Addig&cid faaca thaeneof . [00933 Wth such a nethod, it is possible
to prevent a ridge (protruding portion) of the sem conductor |ayer from

being doped with an inpurity and prevent the formation of a parasitic

transi st gpogapder 1fheni 8PREeHoROT tha stlep! BE WHthining a semiconductor

film including a crystalline region having a protruding
portion on the surface thereof may include the steps of:
providing an amorphous semiconductor film with a catalyst
element capable of promoting crystallization thereof being
added to at least a portion thereof; performing a first heat
treatment on the amorphous semiconductor film so as to
crystallize at least a portion of the amorphous semiconductor
film, thereby obtaining a semiconductor f£film including a
crystalline region: and melting/solidifying the semiconductor
film including a crystalline region so as to obtain a
semiconductor film including a crystalline region having a

protruding portion on the surface thereof.

[0093] With such a method, it is possible to prevent a ridge
(protruding portion) of the semiconductor layer from being
doped with an impurity and prevent the formation of a
parasitic transistor under the tapered portion of the gate
electrode, thus achieving the advantages of the present

invention. Moreover, where crystallization is performed with
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el ectrode, thus achieving the advantages of the present invention.
Moreover, where crystallization is performed with 37 a catal yst el enent,
this method provides an additional effect of reducing the segregation of
the catalyst element in the ridge. In addition to these effects, when the
gate electrode has a |layered and stepped structure including the first
conductive filmand the second conductive film an LDD region

(11 ght | y-loRAad 1 yEW d LemdRY) qmiscq.t;bétaﬁ%é 8;510@91&%tmog(g&iggoga;gggfgckpt 2

self-aligned manner wth respect to ate electr

i ble t h [ f th ] duct I ,_th
Mrer easi 1 tHERERpd o TR Tk forl "ok, MR ¢FEREYSET RbpmoPTg Thetheyi ce
reliability and reducing the off-state current. [0094] In this nethod,
step of pdidasni i Additden e these ebiRRES: vehen| thangateceleetnade

conductive filmso as to forma gate el ectrode having a stepped and
| ayer ed $fxasucaur dayewph and vstepped tdterwdoored dacdudlinge them Biraty

smaller than that of the first conductive film wherein the side surface

i ncl i nat icomdwmglireoffidactand e dedaid contisétive £ilm) aad Lbp 586068

conductive filmof the gate electrode is larger than the inclination angle

of the prQiigHtilng dspdd Oﬁnp@ﬂweréﬁﬂaﬁqe & the kéﬁ’ﬂ@ﬂ‘ ir'?]aapﬁﬂe doping

sem conductor |ayer, may 1nclude the steps of: etching the secon

conduct | - ddddB Sen el PCaPEGRE GRAMING | WEch' (B E LLT Ynd! JEte

surface

electrode. As a result, i1t is possible to reduce the size of
the semiconductor element, thereby increasing the degree of
integration, in addition to improving the device reliability

and reducing the off-state current.

[0094] In this method, the step of patterning/etching the
first conductive film and the second conductive film so as to
form a gate electrode having a stepped and layered structure,
with the width of the second conductive film being smaller
than that of the first conductive film, wherein the side
surface 1inclination angle of each of the first conductive
film and the second conductive film of the gate electrode is
larger than the inclination angle of the protruding portion
on the surface of the island-shaped semiconductor layer, may
include the steps of: etching the second conductive film so
that the second conductive film has a first side surface
inclination angle; etching the first conductive film so that
the first conductive film has a second side surface

inclination angle; and selectively etching the second
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inclination angle; etching the first conductive filmso that the first
conductive filmhas a second side surface inclination angle; and
selectively etching the second 38 conductive film which has been etched so
that the second conductive filmhas the first side surface inclination
angle, so that the second conductive filmhas a third side surface

i nclination angle that is larger than the first side surface inclination

angl e, weorductive SELiy S UhASC dedd1CotBRAOEANEhEt Atthd hBebBhAT
side surface inclination angle are both |larger than the inclination angle

of the RIIduding &ﬁmt Q%ﬁé‘ef%g{ agfaf aﬁfaeé'ﬁgé fﬁ‘é‘?fgn

sem conductor |ayer I's way, gate ectrode aV|ng ped and
| ayer ed str n which the first ctiv f|In1is

smal | er tsr?ancqeﬁétt ? ?ﬁg%‘gc&? (}Hd' #i}ﬁ“fm‘% Ear%%gé' jrf'i% gYtfrGeand
wi th excel |l ent controllabllltg [0095] It is preferred that the step of
et chi ng dMeldaadden angiettha fi#nﬂ@§9@ﬁa¢hﬁﬁetﬁﬁxﬁirﬂﬁnﬁﬁéﬁl?@rfﬂ¢ﬁ1has

a first side surface inclination angle, the step of etching the first
conduct i Vvadliimatden hatangle.f i r whecebguct the fi Bechad a sideondsarfiace
surface inclination angle, and the step of selectively etching the second
conduct i Undliinatiwi chngde &ren ehehathis@ t Badet heuseaesd Loetughtyonfi |l m

has the first side surface inclination angle, so that the second

conducti Wagle are both larger than the inclination angle of the
protruding portion on the surface of the island-shaped
semiconductor layer. In this way, the gate electrode having
a stepped and layered structure in which the width of the
first conductive film is smaller than that of the second

conductive f£ilm can be formed easily and with excellent

controllablility.

[0095] It is preferred that the step of etching the second
conductive film so that the second conductive film has a
first side surface inclination angle, the step of etching the
first conductive film so that the first conductive f£ilm has a
second side surface inclination angle, and the step of
selectively etching the second conductive £ilm, which has
been etched so that the second conductive film has the first
si¢e surface inclination angle, so that the second conductive
film has a third side surface 1inclination angle that is
larger than the first side surface inclination angle, are
performed continuously in an etching apparatus. In this way,

it is possible to easily obtailn a gate electrode having a
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filmhas a third side surface inclination angle that is |larger than the
first side surface inclination angle, are performed continuously in an
etching apparatus. In this way, it is possible to easily obtain a gate

el ectrode having a 39 shape as descri bed above wi t hout increasing the
nunber of process steps, thus reducing the manufacturing cost. [0096]

Mor eover, the manufacturing nmethod may include, after the step of etching
t he secomhapendast idesdriibadoabbwe twicthseroddcreasing vehé i hunbex aofi r st
side surface inclination angle and the step of etching the first

conduct i prddds® Htepdlattidie ddduidind Ehis tharfufddFuPasg acseeond si de
surface inclination angle, the step of doping a portion of the

i sl and- shaped sem conductor |ayer with an inpurity element giving n-type

or p-typ ducisb¥bby¥esi Rile AANAFFRArinke met@hAPETGAS, faffa Wi ch
has beenqetc ed so that the esecgnd conéhc?ﬁ&g filn1ﬁ§§ t he ?qrst s?%g

S 6] 0 e, Bibiogfithd 5ckonl GANGLNE HLLHL o et syl

etched so that ducti v m e secon surface

[ l'inati | e. h L int tai,ned st d trode,
the dopi fausRe e d oS FALE" B BF 5ot Btde: A HITLLRSEEORo e
final wdth of the first conductive film whereby the sem conductor |ayer

i s preveffidde i3nfh BRenG tRBh R wetRLARIL B i RpDAREEiver Sk a9

impurity at an unintended concentration) through the first
that the first conductive film has a second side surface

inclination angle, the step of doping a portion of the
island-shaped semiconductor layer with an impurity element
giving n-type or p-type conductivity using, as a mask, the
second conductive film, which has been etched so that the
second conductive film has the first side surface inclination
angle, and the first conductive film, which has been etched
so that the first conductive film has the second side surface
inclination angle. In such a case, 1n the obtained stepped
gate electrode, the doping process is performed completely
selectively with respect to the final width of the first
conductive film, whereby the semiconductor layer is prevented
from being doped with an unintended impurity (or with an
impurity at an unintended concentration) through the first

conductive £ilm.

[06097] In this manufacturing method, in the step of doping a
portion of the island-shaped semiconductor layer with an

impurity element giving n-type or p-type conductivity using




conductive film [0097] In this manufacturing nethod, in the step of doping
a portion of the island-shaped sem conductor layer with an inpurity

el enent giving n-type or p-type conductivity using 40 the gate el ectrode as
a mask, the sem conductor |ayer may be doped through the first conductive
filmusing the second conductive filmas a mask. Alternatively, in the
step of doping a portion of the island-shaped sem conductor layer wth an
i mpur ity Weergate gglectreode yae ar mpskypéheosdudidonduct arsi laydehenamt be

el ectrode as a mask, the sem conductor |ayer nmay be doped with a | ow

concent r aldped othaoughputhéy flyEntonductigen-£ype Alsihd YRBeCO8E86hAVI LY
through the first conductive filmusing the second conductive filmof the

gate el edidf 3% apiBak.asang FnB%ﬁl.dOpﬁﬁ!t%EQtinh.?g CONCeRL' Al off an

impurity elenment giving n-type or p-type conducti vi using the tirst

ducti ' f k., B f ] t
coapa’! LRI 8] ROELERC of PRRLOYR RS ol  BpRtbdRBedd DEyEr
t he differ% ce betwee the width of the first conductive film and that of
the secofdtAHIMRWRYY |§hement ghving Kit¥Pe o R-LYRe ¢RRARGHIVitYos]

Alternatively, the step of doping the sem conductor layer with a | ow
concent r #5379 cthendpakpueilegtaodeems ¢ vilagk. nthepsamlqondystanntiayervity
through the first conductive filmusing the second conductive filmof the
gate el emayodwe doped with a low concentration of an impurity element
giving n-type or p-type conductivity through the first
conductive film using the second conductive film of the gate
electrode as a mask, and then doped with a high concentration
of an impurity element giving n-type or p-type conductivity
using the first conductive film of the gate electrode as a
mask. By performing these steps, an LDD region can be formed
in a self-aligned manner by utilizing the difference between

the width of the first conductive film and that of the second

conductive film (i.e., the length of the step portion).

[0098] Alternatively, the step of doping the semiconductor
layer with a low concentration of an impurity element giving
n-type or p-type conductivity through the first conductive
film using the second conductive film of the gate electrode
as a mask, and the step of doping the semiconductor layer
with a high concentration of an impurity element giving n-
type or p-type conductivity using the first conductive film
of the gate electrode as a mask, may be performed

simultaneously by utilizing the difference in ion range in
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as a mask, and the step of doping the sem conductor layer wth a high
concentration of an inpurity elenent giving n- type or p-type conductivity
using the first conductive film of the gate electrode as a mask, nay be
performed simultaneously by utilizing the difference in ion range in 41

t he doping process as controlled by the thicknesses of the first and second
conductive filnms. In such a case, the concentration for the

| ow conc dier Al9pinglopragesasd asheconbnethed abyortHer thhekheghesomdenthat i on
doping can be controlled by the total of the thicknesses of the first and

second cancwt! i andf idedord condult iviel Cknems . of tThe sueht a ceadect ivgefilm
respectively. [0099) Alternatively, after the step of doping a portion of

the isl andnadRedtI®H CHVMClAhe | AYEY-BbhBeARrhfRBR! | oﬁyﬁgyﬁégﬁivgﬂg

n-type or p-type conductivity using the gate electrode“as

portion qof finst co ti fi n hed a using the
second cg:r? tlﬂ’rcé |1:\’:j<'=:=l t?'ﬂnm or?o he’yﬁ?gat %%ngglrlgggggétggﬁa%p%gsuc El?age, a
portion of the_  _sem _conductor |ayer under the portion of the first

conduct i Y™ iQ¥%éaEﬁYi %tgﬂgﬁiaﬁﬁyiﬁﬁdeQP 2225 r 8§ Sheofrsihi 2t he
gate electrode is absent. Wth such a structure, the LDD region is

parti cul &eopngs feendyetive r £ddaisngande byrTthe f thdcknesisehE cheenfirst

contrast, with the first conductive filmbeing |left unetched, the LDD
regi on i sohduedd vien i, respectively.

[0099] Alternatively, after the step of doping a portion of
the island-shaped semiconductor layer with an impurity
element giving n-type or p-type conductivity using the gate
electrode as a mask, a portion of the first conductive film
may be etched away by using the second conductive film of the
gate electrode as a mask. In such a cage, a portion of the
semiconductor layer under the portion of the first conductive
film that is etched away becomes an LDD region over which the
gate electrode is absent. With such a structure, the LDD
region is particularly effective in reducing the TFT off-
state leak current. In contrast, with the first conductive
film being left unetched, the LDD region is formed in the
region over which only the first conductive film is present,
whereby the gate electrode will be present over the LDD
region of the TPT. With such a structure, although the
effect of reducing the TFT off-state current is decreased,
the hot carrier resistance increases, thereby improving the

device reliability. Thus, for example, a portion of the
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regi on over which only the first conductive filmis present, whereby the
gate electrode will be present over the LDD region of the TFT. Wth such a
structure, although the effect of reducing the TFT off-state current is
decreased, the hot carrier resistance increases, thereby inproving the
device reliability. Thus, for exanple, a portion of the 42 first conductive
filmmay be etched away using the second conductive filmas a mask for

sone TFTgirgher ebyadctisvel £idinf fRapNbeC NSt A& laWalyC Sus g DA HY 05e66Ra
according to the purposes of the 1ndividual elenments. [0100] In the

vari ous eroﬁh%tﬂ_%e"?gﬂhn%ysag_ ¥ bedr & TR Stﬁpefe%fﬁglggfligs

(e.g., etching) a conductive filmso as to forma gate € S

pr ef er abl erforme b n | nductivel upl ed Pl as et chi ng. net hod
b “an REAEERESRY VehEHo BT RLSS meAb o\ PR AR AERGEEINg, oy End
possible to precisely form_ by etching, a gate electrode having a side
surface PHEPOSSS OF g dnddviddual wlemant®.  Particularly, the first
conductive filmand the second conductive filmmy be forned in a | ayered

structure, and the Ig%fred structure may be etched into a stepped shape,
as descl0¥0) apole, Wb e wamiousmg Brefierreflenembosiimentsor edeserhbed0101]
In the various preferred enbodi nents descri bed above, the step of

mel ti ng/ eboivei.f yiey stepnmphpatterning (e.g., etching) a conductive
film so as to form a gate electrode is preferably performed
by an ICP (Inductively Coupled Plasma) etching method or an
RIE (Reactive Ion Etching) method. With such methods, it is
possible to precisely form, by etching, a gate electrode
having a side surface inclination angle as described above.
Particularly, the first conductive film and the second
conductive film may be formed in a layered structure, and the
layered structure may be etched into a stepped shape, as
described above, while ensuring a sufficient etching

precision.

[0101] In the wvarious preferred embodiments described
above, the step of melting/solidifying an amorphous
semiconductor film or a semiconductor f£ilm including a
crystalline region so as to obtain a semiconductor f£film
including a crystalline region having a protruding portion on
the surface thereof may be performed by irradiating, with
laser light, the amorphous semiconductor £film or the

semiconductor film including a crystalline region.
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sem conductor filmor a sem conductor filmincluding a crystalline region
so as to obtain a sem conductor film including a crystalline region having
a protruding portion on the surface thereof nay be perforned by
irradiating, with laser light, the anorphous sem conductor filmor the

sem conductor filmincluding a crystalline region. 43 Preferably, the

anor phous sem conductor filmor the sem conductor filmincluding a

crystal | ipefeagivdy, S ther adagbephvhbh PéBEsohdsStoli 1Y t B aphepoi Nt

on the anorphous sem conductor filmor the sem conductor film including a
crystal | igegiicRfidittor | ' £24hat edy 44 | sed | a. plurality_of
times continuously. I'n this way, d,yl't‘:i‘ﬂl'rgﬁlpogsi b+§$%ai()jb?£%n égétiy"g{ al T¥ne

sem cond [ [ N desirable .crystallipjty wthout qiving

t her mal %@géﬁiéqéytéﬁ?%ugg??ﬁﬁeiaﬁﬁré %:Wﬁ%rgh?ﬁeagﬁb on “the
sem conductor filmis directly irradiated wwth |aser |ight t he obt ai ned
cryst al | AMOTERAUSH N RRAHFORINGEIR Y| F41BUr PEce the r AMEIORIGLEN of E11M| v
has a crystal grain dianmeter of about 100 nmto about 1000 nm When the
crystal dngilndigicamat eerystaiithe stedionr drge irtatdatieddewithbl pulsed
characteristics are obtained stably. Specifically, in the sem conductor
devi ce oflaser driagenta ppbheal bty esbodinest contdnududly.di aeteiiofway,

crystal grain defined by a crystal grain boundary in the sem conductor

layer isijpreier Yyskia@t td0Qbtain a crystalline semiconductor f£ilm
having a desirable crystallinity without giving a thermal
damage to the substrate. In a case where the amorphous
semiconductor film is directly irradiated with laser 1light,
the obtained crystalline semiconductor film having surface
irregularities preferably has a crystal grain diameter of
about 100 nm to about 1000 nm. When the crystal grain
diameter is within such a range, TFTs of desirable
characteristics are obtained stably. Specifically, in the
semiconductor device of the present preferred embodiment, the
grain diameter of a crystal grain defined by a crystal grain
boundary in the semiconductor layer is preferably about 100
nm to about 1000 nm. The crystal grain boundary as used

herein is one that is visualized through an etching process

by a Secco etching method described above.

[0102) Moreover, in the semiconductor device produced by a

manufacturing method as described above, where the
semiconductor layer 1s crystallized using a catalyst element,

the catalyst element capable of promoting crystallization of
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nmto about 1000 nm The crystal grain boundary as used herein is one that
I's visualized through an etching process by a Secco etching nethod

descri bed above. [0102] Moreover, in the sem conductor device produced by a
manuf acturi ng nmet hod as descri bed above, where the sem conductor |ayer is
crystallized using a catalyst elenent, the catalyst el enent capabl e of
pronmoting crystallization of 44 an anorphous sem conductor filmis included

at | east dl amoPPhbheN mildvhERNMGTONENEROrid a¥RE1uRaE! iUl Beh¥t WHENat he
gettering process of noving the catalyst element to a region other than

the chanflrdih ofie ! enBeldefiBfhaddtorr A YS! Be¥aRhiay 1R/, eHln Ana i oh

concentr sourcé/drain regio a I cat éd ‘gettering
region outside the source/draln region. Th atal yst el ement may b one
or ‘more SIETRETLAL RASRFT O PRELEH o Ehec SAEALTFT, SJement it NFFILPRON
(Fe), cobalt (Cog, tin (Sn), lead (Pb), ruthenium (Ru), rhodium (Rh),

pal | adi uRtt®y | thami ke oshanned qreslenr )is ppanfiarmeds: ) theoppetalysf and
gold (Au). These elenents can provide a crystallization pronoting effect

even in \edremegrinl | 1anopeserart atul aa | yhigh caompravicktide Mist the
significant effect. [01031 Wen the sem conductor |ayer |Is crystallized

with a Gihilestardiaeniegidn | ol efifr r£d ddifcd £a S efa COSBLRG O re§ BYRT 1S
a crystalline sem conductor filmin which the
outside the source/drain region. The catalyst element may be
one or more element selected from the group consisting of
nickel (Ni}, 4iron (Fe), cobalt (Co)}, tin (Sn}, lead (Pb),
ruthenium (Ru)}, rhodium (Rh), palladium (Pd), osmium (Os},
iridium (Ir), platinum (Pt), copper (Cu) and gold (Au).
These elements can provide a crystallization promoting effect

even in very small amounts. Particularly, Ni can provide the

most significant effect.

[0103] When the semiconductor layer is crystallized with a
catalyst element, it 1is preferred that the semiconductor
layer 1s a crystalline semiconductor £ilm in which the
orientated crystal planes are primarily planes of <111)>
crystal zZone. Moreover, it is preferred that the
semiconductor layer is a crystalline semiconductor film in
which the orientated crystal planes are primarily planes of
<111> crystal zone, and in which about 50% or more of the
regilons that are oriented along the <111> crystal zone planes
are regions that are oriented along the (110) plane or the

(211) plane.
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orientated crystal planes are primarily planes of <111> crystal zone.
Moreover, it is preferred that the sem conductor layer is a crystalline
sem conductor filmin which the orientated crystal planes are primarily
pl anes of <111> crystal zone, and in which about 501% or nore of the
regions that are oriented along the <111> crystal zone planes are regions
that are oriented along the (110) plane or the (211) plane. 45 [0104]

Typi cal | yjo10d)en crypiealilzgd wWhHdmwoUlcys¥HAdAdd ShEERoit aacryatallibee

sem conductor filmis likely to be oriented along the (111) plane, due to

the infl yongd, t Be cryistd BiGe baaﬁ.it:bh&h%@%“ﬂm a{ge ffﬁéfg”ddbctﬁé film

(particularly in the case of annrphous silicon dioxid ntrast, when

t d th,t ddi t
cntalys: el Ehohy c?fy‘%t éﬂ{ﬁzatp s s o€, ¥ &@%ﬁ%éoﬁaﬁﬁsr as
[ d FIG 14A. R FIG 14A b | at
: ncrzéggtﬁ%%dﬁ?ﬁ? c%ﬂ-ﬁﬂhl Phye oYing EQP:I faﬁs‘“%&%tam%rﬂ Ehlms the

driving force of the crystal growh. As illustrated in FIG 14A the
cat al yst (Pagidfulamipoimdte caser efegmorphoms faiddicdn blaide )st aln
growh and gradually crystallizes an anorphous sem conductor film92 in

t he uncr ysirgidasAed r egieon f raom | edniotphought semidendictore. £Dlmhi sis

process, the catal yst el enent conpound 94
crystallized with the addition of a catalyst element, the
crystallization proceeds in a distinctive manner as
illustrated in FIG. 14A. Referring to FIG. 14A, a base
insulator 91 includes a semiconductor compound 94 of the
catalyst element, which is the driving force of the crystal
growth. As 1lllustrated in FIG. 14A, the catalyst element
compound 94 is present at the front line of crystal growth
and gradually crystallizes an amorphous semiconductor film 92
in the wuncrystallized region from left to right in the
figure. In this process, the catalyst element compound 94
tends to grow strongly in the <111» direction. As a result,

the obtained crystalline semiconductor £ilm 93 is oriented in

the <111> crystal zone planes, as illustrated in FIG. 14A.

{0105] FIG. 14B illustrates the <111> crystal zone planes.
In FIG. 14B, the horizontal axis represents the inclination
angle with respect to the (-100) plane, and the vertical axis
represents the surface energy. Reference numeral 95 denotes
a group of crystal planes that are <111> crystal zone planes.

The (100) plane and the (111) plane are shown for the purpose
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tends to grow strongly in the <111> direction. As a result, the obtained
crystalline sem conductor film93 is oriented in the <111> crystal zone
pl anes, as illustrated in FIG 14A [0105] FIG 14B illustrates the <111>
crystal zone planes. In FIG 14B, the horizontal axis represents the
inclination angle with respect to the (-100) plane, and the vertical axis
represents the surface energy. Reference nuneral 95 denotes a group of

crystal pifargmmpgdifiisdi e thoigh ey Ard Het N BIES  cryd€al 100he PhRRSeaNd t he
(111) plane are shown for the purpose 46 of conparison, though they are not

<111> cr yehdovdie Pi@Nesuc MG ted! £ Afaug#f[ﬁgfgiﬁtéﬁf% 3

triangle of crystal orientation. e distribution >

zone pl s i,s.as indicgted fy .a hroken line., The jndices of ypi cal

pol es ar ?}"gﬁ V\tiwatglL?rfb'ri caflll?/. #f?otrfg“q’é‘ﬁﬁotrhe° 114ke c¢@t>al Cryftali afeRe tne
(110) plane or the (211% Elane Is domnant in the crystalline

seni cond®dEHes | L &% alpdicaked: by predaivkesn cltheed cPhediindicesanef

advant ageous effects are obtained when these planes account for about 50%

or nore. tybigad tpplesyard shoawes numenimpliyeh hidgieerg held s | K11ES

t han ot her planes, are capable of inproving the perfornmance of

parti cul aystalp-sbaanpllahkes, Whech{iB0) npeaner dn tper {e1IYNGa dre ads

n-channel TFT, thereby also providing an advantage that it is easy to

produce @otlinanal fACthe SEFYSOATVEAET seiTdnlductor film obtained in
the present preferred embodiment, and advantageous effects
are obtained when these planes account for about 50% or more.
These two crystal planes, having much higher hole mobilities
than other planes, are capable of improving the performance
of particularly a p-channel 7TFT, which is inferior in
performance to an n-channel TFT, thereby also providing an

advantage that it is easy to produce a well-balanced

semliconductor circuit.

[0106] The orientation distribution of the crystalline
semiconductor film obtained by using a catalyst element is
shown in FIG. 15A and FIG. 15B. FIG. 15A and FIG. 15B are
EBSP images obtained by identifying the crystal orientation
of each minute region of the crystalline semiconductor f£film
and mapping the orientation distribution of the crystalline
semiconductor f£ilm. FIG. 15A is the orientation distribution
of the crystalline semiconductor f£film of the present
preferred embodiment, and FIG. 15B is a modified image of

FIG. 15A where the individual crystal domains are more easily
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[0106] The orientation distribution of the crystalline sem conductor film
obt ai ned by using a catalyst elenent is shown in FIG 15A and FIG 15B.
FIG 15A and FIG 15B are EBSP inages obtained by identifying the crystal
orientation of each mnute region of the crystalline sem conductor film
and mapping the orientation distribution of the crystalline sem conductor
film FIG 15A is the orientation distribution of the crystalline

sem condseen. filSpeafifiivaliygseth REGS el5B] aydmeli dolor ads hised 1H8ris a
nodi fied i mage of FIG 15A where the individual crystal domains are nore

easi |y 4339eRntSERPYint I dointis) i @hel B £S5 ERES! QindBe }'SE8LEQEn 8 acent

mappi ng points if the difference (angle) between the ™orientations of the
adj acent JpBRRI Nt Sc i e or 24 r geér I ned degree
(about 5 PASpeataRRld o Ent 3 100RRe"mark el DALRCE! THC 4R et B C
herein refer:]uto a re%'&o? of substantially the sang crystal_ orientation.
FIG 15899, &9 & &redetermined: APaRgPe (gPobty SF it rihe 11 1pstrated
described above with reference to FIG 14C. As can be seen fromFI G 15C
the crys®¥MPd®)semIdendedm " quyshak danaln; ariised dieretn refeusneat s
generally oriented in the <111> crystal zone planes, particularly al ong
the (110p aedgiomdf) sybmtentikidsitle cfancherystial cualextasstan . ddBG NS
(regions each having a substantially uniformorientation) illustrated in
FI G 15B1&cCe idilnigticatiead d sHaida g idngw Wf crystal orientation as
described above with reference to FIG. 14C. As can be seen
from FIG. 15C, the crystalline semiconductor film of the
present preferred embodiment i1s generally oriented in the
<1l1l1l> crystal zone planes, particularly along the (110) and
{211) planes. The size of the individual crystal domains
(regions each having a substantially uniform orientation)
illustrated in FIG. 15B are distributed in the range of about
2 pm to about 10 pm. Thus, when a catalyst element 1s used,
the crystal domains (regions each having a substantially
uniform orientation) of the crystalline semiconductor film of
the semiconductor layer typically have domain diameters of
about 2 pm to about 10 pm. Note that the orientations, the

proportion of orientations, and the domain diameters of the

crystal domains set forth above are values based on EBSP.

[0107] It is preferred that the inclination angle of the
protruding portion on the surface of the semiconductor layer
is in the range of about 30° to about 70°. Moreover, it is

preferred that the average surface roughness (Ra) of the
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2 pmto about 10 pm Thus, when a catal yst elenent is used, the crystal
domai ns (regions each having a substantially wuniformorientation) of the
crystalline sem conductor filmof the sem conductor |ayer typically have
dormai n di aneters of about 2 pmto about 10 pm Note that the orientations,
the proportion of orientations, and the domain dianmeters of the crystal
domai ns set forth above are val ues based on EBSP. (0107] It is preferred
that the dgeilddimiictibrndage®!, 148 mELIurKE NBYPOAAT QFMN (bitemi f 86ecaf the
sem conductor layer is in the range of about 30 to about 70 . Moreover, it
o bonqicEbddttie | NSV ERBIZIRYL | 250 A6 n (B) aBbut 3¢ . | In

sem conduct or | ayer, as neasured by an (atomc Torce mcroscope), or
the like, s about. 4 nmto _abqut 30 nm_. In view of the preferred range of
the aver é’d‘eewsﬁ#oa@éergﬁﬁﬁﬂ’éggg [RRge Pfc the. AYRraas g?ﬁrgqc‘? hECRFRREEE| ng
portions on the surface of the sem conductor |ayer is preferably in the
range of(R&Jout the navesagso hieiahtnof TREe: prP tFeding sPPrbdenghsie the
obtained as a result of performng the nelting/solidification process with
| aser |i gwrfiaceg ofjcilie fumd epnductomnhyenhi ig-peeferably el TFihéavange
stable characteristics with little variations across the entire surface
of the swuifStatmiut chmmetobabouedéeby nimi NtMieNidih@eion AAE€SEE bé@Nab&v&ST
PREFERRED ENMBCODI MENT

is obtained as a result of performing the

melting/solidification process with laser light in a
desirable manner, and a high-performance TFT having stable
characteristics with 1little variations across the entire
surface of the substrate can be obtained by maintaining such

a condition.

FIRST PREFERRED EMBODIMENT

{0108] A semiconductor device according to the first
preferred embodiment of the present invention and a method
for manufacturing the same will now be described with
reference to FIG. 1A to FIG. 1G. The first preferred
embodiment is directed to a method for producing an n-channel
TFT on a glass substrate. The TFT of the present preferred
embodiment can be used not only in a driver c¢ircuit or a
plxel section of an active matrix 1liquid crystal display
device or an organic EL display device, but also as an
element in a thin film integrated circuit. FIG. 1A to FIG.
1G are cross-sectional views sequentially illustrating steps

for producing the n-channel TFT.
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[0108] A sem conductor device according to the first preferred enbodi nent
of the present invention and a nethod for manufacturing the sane will now
be described with reference to FIG 1A to FIG 1G The first preferred
enbodiment is directed to a nmethod for producing an n-channel TFT on a

gl ass substrate. The TFT of the present preferred enbodinent can be used
not only in a driver circuit or a pixel section of an active matrix liquid

crystal qopg¥lay @etles®iflg Ao organi aatl 4 ie{qaalﬁaﬂc%u@é ghBetPatan
element in athin filmintegrated circuit. FIG 1A to G 1G are

Cross- seg; ua&éfﬂvsséﬁé%%ﬁé%é 6&'-]&;15% & N9 SLEPEr f.( r194 0dugi pgy,Lhe
n- channel ngﬁi49 01091 Re errlﬁé to qﬁA, a [owa al} gl ass sSubstrate
or a quart %gstrate may., be_used as a sugst ate 101. Alo al kali gl.ass
subst rat E ML CIA35F (RUPRFERER Wt URPGS 18 nRREseRt SRERTaTEad.,
the substrate may be subjected to a pre-heat treatnent at a tenperature
that is [SRRGAIMERE- ¢ hingERsh FefRTMt | BRe pSURstEatghMRY e subieetedoocC.
A base filmsuch as a silicon oxide film a silicon nitride filmor a .
silicon &@ de prerhdatf tneaitmendr rdd antempeFafurei dbadf ishelowdnstthap 101
for preventing the diffusion of an inpurity fromthe substrate 101. In the
present ef ejless @sbotimatnbn poiniti &I dbdule DotcCi €6 hbomtwarn deposit ed,
as a lower first base film 102, by a plasnma CVD net hod using

base film such as a silicon oxide film, a silicon nitride

film or a silicon oxide nitride film is formed on the TFT

side of the substrate 101 for preventing the diffusion of an

impurity f£from the substrate 101. In the present preferred

embodiment, a silicon oxide nitride film was deposited, as a

lower first base film 102, by a plasma CVD method using

material gases of SiH;, NH; and N;0, and a second base film

103 was deposited on the first base film 102 similarly by a

prlasma CVD method using material gases of SiH, and N,O0. The

thickness of the silicon oxide nitride film of the first base

film 102 was set to about 25 nm to about 200 nm (e.g., about

100 nm}, and the thickness of the silicon oxide nitride film

of the second base film 103 was set to about 25 nm to about

300 nm (e.g., about 100 nm). Then, an 1intrinsic (I type)

amorphous silicon f£ilm (a-Si £ilm) 104 having a thickness of

about 20 nm to about 80 nm (e.g., about 50 nm) and including

a rare gas element is deposited by a plasma CVD method. 1In

the present preferred embodiment, the first base film 102,

the second base film 103 and the a-Si film 104 were deposited
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materi al gases of SiH4, NH3 and N20, and a second base film 103 was
deposited on the first base film102 simlarly by a plasm CVD net hod
using material gases of SiH4 and N20. The thickness of the silicon oxide
nitride filmof the first base film 102 was set to about 25 nmto about
200 nm (e.g., about 100 nm), and the thickness of the silicon oxide
nitride film of the second base film 103 was set to about 25 nmto about
300 nm ( eurcessiorglyl 00 wihouthen exposinig i nthe (| supseratenor pbousthel i con
film(a-Si film 104 having a thickness of about 20 nmto about 80 nm

(e.g., akaudosphdiic andienClyidi ndsifgr Al OMS1€1c8RAhbEE d9NQEHMLI BYDa

pl asma CVD nethod. In the present preferred enbodinent, the first base
film102,4 ﬂ&yag*gpnd base film 103 and the a-Si film 104 were deposited 50
successivé1y W t hout exposing the substrate to the atnospheric air by
using a nmulti-chanber plasma CV/D apparatus. [01101 Then, a heat treatnent

[ f Qp" 000 . Q. b

45070 1 OVERNS, “PhRETA R, dedfitile L ped Lol a8 d ErbBe B unES on
" dyci ol t . f hyd S | t - S

Pl T 204 Srabt At e et POy GRALE, €8 oy ot HE0°Ch ot g, phSutof

preventing bunpiggeof hydrogen in the Si  film 104 in the subsequent

crystal | BR#% on BeBY | ReFEOTRIngi a1d onSonkrdAedny Taelvdsogenatiagt i on,

peel i ng, etc.
process"” of reducing the concentration of hydrogen present in

the a-Si film 104. The dehydrogenation process is performed
for the purpose of preventing bumping of hydrogen in the Si
film 104 in the subsequent crystallization step by laser

irradiation, which may lead to delamination, peeling, etc.

[0111] Then, as 1llustrated in FIG. 1B, the dehydrogenated
a-51 film 104 is crystallized by being irradiated with laser
light 105 so as to form the crystalline silicon film 104a.
The laser light used in this step may be XeCl excimer laser
(wavelength: 308 nm, pulse width: 40 nsec) or KrF excimer
laser (wavelength: 248 nm). Within the period of the pulse
width, the Si film 104 is instantaneously heated and melted,
and 1is <crystallized as it 1is solidified. In the
melting/solidification process, the volume 1s increasing from
a previously solidified portion (crystal nucleus) to a lastly
solidified portion (crystal grain boundary portion) due to
the difference in volumetric expansion coefficient between a

melted portion and a solidified portion, whereby a ridge is
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[01111 Then, as illustrated in FIG 1B, the dehydrogenated a-Si film 104
Is crystallized by being irradiated with laser 1light 105 so as to formthe
crystalline silicon film104a. The |laser light used In this step may be
XeC excimer |aser (wavelength: 308 nm pulse wdth.- 40 nsec) or KrF
excinmer |aser (wavelength: 248 nm. Wthin the period of the pulse wdth,
the Si film2104 is Instantaneously heated and nelted, and is crystallized

as it i$fﬂ¥ddﬂfi@dthénpkﬂﬁtaEEQ£d¥H?%EﬁﬁﬁéffabbﬁﬂiBhogﬁﬁ%héh§u¥95&89 i's
increasing from a previously solidified portion (crystal nucleus) to a

3ty sl L1 R0 09LYA90 AT Alord Al Tl DIHAGETY QL AQALIUAI 1BE

difference in vo ric expansion coefficiéent between a el teéd poriion

and a sol idified portion,_whereby a ridge. Il.s 51 fornmed in the crystal _grain
boundar y SRR SRS 16 SRR GLonEAtRY Ref | SRAE 97 | L% FRFFA9B4AL The
| aser light is shaped so as to form an el ongated beam spot on the surface

of the t pab8tratesolPhat 5@ hthatsithe: espbstrpdeal Lezeeryatabitzede
entire surface thereof by being scanned with the |aser beamin the

di recti omcrivets i tshesuestineéi sulrfaceerfhenticill by beihlje scamgieididiiizh the
direction of the beam spot. The substrate surface is preferably scanned so

that adj aeer beedmiragchs hewe amiPeItidh t henalket Wegn agghsPanLLADIyON
the surface of the a-Si film 104 is scanned with laser light a plurality

of times peb BRI ¥d thd N dfiildY a1tction of the beam spot.

The substrate surface is preferably scanned so that adjacent
beam traces have an overlap therebetween and any point on the
surface of the a-Si film 104 is scanned with laser light a
plurality of times, thereby improving the uniformity. The
laser light energy should be set in an appropriate range
because a desirable crystallinity may not be obtained when
the energy 1is too low and the crystallinity may vary
significantly when it is too high. In the present preferred
embodiment, the laser light irradiation step was performed
with an energy density of about 350 to about 500 mJ/cm?
(e.g., about 420 mJ/cm’) so that any point on the surface of
the a-Si film 104 receives 10 to 40 shots {e.g., 20 shots) of
laser 1light irradiation, thereby obtaining a crystalline
silicon film having crystal grain diameters of about 200 nm
to about 500 nm with an average grain diameter of about 300
nm. It is preferred that the average surface roughness Ra of
the crystalline silicon film 104b is about 4 nm to about 9 nm

(about 6 nm in the present preferred embodiment). Moreover,
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desirable crystallinity may not be obtai ned when

| i ght energy should be set in an appropriate range because a
the energy is too | ow and

the crystallinity may vary significantly when it is too high. In the
present preferred enbodinent, the laser light irradiation step was
performed wth an energy density of about 350 to about 500 mid/cn2 (e
about 420 mJ/cnR) so that any point on the surface of the a-Si film1l

recei ves ik0 i® pesdred (€hat. tR8 1helidhathion aiRf1d idtthé rpbett@ing
t hereby obtaining a crystalline silicon filmhaving crystal grain
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of about 300 nm

IS prererre average surtace rougnness
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6 nm
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i nclinatiogn anghﬁ of the protruding portion (ridge) in the surface

i rregul alOWs

t hdborty 405 | {9 eabpptc 59°f i 1w the| prafentypreferred

to about 70 (about 40 to about 50 in the present preferred enbodi nen
[0112] Tieawpoddmentilce i sol ation process is performed by renoving

unnecessary portions of the crystalline silicon film 104a. Through this
step, an island-shaped crystalline silicon film 106 is forned, as
i1 1ustraf@d2)n Fl ChedC. &hdevisieandsohapddncrysoaessndsi perdorieldm BP6

will

| ater be the

removing unnecessary portions of the crystalline silicon f£ilm
104a. Through this step, an island-shaped c¢rystalline
silicon film 106 i1s formed, as illustrated in FIG. 1C. The
island-shaped crystalline silicon film 106 will later be the
semiconductor layer (the source/drain regions and the channel

reglion) of the TFT.

[0113] Then, a silicon oxide film having a thickness of
about 20 nm to about 150 nm (about 100 nm in the present
preferred embodiment) is deposited, as a gate insulating f£ilm
107, so as to cover the crystalline silicon film 106 to be
the active region. The silicon oxide f£film was formed by
decomposing and depositing TEOS (Tetra Ethoxy Ortho Silicate)
by an RF plasma CVD method with oxygen at a substrate
temperature of about 150°C to about 600°C (preferably about
300°C to about 450°C). Alternatively, the silicon oxide film
may be formed by a low-pressure CVD method or an atmospheric
pressure CVD method using TEOS with an ozone gas at a

substrate temperature of about 350°C to about 600°C
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uctor layer (the source/drain regions and the channel region) of
[0113] Then, a silicon oxide filmhaving a thickness of about 20

out 150 nm (about 100 nmin the present preferred enbodi nent)

is

d, as a gate insulating film 107, so as to cover the crystalline

film2106 to be the active region. The silicon oxide filmwas

formed by deconposing and depositing TECS (Tetra Ethoxy Ortho Silicate)

by an RF (yraserdpiy neabedt Wi 4booryged atarowtibsEsa: ) .t enpeidtds e gheabout
150C to about 600C (preferably about 300C to about 450C). Alternatively,
the sili i [ be  f a e C%% ok an

at msphe%%@%r%ﬁw nbtﬁ%dQéglggémnggE\%W;e%saﬁ% ngnee afs?%?&%d in
substrate tepperature of about 350C to about 0C 53 (preferably abgut 400C
to about 50 ’.:gAfglaeqr ?m"sg}é%%i Pitorf“iﬂ‘bfceﬁs gn %ngéPP g%}%£s£°ﬁay be
perforne

appr oxi nexRREexinatelho

gate ins

din an inert aas at nosphere at about 500C to about 600C for
r

ulating filmitself and the <characteristics of the interface

sten YorBenrso Impoddert htopuimprowe pdhe ebudk t he
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As descr
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a nateri

| bed above, when the gate insulating film 107 is forned at a
al, it is possible to

silicon film and the gate insulating film.

[0114] As described above, when the gate insulating film
107 is formed at a relatively low deposition temperature by a
plasma CVD method using TEOS as a material, it is possible to
improve the step-covering property of an insulating £ilm 116
overlying the gate insulating film 107. Therefore, even if a
gate electrode whose side surface inclination angle is nearly
90° 1is provided between the gate insulating film 107 and the
insulating fiim 116, it is possible to prevent the metal line
to be formed on the gate electrode from breaking at a step

portion and to prevent a leak current at a step portion.

[0115] Alternatively, an SiN film may be formed as the gate

insulating f£ilm 107, and an organic insulating film such as
an acrylic film may be formed as the overlying insulating
film 116 by a spin coating method. Then, the insulating film
116 has a desirable step-covering property, thereby providing
effects similar to those described above. Note that in order

to prevent thermal degradation of the organic insulating
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| nprove the step-covering property of an insulating film 116
gate insulating film 107. Therefore,

surf ace
i nsul ati

portion

Al t er nat ifddimy,, thve Shixdfogenatjohe oforthesl ababhelgpbetions Hytamyealingl107,
and an organic insulating filmsuch as

and to prevent a leak current at a step portion. [0115]
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film (S film and before the formati on of the overlying
%ﬁﬂﬁ%ﬁ#ﬁ&;ﬁﬁﬁmn [01161 Then, a conductive filmis deposited by a

ng nethod and then patterned to forma gate el ectrode 108. The

filmmy be, for exanple, any of various netal filnms, or a
8 (1| TheBpea HOmRUS Y 1 di JARASL B o2 FPUE HPERRG

concentration. In the present preferred

method and then patterned to form a gate electrode 108. The
conductive film may be, for example, any of various metal
films, or a semiconductor f£ilm doped with a donor or acceptor
element at a high concentration. In the present preferred
embodiment, a high-melting metal having a high heat
resistance was used since a heat treatment is performed for
activating the source/drain regions. The high-melting metal
may be, for example, an element selected from tantalum (Ta),
tungsten (W)}, molybdenum {Mo) and titanium (Ti), an alloy
including one of these elements as its main component, or an
alloy of these elements (typically, an Mo-W alloy or an Mo-Ta
alloy). A low-melting metal such as aluminum (Al)} may be
used, 1in which case the activation can be done by laser
irradiation. In the present preferred embodiment, tungsten
(W) was deposited to a thickness of about 306 nm to about 600
nm (e.g., about 450 nm). The concentration of the impurity
to be added for reducing the resistance is preferably low.
When the oxygen concentration was set to about 30 ppm or

less, a resistivity value of about 20 pllcm or less was
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enbodi nent, a high-nelting netal having a high heat resistance was used
since a heat treatnent is perforned for activating the source/drain
regions. The high-nelting netal nay be, for exanple, an el enent selected
fromtantalum (Ta), tungsten (W, nolybdenum (M) and titanium (Ti), an
alloy including one of these elenents as its main conponent, or an alloy
of these elenents (typically, an Mo-Walloy or an Mb-Ta alloy). A
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concent r SESETEHE e 1 o Mo FRSARERpb RSl WEEE for Fhe R4 R BN "

about 20 pO cmor less was 55 realized. Then, the_deposited filmis
pat t er ne@%h Xhepngatei iakftrede pldesvagnaternedd 80 dhaty sheai pldec
gate electrode 108. An RIE nethod was used for the etching step, and the
gat e el esurddce] dncddngtdaneangl g thenanf Wak akortf at% i veldbeut oBSangl e
t hereof was about 75 to about 850. [0117] Then, as illustrated in FIG 1E,
a low concentration of an inpurity (phosphorus) 109 is inplanted into the
sem condi@tlGl | ay@hepy as iiddusspatgdrdmhd@IQsikR) tahelgat eonceérttatilen108
as a mask. Phosphine (PH3) is used as the

of an 1impurity (phosphorus}) 109 i1s implanted into the

semiconductor layer by an ion doping method using the gate
electrode 108 as a mask. Phosphine (PH3) 1is used as the
doping gas, the acceleration voltage is set to about 60 kV to
about 90 kV (e.g., about 80 kV), and the dose is set to about
1x102? cm™? to about 1x10™ cm? (e.g.. about 8x10'? cm?).
Through this step, a low concentration of phosphorus 109 is
implanted into a region 111 of the island-shaped silicon film
106 that is not covered with the gate electrode 108, and a
region 110 that is masked with the gate electrode 108 and is
not doped with phosphorus 109 will later be the channel

reglon of the TFT.

[0118] Then, a photoresist doping mask 112 with a thick
side wall is arranged so as to cover the gate electrode 108,
as illustrated in FIG. 1F. Then, a high concentration of an
impurity (phosphorus) 113 is implanted into the semiconductor
layer by an 1lilon doping method using the resist mask 112.

Phosphine (PH;) 1is used as the doping gas, the acceleration
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dopi ng gas, the acceleration voltage is set to about 60 kV to about 90 kV
(e.g., about 80 kV), and the dose is set to about 1x1012 cm 2 to about
1x1014 CM -2 (e.g., about 8x1012 cm'2). Through this step, a | ow
concentration of phosphorus 109 is inplanted into a region 111 of the

I sl and-shaped silicon film 106 that is not covered with the gate el ectrode
108, and a region 110 that is masked with the gate electrode 108 and is

not dopeégrolitialgePNas et Uso 185wt | 60! RYVetobabblie dane! (e /'fI) bt tHe TFT.
[0118] Then, a photoresist doping mask 112 with a thick side wall is

arrangedysq Aadd Gy Hobde1gakerel R ARee: 1WR101m% k| ¥5! BabEE lgkfhE IF.
Then, a high concentration of an inpurity (phosphorus) 113 1s inplanted
into the ses gonductQ Layer, Ay an_z.,on in t hod usi.ng . the resjst mask
1157 ' prgion fe S prafbept sXi sy SG0 R (dedFonodoBBa ek 4, Bk
voltage is set to about 60 kV to about 90 kV ge.g., about 80 W, and the
dose i s Sopcegtaiaddiom ofp1the #mPREltyo(PhegPhesusSd Ad3( &ridl ke B&1015

cm?2) . The region doped with a high concentration of the inpurity

( phosphorusourc® Adrdin aregioe 135sedr ddiedrBFR. r ednortlel Ssemicordadtior| n

the sem conductor |ayer 106, the region that is covered with the resist

mask 1l12agyed X060t thepadgdion that gisceeeeriedtwDth othphadigtismad®3 i S

left as a region doped with a |ow concentration of phosphorus, which forns

an LDD (hi1ehtdna Qopeto®r @bpéd’ #¥tANa high concentration of phosphorus
113 is left as a region doped with a low concentration of
phosphorus, which forms an LDD (Lightly Doped Drain) region
114. By forming the LDD region 114 as described above, the
electric field localization at the Jjunction between the
channel region and the source/drain region 1is reduced,
whereby 1t 1s possible to reduce the TFT off-state leak

current and to suppress the deterioration due to hot

carriers, thus improving the reliability of the TFT.

[0119] Then, after the photoresist 112 used as a doping
mask is removed, a heat treatment is performed so as to
activate the implanted impurity while improving the
crystallinity of portions where the crystallinity has been
deteriorated through the impurity i1introducing step as
described above. The heat treatment may be performed with a
resistive heating furnace, an RTA apparatus having a lamp, an
RTA apparatus in which a high-temperature gas i1s blown onto
the substrate, or by a laser irradiation method. In the

present preferred embodiment, a heat treatment was performed
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114. By formng the LDD region 114 as descri bed above, the electric field
| ocalization at the junction between the channel region and the
source/drain region is reduced, whereby it is possible to reduce the TFT
off-state leak current and to suppress the deterioration due to hot
carriers, thus inproving the reliability of the TFT. [0119] Then, after the
phot oresi st 112 used as a doping nask is renoved, a heat treatnent is

per f or readisdimepsat a@ondwdn vVaiE fukd onnpfath&de i Wr abguehi @0 PRV ABotbe
crystallinity of portions where the crystallinity has been deteriorated

through tgp@eidPykl. Y i NARGEHC S¥h-E P 2% 4886t PPd hpve. ThRehe set

treatnent may be pérformed with a resistive heating furnace,

an
apparatu ' I , atus,_in which a high:;te ature gas
is bl omiq(?%t%'\og%cge sadogs)t rtg{be, Igoli:‘rbta(rj‘):%%Pea{j‘{5{I GRS aid'l'%'fli‘jo ne{%‘gfggllr“ﬁr’t‘ﬁz
present preferred enbodi ment, a heat treatnent was perfornmed 57 using a
conmon dmeGiOMonlldr Wase akowho500508¢ sayagsoto 6boBt( 3P  (hheuraseoC)
for about 1 hour. The sheet resistance of the obtained n-type inpurity
(phosphoais) thesheet 1seshstaneat o300ty slircegbonbddd SoPed /whtlare,
and the sheet resistance of the LDD region 114 doped with a |ow

concent r dldwoNcOhcORPBR6HS oFaSpliddplio BEs K Wasduseu t 0 30aheQty safhdeld Sgwar e.
[0120] Then, as illustrated in FIG 1G a silicon oxide

. about 50 k{/square.

[0120] Then, as illustrated in FIG. 1G, a silicon oxide
film or a silicon nitride f£ilm having a thickness of about
400 nm to about 1000 nm is formed as an interlayer insulating
film 116. Then, contact holes are made in the interlayer
insulating film 116, and an electrode/line 117 of the TFT is
formed by using a metal film, e.g., a two-layer f£film of
titanium nitride and aluminum. The titanium nitride film is
a barrier film for preventing the diffusion of aluminum into
the semiconductor layer. In a case where the thin film
transistor TFT (118 in FIG. 1G) is used as a pixel TFT, a
pixel electrode formed from a transparent conductive film
such as ITO is connected to one of the two electrodes other
than the gate electrode (i.e., the drain electrode).
Finally, an annealing process 1is performed in a nitrogen
atmosphere or a hydrogen atmosphere at about 350°C for
approximately 1 hour, thereby completing the thin film
transistor (TFT) 118, as illustrated in FIG. 1G. As

necessary, a protection film made of silicon nitride, or
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filmor a silicon nitride film having a thickness of about 400 nmto about
1000 nmis fornmed as an interlayer insulating film116. Then, contact

hol es are made in the interlayer insulating film 116, and an

el ectrode/line 117 of the TFT is formed by using a netal film e.g., a
two-layer filmof titaniumnitride and alum num The titaniumnitride film
iIs a barrier filmfor preventing the diffusion of alumnuminto the

sem condugiir | yEfabld Batésfayhenayt be iFirthled Prdviaied S tHETthia8 in
FIG 1G is used as a pi er TFT a pixel electrode fornmed froma

t t
el a0t T oaan it pEreHLEtor | (FETy AL Edn Gehd, PARBBERECS TG atidache”

Finally, aling process is perforned in a nitrogen atnosphere or a
hydr ogen W‘ere at about 350C for approximately 1 hour, thereby

conpleting the thin film transistor (TFT) 118, as illustrated in FIG 1G

fil de of I trid 58 ot
Sui ool o WM 21 K B prShpcadAianing o, S Rretectedreabafinens,

(TFT) 118 for the Burpose of protecting the TFT 118. [0121] A TFT produced
accor di nd& odegeribeteabayenbadi nfiehg aEfert papbiddty ha§ about 8
field- effect nmobi lity of about 8 c¢n2/Vs and a threshold voltage of about

2.5 V, ami’if{¥g rand adndihmeshaldedottage of |adutulrntViwhahd thed TAT i s
of f,
abnormal humped curve of leak current while the TFT is off,

which occurs in the prior art. Moreover, substantially no
characteristics deterioration was observed in tests for
determining the resistance to repeated operations, the
resistance to bias voltages and the resistance to thermal
stresses, indicating a much higher reliability as compared to
the prior art. TFTs having a dual-gate structure were
produced according to the present preferred embodiment and
used as pixel TFTs on the active matrix substrate of a liquid
crystal display panel. The obtained liquid crystal panel, as
compared with a reference panel produced by a conventional
method, had a high display quality with a notably lower rate
of occurrence of low-luminance bright spots, a notably lower

display non-uniformity, and a high contrast ratio.

[0122] Moreover, TFTs produced according to the present
preferred embodiment included very few defective TFTs with an
abnormal leak current, with the defect rate being on the

order of approximately 0.0001% (about one pixel out of every
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whi ch occurs in the prior art. Mreover, substantially no characteristics
deterioration was observed in tests for determning the resistance to

r epeat ed
t her mal

operations, the resistance to bias voltages and the resistance to

stresses, indicating a nuch higher reliability as conpared to

prior art. TFTs having a dual -gate structure were produced according to
the present preferred enbodi nent and used as pixel TFTs on the active

LT X S 0¥e® Bhadald hd theYSdbe tiol & Rafha They@ELd naflsbiay ¢

crystal

panel, as~ conpared wt
conventi%% icd thod, had a high display quality with a notably |lower rate

a reference panél pro

of occurrence of" | ow | um nance bright spots, a notably |ower display

non-uni formty, and a high contrast ratio. [0122] Moreover, TFTs produced

enbodi nent included very few defective
%@@%@Wemﬁ with the defect rate being on the

accordin
TFTs wit
order of

pi xel s i h0
EVMBODI MENT [ 0123] A sem conductor device according to the second preferred

aiycminately 0. 0001% ( about one pi xel out of every 59 300, 000
b casd opemlcogdugterysdaviqesplagearding)  tsE PRETEIRRED

enbodi neprefentedl pembediment e ofi otheingrasepthdhveartriomnahdctarnethode

sane Wi ll now be described. The present preferred enbodi nent is directed

to a prodess mAnufacturing the same will now be described. The

present preferred embodiment 1is directed to a process of
producing, on a glass substrate, a cilrcuit having a CMOS
structure including a complementary set of an n-channel TFT
and a p-channel TFT, which is used in a peripheral driving
circult of an active matrix liquid crystal display device or

a general thin film integrated circuit.

[0124]) FIG. 2A to FIG. 2F and FIG. 3A to FIG. 3D are cross-
sectional views sequentially illustrating steps for producing

the TFTs of the present preferred embodiment.

[0125] First, a base film such as a silicon oxide film, a
silicon nitride film or a silicon oxide nitride £film is
formed on the TFT side of a glass substrate 201 for
preventing the diffusion of an impurity from the substrate
201. In the present preferred embodlment, a silicon oxide
nitride film (first base film) 202 is preferably formed from
SiH,, NH; and N;O with a thickness of about 100 nm by a plasma
CVD method, for example, and a silicon oxide nitride film

(second base film) 203 is preferably similarly formed f£from



produci ng, on a glass substrate, a circuit having a CMOS structure

I ncl udi ng a conpl enentary set of an n-channel TFT and a p-channel TFT,
which is used in a peripheral driving circuit of an active matrix liquid
crystal display device or a general thin filmintegrated circuit. [0124]
FIG 2Ato FIG 2F and FIG 3A to FIG 3D are cross- sectional views

sequentially illustrating steps for producing the TFTs of the present
pr ef er e 1ajbadiamRd - wi @A 28] thiéRhes8 BESAbLLLMBYCHRAS a il icon oxide
film a silicon nitride filmor a silicon oxide nitride filmis formed on

the TFT side of a gl ass substrate 201 for preventing the diffusion of an

i mpurity 6 t hepgupstr e er

silicon ox? ni tﬂé@e fi I st dtglase%’fer}(f% 9%) é)'ircgé prfefﬂ?arbﬁgg#'ﬁ?neg from
SiH4, N .h%g t t hod,
for ex a%hg'r}'q( avgsél Imlbgoo&npo% ? r |€°q'?¢] gr}? %%%E?)gééfxl ?R?ugogﬁ

pr ef er abl S|ntl forned fron160 Si H4 _and N20 with a thickness of about
100 rim ﬁ&n&%} %& By dribuEoTBEdc B¥d LRt BRoMR MeERed g SHCh B% kRess

of about 20 nmto about 150 nnt(preferablé about 30 nmto about 70 nm is

formed bplRas@ovRViemedios cor agd SPYt Tvmebeod olna thsutpresengt
nmethod. In the present preferred enbodi nent, an anorphous silicon (a-Si)

fil m 204 preferfmadreembodimeht ckeas sambrphous 41 ldrodyy GapSa3neEiQwD 204
was formed to a thickness of about 40 nm by a plasma CVD
method. The amorphous semiconductor film may be an amorphous
semiconductor film or a microcrystalline semiconductor film.
Since the base films 202 and 203 and the a-Si film 204 can be
formed by the same deposition method, they may alternatively
be formed successively. By not exposing the base films to
the atmosphere after they are formed, it 1is possible to
prevent the contamination of the surface of the base films,
thereby reducing the characteristics variations among TFTs
produced and the fluctuations in the threshold voltage. This

state is shown in FIG. 2A.

[0127] Then, as in the first preferred embodiment, the a-Si
film 204 is subjected to a dehydrogenation process, and then
irradiated with laser light 205 as illustrated in FIG. 2B so
as to instantanecusly melt and then crystallize the a-Si film
204. Thus, the a-Si f£ilm 204 is turned into a crystalline
silicon f£ilm 204a. The laser light used in this step may be

XeCl excimer laser (wavelength: 308 nm, pulse width: 40 nsec)
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The anor phous sem conductor filmmay be an anorphous sem conductor
a mcrocrystalline sem conductor film Since the base filns 202
and the a-Si film 204 can be formed by the same deposition nethod,
alternatively be forned successively. By not exposing the base
the atnosphere after they are forned, it is possible to prevent
am nation of the surface of the base filns, thereby reducing the

g K SRR " " Prd R LonBERY 20 D) 1 07t FRAR ' 8801 0

feryed di he a:Si__film 204 is_subjected
i ks et Rt ST e L e PR

ted in FIG. 2B so as to instantaneously nelt and then crystallize
the srysdallfzed siddcensifiim R0AR. | Lagamtiohk emletgdiEremne
film204a. The laser light used in this step may be Xed exciner

| aser (wavdlasegt cad0y nbs Hotesedi byhan4optdeal GysdrenkKrihtoxc nkinéaser

gth: 248 nm). In this step, surface Irregularities /ridges are

shiape ¢ f@ceadffotheanr g3baghtéddbean epdtf idnntHMasutfsss of ght
emtted from a laser cavity is focused by an opti cal

hat the substrate I's crystallize across the entire surface
%%Q%ygukﬁ%*%%@ik&ﬂgﬂr%gse thereof by being scanned with the

laser beam in the direction  that is substantially
perpendicular to the longitudinal direction of the beam spot.
The substrate surface 1s preferably scanned so that adjacent
beam traces have an overlap therebetween and any point on the
surface of the a-Si film 204 is scanned with laser 1light a
plurality of times, thereby improving the uniformity. In the
present preferred embodiment, the laser 1light irradiation
step was performed with an energy density of about 350 mJ/cm?
to about 500 mJ/cm® (e.g., about 420 mJ/cm?’) so that any
point on the surface of the a-Si film 204 receilves 10 to 40
shots (e.g., 20 shots) of laser light irradiation, thereby
obtaining a crystalline silicon film having crystal grain
diameters of about 200 nm to about 500 nm with an average
grain diameter of about 300 nm. It is preferred that the
average surface roughness Ra of the crystalline silicon film
104b is about 4 nm to about 9 nm (about 6 nm in the present
preferred embodiment). Moreover, it 1is preferred that the

inclination angle of the protruding portion (ridge) in the
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| aser as well as exciner |aser as described above. e crystallization

condi ti ORgYA ¥t | Tndemhe (HOSGterlindl CapBrodria?e1§” for each

eamin the direction that is substantially perpendicular to the
dinal direction of the beamspot. The substrate surface is
preferably scanned so that adjacent beamtraces have an overl ap

tween and any point on the surface of the a-Si film 204 is scanned
with laser light a plurality of tinmes, thereby inproving the uniformty.
present preferred enbodinent, the laser light irradiation step was

per f or neGudfldb e MR e EVaFEnBds Yol tBBOUy328 1T heM 1 1@ ot 11p 0Ps MIhCNP

about 420 mJ/cnR) so that any point on the surface of the a-S

film

eitgﬁ ﬁaﬁlé}@ 4P aBBALS 308 ¢ %90@@05% gsbbai%oti q%t AB&e! gpd on,

ainihg a crystallitne silicon fi aving cryst grain

rs, _of _.about 200, nmtq about 500 nm wi th an_aver.age i.n di aneter
Moot PrespRt jprederzed (slibadinent Ly o The  lker LighouESRk of
the crystalline silicon film 104b is about 4 nmto about 9 nm (about 6 nm
in the pldsefhispreter r aYenbedi ¥aht Lasesr eoVerfVQs 1aserefas r w@ldhatst he

inclination angle of the protruding portion (ridge) in the 62 surface
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about 70* (about 400 to about 500 in the present preferred

specific application.

[0128] Then, as 1llustrated in FIG. 2C, the crystalline
silicon film 204a is divided into pieces of a predetermined

shape, thereby forming island-shaped semiconductor layers

206n and 206p.

[0129] Boron (B) may be added, as an impurity element
giving p-type conductivity, to the entire surface of the
island-shaped semiconductor layers 206n and 206p, each of
which is used to form a TFT, at a concentration of about
1x10'*/cm® to about 5x10'7/cm® for the purpose of controlling
the threshold voltage. Boron may be added by an ion doping

method, or may alternatively be added to the amorphous

siljicon film when the amorphous silicon film is deposited.

Alternatively, a low concentration of boron may be added only
to the semiconductor layer 206n of the n-channel TFT, while
covering the semiconductor layer 206p of the p-channel TFT

with a photoresist, for the purpose of controlling the
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enbodi nent, and nmay be determ ned appropriately for each specific
application. [01281 Then, as illustrated in FIG 2C, the crystalline
silicon film204a is divided into pieces of a predeterm ned shape, thereby
form ng |sl and-shaped sem conductor |ayers 206n and 206p. [01291 Boron (B)
may be added, as an Inpurity elenent giving p-type conductivity, to the
entire surface of the island-shaped sem conductor |ayers 206n and 206p,

each of

titeshdla Usetadge f 0EMoh1y Tthe! nd chARe@1t Midt On Qfi h the

1X1016/ CM3 to about 5x1017/CM3 for the purpose of controlling the

Sk LR, oPOGRR Y B o | ORI rp LAY ey
o Lo AR e LB i oROSEREST B P, T

covering the sem conductor |ayer 206p of the p-channel TFT wth a
phot or esitdat f Ehet hehpeshold ofoltRde olfi nfhenhan schanmpebhJdFT vwitddgebof

only the n-channel TFT. Although the addition of boron nay be optional,

I s prefewiddhimhat prededmmuondd tmandeyer with boron added thereto is
provided so that the threshold voltage of the n-channel TFT wll be
within a predeterm ned range. [0130] Then, a silicon-containing insulating
film as[6130] Then, a silicon-containing insulating £film, as a

gate insulating film 207, 1is formed to a thickness of about
10 nm to about 150 nm by a plasma CVD method or a sputtering
method. For example, a silicon oxide £ilm may be formed to a
thickness of about 100 nm. The gate insulating f£ilm 207 may
alternatively be any other suitable silicon-containing
insulating £ilm and may be a single-layer film or a multi-

layer film.

[0131] Then, a conductive film (A) 208 and a conductive
film (B) 209 are deposited for forming a gate electrode. 1In
the present preferred embodiment, the conductive layer (A)
208 is preferably formed from a conductive metal nitride film
and the conductive layer (B) 209 1s preferably formed from a
metal £ilm. The material of the conductive layer (B} 209 may
be an element selected from tantalum (Ta), titanium (Ti),
molybdenum (Mo) and tungsten (W), an alloy including one of
these elements as 1ts main component, or an alloy of these
elements (typically, an Mo-W alloy or an Mo-Ta alloy)}, and

the material of the conductive layer (A) 208 may be tantalum
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gate ins
150 nm by a plasma CVD nethod or a sputtering nethod. For exanple, a
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ulating film207, is formed to a thickness of about 10 nmto about

oxide filmmay be forned to a thickness of about 100 nm The gate

ng film207 may alternatively be any other suitable
containing insulating filmand may be a single-layer filmor a

ayer film [0131] Then, a conductive film (A) 208 and a conductive
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d enbodi nent, the conductive layer (A) 208 is preferably forned
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| ayer (A) 208 include tungsten silicides, titanium silicides and

nol ybden
i mpurity
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concentration for realizing a |low resistance. Particularly,
loayger nddiftration was about 30 ppm or less. With tungsten

(W), for example, a resistivity value of about 20 pflcm or
less was realized by setting the oxygen concentration to

about 30 ppm or less.

[0132] The thickness of the conductive layer (A) 208 may be
about 10 nm to about 50 nm (preferably, about 20 nm to about
30 nm), and the thickness of the conductive layer (B) 209 may
be about 200 nm to about 400 nm (preferably, about 250 nm to
about 350 nm). In the present preferred embodiment, a
tantalum nitride (TaN) £film having a thickness of about 30 nm
and a tungsten (W) film having a thickness of about 350 nm
were formed by a sputtering method as the conductive layer
(A) 208 and the conductive layer (B) 209, respectively. In
the sputtering deposition process, it is possible to relax
the internal stress of the film being formed to prevent
delamination of the film by adding an appropriate amount of
Xe or Kr to the Ar sputtering gas. This state 1is shown in

FIG. 2D.
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oxygen concentration was about 30 ppmor less. Wth tungsten (W, for
exanple, a resistivity value of about 20 pQcmor |less was realized by
setting the oxygen concentration to about 30 ppmor less. [0132] The

t hi ckness of the conductive |ayer (A) 208 may be about 10 nmto about 50
nm (preferably, about 20 nmto about 30 nn), and the thickness of the
conductive layer (B) 209 may be about 200 nmto about 400 nm (preferably,

about 25@pmB1to ahed! 320 Mustrbid® PheFal. PIef eregdseMRAREKENM 108
tantalumnitride (Tahﬁ filmhaving a thickness of about 30 urn and a

tungst en b MalRaVifdgnad hi %Eﬂ:

sputteri ﬁéwrrgzlﬁkdagg the c%dlﬁ@\%%i%se‘?%&ﬁ%%c t ?'Etégé] uct%%&ll ayer
(B) 209, _respectively, . In _the sputiering_depqsition prqgess,,it_is

possi bl 6 £P5 FEAERInG | Ehp gty SEEcEEeag? anft e | F8EPNdIRE Hiae e IPLvent
del am nation of the film by adding an appropriate anmount of Xe or Kr to
the Ar spdbedriofg epeh BEY s sInt Ehespyggsnt prefiegred enppdimeny. 1HRe, as
illustrated in FIG 2E, resist nasks 210n and 210p are fornmed, and a first
et chi ng plasdssetschjogf opredessor wasr npagfoimedat endexrct fboet amitchingat e

| ine (scanning line) of each TFT. In the present preferred enbodi nent, the
first etcbnddtlon®ess VEpePEEfiCaADRY, ungles fH1rsit eetlbhifig cpPdbésenswas

Specifically, the first etching process was
performed by an ICP (Inductively Coupled Plasma} etching
method using etching gases of CF,, Cl, and 0, at a flow rate
ratio of 25/25/10 (sccm) and by creating a plasma by
supplying an RF (13.56 MHz) power of 500 W through a coil
electrode at a pressure of 1 Pa. Also to the substrate
({sample stage), an RF (13.56 MHz) power of 150 W is supplied,
thereby substantially applying a negative self-blas voltage.
Under these first etching conditions, the W film was etched
to taper the edge portions of the conductive layer (B} 209.

Thus, the conductive layer (B} 209 is patterned into pieces

212n and 212p.

[0134] Then, a second etching process was performed under
the second etching conditions without removing the masks 210n
and 210p. Specifically, the second etching process was
performed for about 30 seconds by using etching gases of CF,
and Cl; at a flow rate ratio of 30/30 (sccm) and by creating
a plasma by supplying an RF (13.56 MHz) power of 500 W
through a coil electrode at a pressure of 1 Pa. Also to the

substrate, an RF (13.56 MHz) power of 20 W 1s supplied,
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performed by an I CP (Inductively Coupled Plasma) etching nethod using
etching gases of CF4, Cl2 and 02 at a flowrate ratio of 25/25/10 (sccm
and by creating a plasma by supplying an RF (13.56 MHz) power of 500 W
through a coil electrode at a pressure of 1 Pa. Also to the substrate
(sanpl e stage), an RF (13.56 MHz) power of 150 Wis supplied, thereby
substantially applying a negative self-bias voltage. Under these first

et chi ng anrdidbyrnsubsétentidilyn upprginged dtARRY dd1EE LS PRSI tRGE . Of
t he conductive |layer (B) 209. Thus, the conductive |ayer (B) 209 is

pa t e nediy o MECEsnaddeivands 7A2Pn) | QAN £THGN. A LONCkSHER! BfapEocesS

was performed under the second etching conditio t renovi ng

masks 21 a p. cifical t he second etchin rocess wa

per f or ne orgg%éltjﬂ §5§§‘§8§n0‘§°1’b@%‘?% if‘ctﬁ n'&’e"é?i&eg%ﬂ‘% reanﬂgdcf‘at a
flowrate ratio of 30/30 (sccm) and by creating a plasma by supplying an
RF (13. 5@%2?1%%#@“@&0 the t atshdRga RENGess ec*t:ﬁed&o@td%tﬂr‘&s timof 1
Pa. Also to the substrate, an RF (13.56 MHz) power of 20 Wis supplied, 66
t hereby ddst208i sl padisinnesy tntegpiecess@flnhi and velipgehoskhusdgese
conductive film (A (TaN film 208 is etched under the second etching

condi ti omavien sidéxedrfacesimsldmdt{dr angleSldf Hbaughshhe & chboet
process, the conductive film (A) 208 is patterned into pieces 211n and

211p whoyp-edgathis state is shown in FIG. 2F.
[0135] Then, as illustrated in FIG. 3A, an n-type impurity
element 213 1s added without removing the masks 210n and
210p, thereby forming n-type impurity regions 214 and 215.
The n-type impurity element may be phosphorus (P) or arsenic
(As}). In the present preferred embodiment, an ion doping
process was performed with phosphine (PH3} so as to add
phosphorus (P). 1In this process, the acceleration voltage is
set to about 50 kV to about 80 kv (e.g., about 70 kV), and
the dose is set to about 1 x 10'® cm™? to about 8 x 10*° cm™2
(e.g.., about 2 x 10 cm?). 1In this step, regions of the
island-shaped semiconductor layers 206n and 206p covered with
the TaN films 211ln and 211p and the W films 212n and 212p,
which function as doping masks, are not doped with a high

concentration of phosphorus 213.

[0136] Then, a third etching process is performed without

removing the masks 210n and 210p. Specifically, the third

etching process i1s performed by using etching gases of CF,,

67



have side surface inclination angles of about 80 to about 90. This state
Is shown in FIG 2F. [0135] Then, as illustrated in FIG 3A, an n-type
impurity elenent 213 is added wi t hout renoving the masks 210n and 210p,
thereby formng n-type inpurity regions 214 and 215. The n-type inpurity
el ement may be phosphorus (P) or arsenic (As). In the present preferred
enbodi nent, an ion doping process was perfornmed with phosphine (PH3) so as

to add QSRR US, (B d NELBKS HAteEepatibd h%facﬁf@)ﬁﬁi(b Ofés\é%@)a%nd Sbgtset .

to about 50 kV to about 80 kV (e.g., about 70 kV), and ose Is s

about 1 2250 g#PORY 3 85 (ee0. u 015 ). In
this step, ‘;&I}V%‘% a%‘ tlﬁb :I[ST aér’(ldméi Z;gavg%rm §gn oé)?gér? }tg%g)rﬁgkz Sgﬁg 206p
covered with th Ta films 211n and 1p and the Wfjilnms 212n and 212p

whi ch furﬁ:]tef%? dagi n§ mREeSSULS R 30p8@r ‘Wi FheﬁeHthsuE%EBHPHYon of
phosphorus 213, [01361 Then, a third etching process is performed w thout
removi ng ARRLYRE s a219ﬁ99ﬁéV210§618pbéa$| cepliage he t Minder etdiei nghprdcess
is perfornmed by using etching gases of CF4, 67 Cl2 and 02 at a flowrate
rati o of AWIRANPCamitjornd the Wupblys n21l2m &fd (182p6adelzyepoverveiy500 W
through a coil electrode at a pressure of 1 Pa, thereby substantially

appl yi ng exdifgit ¥¥ehsahf -di afot@dgpde. 1ENdai1d hgrbBbss, @he&hifgh CeRghki ons,
the Wfilnms 212n and 212p are selectively
211n and 211p are not etched, and only the W films 212n and
212p are etched laterally, thereby forming W f£ilms 216n and
216p. As a result, each edge of the etched W films 216n and
216p has a side surface inclination angle of about 80° to
about 90°. Thus, gate electrodes 216n/211lmn and 216p/21lp are

obtained, as illustrated in FIG. 3B, each having a layered

and stepped structure including a W £ilm and a TaN film.

[0137] Then, a low concentration of n-type impurity element
217 1s added to the semiconductor layer. Another doping
process 1s performed using, as a mask, the upper conductive
films (W films) 216n and 216p of the gate electrode obtained
through a plurality of etching processes as described above
so that even the underlying semiconductor layer is doped with
an n-type 1impurity element in regions where the lower
conductive films (TaN films) 21In and 211p are exposed,
thereby forminé lightly-doped n-type impurity regions 218 and
219. 1In the present preferred embodiment, phosphine (PH,;) is
used as the doping gas, the accelefation voltage 1s set to

about 80 kV to about 100 kV (e.g., about 90 kV), and the dose
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etched with an anisotropy. In this process, the TaN filns 211n and 211p

are not
t her eby

etched, and only the Wfilns 212n and 212p are etched laterally,

formng Wfilnms 216n and 216p. As a result, each edge of the

etched Wfilns 216n and 216p has a side surface inclination angle of about
80 to about 90. Thus, gate electrodes 216n/211n and 216p/211lp are

obt ai ned,

structur

g si e tidtag adovtf iSancAdem Tad fabout [ 6%36!* Tér1, (@ .W about

as illustrated in FIG 3B, each having a | ayered and stepped

concentration of n-type inpurity elenment 217 is added to the sem conduct or

layer. Ajghipet &lpsi

conducti
t hr ough
t he unde
el enent
211p are
218 and

?ng Takeﬁaasthasnga?’ th ZorP B Sthe {161 ARRET
ve films (WTFIl 216n and 216p of

e gate el ectrode obtal ned

%P%#’%éla?eeﬁnﬁ&?ndﬁ*ﬁ%’ L™ 12088 .85 ‘éﬁ?”' SRR e g 18"

I n regi.ons where the | ower conductlve fllns éTaN filmns) 211n and

COYEEEL) Wit the uPBeR; fendugtdive. dolddt (Wi §
219. In the present preferred enbodi nent, phosphine (PH3) is

&m) mgdbmy; \ok eiﬁ%ns

used

as the dgpitegedestnode andelis aotodlopsd ageh phaspharuselitl shakar te about
e.g., about 90 kV), and the dose 68 is set to about 5x1012 cm2 to
about 5x 84 dirarthele. regiamoof theldtEhanngl THT ougithehiregiionp,2k8 reépi on
t he i sl and- shaped seni conductor |ayer 206n of the n-channel TFT

100 kV (

220n of
that is

tHhaV eefli WohucterUPRayesONdeeh! VEvEL! MyhYbhi | h1716mnef idker
conductive film (TaN film) 211ln of the gate electrode is
present will later be the LDD region, and the region 214 that
1s not masked with the lower conductive £ilm 211n will later
be the source/drain region. The concentration of the
impurity (phosphorus (P})} of the source/drain region 214 may
be about 1x10*° /cm® to about 1x10*/cm’. Moreover, the
impurity concentration of the LDD region 218 may be about

5x10'7/cm® to about 5x10'%/cm’.

[0138] Then, as illustrated in FIG. 3C, after the resist
masks 210n and 210p are removed, another resist mask 221 is
formed so as to partially cover the semiconductor layer of
the n-channel TFT. Then, the semiconductor layer 206p of the
p-channel TFT is doped with a p-type impurity element {(boron
(B) in the present preferred embodiment) 222 so as to cancel
the previously-added n-type impurity (phosphorus) and invert
the polarity thereof ("counter doping"”), thereby forming p-
type impurity regions 223 and 224. Diborane (B:H¢) 1is used

as the doping gas, the acceleration voltage is set to about
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gate el ectrode and is not doped with phosphorus will |ater be the channel
regi on of the n-channel TFT. The region 218 of the sem conductor | ayer

206n over which only the | ower

is not nasked with the | ower conductive film21ln will later be the

source/drain region. The concentration of the inpurity (phosphorus (P)) of

t he sour AToURely aa%{ft / t cnB
%glﬁbaEPWSUrltygéiﬁggﬁtréflon of the ﬁ%@ rggﬁon 18 nay;g 3%%

Mor eover
5x1017/c
after th

is

f or

t (0] 019/ $ I | ustr ed | & 3C
I Y e R i’é’r‘gﬂ EMov & gah’ot b B0 gm 020
ngd so as to partlally cover the semi conduct or éy of t he
n- channel ) TFTThypugh ﬁﬁé%ﬂﬁﬁQQnuﬁmﬁ%ﬁhl§9BP°QGSBtéPntH
doped with a p-type inpurity elenent (boron (B) in the present preferred

enbodi nedmplaptedo atnto caileel rebgdopr ev223is| wfaddtben- tigpbandyshaped

(phosphorus) and invert the polarity thereof ("counter doping"), thereby

form ng gemiyvphduder tVayesi Q0$p22ef attiel Zd- chhMe RNOFIB24HRat i 3sUsest as

t he dopi ng gas, the acceleration voltage is set to about 69 60 kV to about

90 kV (e b \Y)] S
about ZXTgf%e?mQ}%tt qu{%, ! out "Li&i% f"é ?ﬁn 't{‘?roughlmﬁl S sa)eg%?? éi)gh
concentratian g 20ro% 222 ard the region 223 will later be the

source/drain region of the p-channel TFT. Moreover, in the
region 224 over which only the lower conductive film (TaN
film) 211p of the gate electrode is present, the doping ion
range 1is extended by the thickness of the TaN film, and the
amount of boron to be actually implanted into the region 224
is smaller than in the source/drain regions 223, whereby the
region 224 will later be the LDD region of the p-channel TFT.
Moreover, a region 220p that 1s covered with the upper
conductive film (W film) 216p of the gate electrode and is
not doped with boron will later be the channel region of the
p-channel  TFT. The concentration of the impurity
(phosphorus) of the source/drain region 223 may be about
1x10*°/cm® to about 1x102'/cm®. Moreover, the doping process
may be performed in two separate steps using different
acceleration voltages for the source/draln region and for the
LDD region. 1In this process, the semiconductor layer of the
n-channel TFT, which is covered with the mask 221, is not at

all doped with boron 222. Thus, an n-channel TFT and a p-
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electrode is present will later be the LDD region, and the region 214 that
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i mpl anted into the region 223 of the island-shaped sem conductor |ayer
206p of the p-channel TFT that is not masked with the | ower conductive
film(TaN film 211p of the gate electrode, and the region 223 will later
be the source/drain region of the p-channel TFT. Moreover, in the region
224 over which only the | ower conductive film(TaN film 211p of the gate
el ectrode is present, the doping ion range is extended by the thickness of

t he TaN Ehhﬁheqnq-pqh@anamu@,trdaﬁlm dddeHed actual ly inplanted into the
region 224 is snmaller than'in the source/ drain regions 223, whereby the

region 224 will later be the LDD region of the p-channel TFT. Mreover, a

region 2g§i3gf hat wRefROVEr gfleW t Byl H‘Ei’t& per el%g(é‘ri’a'(-)t%t :MV%Jd[ég“eEVi{)J' | ”@h@le

of the gate electrode and I's not W|th e the

(phosphoP ol ChpabictE IRyl M ?%%T-%‘Z%@"”C"”ﬂ%éa%ﬁﬂv%tfx?bz%ﬁ?a‘i%i

about 1x102%/crr8 Mor eover,, the dopin process may be perfornmed in tvvo
separ at ePST BIMES nBYqi PEdNght anyc AR nsh FOEEAsss: for The Bwabrain

region and for the LDD region. In this process, the sem conductor |ayer of
the n-chBRgalingTpracess s eerfoamed tin @haitrageap atmosphmreaitwhese
doped with boron 222. Thus, an n-channel TFT and a p 70 channel TFT can be
pr oducedoxggenhecon{:énﬁﬁilti'hnn,is habiougtur 1Lt yppnk ewent teadde(prefddably,

about 0.1 ppm or less} at a temperature of approximately
400°C to 700°C (typically about 500°C to about 550°C). In
the present preferred embodiment, the activation process was
performed by annealing at about 550°C for approximately 4
hours. Note that a laser annealing method or a rapid thermal
annealing (RTA) method may be used as well as the thermal

annealing method.

[0140] Then, the mask 221 is removed, and an interlayer
insulating film is formed. A silicon nitride film, a silicon
oxide film or a silicon nitride oxide film is preferably
formed to a thickness of about 300 to about 1000 nm. In the
present preferred embodiment, a silicon nitride film 225
having a thickness of about 200 nm and a silicon oxide film
226 having a thickness of about 700 nm were deposited on one
another, thereby providing a two-layer film. The deposition
process is performed by a plasma CVD method to continuously
form the silicon nitride film using SiH; and NH; as material

gases, and the sllicon oxide film using TEOS and O, as
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sem conductor |ayers are activated. This activation step is perforned by
using an annealing furnace. The thermal annealing process is perforned in
a nitrogen atnosphere whose oxygen concentration is about 1 ppmor |ess
(preferably, about 0.1 ppmor less) at a tenperature of approximately
400C to 700C (typically about 500C to about 5500C). In the present
preferred enbodi nent, the activation process was perfornmed by annealing at

about 55Q&tk?4 aapP {gat e ur, e t 13 tkdsql | hod
Ry A A s i b i g et

t her mal eajln tQﬁﬁ. 140] n, Lh k 1 ] d, _an n
i nterl aygfaﬁﬂll raliééulg :Eﬁgl | tné‘?ségort-r%' S A&élgl FE% n il ?Jl:ﬁo%{f?% gesi%pgon
oxide filmor a silicon nitride oxide filmis preferabl formed to a

Chi cknes O THET,SHKtARIE (L LARRR- AUMEAHHDY lRsRlabing ofi Ly, ond may be

enbodi nent, a silicon nitride film225 having a thickness of about 200 nm
and a si B sdngdei-dayeirl Hilperha myd td -layekndddmf about 700 nm were
deposited on one another, thereby providing a two-layer film The
deposition process is performed by a plasma CVD nethod to continuously
f or m t he[@4il] con Theni dencvitherusieat StHéatmenkHisasperferned agasawutand
the silicon oxide filmusing TECS and 02 as 71 nmaterial gases. Needless to
say, the300¢t€r [tayabowmsuba0i @gfoti aout nottd i several ohotirs, asuta netyep
alternatively be any
of hydrogenating the semiconductor layer. This step 1is
performed for terminating and inactivating dangling bonds
that deteriorate the TFT characteristics by supplying
hydrogen atoms to the interface between the active region and
the gate 1nsulating £film. In the present preferred
embodiment, a heat treatment was performed in a nitrogen
atmosphere containing about 3% of hydrogen at approximately
410°C for about 1 hour. When a sufficient amount of hydrogen
1s contained 1n the interlayer insulating film {(particularly
the silicon nitride £ilm 225), the effect can be obtalned
also by performing the heat treatment 1in a nitrogen
atmosphere. Other hydrogenation processes that can be used

include a plasma hydrogenation process (using hydrogen

exclted by a plasma).

[0142] Then, contact holes are made in the interlayer
insulating film, and an electrode/line 227 of the TFT is
formed by using a metal f£film, e.g., a two-layer £film of

titanium nitride and aluminum. The titanium nitride film 1is
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other suitable silicon-containing insulating filmand nay be a
single-layer filmor a nulti-layer film [01411 Then, another heat

treatnment is perforned at about 300C to about 500C for about 1 to several
hours as a step of hydrogenating the sem conductor |ayer. This step is
performed for term nating and inactivating dangling bonds that deteriorate
the TFT characteristics by supplying hydrogen atons to the interface

bet ween ah®aaatiere fiim cfornprevértingethasdiftfusdon loB d huiiempr bseat
preferred enbodinent, a heat treatnment was perfornmed in a nitrogen

at nosphekfeC WM coitudBost 13%ef. hyfiggenyat aappaﬂfféamﬁgy prdbdssf ofgabout
1 hour. When a sufficient anbunt of hydrogen 1is contained in the

interlayer | lLati ' ( i£u I | ) itride fji ),
the.cf { obpreagd 40 shofft PG CUERE Aoncitlare Tyl ' ol ot diERY

ni trogen _at here. Ot her hydr nati.Qn processes that can_be used

el ude SOFRIBARI AT FeHRRBRS o EBLBoE KL, HABAR thfen (TERL] 228 pch @

pl asma). [01421 Then, contact holes are nade in the interlayer insulating
film an®-shaaned: rigybn | fAdmAxansistorTF(TFE) 2% eds by ldsistaratedet n
film e.g., a tw-layer filmof titaniumnitride and alum num The

titani umFlGtr i3ie fiAsnnecédfsaryaraddéitiohallf conpaetrehioleg ey dd fmsden of

alum numinto the sem conductor |ayer. Finally, an annealing process is
over the gate electrodes 216n and 216p for providing
necessary connection between electrodes with the line 227.
Moreover, a protection film made of silicon nitride, or other

suitable material, may be further provided on each TFT for

the purpose of protecting the TFT.

[0143] TFTs produced according to the present preferred
embodiment as described above exhibited substantially no
abnormal increase in the TFT off-state leak current, which
frequently occurs in the prior art, and substantially no
characteristics deterioration was observed 1in tests for
determining the resistance to repeated operations, the
resistance to bias voltages and the resistance to thermal
stresses. Moreover, as a CMOS circuit having a complementary
set of an n-channel TFT and a p-channel TFT produced
according to the present preferred embodiment was used in
various c¢ircuits such as an inverter chain and a ring
osclillator, the circults exhibited a much higher relliability

and more stable circuilt characteristics over the prior art.
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perfornmed at about 350C for approximately 1 hour, thereby obtaining an
n-channel thin filmtransistor (TFT) 228 and a p-channel thin film
transistor (TFT) 229 as illustrated in FIG 3D. As necessary, additional
contact holes nmay be nade over the gate el ectrodes 216n and 216p for
provi ding necessary connection between electrodes with the |ine 227.
Moreover, a protection filmmde of silicon nitride, or other suitable

mat eri al fo be eirbBeernr oPFdsd prodacda TRkbdd¥aidde voHr pase Bfesenif:
protecting the TFT. [0143] TFTs produced according to the present preferred

ehodl e e % S GRS SVIHAEYSHPE AP d@bddeiVe P99 YRLN gfT ca5e

in the TFT off-state |eak current, requentlTy occurs 1n € prior
art, and _substantially no _characteristjcs terioration was observed in
Cests foRPngmad: feak (ShrTeitc, wich  His e%’%ﬁe"&} ob8r&t i‘b?]‘z",'gt R the

resi stance to bias voltages and the resistance to thermal stresses.

Mor eover oA, ofvadauty Ard0HE. ng a conpl enentary set of an n-channel TFT

and a p-channel TFT produced according to the present preferred enbodi nent
was used in_ various circuits such as an inverter chain and a ring

osci | | at FHIRDL PREFERRED; EMBOIIMENT o nuch higher reliability and nore

stable circuit characteristics over the prior art. 73 [0144] Moreover, TFTs
produced [@ldSdr di ng t semieondesdnir pledbre edacobodingnt tioncltied tietwdf ew
defective TFTs with an
preferred embodiment of the present invention and a method
for manufacturing the same will now be described. The
present preferred embodiment i1s also directed to a process of
producing, on a glass substrate, a circuit having a CMOS
structure including a complementary set of an n-channel TFT
and a p-channel TFT, which is used in a peripheral driving

circuit of an active matrix liquid crystal display device or

a general thin film integrated circuit.

[0146] FIG. 4A to FIG. 4F and FIG. 5A to FIG. 5E are cross-
sectional views sequentially 1llustrating steps for producing

the TFTs of the present preferred embodiment.

[0147] Referring to FIG. 4A, a low-alkali glass substrate
was used as a substrate 301. In such a case, the substrate
may be subjected to a pre-heat treatment at a temperature
that i1s lower than the glass deformation point by about 10°C
to about 20°C. A base film such as a silicon oxide film, a
silicon nitride film or a silicon oxide nitride film is

formed on the TFT side of the substrate 301 for preventing
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abnormal leak current, with the defect rate being on the order of about
0.0001% TH RD PREFERRED EMBODI MENT [0145] A sem conductor device according
to the third preferred enbodi nent of the present invention and a nethod
for manufacturing the same will now be described. The present preferred
enbodiment is also directed to a process of producing, on a gl ass
substrate, a circuit having a CMOS structure including a conplenentary set

of an n- ¢hanadltfiisionAE aaw- hpirety TFfom\Weheh subs¥satel B30a .PErIDhEkA!
driving circuit of an active matrix liquid crystal display device or a

general pheleh't BidE&HFL) ©Anboliiteht, ! 0&4§h1§bﬁpy4?°ﬁ&’e FhPertRe®Bifh G 5A

to FIG are cross- sectional Vvieéews "sequentia ustrating steps for

producin t TFTs, of the present preferred embodi ne [0147 ef erring
Po’Fia s’ HonRpthady |0t Bl PhEREE ' RRsS da0mcbe o by A nlagha ' I
such a case, the substrate may be subjected to a pre-heat treatnent at a
t enper at GV@ meidiod susingr makariale gases ¢ff SiHwet | BHapand: o9, ald@dt aoocC

to about 20C. A base filmsuch as a silicon oxide film a silicon nitride
filmor aseesohdcbasexfddmild3d dmasf idepasd teddraredhmn firstTHase dellhm 302
substrate 301 for preventing 74 the diffusion of an inpurity fromthe

f]:J?flt (r]I gt f%iifi?ﬁlarh.@r e a e aveisviRsh aidbndy materfabi 44568 6xi deH,
and N,0. The thickness of the silicon oxide nitride film of
the first base film 302 was set to about 25 nm to about 200
nm (e.g., about 50 nm), and the thickness of the silicon
oxide nitride film of the second base film 303 was set to
about 25 nm to about 300 nm (e.g., about 100 nm). While a
two-layer base f£film 1is preferably used in the present
preferred embodiment, a single-layer silicon oxide £ilm, for
example, may alternatively be used. Then, an amorphous
silicon film (a-Si film) 304 having a thickness of about 20
nm to about 150 nm (preferably about 30 nm to about 80 nm) is
formed by a known method such as a plasma CVD method. In the
present preferred embodiment, an amorphous silicon film was
formed to a thickness of about 50 nm. Moreover, the base
films 302 and 303 and the amorphous silicon film 304 may be
formed successively. By not exposing the base films to the
atmosphere after they are formed, it 1s possible to prevent
the contamination of the surface of the base films, thereby

reducing the characteristics variations among TFTs produced

and the fluctuations in the threshold voltage.
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was deposited, as a lower first base film 302, by a plasma CVD net hod
using material gases of SiH4, NH3 and N20, and a second base film 303 was
deposited on the first base film302 simlarly by a plasma CVD net hod
using material gases of SiH4 and N20. The thickness of the silicon oxide
nitride filmof the first base film 302 was set to about 25 nmto about
200 nm (e.g., about 50 nn), and the thickness of the silicon oxide

nitride faiq4®yof thgepccong bamgrfii | Mfithtvasoget 40 cakaiys2S Ngldempout
300 nm (e.g., about 100 nm. Waile a two-layer base filmis preferably

used in r 0 'f%$g | alja 'I'éﬁﬁ) A gle
film foi(?&eegae%%g? nrg{/&gﬁ efgﬁaﬁ: ?;\%el%y e nuts:%?é?'ﬁ%ﬁ,eha)réﬁabﬁ?r%ous 0%(? I con
film(a-Si_ fi 304 havin thic s of 0 20 m t Q.about 0 .pm
(pr of or adey 24880 ) FR¥, BxBane’ 08 HHe (& SF oFhE B0l \ i wtabveElc
as a plasma CVD nethod. In the present preferred enbodi nent, an_ anorphous
silicon ElefMeRts to bendsad i8 mrefarabdoong AR Bare flepsnheplee base
films 302 and 303 and the anorphous silicon film 304 may be forned
successi \falom nBykedt (Mdgasicopalte (Cxsle fiinms( S t Heeadit (Risphepalbddiumt hey
are formed, it is possible to prevent the contam nation of the surface of
t he base (Pd)s, i¥der €¢bw) ratiiccegpebe (dgr.act aniteirnat ivelygt i AcheénDng THTS

produced and the fluctuations in the threshold voltage. 75 (4148] Then, a

smal | anquh) Ofrndd3din?! () 8ld¥idm (0s), iridium (Ir), platinum (Pt),
gold (Au), etc., may be used. The addition of a small amount
of nickel 306 was performed by holding a nickel solution on
the a-Si film 304, uniformly spreading the solution across
the substrate 301 by a spinner, and then drying the substrate
301. In the present preferred embodiment, nickel acetate was
used as the solute, water was used as the solvent, and the
nickel concentration 1in the solution was controlled to be
about 8 ppm. This state is shown in FIG. 4A. Note that
prior to this step, the surface of the a-5i film 304 may be
slightly oxidized with ozone water, or the like, s0 as to
improve the wettabllity of the surface of the a-Si film 304
in the spin application. The concentration of added nickel
on the surface of the a-S1 film 304 1in the state as
illustrated in FIG. 4A was about 4x10'? atoms/cm®’, as measured
by a total reflectlion X-ray flucrescence (TRXRF) method.
Methods for adding a catalyst element to an amorphous silicon

film include, in addition to the method of applying a

solution containing the <catalyst element, vapor-phase
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(preferably nickel in the present preferred enbodinent) 306 is added to
the surface of the a-Si film304. The catalyst elenent to be used is
preferably one or nore el enent selected fromnickel (N), cobalt (Co), tin
(Sn), lead (Pb), palladium (Pd), iron (Fe) and copper (Cu). Alternatively,
ruthenium (Ru), rhodium (Rh), osmum (0s), iridium(lr), platinum(Pt),
gold (Au), etc., may be used. The addition of a small anount of nickel 306

was perfgg, pﬂ.‘icﬁlé gy ‘Héﬂu?dé"i%&h agl t'ﬂ’hé)ﬂ%o% :Lﬁ‘%shei:hbﬁ‘ 34, d&?t# ormy

spr eadi ng e Sso utlon across e substTat spi nner,

drying the yrate ln.the ent, preferre di nment

Coutae AEpRRITILR Tethivn fhat 8° RN T, %&ﬁ“@sm&ﬁ%@m

ni ckel concentratlon in the solution was controlled to be _about 8 ppm

Thi s stal® i%Sehowhti A5 easyatonGn Rk tbﬁl &mount 9 §P€p,°§tlf?e"-l§?ﬁface

of the a-Si film 304 may be slightly oxidized with ozone water, or the
i ke, soedement iteprw ecad@iedveandbivenyy smalheamonhitiseoff thiee caaﬁlyst m 304
in the spin application. The concentration of added nickel on the surface

of the aeSembnltmcadd dasitlyebet @lddeds illustrated in FIG 4A was about
4x1012 atons/cnR, as neasured by a total reflection X-ray fluorescence
(TRXRF) nethod. Methods for adding a catal yst el enment to an anor phous

silicon [0149In i ncTHER, 14 Fddisiti OReh@ tHEedbhidRt Ofs apelrtofhed $A! WA ON
containing the catal yst el enent, vapor-phase 76
inert atmosphere (e.g., a nitrogen atmosphere). The heat
treatment 1is performed at about 520°C to about 600°C for
approximately 1 to 8 hours. In the present preferred
embodiment, the heat treatment was performed at about 580°C
for approximately 1 hour. In this heat treatment, nickel 306
added to the surface of the a-Si film 304 diffuses into the
a-S1 film 304 while being silicified, and the crystallization
of the a-Si film 304 proceeds using the silicide as nuclei.
As a result, the a-S5i film 304 is crystallized 1into a
crystalline silicon f£ilm 304a, as illustrated in FIG. 4B.
Note that while the crystallization process 1is herein
performed in a heat treatment using a furnace, i1t may
alternatively be performed by an RTA (Rapid Thermal
Annealing) apparatus using a lamp, or the like, as a heat
source. In the obtained crystalline silicon film 304a, the
orientated crystal planes are primarily planes of <111>
crystal zone, and about 50% or more of the regions that are
oriented along the <111> crystal zone planes are reglons that

are oriented along the (110) plane or the (211) plane.
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application nethods such as a plasnma dopi ng nmet hod, a vapor deposition

met hod and a sputtering nethod. When a solution 1is used, it is easy to
control the anmount of the catalyst elenent to be added, and very snall
anounts of the catalyst elenent can easily be added. [01491 Then, a first
heat treatment is perfornmed in an inert atnosphere (e.g., a nitrogen

at nosphere). The heat treatnent is perfornmed at about 520* C to about 600*

C for apptesivestel ythle t ocBysbals. domatlhe pr@ssiony ef @éackhd haviod neat ,
the heat treatnment was perfornmed at about 580"C for approximately 1 hour.

In this BEBEthheahABY . HAHYrm06 orfietht ok e SuEf acen@f theb@ailedi ! M
304 diffuses Into the a-Si film304 while being silicified, and the

crystalli ' ft -Si g4l e [.n IL1J cide

e, ChEsaTaale Sibon givd’sPha hRGECHBnATN BabliRend Ty |
silicon film304a, as illustrated In FIG 4B. Note that while the

crystal | 2zBW &R BPBB@séolgmherein performed in a heat treatnent using a
furnace, It may alternatively be performed by an RTA (Rapid Ther nal

Anneal i n apparatus using a_lanp, or the like, as a heat source. In the
obt ai ned%@gt al | Thensi 18T oA 1ANEkrased iMme FI§i eACat clher yX¥ItaLING are
primarily planes of <111> crystal zone, and about 50% or nobre of the
regi ons Shddcane filmed®4n allongirradiated yithallassie phghds 3P6 Qi ons
that are oriented along the (110) plane or the (211) pl ane.

further crystallize the crystalline silicon film 304a,

thereby improving the crystallinity thereof. In this step,
XeCl excimer laser (wavelength: 308 nm, pulse width: 40 nsec)
was used as the laser light. The laser light irradiation was
performed with an energy density of about 350 mJ/cm® to about
500 mJ/cm® (e.g., about 430 mJ/cm?). The laser light was
shaped so as to form an elongated beam spot having a size of
about 150 mm by about 1 mm on the surface of the substrate
301, and the substrate 301 was scanned in the direction that
is substantially perpendicular to the longitudinal direction
of the beam spot and in a line sequential manner with a step
width of about 0.05 mm. Thus, any point on the crystalline
silicon film 304a is irradiated with laser light a total of
20 times. The crystalline silicon film 304a obtained by
solid-phase crystallization as described above is turned into
a crystalline silicon film 304b of a higher quality as the
crystal defects are reduced through the
melting/solidification process by the laser irradiation.

After the laser irradiation process, the crystal orientation
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77 Moreover, the crystal domains (regions each having a substantially
uniformorientation) of the obtained crystalline silicon film 304a have
dormai n di aneters of about 2 pmto about 10 pm [01501 Then, as illustrated
in FIG 4C, the crystalline silicon film304a is irradiated with | aser
light 306 to further crystallize the crystalline silicon film 304a,
thereby inproving the crystallinity thereof. In this step, XeCO exciner

| aser (vwayehgrotdbta0fednerpitatl vhdl B114Gons 6f)lm V@64 eémainkhad aser
light. The laser light irradiation was perforned with an energy density of

about 35Quml/ 2 {:Reagg.%ta?_g_g_%@;aggﬁé{g%ggél@b%4n4393 +&Mhe TEsdAser

| i ght was shaped so as“to eam spot having a size of

about 150 _mm bout 1 _nmmon_the surface of the supstrate . 301, .and the
Subot r at ST3BELRELOBC  HEVERSE he TRIARA | BAVE R BEen SLated o thigap” thd
perpendi cular to the |ongitudinal direction of the beamspot and in a line
sequent | Bel¥dpadpsolidd ficatden preeess doulasens Fraddatsiomnpnyoth® on
the crystalline silicon film304a is irradiated with [aser light a total

of 20 t smrfacéhefcryist attyseaklineosiliton3643imoB0dbnerl thy arscdveirgpdase
crystallization as described above is turned into a crystalline silicon
fil m 304@uefacehi 6b@GhAES8L| (Ra 2 £t Nebowt Yt ahmdefeCclaboaite gedifed tTHeoUgh

the nelting/solidification process by the laser irradiation.
inclination angle of the protruding portions (ridges) in the
surface irregularities of the crystalline silicon film 304b
is preferably about 30° to about 70° (about 45° in the

present preferred embodiment).

[0151] Then, a :device isolation process is performed by
removing unnecessary portions of the crystalline silicon film
304b. Through this step, i1sland-shaped crystalline silicon
films 307n and 307p are formed, as illustrated in FIG. 4D.
The island-shaped crystalline sllicon f£films 307n and 307p
will later be the active reglons (the source/drain regions
and the channel regions} of the n-channel TFT and the p-

channel TFT, respectively.

[0152] Boron (B) may be added, as an impurity element
giving p-type conductivity, to the entire surface of the
active regions of the n-channel TFT and the p-channel TFT at
a concentration of about 1x10'%/cm® to 5x10'"/cm® for the
purpose of controlling the threshold voltage. Boron (B) may

be added by an ion doping method, or may alternatively be
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After the laser irradiation process, the crystal orientation 78 of the
obtained crystalline silicon film304b remains to be that of the
crystalline silicon film 304a before the |aser irradiation. However,

ri dges have been fornmed through the nelting/solidification process by

| aser irradiation on the surface of the crystalline silicon film304b with
an average surface roughness Ra of about 4 nmto about 9 nm The

i ncl i nat iasidethgl|t® ofthehe amoatphodisng spddicionns £ElimdgeRpni Nthbe amotpR6as
irregularities of the crystalline silicon film304b is preferably about 30
to about sAQ (AW WIHD i ddosix&asent preferred enbodi ment). [0151] Then, a
device isolation process is perforned by renoving unnecessary portions of
the crystalline silicon film 304b. Through this step, island-shaped
crystal lifggssgilic fil d o] as, i lhu 1B FIG
4D. The [i slgnd-sggggd cﬁﬁgﬁ%oﬁg glﬁlgzlago(rjlEr | n%lggg%' a%d tz%%&vtﬁl 6 ater
be the agjy regi aps he C I N rediops he _channel _regi pns)
of the n%icéﬁhe gT%% g%% t 38%? ?ﬁgﬁﬁgﬁ +E$?8?e§ﬁggﬁwbe ?. 5%fe %Pgn (B)
may be adde as an i rity el enment | ving p-type conductjvity, to. the
entire s&%%fgroq&lt%@%?%@ rjlfgiéc])?%"%llftetﬁe %’ JAes #‘Fq“]a?lﬁi‘gﬂeﬂlm
p-channel TFT at a concentration of about 1x1016/3 to 5x1017/cnB8 for the
purpose H0&on¥? oPFi i@ 1FRVeRr ERRoIEYRTAlddame Botbicem) f4dps 307n and

307p to define the active regions. The silicon oxide f£ilm

was formed by decomposing and depositing TEOS by an RF plasma
CVD method with oxygen at a substrate temperature of about
300°C to about 450°C. The gate insulating film 308 may
alternatively be any other suitable silicon-containing
insulating film and may be a single-layer film or a multi-

layer film.

[0154] Then, a conductive film (A) 309 and a conductive
film (B) 310 are deposited for forming a gate electrode. The
thickness of the conductive layer (A) 309 may be about 10 nm
to about 50 nm (preferably, about 20 nm to about 40 nm), and
the thickness of the conductive layer (B) 310 may be about
200 nm to about 500 nm (preferably, about 250 nm to about 450
nm). In the present preferred embodiment, a tantalum nitride
(TaN) film having a thickness of about 30 nm and a tungsten
(W) f£ilm having a thickness of about 400 nm were formed by a
sputtering method as the conductive layer (A) 309 and the

conductive layer (B} 310, respectively. Then, resist masks
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by an ion doping nethod, or may alternatively be 79 added to the
s silicon filmwhen the anorphous silicon filmis deposited. [0153]
silicon oxide filmhaving a thickness of about 20 nmto about 150
t 100 nmin the present preferred enbodinent) is deposited, as a

ulating film 308, so as to cover the crystalline silicon filns

307p to define the active regions. The silicon oxide film was

B1ASC HHP B 1D ek depahed | fgr TESOBMDHgathBF gRltas M edtddetiipda wi t h
t a substrate tenperature of about 300C to about 450C. The gate
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ontalnin |nsu at’i ng m an a single-layer filmor a

ayer film [0154] Then, a conductlve fl|n1(ﬁ0 309 and a conductive

&@Eslg]lare E‘ﬁBﬂS'tEdogﬂ-s Oré”cgig 1flg99 o&é? %OLRJ,g,gorMa kgges of

e Iayer (A) 309 nay be
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0O nmto about 450 nm Eresent preferred enbodi ment, a
pEprzed smbodimenty Fherfklzst

(W filmhaving a thickness of about 400 nmwere forned by a
3 cdnigo Presesve waen dentformedyymdern)figet ahthing conditions.

Specifically, the first etching process was performed by an
ICP (Inductively Coupled Plasma} etching method using etching
gases of CFy, Cl; and 0, at a flow rate ratioc of 25/25/10
(sccm) and by creating a plasma by supplying an RF (13.56
MHz) power of 500 W through a coil electrode at a pressure of
1 Pa. Also to the substrate (sample stage)}, an RF (13.5é6
MHz) power of 150 W 1s supplied, thereby substantially
applying a.negative self-blas voltage. The W film 1is etched
under the first etching conditions so as to gently taper the

edges of conductive layers (B) 313n and 313p.

[0156] Then, a second etching process was performed under
the second etching conditions without removing the masks 311ln
and 311p. Specifically, the second etching process was
performed for about 30 seconds by using etching gases of CF,
and Cl, at a flow rate ratio of 30/30 (sccm) and by creating
a plasma by supplying an RF (13.56 MHz) power of 500 W
through a coll electrode at a pressure of 1 Pa. Also to the

substrate, an RF (13.56 MHz) power of 20 W is supplied,
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conductive layer (B) 310, respectively. Then, resist masks 80 311n and 311p
are fornmed for formng the gate el ectrode by a patterning process, as
illustrated in FIG 4E. [0155) Then, a first etching process is perforned
for formng the gate electrode and the gate line (scanning Iine) of each
TFT. In the present preferred enbodi nent, the first etching process was
performed under first etching conditions. Specifically, the first etching

process wasre®yf Gumitdntiailly Eppiptigt Avakyatave! b1 -asm WIHagd.
met hod using etching gases of CF4, Cl2 and 02 at a flowrate ratio of

25/ 25/ 10p{y3C C i AR &Eﬁﬁ if(;?ln"i‘ PA RS [BaRY £3YRH! ‘3%901%” é}%ﬁ{f‘éhﬁg%e%";z% e

power of 500 Wthrough a ¢ ectrode at a pressure
substr at h%sa le sta eg an RFcéﬁﬁéSG g%t) power . of . 150 IS s 5#'ed,
Uher eby SBBs ot ) §ECRARA) GOPALTHONR 9B SoiPLEPd o aBPERRE SR VFFY I m i s
etched under_the first etching conditions so as to gentl t aper_the edges
of condu@PdyEY2ayeAEtER) thes ptehing procedse) Talekl H'ssé%t%ﬂj and 3 igp
process was perforned under the second etching conditions w thout renoving
t he maskerelformad whape edoesf havd ysideesyrfand dnclilmg o cangles
perfornmed for about 30 seconds by using etching gases of CF4 and Cl2 at a
fl ow r at efr abioato8 030420 apoutmotand IThicr esttatieg 1sa gHovanalh\FERPPLE ng an
RF (13.56 MHz) power of 500 W through a coil electrode at a pressure of 1
Pa. Also to the

[0157] Then, a third etching process 1s performed.

Specifically, the third etching process i1s performed by using

etching gases of CF;, Cl; and O, at a flow rate ratio of

20/20/20 (sccem) and by supplying an RF (13.56 MHz) power of

500 W through a coil electrode at a pressure of 1 Pa, thereby

substantially applying a negative self-bias wvoltage. Under

the third etching conditions, the W films 313n and 313p are

selectively etched with an anisotropy. In this process, the

TaN f£iilms 312n and 312p are not etched, and only the W films

313n and 313p are etched laterally, thereby forming W films

314n and 314p. As a result, each edge of the etched W films

314n and 314p has a side surface inclination angle of about

80° to about 90°. Thus, gate electrodes  314n/312n and

314p/312p are obtained, as illustrated in FIG. 5A, each

having a layered and stepped structure including a W £ilm and

a TaN film. These three etching processes may be performed

successively 1in an etching apparatus. In the present

preferred embodiment, the three-step etching process was

performed continuously 1in an ICP etching chamber while
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substrate, an RF (13.56 MHz) power of 20 Wis supplied, 81 thereby
substantially applying a negative self-bias voltage. Thus, the conductive
film (A (TaN filn) 309 is etched under the second etching conditions in a
m xed atnmosphere of CF4 and Cl2. After the etching process, TaN filns 312n
and 312p are fornmed whose edges have side surface inclination angles of
about 80 to about 90. This state is shown in FIG 4F. [0157] Then, a third

et chi ng pieeessivelgerdiinglhg Bhecidtictdind/  con@itionsl Erehi NheproLess is
performed by using etching gases of CF4, Cl2 and 02 at a flowrate ratio

of 20/ 2Q/52QneS GeBord Gnld tHHWP 08 thétiird ek b M Zdomei{opd, 500 W

through a coil electrode at a pressure of 1 Pa, thereby substantially
appl ying a negative self-bias voltage. Under the third etching conditions

the Wfi 13 31 Fvel h t |
© | {058 13N @fidn ];’aQs' aif%u%ﬁfgggh‘é?% g;@ e g %ﬁ@@dfa@ ?Q!s

this process, the TaN e not et

fil 3 d b W f

alndrrg14p;n%%§%2 resu aé’g%gagggge %Iee{he}:%'? %Q(gre %l I (r)nrsm@%fn a%#@ﬁp}has a
d f I t I f about ,80 t bout 90. Th
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5A, each haV|ng a Ia%ered and stepped structure including a Wfilmand a
TaN fi | m30Pmesa@ndhr 887@t ch¥ngapr oéeBsedordpgbempthedr npgingucthesi 98t9 in
an etching apparatus. In the present

electrodes 314n/312n and 314p/312p, which are in a two-layer

stepped structure, as masks. In the present preferred
embodiment, the phosphorus 315 doping process was performed
in two separate steps using different acceleration voltages
and different doses. Phosphine (PH;} was used as the doping
gas. In the first doping step, the acceleration voltage was
set to about 40 kV to about 80 kV (e.g., about 60 kV) and the

dose was set to about 1x10'® cm™? to about 2x10° cm?

(e.g.,
about 6x10 cm™?). In the second doping step, the
acceleration voltage was set to about 80 kV to about 100 kV
(e.g., about 90 kV) and the dose was set to about 5x10'% cm™?
to about 5x10 cm? (e.g., about 1x10* cm?). The two doping

steps may be performed successively 1in the same dopilng

chamber.

[0159] In the first doping step, a high concentration of
phosphorus 1s implanted 1into regions of the semiconductor
layers 307n and 307p that are not masked with the gate

electrodes 314n/312n and 314p/312p, thereby forming heavily-
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preferred enbodi nent, the three-step etching process was perforned
continuously in an I CP etching chanber while 82 successively changing the

et chi ng
et chi ng

resi st masks 311n and 311p are renoved, an n-type inpurity _
npl anted into the sem conductor |ayers 307n and 307p by an ion

315 is

conditions fromthe first to the second and then to the third
conditions. [0158] Then, as illustrated in FIG 5B, after the

(phosphor us)
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-l ayer stepped structure, as masks. In the present preferred

steps using different acceleration voltages and different doses.

t he
t 60

g.,
e

tq ahout. 80 kV to about 100 kV (ebg., about 90 kV) and the dose

{ des;,are ARSENL: ({hraRah the ohower: condugtivefiimgx3d2n
The two doping}steps may be perforned successively in the sanme
Bther3120159

us is inplanted into regions of the sem conduct or

regions 317 and 320. In the second doping step, phosphorus
does not reach regions of the semiconductor layers where the
semiconductor layers are masked with the upper conductive
films 314n and 314p of the gate electrode, and such regions
of the semiconductor layers are not doped. As a result, the
region 316 of the semiconductor layer 307n of the n-channel
TFT that 1is doped with a high concentration of phosphorus
will later be the source/drain region, and region 317 that is
doped with a low concentration of phosphorus will later be
the LDD region. Moreover, a region 318n that is masked with
the upper conductive film 314n of the gate electrode and is
not doped with phosphorus will later be the channel region.
At this point, the semiconductor layer 307p of the p-channel
TFT is also doped with phosphorus. In the present preferred
embodiment, the LDD region 317 is formed so as to overlap the
lower portion of the gate electrode. In this way, 1t is
possible to considerably improve the hot carrier resistande

and to improve the reliability of the TFT. Moreover, while

the doping step with a low acceleration voltage and a high

84
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| ayers 307n and 307p that are not nmasked wth the gate el ectrodes

314n/ 312n and 314p/ 312p, thereby form ng heavily 83 doped n-type inpurity
regions 316 and 319. In the second doping step, a | ow concentration of
phosphorus is inplanted into regions of the sem conductor |ayers 307n and
307p where the upper conductive filns 314n and 314p of the gate electrode
are absent, through the |ower conductive filns 312n and 312p, thereby

form ng ldog¥ |ford Eraskiing YD thd a5 Y 1dbpe® A étifors ils £hned NE{ RS SprONd
dopi ng step, phosphorus does not reach regions of the sem conductor Iayers

e e R e et g RN 4 T Py ROt

314n and 314p of the gate the- senreonduct or

| ayers are ed. a result, th reagion 316 _of the sem copduct or

| ayer 307h 1oq?shfrgfe‘p 'ntf%eg‘in’é?gf%Tm?ﬁa?iFgngﬁgﬁejﬁt e Hﬁ‘fﬁ?‘ﬂ?ﬁfi f?% ton of
phosphorus w | later be the squrce/drain region, and region 317 that is
doped wi MPTLAVEE -cobdd® atthén PPAREspREPGESHI | LS| aPeFfeEmedhein pikwegi on.
Moreover, a region 318n that is masked with the upper conductive film 314n
of the g&®ePagiatet r stiepandn stheotprigestt wprefphveghemnisodimént at dt bkst he
channel region. At this point, the sem conductor |ayer 307p of the

p- channelposEiblies &b s@oampether hBaphdgplopead. reyildie #masehe PIEdiet1pd

enbodi ment, the LDD region 317 is formed so as to overlap the |ower
portion gopdd GHgidH €Gid OG- dihdil S d¥pind ¢ dtep by appropriately
adjusting the acceleration voltage and the dose and utilizing

the difference in ion range corresponding to the thickness of

the lower conductive film of the gate electrode.

[0160] Then, as illustrated in FIG. 5C, a photoresist
doping mask 321 is provided so as to cover the entire
semiconductor 1layer 307n of the n-channel TFT. Then, an
impurity giving p-type conductivity (boron) 322 is implanted
into the semiconductor layer 307p of the p-channel TFT by an
ion doping method using the resist mask 321 and the gate
electrode 314p/312p of the p-channel TFT as masks. Diborane
(BzHg) is used as the doping gas, the acceleration voltage is
set to about 60 kV to about 90 kV {(e.g., about 75 kV), and
the dose is set to about 5x10'° cm™? to about 2x10'® cm™? (e.g.,
about 1x10'® cm®). Through this step, a high concentration
of boron 322 is implanted into a region 323 of the island-
shaped semiconductor layer 307p of the p-channel TFT that is
not masked with the lower conductive film (TaN film) 312p of

the gate electrode so as to cancel the previously-added n-
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possi ble to considerably inprove the hot carrier resistance and to inprove
the reliability of the TFT. Myreover, while the doping step with a | ow
accel eration voltage and a high 84 dose for form ng a heavily-doped region
is perforned first in the present preferred enbodi nent, the doping step
for formng a lightly-doped region may alternatively be perforned first.
Mor eover, while the doping process is perfornmed in two separate steps in

t he presegbeprﬁﬁﬂffﬁr er(fbﬁ%gaafmsl)t afd Ragsrk! eHe bewﬂ.lw haswsd o doped

region and the l'ightly- doped region in a single doping step by

appr opr i gt"%o n1:§|§!=:c “&6%%&2% Pe AP ehat 19 %Qi’é}’&t%ii a@ﬂlih%hagc%tﬁﬁl CEneSS of

utilizin fer h i'on range responding to t

t he | ower condvéF ye f|| of t% ate eI ctr 160 Then

i |1 ustraf8Y*rR/Fr& “Sd"e‘ Phol re g‘ﬁ‘f‘ﬁ& e 321 %r?)?‘f)?/‘r"de&nsoaas to
cover the entire sem conductor 307n of the n-channel TFT. Then, an

i npuri t yrggicng 24 yp¥eroituteh vP!1 Y( verenioyer jcondyseivediidm of Tal

sem conductor |ayer 307p of the p-channel TFT by an ion doping nethod

usi ng t héidmyi x1lpaskf 3Phe agdtehelgpaitoods ekd rpdes8itlp/ 3hep dwipiing: ion
p- channel TFT as masks. Diborane (B2Hc,) is used as the doping gas, the
accel er airaggevdld agetdisded byt ehabatli khde¥ tof abloet TAR EY1me. Gind aftoait 75

W, and the dose is set to about 5x1015 CM2 to about 2x1(3,'6 CM2 (e.g.,

about 1 XL@3uh® G¥ Doron¥PUSE L8tSafifPimp1AhERACIRGRN RS 1 ¥yion 324
is smaller than in the source/drain regions 323, whereby the
region 324 will later be the LDD region of the p-channel TFT.
Moreover, a reglon 318p that 1is covered with the upper
conductive film (W film) 314p of the gate electrode and is
not doped with boron will later be the channel region of the
p-channel TFT. Moreover, the doping precess may be performed
in two separate steps using different acceleration voltages
for the source/drain reglion and for the LDD region. In this
process, the semiconductor layer 307n of the n-channel TFT,
which 1s entirely covered with the mask 321, is not at all

doped with boron 322. Thus, an n-channel TFT and a p-channel

TFT can be produced together.

[0161] As described above, an n-type impurity and a p-type

impurity are implanted while each region that does not need
to be doped with the impurity is covered with a photoresist,
whereby the impurity elements are selectively implanted to
form an n-type impurity region and a p-type impurity region.

Note that n-type and p-type impurity elements are preferably
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of boron 322 is inplanted into a region 323 of the Island- shaped

sem conduct or | ayer 307p of the p-channel TFT that is hot masked wth the
| ower conductive film(TaN film 312p of the gate electrode so as to
cancel the previously- added n 85 type inpurity (phosphorus) and invert the
polarity thereof ("counter doping”), and the region 323 will later be the
source/drain region of the p-channel TFT. ' Mreover, in a region 324 over

whi ch onlagdde 1PVeis Bxet | 6 {hd bénlfbbndutfdr 21dPeff 1 hEhQag?etshﬁ‘Et rode

is present, the doping ion range is extended by the thickness e TaN

L O IR AR UBho08108R 87 (hePAELUALY AP PIREHCRTD (iS4 OfLRD 32

Is small an 1 n the sourcef/drain regrons 3 ere 24
will later _be the LEP region of the p-channel TFT, Moreover, a region 318p
that is (f%redSnit ?#ﬂfhéhﬁﬁ éﬂﬂﬁhﬂ? telym (539%i | n§ach4p sPerhEifate
el ectrode and is not doped with boron will | ater be the channel region of
the p-clRMdicattonabreover, the doping process may be performed in two
separate steps using different acceleration voltages for the source/drain
region and for the LDD region. In this process, the sem conductor |ayer
307n of tA62)- chafhen. TREtermttiheh Nesist imagk 32V ciedremoved heanaskoBadl, is
not at all doped with boron 322. Thus, an n-channel TFT and a p-channel
TFT can gl ctheatmenyelbeperfforteld Am dascinbed atmosplaren-(e/pg. j naurity
and a p--type

nitrogen atmosphere). In the present preferred embodiment,

the heat treatment is performed at about 520°C to about 600°C

for about 30 minutes to about 8 hours. In this heat

treatment step, phosphorus implanted into the source/drain

region in each of the semiconductor layer 307n of the n-

channel TFT and the semiconductor layer 307p of the p-channel

TFT increases the solid solubility of the region for nickel,

so that nickel 1s moved from the channel regions 318n and

318p to the LDD regions 317 and 324 and then into the

source/drain regions 316 and 323 as indicated by arrow 325,

thereby performing a gettering process, as illustrated in

FIG. 5D.

(0163} In thé gettering process, first, nickel present in
the form of solid solution in the channel regions 318n and
318p and the LDD regions 317 and 324 i1s moved into the
source/drain regions 316 and 323. As a result, the nickel
concentration is decreased in the channel regions, whereby Ni

sllicide masses remaining therein start dissolving in the
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impurity are inplanted while each region that does not need to be doped
with the inpurity is covered with a photoresist, whereby the inpurity

el enents are selectively inplanted to forman n-type inpurity region and a
p-type inpurity region. Note that n-type and p-type inpurity elenents are
preferably 86 added in this order to the sem conductor |ayer in the present
preferred enbodinent, the order is not limted to this but may be

det er m nefladRR10ORelgdionlsy. f ThepdChhwpeiwly dlaived iND.atdid2drd helso af t er
the resist mask 321 is renoved, a second heat treatnent is perfornmed in an

i nert at FEB%%ter?xtQ;ethe- sdurdel/30h AP F6 elbr{h t410 prw%@éﬁ%rred

enbodi nent, e heat treatment 1S pertorned at about 520C to about 600C
for aboutf 30 m.,nutes to about 8 hours. .In_this heat treatment step
phosphor D PR HIRTPA HEFS cHPBey aftaPRom, Ejooammsls FagiqRe,  and

sem conductor | ayer 307n of the re- channel TFT and the sem conductor | ayer

307p of fthe maumanMaratign oficseddds sodatdem nigkedhi Lpt plfo (FrAVeR[on for

nickel, so that nickel is noved fromthe channel regions 318n and 318p to
t he LDD Asgi@nye8tltands3ice andckiedn ist motvilag sinteeftiveai souege bimaBlo and
323 as indicated by arrow 325, thereby performng a gettering process, as

i |l ustratredions FB®6 SBnd[ 0323] | théhengekékri dgnPenteatiohi ris, abokel
pr esent In

1x10'°/cm® or more in the source/drain regions 316 and 323.

[0164) This heat treatment step also activates the n-type
impurity (phosphorus) doped into the source/drain region 316
and the LDD region 317 of the n-channel TFT and the p-type
impurity (boron) doped into the source/drain region 323 and
the LDD region 324 of the p-channel TFT. As a result, the
sheet resistance value of the source/drain region 316 of the
n-channel TFT was about 500 {)/square to about 800 {)/square,
and the sheet resistance value of the source/drain region 323
of the p-channel TFT was about 1 kQ /square to about 1.5
xQ/square. Moreover, the sheet resistance value of the LDD
region 317 of the n-channel TFT was about 30 k{)/square to
about 50 kf)/square, and the sheet resistance value of the
LDD region 324 of the p-channel TFT was about 10 £{}/square to

about 20 kx{Q/square.

[0165] Then, as illustrated in FIG. 5E, an 1interlayer
insulating f£film is formed. A silicon nitride f£ilm, a silicon

oxide film or a silicon nitride oxide film is formed to a
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the formof solid solution in the channel regions 318n and 318p and the
LDD regions 317 and 324 is noved into the source/drain regions 316 and
323. As a result, the nickel concentration is decreased in the channel
regions, whereby N silicide nasses remaining therein start dissolving in
the 87 channel regions. Then, the newly dissolved NN atons are also noved
into the source/drain regions 316 and 323. Eventually, N silicide nasses
ar e renotad cknesst vef dlowuie| 40@gnonte abdutt A600omeenitrypical ky, about
solid-solution nickel is also reduced. As a result, since nickel is noving

into theedpour ¢l drd N atior ONDHODL6 Yl 323,11 hepHu Clpte £&iiE eNpFr &t éPhed S
about 1x1019/cnB or nore in the source/drain regions 316 and 323. [0164]

doped | nERtRATEEY. 4 GPLPLSS, BeLLxgag el e aﬁky@%esih%%#‘%ﬁé}&t?@“gf -
h I h h /d

Fegi on 32808k LUt i 50 ;a1 B4 pkag LT AR AT R eSS e

sheet resistance value of the source/drain region 316 of the n- channel TFT

was aboutf508beuEquAPR R aEe SAPPOIFest e 0D aRBet HANQRREE . r ckhe¥ab¥e
val ue of the source/drain region 323 of the p-channel TFT was about 1

ku/ squar ercvisldmg & 5 twionlagear e £1Mour eoveThet hdepbettionsi pronessvalse of
the LDD region 317 of the n-channel TFT was about 30 kQ'square to about
50 kQ sqparEFornied tbe heplasmsi SvVaNGRevibde tof d¢detinuously form the
silicon nitride film using SiH, and NH; as material gases,
and the silicon oxide film using TEOS and O, as material
gases. Needless to say, the inorganic interlayer insulating
film may alternatively be any other suitable silicon-
containing insulating film and may be a single-layer film or

a multi-layer film.

[0166] Then, another heat treatment is performed at about

300°C to about 500°C for 1 to several hours as a step of
hydrogenating the semiconductor 1layer. This step 1is
performed for terminating and inactivating dangling bonds
that deteriorate the TFT characteristics by supplying
hydrogen atoms to the interface between the active reglon and
the gate insulating film. In the present preferred
emhbodiment, a heat treatment was performed in a nitrogen
atmosphere containing about 3% of hydrogen at about 410°C for
approximately 1 hour. When a sufficient amount_of hydrogen
is contained in the interlayer insulating film (particularly

the silicon nitride film 326), the effect can be obtained
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LDD region 324 of the p-channel TFT was about 10 Q square to about 20 k

u/ square

. [0165] Then, as illustrated in FIG 5E, an interlayer insulating
filmis formed. A silicon nitride film a silicon oxide filmor a silicon

nitride oxide filmis formed to a 88 thickness of about 400 nmto about
1500 nm (typically, about 600 nmto about 1000 nnm). In the present
preferred enbodinent, a silicon nitride film 326 having a thickness of

about 20Q18% ansy a pbti6ARLAY denbi | Medd’ hevédenént hi ekness mft

nm wer e deposited on one another, thereby providing a two-layer film The

For m t he SEREBBRYR 7 OBiCE hREoBknALTol" Hoogidl il Dol Hel )

the sili

i de fil ing TE d terial . | t
Say, "t e SPROTEAN @ | RIATE c BTOTOBAERRGORT | PRORRPPal (SR v ARATROShy

ot her su

itable silicon- containing insulating filmand may be a

si ngl e- | gyedted Byoplagmal-ti-|layer film [0166] Then, another heat

treatment is perforned at about 300C to about 500C for 1 to several hours

as a step of hydrogenating the sem conductor layer. This step is

per f or red0¥63] t er ¥hent i ngonhactnabeleat i age damagde ngliborthe tintexfayeXorate

the TFT characteristics by supplying hydrogen atons to the interface
bet ween tinsudettiing r£dlon aamd an electrode/line 328 of the TFT is

formed by using a metal f£film, e.g., a two-layer film of
titanium nitride and aluminum. The titanium nitride £film is
a barrier film for preventing the diffusion of aluminum into
the semiconductor layer. Finally, an annealing process is
performed at about 350°C for approximately 1 hour, thereby
obtaining an n-channel thin film transistor (TFT) 329 and a
p-channel thin fllm transistor (TFT) 330 as illustrated in
FIG. BE. As necessary, additional contact holes may be made
over the gate electrodes 314n and 31l4p for providing
necessary connection between electrodes with the 1line 328.
Moreover, a protection film made of silicon nitride, or other
sultable material like, may be further provided on each TFT

for the purpose of protecting the TFT.

[0168] An n-channel TFT and a p-channel TFT produced
according to the preferred embodiment as described above
exhiblted very desirable characteristics with high field-
effect mobilities of about 250 cm?/Vs to about 30 cm?’/Vs and

about 120 cm?/Vs to about 15 cm?/Vs, respectively, and with

90



the gate insulating film In the present preferred enbodinment, a heat
treatnent was perforned in a nitrogen atnosphere containing about 3% of
hydrogen at about 410C for approxinmately 1 hour. Wen a sufficient anount
of hydrogen is contained in the interlayer insulating film (particularly
the silicon nitride film326), the effect can be obtained 89 al so by
performng the heat treatnent in a nitrogen atnosphere. O her
hydrogenghiragnbhacesasftddied Caf bapewdd {ncludery pl assgehydnogenagi on
process (using hydrogen excited by plasma). [01671 Then, contact holes are
made in i er | L.Ng (&) a r.qd ' t he
TFT is ??)?Rs%tt%y et i'ng iég?rg%’g%’ff i Itnt%esg gfﬁflsa t@\/x\%h.ﬁ%&grﬁ ?‘Ji%?r%‘%??ﬁa’ﬁi um
nitride and_al um nym, The titani nitride filmis _a barrier fil r

b event i G PRBOTITL APt 6ge it s IFR ST 185 AR A dRen by B A
Finally, an annealing process is perforned at about 350C for approximtely
1 hour, freaueptlybterenr§ akn nibeanbelorhiart. | @andr apubstantiakly 3x® and
a p-channel thin filmtransistor (TFT) 330 as illustrated in FIG 5E As
necessar ghazdditerdsiicsondeteriorationy basradbsexwsd t him gatestd ecfomndes
314n and 314p for providing necessary connection between electrodes with

the |inegd2@rmiMAnGOVaihe & FEMLEARES fEbM FRgBatbaS lopedatiidnd de, t1e
other suitable material |ike, may be further provided on each TFT

resistance to blas voltages and the resistance to thermal

stresses. Moreover, as a CMOS circuit having a complementary
set of an n-channel TFT and a p-channel TFT preduced
according to the present preferred embodiment was used 1in
various circuits such as an inverter chain and a ring
oscillator, the circuits exhibited a much higher reliability
and more stable circuilt characteristics as compared to the

prior art.

{0169] Moreover, TFTs produced according to the present
preferred embodiment included very few defective TFTs with an
abnormal leak current, with the defect rate being on the

order of about 0.0001%.

FOURTH PREFERRED EMBODIMENT

[0170] A semiconductor device according to the fourth
preferred embodiment of the present invention and a

method for manufacturing the same will now be described. The

present preferred embodiment is also dirécted to a process of

producing, on a glass substrate, a circuit having a CMOS
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for the

mobi i ti

pur pose of protecting the TFT. [01681 An n-channel TFT and a
p- channel TFT produced according to the preferred enbodi nent as descri bed
above exhibited very desirable characteristics with high field- effect

es of about 250 cnR/Vs to about 30 cn2/Vs and about 120 cn/Vs to
about 15 cn®/Vs, respectively, and with 90 threshold voltages of about 1 V

and about -1.5 V, respectively. Mreover, these TFTs exhi bited
subst ant s&rugtuge dinudiing nar cagplemenitary-eedf foft ane n-chiannelr PET
which frequently occurs in the prior art, and substantially no

char act eandt iac p~chatniedr FTQN was observed in tests for
resi stance to repeated operations, the resistance to bias voltages and the

resistance to thermal stresses. Mreover, as a CMOS circuit having a
conpl enef01F1y serief 6A BoCcRaGNebGTRRAAFIGE [FACKRINFEG . THE RixylUsesks -

according to the present preferred enbodi nent was used in

8BctA¥aRIC 1603 Bedidnt 1E1NY 1996 tr3tng d¥erd ' tprSadifiged a

such as

much higher reliability and nore stable circuit "characteristics as

conparedthg #?@s §EL%§83? esk&%ﬁ%ﬁﬁ er?Q%Fngégf deuced according to the

pr esent
abnor nal

preferre ment VEry efective TFTs with an

| eak current, with the defect rate being on the order of about
0. 0001% [0172]

Referring to FIG. 6A, a base film such as a silicon
oxide film, a silicon nitride film or a silicon oxide nitride
film 1is formed on the TFT side of a 1low-alkali glass
substrate 401 for preventing the diffusion of an impurity
from the substrate 401. 1In the present preferred embodiment,
a silicon nitride film was deposited as a lower first base
film 402, and a silicon oxide film was deposited as a second
base film 403 on the first base film 402. The silicon oxide
nitride films of the first base film 402 and the second base
film 403 were formed successively by a plasma CVD method both
to a thickness of about 100 nm, for example. Then, an
amorphous silicon film (a-Si f£ilm) 404 having a thickness of
about 20 nm to about 100 nm (e.g., about 50 nm)} is formed.
The base films 402 and 403 and the a-Si film 404 may be

formed successively.

[0173] Then, a small amount of a catalyst element (nickel
in the present preferred embodiment) 406 is added to the
surface of the a-Si film 404. The addition of a small amount

of nickel 406 was performed by holding a nickel solution on

92
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FOURTH PREFERRED EMBCODI MENT [ 0170] A sem conductor device according to the
fourth preferred enbodi nent of the present invention and a nethod for
manuf acturing the sane will now be described. The present preferred
enbodi ment is also directed to a process of producing, on a gl ass
substrate, a circuit having a CMOS 91 structure including a conplenmentary
set of an n-channel TFT and a p-channel TFT. [0171]] FIG 6A to FIG 6G and

FIG 7A tthe | & SIEfdlm C4065- udeEorilyl s@ﬁy&aﬁeguenhi adMutidnisheebs8y
he present pre

steps for producing the TFTs of t erred enbodi nent. [0172]
Ref erri ng-ged dilfztifve UPESHy fd | 4B H aS52Aq Sthak O LdeyLi LLi con
nitride filmor a si Iei con (S)t%rd% % ?HE e’ ???n##ésﬁfmgﬁboﬁhtghéﬁkﬁgrér e of
a | ow al I glas substrate 401 _for preventin he_diffusion, of an
Moo 1y - om NG BReINE Seded ol SiEERIAIE "calbkal attttachas
silicon nitride filmwas deposited as a |lower first base film402, and a
silicon PEeferally BEedepasithey spluteccintierpyss muakennblon wsrdf Apst
base film402. The silicon oxide nitride films of the first base film 402
and t he ddwomplyent, fandn s nkcke¥ oroncentrabienvihythe sophtiton €9
met hod both to a thickness of about 100 nm for exanple. Then, an
anor phouscaritinraddred | ton ba- Sbcut ) Ppm. havitilg astateknes shfwn abwuFrI@) nm
to about 100 nm (e.g., about 50 nm is forned.

6A. The concentration of added nickel on the surface of the

a-Si film 404 in the state as 1illustrated in FIG. 6A was
about 4x10'? atoms/cm?, as measured by a total reflection X-

ray fluorescence (TREXRF) method.

[0174] Then, a heat treatment is performed in an inert
atmosphere (e.g., a nitrogen atmosphere). The heat treatment
is performed at about 520°C to about 600°C for approximately
1l to 8 hours. In the present preferred embodiment, the heat
treatment was performed at about 550°C for approximately 4
hours. In this heat treatment, nickel 406 added to the
surface of the a-Si film 404 diffuses into the a-Si film 404
while being silicified, and the c¢rystallization of the a-Si
film 404 proceeds using the silicide as nuclei. As a result,
the a-S1 film 404 is crystallized into a crystalline silicon
film 404a, as 1llustrated in FIG. 6B. In the obtained
crystalline silicon film 404a, the orientated crystal planes
are primarily planes of <111> crystal zone, and about 50% or
more of the regions that are oriented along the <111)> crystal

zone planes are regions that are oriented along the (110)
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The base filns 402 and 403 and the a-Si film 404 may be forned
successively. [0173] Then, a small anount of a catalyst elenent (nickel in
the present preferred enbodi nent) 406 is added to the surface of the a-S
film404. The addition of a small amount of nickel 406 was perfornmed by
hol di ng a nickel solution on 92 the a-Si film404, uniformy spreading the
solution across the substrate 401 by a spinner, and then drying the
substrat plas@l. orn tihee preiIgntpldms er r eMorsbedl erthe Ncelysltadc edGh&ings
preferably used as the solute, water was preferably used as the sol vent,

and the RirelAlons0 et 'Rav Ia bﬁBsEQhthmeV‘%iﬂb‘iﬁI "G d 0L dif) agput 8

ppm This state is shown in A. The concentration of added ni ckel on
t he surf of Si n t il 6A
was aboS: Gé4xJ’_)(5)t"J%E'\|'nt d%ms/ %gﬁaélq%asuérigg%% %ﬂ?'él 46’ *e?il oh g“‘%’n
quoresc%H%ﬁW&§§Xﬂ2 thod [w#741 a heat treatnent S perforned I n
an inert 5 fdspMere). The heat treatment is

performed at about 520 C to about 600 C for approximately 1 to 8 hours. In
t he presg@_, referred enbodi nent, the heat treatnent was perforned at

about 55 r appPERimR%| (Ll ustEiated | iny LG he S« r EREneFRY S FRLLIRE 406
added to the surface of the a-Si film404 diffuses into the a-Si film 404

whi | e beisddigion cfilmd 404 tife dryadiptedatwhbhhoflager gldight 407 to

further crystallize the crystalline silicon film 404a,
thereby improving the crystallinity thereof. In this step,
XeCl excimer laser (wavelength: 308 nm, pulse width: 40 nsec}
was used as the laser light. The laser light irradiation was
performed with an energy density of about 400 mJ/cm?. The
laser light was shaped so as to form an elongated beam spot
having a size of about 150 mm by about 1 mm, and the
substrate was scanned in the direction that is substantially
perpendicular to the longitudinal direction of the beam spot
and in a line sequential manner with a step width of about
0.05 mm. Thus, any point on the crystalline silicon film
404a is irradiated with laser light a total of 20 times. The
crystalline silicon film 404a obtained by solid-phase
crystallization as described above 1is turned into a
crystalline silicon film 404b of a higher quality as the
crystal defects are reduced through the
melting/solidification process by the laser irradiation.
After the laser irradiation process, the crystal orientation

of the obtained crystalline silicon film 404b remains to be
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film 404 proceeds using the silicide as nuclei. As a result, the a-Si film
404 is crystallized into a crystalline silicon film404a, as illustrated
in FIG 6B. In the obtained crystalline silicon film 404a, the orientated
crystal planes are primarily planes of <111> crystal zone, and about 50%
or nore of the regions that are oriented along the <111> crystal zone

pl anes are regions that are oriented along the (110) 93 plane or the (211)

pl ane. Mph@evasf tHe Crysitallldeni §511¢6R0iFANMm aRrda hBsEofe a thiebsLaddr al | y
uniformorientation) of the obtained crystalline silicon f|In1404a have

domai 1 qirauBhens o, ADAkedeR LA AR nddoPBedid LEGmdHC i Bhahl | sl at ed

in FIG t he crysta Ine silicomtilma 4a s irr Iaser

| i ght 407 tal | th ta I fil 404

R R R AT T ﬁﬁﬁ}cgﬁgé’gﬁ Fﬁth.fsréef Lo PR threr

| aser (wavel ength: 308 nm pulse wd 40 C) was used as the |aser

| i ght. TH8TEasE of drhe |¢¥M%1wmﬁ§liﬁenf S#A@d 4Q4bn wilihe A AVRRERSPty of

about 400 miJ/cnR. The |aser |ight was shaped so as to form an el ongated
beam sposurifaviengreaughnessf Rioof 1&0own By abouto 1aloutant time sUblerate
was scanned in the direction that is substantially perpendicular to the

| ongi t udijhedl i@iataenl ehglfe (6 Hig@npBpLIudeAg podraibnae (IAALY) aln NMEGEr

with a step width of about 0.05 nm Thus, any point on the crystalline

silicon fgyiPace irregularities of the crystalline silicon f£ilm 404b
is preferably about 30° to about 70° (about 45° in the

present preferred embodiment).

[0176] Then, a device 1isolation process 1s performed by
removing unnecessary portions of the crystalline silicon film
404b. Through thils step, 1sland-shaped crystalline silicon
films 407n and 407p are formed, as illustrated in FIG. 6D.
The 1sland-shaped crystalline silicon films 407n and 407p
wlll later be the semiconductor layers (the source/drain
regions and the channel regions) of the n-channel TFT and the

p-channel TFT, respectively.

[0177] Boron (B) may be added, as an impurity element
giving p-type conductivity, to the entire surface of the
semiconductor layers of the n-channel TFT and the p-channel
TFT at a concentration of about 1x10'%/cm® to about 5x10'7/cm’
for the purpose of controlling the threshold voltage. Boron
(B) may be added by an 3ion doping method, or may

alternatively be added to the amorphous silicon film when the
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404a is irradiated with laser light a total of 20 tines. The «crystalline
silicon film404a obtained by solid-phase <crystallization as described
above is turned into a crystalline silicon film404b of a higher quality
as the crystal defects are reduced through the nelting/solidification
process by the laser irradiation. After the laser irradiation process, the
crystal orientation of the obtained crystalline silicon film 404b remains

to be 94 dnddphefud a1 diime Siddpsriied m 404a before the |aser
i rradi ati on. However, ridges have been forned through the

nel ting/solidification process by laser irradiation on the surface of the
crystal | ijgerg}i | | cofehl,| na 4@4R 1o 8301 A% €09 ﬁa&&age 4 04ghRRSesE OF
about 4 nmto about 9 nm The inclination angle of fhe protruding portions
(ridges) 4 €99S i ulptd tLes S l kpe Sid i Fbm
404b isalpt);rae er%%l l;‘lmag%ﬁt a%’gﬁt o]'aff’i(?)oit}[t?l 7@‘%%%%&%5 milﬁhéﬁiépr gg?\%h*:
preferred_embodi nent). J017 Then, a vice isolation process,is f or med
by FenoREeg ShHA dntipd et o Mashettedy adih 9a0L, rebiatind, Fibnp.
Through this step, island-shaped crystalline silicon filns 407n and 407p
are forn®8.a89 | 2gstPacOYe thes semicon@actar s Aaversp 4P 7ay yand | 407R-

silicon filns 407n and 407p wll |ater be the sem conductor |ayers (the
sour ce/ diThien, egandnchiye ilghdflk|40®gruhsy efndwet tvehbthlel (EFT430d t he

are deposited for forming a gate electrode. In the present
preferred embodiment, a tantalum nitride (TaN) f£ilm having a
thickness of about 30 nm and a tungsten (W) £film having a
thickness of about 400 nm were formed by a sputtering method
as the conductive layer (A) 409 and the conductive layer (B)
410, respectively. Then, resist masks 411ln and 411lp are
formed for forming the gate electrode by a patterning

process, as 1lllustrated in FIG. 6E.

[0179] Then, a first etching process 1is performed for
forming the gate electrode and the gate line (scanning line)
of each TFT. Also in the present preferred embodiment, a
three-step etching process was performed by an ICP
(Inductively Coupled Plasma) etching method in a manner
similar to that of the third preferred embodiment. First, as
illustrated in FIG. 6F, the W film is etched in the first
etching process so as to gently taper the edges of conductive
layers (B} 413n and 413p. Then, in a second etching process,

the conductive film (A} {(TaN £film) 1s etched so as to form
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p-channel TFT, respectively. [01771 Boron (B) may be added, as an inpurity

el ement

giving p-type conductivity, to the entire surface of the

sem conductor | ayers of the n-channel TFT and the p-channel TFT at a

concentration of about 1x1016/cnB to about 5x1017/cnB
controlling the threshold voltage. Boron (B) may be added by an ion doping
or may alternatively be added to the anorphous silicon fil mwhen

the 95 amanph@uans | 4a2n faha | 21dppohbed. E£A4E8] RA¢B, 3iak! i s@praxkde
filmhaving a thickness of about 20 nmto about 150 nm (about 100 nmin

t he presqpieyiNaRf19d gq_rgpq; Jut S8 e%ig%t agp2 gate insulating film

met hod,

408, so as to cover the€ sem conductor |ayers 40/n and 407p. Then, a

conductive film (A) 409 and a conductive film (B) 410 are deposited for

form ng
nitride

film havi I.ck f ab 00 f b ' t hod
as the-conthucti FaTRCHIsh) 6 arde, At oRmterRyTaly, cofeapt igh el

0 ° 71 BB % CiLToRREIE8, A oFF, BERROCHRR o LAY

respectively. Then, resist nmasks 411n and 4%$$ are formed for formng

gate ele

AASPEOAPYs pditt dHish PTYQtEs sthesT

Then, a first etching process is perfornmed for

and the @g®te ¢tehedscandi mply nthe W films 413n and 413p are etched

laterally, thereby forming W films 414n and 414p whose edges
have side surface inclination angles of about 80° to about
90° . Thus, gate electrodes 414n/412n and 414p/412p are
obtained, as illustrated in FIG. 6G, each having a layered

and stepped structure including a W £film and a TaN film.

[0181] Then, after the resist masks 411ln and 411lp are
removed, a photoresist doping mask 415 with an even thicker
side wall is provided so as to cover the gate electrode
414p/412p in the p-channel TFT, with only a peripheral
portion of the semiconductor layer 307p being exposed, as
illustrated in FIG. 7A. Then, an n-type impurity
(phosphorus) 416 1is implanted into the semiconductor layers
407n and 407p by an 1ion doping method using the gate
electrode 414n/412n, which is in a two-layer stepped
structure, and the resist mask 415 as masks. Also in the
present preferred embodiment, +the phosphorus 416 doping
process was performed inrtwo separate steps using different

acceleration voltages and different doses. The doping
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of each TFT. Also in the present preferred enbodinment, a three-step
et ching process was perforned by an ICP (Inductively Coupled Plasm)
etching nethod in a manner simlar to that of the third preferred
enbodinent. First, as illustrated in FIG 6F, the Wfilmis etched in
first etching process so as to gently taper the edges of conductive
layers (B) 413n and 413p. Then, in a second etching process, the

t he

conduct i yaddds® (s ( Pl fbirel indéhedns0ass dohd 8@ TaNthdss ¢&2n

and 412p whose edges have side surface inclination angles of about 80 to

about 90. thJéﬁ}l% f@rf r&nﬁ&gy 86 P" d&ﬁst%ﬁ Sf‘lﬁgtord?ﬁ&r%) é{gﬁthahe W

filnms 413n and re selectiv Wi anl sotr

B13n ant "5, SRR TREGION DEr BHOFPURTRRCk? + BPRIROLoT APKS AARSGLOR 41p

whose edges have S|de surface_inclination angles of about 80 to about

90.

Thus, gattE dhertsrfcondugion olaxer 497n/ 2fo3hegr a-channede TFRsthat y18r at ed

in FIG 6G each having a |ayered and stepped structure including a Wfilm

and a Tamot maskegl MkHTHde getereldntrals Stl4msiB2nll Itherneby Iiprnieg
renoved, a photoresist doping mask 415 with an even thicker side wall
provi ded asthesviDy c@opedt he tgpee ieimaiittderedidn/ 412n i nThhaHe chesord
with only a peripheral portion of the sem conductor |ayer 307p being
exposed, @&ping step, phosphorus is implanted through the lower
conductive £film 412n of the gate electrode into a region
where the upper conductive f£ilm 414n of the gate electrode is
absent, thereby forming a 1lightly-doped n-type impurity
reglon 418. In the second doping step, phosphorus does not
reach reglions of the semiconductor 1layers where the
semiconductor layers are masked with the upper conductive
film 414n of the gate electrode, and such regions of the
semiconductor layers are not doped. As a result, in the
semiconductor layer 407m of the n-channel TFT, a portion of
the region 417 that 1is heavily doped with phosphorus will
later be the source/drain region, and a region 418 that is
lightly doped with phosphorus wilill later be the LDD region.
Moreover, a region 419n that 1is masked with the upper
conductive film 41l4n of the gate electrode and is not doped
with phosphorus will later be the channel region. On the
other hand, in the semiconductor layer 407p of the p-channel

TFT, a region that is covered with the resist mask 415 is not

doped with phosphorus, and only a region 420 that is not
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illustrated in FIG 7A. Then, an n-type inpurity (phosphorus) 416 is

I npl anted into the sem conductor |ayers 407n and 407p by an ion doping

met hod using the gate electrode 414n/412n, which is in a two-|ayer stepped
structure, and the resist mask 415 as nasks. Also in the present preferred
enbodi ment, the phosphorus 416 doping process was perfornmed in two
separate steps using different acceleration voltages and different doses.
The dopi maskédorwielss thas pesist machskndels siig | dspedneilthonshésphdwoes. of
the third preferred enbodinent. In the first doping step, a high

concent r ahiretighf tHIGS PSS the ! PRYABHCA20N0E AHEL UM csHaldor layer
sem conduct or | ayer 407n of the n-channel TFT that is not masked wth the

gate ele qﬁﬁ 414 ; H%q;e or Ixi ayll.yad - | rity
regi on 4%? n téeeééégl%gi opiﬁ%aété'g r}%ﬁ)‘gip ré§£|¥g %am%%%éﬁg%h t he
| ower co ctive film41l2n of the gate electrode intqQq a region where the
upper co g'ﬂ}citl &5 Bg é&?ng(ﬁttt%rtét?%it%tquoﬂ’? sp"’glﬁ‘?e‘?ﬁf f@ér ebyne
forming a lightly-doped n-type inpurity region 418. In the second doping
step, ph&opeeNiFatden RE thekhtyegi dmpusityhelementodmhasphorys) sither e
the sem conductor |ayers are masked with the upper conductive film414n
of the gahe elregiade, 447 saxé rd@dondsof abwmt selmbwiridom? ortd ayabsutr e
not doped. As a result, in the sem conductor |ayer 407n of the n-channel
TFT, a pastliodty ¢, Moreover, the concentration of the n-type
impurity element (phosphorus) in the LDD region 418 of the n-
channel TFT is in the range of about 1x10'/cm® to about
1x10*°/cm®, within which the region functions as an LDD

region.

[0182) Then, after the photoresist mask 415 is removed, the
lower conductive films (TaN films) 412n and 412p are etched
using the upper conductive films (W films) 414n and 41l4p of
the gate electrode as masks. The etching process was
performed for about 30 seconds by an ICP etching method using
etching gases of CF; and Cl; at a flow rate ratio of 30/30
(sccm) and by creating a plasma by supplying an RF (13.56
MHz) power of 500 W through a coil electrode at a pressure of
1 Pa. Also to the substrate, an RF (13.56 MHz) power of 20 W
is supplied, thereby substantially applying a negative self-
bias voltage. Thus, only portions of the TaN films 412n and
412p that are not masked with the W films 414n and 414p are
selectively etched away. After the etching process, TaN

films 421n and 421p are formed whose edges have side surface
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the region 417 that is heavily doped with phosphorus wll |ater be the
source/drain region, and a region 418 that is |lightly doped with

phosphor

masked wi th the upper

us will later be the LDD region. Mdreover, a region 419n that

is

conductive film 414n of the gate electrode and is

not doped wth phosphorus will later be the channel region. On the other
hand, in the sem conductor |ayer 407p of the p-channel TFT, a region that

i's cover

a region 420 that is not 98 mas

phosphor

of the p-

the gett
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the resist mask 415 1s doped with

. Thro thi,g st the, re n_42 f ;the seni condu r Layer
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only

1x1019/cnB to about 1x1021/cn}. Mreover, the concentration of the n-type
i mpurity séledrdim losidssh@uksiden the ga@ rekgotrads. of Sudle aestrhctmce TFT
is in the range of about 1x1017/cnB to about 1x1020/cn8, wi thin which

regi on fdsctpansieslanlyDeffeediive iRl8AppHessing tthet MFPMhetpretated nask

415 isr
et ched

t he

enoved, the |lower conductive filnms (TaN filns) 412n and 412p are
Uslakd ddig-dper conductive filnms (Wfilnms) 414n and 414p of the
gate el ectrode as nmasks. The etching process was

[0183] Then, another photoresist dJdoping mask 422 with a
thick side wall is provided over the semiconductor layer 407n
of the n-channel TFT so as to cover the previously-formed LDD
region 418, with only a peripheral portion of the
semiconductor layer 407n being exposed, as 1llustrated in
FIG. 7C. At this time, no mask 1s provided over the
semiconductor layer 407p of the p-channel TFT, whereby the
TFT is entirely exposed. Then, an impurity giving p-type
conductivity (boron) 423 is implanted into the semiconductor
layers by an ion doping method using the resist mask 422 and
the gate electrode 414p/421p of the p-channel TFT as masks.
Diborane (B H¢) 1s used as the doping gas. the acceleration
voltage is set to about 40 kV to about 80 kV (e.g., about 65
kV), and the dose is set to about 1 x 10" cm? to about 1 x
10 cm? (e.g., about 7 x 10" cm'?). ‘Through this step, a
region 426n of the n-channel TFT that is heavily doped with
boron functions as the gettering region of the n-channel TFT,
and the remainder 424 of the region that is highly doped with

phosphorus in the previous step functions as the source/drain
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performed for about 30 seconds by an I CP etching nethod using etching

gases of CF4 and Cl2 at a flowrate ratio of 30/30 (sccn) and by creating

a plasma by supplying an RF (13.56 MHz) power of 500 Wt hrough a coil

el ectrode at a pressure of 1 Pa. Also to the substrate, an RF (13.56 Miz)
power of 20 W is supplied, thereby substantially applying a negative self-
bi as voltage. Thus, only portions of the TaN filnms 412n and 412p that are

not nmaskedégdionh thanWfhé Msehlitonauttbidriayér WRFLbFelthet shedarieY-

After the etching process, TaN filns 421n and 421p are forned whose edges

have S! Qara’ E9A gl daifddrAld fbdWH Soiln A0 UnPLad Logbfilto 70 1401 8 51 A1 ©

is shown in FIG S, In the sem cond
n- channel . JET, t.he LDD region, 418 fornmed. in the previous step.is |ocated
out si de Of&efat ERER & r%lb‘%’.’n%hcﬁ‘ee?i??‘r u‘g{‘éﬁ’eu"i

suppressing the TFT off-state_  leak current. [0183] Then, another
phot or esitdAP{A%lRy dd 4@ ope@ Tagirnsi d@5wamlills gratsxiedovethehe
sem conductor |ayer 407n of the n-channel TFT so as to cover the
pr evi ousispurgerddaibD reggoon <ifi 8,the t p-chhpnelperFpher aMopabireen ofhé he

Ihathe c92te yebeebERdee in

sem conductor |ayer 407n being exposed, as illustrated in FIG 7C At this

time, noregdon #20,0whieth G Hedeh m&m&térhidﬁi/%or@rptﬂti&?,of
p-channel TFT, whereby the TFT is entirely exposed. Then, an inpurity
gl ving pphbephorus, 1s doped with an even higher concentration of
boron, thereby forming a gettering region 426p of the p-
channel TFT. The concentration of the p-type impurity
element (boron) 1in the region 425 and the regions 426n and
426p is about 1.5x10'°/cm’® to about 3x10*'/cm®. The gettering
region 426n of the n-channel TFT and the gettering region
426p of the p-channel TFT are regions that have been doped

with phosphorus 416 (in the previous step) and with boron 423

(in the current step).

[0184] Then, after the resist mask 422 is removed, a heat
treatment 1s performed in an 1inert atmosphere (e.g., a
nitrogen atmosphere). In the present preferred embodiment,
an RTA (Rapid Thermal Annealing) process was used. The RTA
apparatus used was an apparatus capable of performing an
annealing process in a nitrogen atmosphere while rapidly
increasing and decreasing the temperature by blowing a high-
temperature nitrogen gas onto the surface of the substrate.
Specifically, the substrate is held at about 550°C to 750°C

for about 30 seconds to 15 minutes, more preferably at about
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conductivity (boron) 423 is inplanted into the sem conductor

(e.g., about 65 W,

x 1016 cm2 (e.g., about 7 x 1015 cm?2) . Through this step, a region

426n of g4t B Mot T7bBaE AoaNbY IPPRY W Nmaeli | Ungh opgaas

the gettering region of the n-channe
region that is . highly doped wt osphorus. in the previous step functions
as the s®heEsth ﬂq:r?é_/ﬁﬁfe?‘ig?‘%gf)&yr“f‘&f %’érﬁ'f}orﬁl’ffé‘?%? | 932 Pg; edi Ak

TFT, a high concentration of boron is inplanted into a region

ot her t hAPORhaReF £oF Aremupinakely t fe minutes ect Mite temperatupe-and a

p- channel

ere r 4

doped region 425 wll later be the source/drain region of the p-channel
TFT. Mor donvareasingg nmgieon atRD, the chidmpebhstanraopecreasing hibgbe are

concentration of phosphorus, is doped with an even higher concentration of

boron, t paiedEut+dbayi ABodt 09002 1C/RAn E8 ORoF_6 dodte200° €
concentration of the p-type inpurity

the regi

gettering reglo
of the p-

p%%as%rllxedruLFTar% € bro?.%ino ”Eoéé‘é‘ t apza\{meigliie egorqggggrat ions into the
gettering region 426n formed outside the source/drain region
in the semiconductor layer 407n of the n-channel TFT increase
the solid solubility of the region for nickel, and also form
segregation sites for nickel. Moreover, crystal defects
created during the doping process also function as
segregation sites for nickel. Then, nickel present in the
channel region 419n, the LDD region 418 and the source/drain
regilon 424 1is moved from the channel region to the LDD
region, the source/drain region and to the gettering region
426n as 1ndicated by arrow 427 in FIG. 7D. Although the
source/drain region 424 doped only with phosphorus has a
gettering effect, the gettering capability of the gettering
region 426n doped with phosphorus and boron 1s higher,
whereby nickel 1s collected into the gettering region 426n.
Also in the semiconductor layer 407p of the p-channel TFT,
phosphorus and boron doped at high concentrations into the
gettering region 426p formed outside the source/draln region

provide a similar function, whereby nickel present in the
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| ayers by an
I on doping nmethod using the resist mask 422 and the gate el ectrode
414p/ 421p of the p-channel TFT as nmasks. Di borane (B2H6) is used as the

dopi ng gas, the acceleration voltage is set to about 40 kV to about 80 kV

and the dose is set to about 1 x 1015 cm 2 to about 1
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wi th phosphorus 416 (in the previous step) and with boron 423 (in the
current step). [0184] Then, after the resist mask 422 is renoved, a heat
treatnment is perforned in an inert atnosphere (e.g., a nitrogen

at nosphere). In the present preferred enbodi ment, an RTA (Rapid Ther nal
Anneal i ng) process was used. The RTA apparatus used was an apparat us
capabl e of perform ng an annealing process in a nitrogen atnosphere while
rapi dly ohutresdsirggbonl 4PgpeaninghkheocuedERyaradne tagidd W £shingfed
tenperature nitrogen gas onto the surface of the substrate. Specifically,

the substgef ke teldhmd af%%)or?% {1t 7%cép%rﬂ%9%%%p?;ﬁ)$§§ dﬁ?t ?h%5

m nutes, nore preferably at 7about 101 600C to abou o] o 10
m nut es. resent_preferred enpodi t..._an_RTA pr.qocess_was perforned
at aboutdeg:%g%fno‘f é%%?%?(i ﬂg%gl 355 irﬂ%aggéﬁ]ﬁ% RERDE! 212 re- Tlﬂﬁeag{"ﬂg
rate and the tenperature-decreasing rate are preferably about 100C/ m n or
nore (abSRtEEFIFRIBFIGREhels Rufmetef erred enbodi ment). In this heat
treatment step, phosphorus and boron doped at high concentrations into the
gettering region 426n fornmed outside the source/drain region in the
seni cond Ql@? | ay8Ange7migkeheis- drewieg TR rtheagetterdng| regions
solubility of the region for nickel, and also form segregation sites for
ni ckel . M&6amoveandcr y26p dbiecthe crgedtted-ithg i ngrobesdopi ndnepr onktekedl so
function as

concentration is about 1x10'®/cm® or more in the gettering

regions 426n and 426p.

{0186] This heat treatment step also activates the n-type
impurity (phosphorus) doped into the source/drain region 424
and the LDD region 418 of the n-channel TFT and the p-type
impurity (boron) doped into the source/drain region 425 of
the p-channel TFT. As a result, the sheet resistance value
of the source/drain region 424 of the n-channel TFT was about
400 Q/square to about 700 Q/square, and the sheet
resistance value of the LDD region 418 was about 30
kQ/square to about 60 kQ /equare. Moreover, the sheet
resistance value of the source/drain region 425 of the p-
channel TFT was about 0.7 kf{l/square to about 1.0 k{/square.
With the structure of the present preferred embodiment, it
was possible to eliminate counter doping in the p-channel
TFT, thereby reducing the resistance of the source/drain
region of the p-channel TFT and improving the doping

capability.
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segregation sites for nickel. Then, nickel present in the channel region

419n, the LDD region 418 and the source/drain

channel

gettering region

region to the LDD region, the source/drain region and to the

the Bettering capability of the gettering region 426n doped with
phosphor ye1gd borgRn),s RisONgfi1ustBakelly Bhckehel.s 58! eghedihpbprbier

gettering region 426n.

p- channel , sp s and ron.doped . at hi.gh concentyationg intq the
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functj.on, mherebﬁ ni ckel gresent in the 102 channel region 419p and
the sour GRALMENtyi RS
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sim |l ar

so in the sem conducfor |ayer 7p" 0

bicor piyEdder fdm 428 hawdg ragilatckresseof

427. Thusabaute 2Qktnrerand ar siddcohs opdideofitdeh 4291 StdviBigice thikkhess

noving into the gettering regions

the nickelf aboutnt7adi onmi Sweb®utdepd KUV MbOr ofer eahBthbe , Jethersbg

regi ons

n-type
t he LDD

426n and 426p. [01861 This heat treatnent step al so activates the

B iddhd PAOERBOLEFErdAath.! NtReLdPe QUEBG/s%éva,i "tH& 91 RBrdafticand
region 418 of the n?channgﬁlTFT aﬁg t%e p-typ ré c

interlayer insulating film may alternatively be any other
suitable silicon-containing insulating f£ilm and may be a

single-layer film or a multi-layer £f£ilm.

[0188] Then, another heat treatment 1s performed at about
300°C to about 500°C for about 1 hour. This is performed for
terminating and inactivating dangling bonds that deterilorate
the TFT characteristics by supplying hydrogen atoms to the
interface between the active region and the gate insulating
film from the interlayer insulating film (particularly the

Silicon nitride film 428}).

[0189] Then, contact holes are made in the i1nterlayer
insulating film, and an electrode/line 430 of the TFT is
formed by using a metal film, e.g., a two-layer film of
titanium nitride and aluminum. The titanium nitride film is
a barrier film for preventing the diffusion of aluminum into
the semiconductor layer. Finally, an annealing process is
performed at about 350°C for approximately 1 hour, thereby

obtaining an n-channel thin film transistor (TFT) 331 and a

104

region 424 is noved fromthe

426n as indicated by arrow 427 in FIG 7D. Although the
source/drain region 424 doped only with phosphorus has a gettering effect,

gettering region 426p as indicated by arrow

426n and 426p in the gettering process,



| mpurity (boron) doped into the source/draln region 425 of the p-channel
TFT. As a result, the sheet resistance value of the source/drain region
424 of the n-channel TFT was about 400 @Q square to about 700 O / square,
and the sheet resistance value of the LDD region 418 was about 30

k@ square to about 60 k@ square. Mreover, the sheet resistance val ue of
the source/drain region 425 of the p- channel TFT was about 0.7 kQ square
t o about prahar@elquthdn Hilmh thansister ud&F3Y) 1382 passdiltlystafatreddin
enbodi nent, it was possible to elimnate counter doping in the p-channel

TFT, theray. rzEluCci hg hbeebeargt aadditfiondd TwmteRIWNRdTes NEQY OPe OhallBe
p- channel TFT and inproving the doping capability. 103 [0187] Then, as

|1 ust raleybal N (3 dhteaNel BERELAKE! W2IH Ak 441R ! Sedp! MBllovidihge

present preferred enbodinent, a silicon nitri ng a

t hi ck t d i1 ' fil 9 [ t hLck

of abour PG, e BHG hleds” CRIBHEFSaph Y BhBuichiy 430-
two-layer, film Needless to say, the inorganic _interlayer _insulating film
may al t eMPHEVEAT 15o %ﬁﬂf%ﬁ‘ﬁe‘?‘}/ Siin prde oF | shhicomiattrider nehi atheg i1 m

and may be a single-layer filmor a nmulti-layer film [0188] Then, another
heat tre&Uiifblies patesiatd mayabeut £ogbltero prsyideBhoon f eachbXRT 1£00ur .

This is performed for
the purpose of protecting the TFT.

[0190] Each TFT produced according to the present preferred
embodiment exhibits a desirable field-effect mobility as in

the third preferred embodiment.

[0191] Furthermore, in the present preferred embodiment,
the LDD reglion of the n-channel TFT can be formed outside the
gate electrode, which is more effective in reducing the off-
state current. Moreover, the gettering region can be formed
in the source/drain region formation step for each of the n-
channel TFT and the p-channel TFT. Therefore, it 1is possible
to simplify the manufacturing process while reducing the
manufacturing cost of the semiconductor device and improving

the production yield.

[0192] Moreover, TFTs produced according to the present
preferred embodiment included very few defective TFTs with an
abnormal leak current, with the defect rate being on the

order of about 0.0001%.

FIFTH PREFERRED EMBODIMENT

105



term nat
characte
active r
film(particularly the silicon nitride film428). [0189] Then, contact

hol es ar
430 of t

for prev
Finally,
1 hour,

a 104 p-
As neces
el ectrod

ing and inactivating dangling bonds that deteriorate the TFT
ristics by supplying hydrogen atons to the interface between t
egion and the gate insulating filmfromthe interlayer insul at

he
i ng

e made in the interlayer insulating film and an el ectrode/line
he TFT is formed by using a netal film e.g., a two-layer film of

titani umgﬁsw;i de afd glidgdpem Iaﬁe%ani&mamﬂ@ fiid Nyi facPedard €4
g F alumnuminto t I

the diffusion o e sem conduct or

nti ayer .

AT D5ERAE TR B oRkaTRY, ATBheh? SRR

channel thin filmtransistor (TFT) 332 as illustrated in_ FIG
Sfereht « ol dmskt Mol dhemtbrda Rt &Rurthe pheferred

es 421n and 421p for providing necessary connection between

film

tely
and
TE.

el ect r odesmbgidimenite | | neTHS0. présendyepred epredectemhodinenthadel bk sbei con
or other suitable material, may be further provided on each TFT
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resent preferred enbodinent exhibits a desirable field-effect
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pr esent

preferred enbodi nent,
the manufacturing steps of the present preferred embodiment.

[0194] First, as 1in the first to fourth preferred
embodiments, a base film such as a silicon oxide film, a
silicon nitride film or a silicon oxide nitride film 1is
formed on a substrate (a glass substrate 1in the present
preferred embodiment) 501 for preventing the diffusion of an
impurity from the substrate 501. In the present preferred
embodiment, a silicon nitride film was deposited as a lower
first base film 502, and a silicon oxide film was deposited
as a second base film 503 on the first base film 502. Then,
an a-Si film 504 is formed to a thickness of about 30 nm to
about 80 nm by a method similar to those of the first to
fourth preferred embodiments. In this step,  the base
insulating films and the amorphous semiconductor f£ilm may be
formed successively without exposing the substrate to the

atmospheric air.

[0195] Then, a mask insulating film 505 made of silicon

oxlde is formed to a thickness of about 200 nm. The mask

106



the LDD region of the n-channel TFT can be formed outside the gate

el ectrode, which is nore effective in reducing the off- state current.
Moreover, the gettering region can be formed in the source/drain region
formation step for each of the re- channel TFT and the p-channel TFT.
Therefore, it is possible to sinplify the manufacturing process while
reduci ng the manufacturing cost of the sem conductor device and i nproving
t he prodddswWpting ofilm159F Nacdydes arFTepenbuacs80addgotighy whidclnea
present preferred enbodi nent included very few defective TFTs with an
abnor mal dedzidyst r ediemenitt hishead@édctts atthdeisemieonduetoar det1af algut

0. 0001% FIFTH PREFERRED EMBODI MENT 105 [0193] The present preferred

enbodi ment] lvs tddtesd ech teor® g ystal lization nmethod using a catal yst
elenment that is different fromthose of the third or fourth preferred

enbodi nent. The present preferred enbodinment will be described with

ref erencqoigs] Fl G T8@nt, 0 ofl @11%%t:‘:a|t@ﬂ 0 Fre.Flds, B B§usdos séfﬁﬂ&ﬁa'

views sequentially il l'ustrating the manufacturing steps of the presen

preferreq ‘444 1) cfke{loja%g éﬁfef S§c&1|.@l‘ls.lldrp) téﬁ%ﬂfﬁq% al?le fo

enbodi nent s, n1suc con oOxl |de

C et Dy Srelgne Rk IS AV LI | ot ST psyé’géﬁé“sré%eﬂ'réas
embodiment) is applied by a spin coating method, thereby
forming a catalyst element layer 506. In this step, the
catalyst element 506 selectively contacts the a-Si film 504

in the opening 500 of the mask insulating film 505, thereby

forming a catalyst-element-added region.

[0197] Moreover, while nickel is added by a spin coating
method in the present preferred embodiment, a thin film of a
catalyst element (nickel film in the present preferred
embodiment) may alternatively be formed on an a-Si film by a
vapor deposition method, a sputtering method, or other

sultable process.

{0198] Then, a heat treatment is performed at about 500°C
to about 650°C (preferably about 550°C to about 600°C) for
approximately 6 to 20 hours (preferably approximately 8 to 15
hours}). In the present preferred embodiment, a heat
treatment is performed at about 580°C for approximately 10
hours. As a result, as 1illustrated in FIG. 8C, crystal

nuclei are formed in the catalyst-element-added region 500,
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preferred enbodi nent) 501 for preventing the diffusion of an inpurity from
the substrate 501. In the present preferred enbodinent, a silicon nitride

filmwas deposited as a lower first base film502, and a silicon oxide
“filmwas deposited as a second base film503 on the first base film 502

Then, an a-Si film504. is forned to a thickness of about 30 ran to about

80 am by a nethod simlar to those of the first to fourth preferred

enbodi nenin tRe! B-SiSteMmt e base rbgsvhatyow ik B0 PG 2IPIPREYS
sem conductor filmmy be fornmed successively wthout exposing the
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106 insul ati fil mb05 includes an opening 500 through which a catal yst
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[0196] Then, as illustrated in FIG 8B, an aqueous solution (aqueous

ni ckel a@etdecddian generaddvainaralkpbuko 10 pprheatratei Ghs brdhcated| yst

el enent (nickel in the present preferred enbodinment) is applied by a spin

coati ng oyt hadrowhdéddly, themeby £amiig st etxystdllhyer s306Gconn £hlm
step, the catalyst elenent 506 selectively contacts the a-Si film 504

the openispatb00wRérthe thsk chgeitall NdgtowthS0AiddiRdly H8r M @i form

cat al yst - el enent - added regi on.
macroscoplcally. In this step, nickel 506 present above the
mask 505 is blocked by the mask f£ilm 505 and does not reach
the underlying a-Si film. Therefore, the crystallization of
the a-Si film 504 1s effected only by nickel that 1is
introduced in the region 500. Moreover, the region to which
the lateral growth frontline does not reach is left as an
amorphous reéion 504c. Depending on the layout, however, two
laterally-grown crystal regions coming from adjacent openings

may collide with each other to form a boundary therebetween,

in which case such an amorphous region may not be present.

[0199] After the silicon oxide f£film 505, used as a mask, is
removed, the obtained crystalline silicon film may be
lrradiated with laser 1light as illustrated in FIG. 8D so as
to improve the crystallinity as in the third or fourth
preferred embodiment. Thus, the crystalline silicon film in
the laterally-grown crystal region 504b 1s further improved
in quality and forms a crystalline silicon film 5044. At
this point, surface irregularities have been formed on the

c¢rystalline silicon film 504b, as in the third or fourth
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[0197] Moreover, while nickel is added by a spin coating nethod in the
present preferred enbodinent, a thin filmof a catalyst el enent (nickel
filmin the present preferred enbodinent) nay alternatively be fornmed on
an a-Si filmby a vapor deposition nethod, a sputtering nmethod, or other
sui tabl e process. [0198] Then, a heat treatnent is perfornmed at about 500C
to about 650C (preferably about 550C to about 600C) for approximately 6 to

20 hour s poefennesh lembagldmeditrat ely 8 to 15 hours). In the present

preferred enbodi nent, a heat treatnment is perforned at about 580C for
approximately 10 hours. As a result, as illustrated in FIG 8C, crystal
nucl ei af@20dr medThent, h¢heaicatystialdliowee mi-lddsed ficm an 560e 1laternalll{he
a-Si filmin the region 500 is first crystallized into a crystalline

silicon igrown5042ysthar tregién o504@® isr yétehéd zaht®gaonpréfétermined
crystallization further proceeds in a direction generally parallel to the

substrat ?;ia(t%%rirﬂdi €86 £8by DY ATIY O87)sen NS ERYcE ¥ M B ed Cs(ﬁt Y | Bhe

silicon | m 504b where the crystal growh direction I's uniform

macr oscopigaal ly. In this step, nickel 506 present above the mask 505 is
bl ocked by t'he mask fil m 505 and does not reach the underlying a-Si film
Therefore, the crystallization of the a-Si filmb504 is effected only by

ni ckel tmﬁOﬂs i@BEOQ&%%qéflfégiféﬁﬁﬁgkégg'oyb% %Y%EbgggirgggggrEnghiCh
embodiment may be applied to the crystallization step of the
first to fourth preferred embodiments so as to realize a TFT
having a hilgher current driving power and a higher

performance.

SIXTH PREFERRED EMBODIMENT

[0202] FIG. 9A and FIG. 9B are block diagrams each
1llustrating a semiconductor device produced according to the
first to fifth preferred embodiments of the present
invention. Note that FIG. 9A shows a circuit configuration
for analog driving. The semiconductor device of the present
preferred embodiment includes a source driving circuit 60, a
pixel section 61 and a gate driving circuit 62. Note that
the term "driving circuit®™ as used herein is a generic term
encompassing a source driving circuit and a gate driving

circuit.

[0203] The source driving c¢ircuit 60 includes a shift
register 60a, a buffer 60b and the sampling circuit (transfer

gate) 60c. The gate driving circuit 62 includes a shift
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the lateral growth frontline does not reach is left as an anorphous region
5040. Depending on the |ayout, however, two |laterally-grown crystal
regions com ng from adjacent openings may collide with each other to form
a boundary therebetween, in which case such an anorphous regi on may not be
present. [0199] After the silicon oxide film 505, used as a nmask, is
renoved, the obtained crystalline silicon filmmay be irradiated with

| aser |i gietgimted | 68a; ateedlenell GhBftep &2b t andnm ovafifee cé6¥stal |Asity
as in the third or fourth preferred enbodiment. Thus, the crystalline

silicon fddessary,heal aevedl Ishifeuy enyehak rnﬁﬁz OBe5 viddd!l b&€ween

inproved in quality and forms a crystalline sil |con | m504d. At this
poi nt,  SWifeAGRHigT! | Ard % crystal line silicon
film 504b as in ﬂ %tﬁ r q_s urtlﬁéa%(}éi preferre errbodl ment. [0200] Then,

the crystalline silicon f|Im|n the laterally- grown crystal region 504d is

et ched i preﬁgggﬁna ed j_l.pa{: S}'E%tebﬁg%ﬁ g}gg %H,ﬁ)%raﬁ%q] ct&[‘?l ayer

509 of the he “crys alllzatlon € present’ preferred

enbodi ne | e toth stalli ep first_to
fourth preferr % cﬁ% % si§océ§‘%/o raealnfz"(;1 11%? %ﬁviﬁgxﬁlﬂfgh%?c’h
current (1I’I \il Q-ﬂ_ povver and a hi q:her perforrrance.

nclu TFT elemen

[0205] Note that a further gate driving circuit (not shown)
may alternatively be provided on the other side of the pixel

section 61 from the gate driving circuit 62.

[6206] FIG. 9B shows a circuit configuration for digital
driving. The semiconductor device of the present preferred
embodiment i1includes a source | driving circuit 63, a pixel
section 64 and a gate driving circuit 65. For digital
driving, a latch (A) 63b and a latch (B) 63c¢c can be provided
instead of the sampling circuit, as illustrated in FIG. 9B.
A source driving circuit 63 includes a shift register 63a,
the latch (A} 63b, the latch (B) 63¢c, a D/A converter 63d and
a buffer 63e. The gate driving circuit 65 includes a shift
register 65a, a level shifter 65b and a buffer 65c. As
necessary, a level shifter circuit may be provided between

the latch (B) 63c and the D/A converter 63d.

{02071 The configurations described above can be realized
by the manufacturing processes of the first to fifth

preferred embodiments above. Although only the pixel section
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S| XTH PREFERRED EMBODI MENT [ 0202] FIG 9A and FIG 9B are bl ock di agrans
each illustrating a sem conductor device produced according to the first
to fifth preferred enbodi nents of the present invention. Note that FIG 9A
shows a circuit configuration for analog driving. The sem conductor device
of the present preferred enbodi nent includes a source driving circuit 60,
a pixel section 61 and a gate driving circuit 62. Note that the term
"driving and ciite' dgivded hedeicmiits argendlilusteatedentnnpbbei ngrasentr ce
driving circuit and a gate driving circuit. [0203] The source driving

circuit Grdfeainstbsembodinént| egi seior§0ar aabmitebpteradt hearsagpkbng
circuit (transfer gate) 600. The gate driving circuit 62 includes a shift

109 regi Yeredidiba hy W it dt Ghe and a buffer 62c. As necessary, a
| evel shifter circui't may be provided between the sanpling circuit and the

shift register. [0204] Mreover, in the present preferred enbodi nent, the

pi xel sedHdENTe PREFREED EMBosMENDY of pixels, each including a TFT

el enent. [0205] Note that a further gate driving circuit (not shown) rmay
i xel, ., section_61 from

the gate D08 o B PGl 201rSeE) "and” G SRatEL." ASRNAGE coRFPORFaR! on
for dimtggcording to the preferred embodiments described above can be
used in an active matrix liquid crystal display device or an
organic EL display device. Thus, the present invention can
be used with any electronic devices incorporating such a

liquid crystal display device or organic EL display device in

1ts display section.

[0209] Such electronic devices include a video camera, a
digital camera, a projector (of a rear type or a front type),
a head mounted display (a goggle type display), a personal
computer, a portable information terminal (e.g., a mobile

computer, a portable telephone, or an electronic book), etc.

[0210] With the present invention, it is possible to form a
crystalline semiconductor film having a desirable
crystallinity wusing a catalyst element. Moreover, the
catalyst element can be gettered sufficlently, whereby it is
possible to improve the characteristics of an n-channel TFT
and a p-channel TFT, thus reallzing a desirable CMOS driving
circuit having a high reliability and stable circuilt

characteristics. Moreover, even with those TFTs whose off-
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driving.
i ncl udes

FIG 9B.

The sem conduct or device of the present preferred enbodinent
a source driving circuit 63, a pixel section 64 and a gate
driving circuit 65. For digital driving, a latch (A) 63b and a |l atch
63a can be provided instead of the sanpling circuit, as illustrated

A source driving circuit 63 includes a shift register 63a,

(B)
n
t he

| atch (A) 63b, the latch (B) 63c, a DA converter 63d and a buffer 63e.
The gat e streitel nfeakr citrdiit i halsudbeen =i probledi, Sthichbding laevpixehi fter
65b and a buffer 650. As necessary, a level shifter circuit may be

RALEENg tTer | ahah A Brp30rand ddmp Ry Ce:[‘i‘ﬁﬁiﬁr o¥3thn [ARRT1bgThe

configurations descri bed above can be realized ™ by the manufacturing

. . | |
Phe.pi xeraeet aredhfing ot dh a i FRld PEoT PSR L STRRT LT Riprd o ke o1

provi ded

pr esent
fornmed b

S R o (LR St ERA LR BHEBERRCEPE ARt the (20T da Eh e

circuit and a pixel section produced according to the preferred
enbodi neiftfs Haeccatad vatovelempnbe uBeda nrepubt:i vd nd®r Pessihlied te
di spl ay device or an organic EL display device. Thus, the present

i nvent i oreddilzebea udedinabheaniisplegt reith devidispliaye aigrsa i fHgrmiti. a
liquid crystal display device or organic EL display device in

As a desirable display with no display non-uniformity is
obtained, it is possible to save the use of the light source
and thus the power consumption. Therefore, it is possible to
realize an electronic device (such as a portable telephone, a
portable electronic book and a display) with a reduced power

consumption.

[0211] As described above, the present invention can be
used in a wide variety.of applications, and can be used in
any kind of electronic devices. Moreover, an electronic
device of the seventh preferred embodiment can be realized by
using a display device that is produced based on one or more

of the first to sixth preferred embodiments.

[0212] The present invention 1s not limited to those
preferred embodiments specifically set forth above, but
various modifications can be made based on the technical

concept of the present invention.

[0213]) For example, the semiconductor film of the present

invention is not limited to a pure silicon film as used in
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its display section. [0209] Such el ectronic devices include a video canera,
a digital canmera, a projector (of a rear type or a front type), a head
nount ed di splay (a goggle type display), a personal conputer, a portable
information termnal (e.g., a nobile conputer, a portable tel ephone, or an
el ectroni c book), etc. [0210] Wth the present invention, it is possible to
forma crystalline sem conductor filmhaving a desirable crystallinity
usi ng a ddealpErferrednembipdinents, abeye ,cialt ypayehdkemrnatdveldy dee tared
sufficiently, whereby it is possible to inprove the characteristics of an
n- channemiked #hdma of chpeymaniiinl, dnds sigdlcion ngaa siELicet gefiiviami vi ng
circuit having a high reliability and stable circuit characteristics.

Mor eover £1QwHN o tdﬁﬁd];@seqeﬁ'&imsg_mf i1l state | eak current has been a.
probl em including a pixe switching TFT and a TFT of a sanmpling circuit

of an analog switch section, it is possible to sufficiently suppress t he

| eak curpenly whi gBresvie!,i Q:‘ffed é&ﬁ)eoﬂue.emm@?ssqaqqﬁfn@n dat

cat al yst elenent As a result, it i's possible to realize a desira e

di spl ay ﬁmgayo:go'}%&:;t a[}ﬂlfzinfsposgﬁ%*l{é@&‘u&éf" 1 (Rap©

di splay non-uniformty I1s t 0 save thé use of the

REARIC R TR I e e LN
laser light or a energy beam, and continuocusly oscillating
laser such as solid-state YAG laser or Ar gas laser may be
used instead of pulsed laser. Moreover, the irradiation
conditions are not limited to those shown above, but may be
determined appropriately for each specific application in

light of the preferred embodiments described above.

[0215] Moreover, the gate electrode may alternatively have
a layered structure including three or more layers, and the
etching method for forming the gate electrode may
alternatively be an ordinary plasma etching method, instead
of an RIE method or an ICP etching method, under certain
conditions. The etching conditions are not limited to those
of the preferred embodiments above, but may be determined

appropriately for each specific application.

{0216] With the present invention, it 1is possible to
realize a semiconductor device 1in which a crystalline
semiconductor film having protruding portions on the surface

thereof 1s used as the semiconducter layer, and in which an
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portabl e el ectronic book and a display) with a reduced power consunption.
[0211] As descri bed above, the present invention can be used in a w de
vari ety of applications, and can be used in any kind of electronic

devi ces. Moreover, an electronic device of the seventh preferred

enbodi ment can be realized by wusing a display device that is produced
based on one or nore of the first to sixth preferred enbodi nents. [0212)
The presabndmadnt ilmereaseot in nithed TET: hoS€ -spatker Ledkenbadirenkt Sis
specifically set forth above, but various nodifications can be nmade based

on the t galientied CorkErdb Pl stAB1P1 28R thav s Hrafd2dRhrEeteXatRLs, the
sem conductor filmof the present inventionis not limted to a pure

silicon fildPeF UsRE Hﬁé?%%%#ﬁﬁF%ﬁée&ﬁﬁﬂéﬂﬁ%¥¥i§?$§gﬁg?ge’ RYteSBYr,

alternatively be a mxe of germani uman

sl licon-germanium_ fil m .qQr ure rognium £ilm 02141 r er, .the
step of 3&F&i§6F656|F6Fﬁ93ﬁ63° chﬁﬁéggepfstgPFizFﬁﬁ o?r¥%€?§£¥ﬁ?F4?Png, a
sem conductor filmmy alternatively be done with a high-intensity |ight

ot her th&FoqessHCan Jit vt o BHAQPL harina e ckake nipte| gopstderatiog

| aser such as solid-state YAG | aser or Ar gas |aser may be wused instead of
pul sed | &her . swrfaner , irheguiandithesonofcortdiet i cyemirendwetdx ni Lagero

t hose shown above, but nay be
thereby increasing the margin for the laser irradiation

conditions. Therefore, it is possible not only to perform
the process stably but also to adjust the conditions while
focusing solely on the on-state characteristics of the TFT,
whereby it 1s possible to obtain a crystalline semiconductor
film of a higher gquality and realize a high-performance
semiconductor device. Moreover, i1t 1s not necessary to
provide additional steps for reducing the surface
irregularities of the semiconductor layer, as in the prior
art, whereby it 1is possible to significantly improve the
production yield in the manufacturing process and to reduce

the manufacturing cost of the semiconductor device.

[0217] Moreover, also with a semiconductor layer that is
obtained through a crystallization process using a catalyst
element, it is possible to suppress the adverse 1nfluence of
the catalyst element, which is 1likely to remain in the
protruding portion on the surface of the semiconductor layer,
on the TFT characteristics. Therefore, 1t is possible to

further suppress the occurrence of a leak current and to
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determ ned appropriately for each specific application in 1light of the
preferred enbodi nents descri bed above. [02151 Moreover, the gate el ectrode
may alternatively have a layered structure including three or nore | ayers,
and the etching nmethod for formng the gate electrode may alternatively
be an ordinary plasma etching nethod, instead of an RIE nethod or an I CP
et ching nethod, under certain conditions. The etching conditions are not
limted timprioyee thé tdevimeef reliddbidiibbygi, nertieretippvdt bls possidlécteonm ned
appropriately for each specific application. [02161 Wth the present

| nventi oedliizes ROSShGR-berfoLmhhée asefRlicoRRdeton ElMdnfht N NEVL
crystalline sem conductor film having protruding portions on the surface

t her eof igg s aschaf;e?a%mg%%%tor LRYR" . apfy e Whi e@.%%@eféw'

increase in the TFT o state leak current is prevent

stabili zi ng ff-state characteristics thereof and increasing the
rellabllltyifﬁgf%b Moreover, the laser irradiation conditions for the
crystallization process can be set, wi thout having to take into

consi der surface irrequl arities of the sem conductor
t her eby iﬁ@% a5|n§hFﬁ8 95?@|1W£#h tﬁ?angQﬁQQﬁha}?ﬁﬁn %Bﬂditl s.  is
Ther ef or e, I.S possi bl.e not onI to perform the process stably but also

to adjusP°Fﬁé e TGRS 1AR 1% hdhaReTipEwmng s fnictentelement,

characteristics of the TFT,
and it is possible to obtain a highly-integrated, high-

performance semiconductor device with a simple manufacturing
process. Particularly, with a liquid crystal display device,
the present invention provides an improvement in the
switching characteristics of a pixel switching TFT, which is
required for active matrix substrates, and an improvement in
the performance and the degree of integration, which 1s
required for TFTs of a peripheral driving circuit section.
Therefore, in a driver-monolithic active matrix substrate
having an active matrix section and a peripheral driving
circuit section formed on the same substrate, it 1s possible
to reduce the size of the module, improve the performance

thereof, and reduce the cost thereof.

[0219] The present invention can be used 1n wvarious
applications such as active matrix 1liquid crystal display
devices, organic EL display devices, contact image sensors,

and three-dimensional ICs.

[0220] While the present invention has been described with
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whereby it is possible'to obtain a crystalline sem conductor filmof a

hi gher quality and realize a high-performance sem conductor device.
Moreover, it is not necessary to provide additional steps for reducing the
surface irregularities of the sem conductor |ayer, as in the prior art,
whereby it is possible to significantly inprove the production yield in
the manufacturing process and to reduce the manufacturing cost of the

seni condkasRecte i preferred wmbedimentsl, sdtwwihlabecappanentt o those t hat
is obtained through a crystallization process using a catalyst elenent,

it i s poskiiled oimupphessathe tidaer sthe nfdisiosed inkentdonl ymayel Baent,
which is likely to remain in the protruding portion on the surface of the
seni condyqiicile® ein  Milndrtus Fragharatd Chiagt | £8sudde’ CembbaimeResS! P! €
to further suppress the occurrence of a |eak current and to 114 i nprove

t he devi =" TN AYA e ' ogsk.bl o] eall
hi gh- per %}yn%ncgﬂé%m&é?ﬁ%c %‘?&é iecn%a%[yhgélhngoqlét gBPea‘%:éhsgcfréL(aﬂeedri gPPXE'V\,i th
little characteristics,, variations 0218] Therefore, with_the present

i nvent i ot}‘,ccﬂr giﬁdsszl“bl gst oil}lfe%ﬂq% gﬁﬂi:gﬁ-hﬁer?@%ﬂ% %qf@nd‘a‘e‘lﬁ?
element, and it is possible to obtain a highly-integrated, high-

per f or naifdd IRifGRAkRs RFithe inventionprhichfiakktwithin phecttue

Particularly, with a liquid crystal display device,
spirit and scope of the invention.
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t he present invention provides an inprovenent in the swtching
characteristics of a pixel switching TFT, which is required for active
matri x substrates, and an inprovenent in the performance and the degree of
integration, which is required for TFTs of a peripheral driving circuit

secti on.

pr esent
matri x |

Therefore, in a driver-nonolithic active matrix substrate having
an active matrix section and a peripheral driving circuit section forned

on the sqffe yYss dialimD 1
i mprove the performance t

%f possible to reduce the size of the nodul e,

. _ . : i ' h
ety on Ca B LA Tk SO GR L S sty

i mge sensors,, .and three-di mensional |Cs. £0220] Wil e the present

i nvent i oF RS ISOT qhretpdipgwa nseantcendpe

wi |l be apparent to those

may be

than those specifically set out and descri bed above. Accordingly, it

i nt ended insail atia g ppehregrolvdided sy ethealdemMibiduwdtidonsapért handvention
which fall wthin the true spirit and scope of the invention. 116 WHAT IS

CLAI MED

|d3te electrode for controlling a conductivity of the channel
region, wherein a surface of the semiconductor layer includes
a protruding portion, and a side surface inclination angle of
the gate electrode is larger than an inclination angle of the

protruding portion of the semiconductor layer.

2. A semiconductor device, comprising a thin £ilm
transistor including a semiconductor layer that includes a
channel region, a source region and a drain region, a gate
insulating film provided on the semiconductor layer, and a
gate electrode for controlling a conductivity of the channel
region, wherein the semiconductor layer includes a protruding
portion, a cross-sectional shape of the gate electrode
includes a first step portion and a second step portion
provided on the first step portion, and a side surface
inclination angle of each of the first and second step
portions 1is larger than an 1inclination angle of the

protruding portion of the semiconductor layer.

3. The semiconductor device according to claim 2,
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ert dayieat ckhal dmsdamdesnta, it
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ph@nniedd regiemer susonaee aneghely asdure deamin erbgdionentss gatéer



1. A sem conductor device, conprising a thin film transistor including a
sem conduct or | ayer that includes a channel region, a source region and a
drain region, a gate insulating filmprovided on the sem conductor |ayer,
and a gate electrode for controlling a conductivity of the channel

region, wherein a surface of the sem conductor |ayer includes a protruding
portion, and a side surface inclination angle of the gate electrode is

| ar ger t hdmerwin nthé ngaten elr@terode tireclydesd r adifigspordéiu@tivdesilm
sem conductor |layer. 2. A sem conductor device, conprising a thin film

L ransi st girdvidledlicly enéCghtaNdHsheathAYC 1A add'd Wetofa EBABNELLLEY ON.

a source region and a drarn region, a gate insulating provi on the

' dygt t t f ‘ Il d [vit
o the oAl PEYELReR" dan 1 P CEhRE st veo Y e o) Aok the' 'Y
pr ot r udi ortion, a.cross-sectjonal shape of the gate el ectrode
i ncl udes%g'rﬁp stopdustiye  filmndis, Jerged stBanpokRabn ofpr dhededesandne

first step portion, and a side surface inclination angle of each of the
first an®ondusitdvsg efllpor Binghsthe Firgsr anhnsaqohdcldondtictivengfdloné t he
protrudi ng portion of the sem conductor |ayer. 3. The sem conductor device
accor di nform dihs riixstl shdvssaomd tdeem Perelacs | obdespact dedya first
conductive film provided on the gate insulating filmand a second
conducti ve

4. The semiconductor device according to claim 1,
wherein a surface of the semiconductor layer includes a
plurality of protruding portions, and a side surface
inclination angle of the gate electrode 1is larger than an
inclination angle of any of the plurality of protruding

portions of the semiconductor layer.

5. The semiconductor device according to claim 2,
wherein a surface of the semiconductor layer includes a
plurality of protruding portions, a side surface inclination
of each of the first and second step portions of the gate
electrode is larger than an inclination angle of any of the

plurality of protruding portions of the semiconductor layer.
6. The semiconductor device according to claim 1,

wherein a side surface inclination angle of the gate

electrode 1s about 75° to about 90°.
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filmprovided on the first conductive film a wdth of the first
conductive filmis larger than that of the second conductive film and the
first and second conductive films formthe first and second step portions,
respectively. 4. The sem conductor device according to claim1l, wherein a
surface of the sem conductor |ayer includes a plurality of protruding
portions, and a side surface inclination angle of the gate electrode is

larger than ary. i meld najdndicondiictcy awvide t hecebrdphgt ytof @Laimudng
portions of the sem conductor layer. 5. The semni conductor device accordlng

to cl ai MRerelde L §1de saﬁi:faeeofinféian?ﬂo‘ipwcé%h' BECHNN LT Sna

plurality of protruding portions urface 1 nclination

the firs e Ltign of th ate s_lLarger phan an
i ncl i nat fso%%g'r?;sc@éy égeéggf'he raFngg eﬁ’rtd:tor dI:ﬁ Sh?f”iton'%eof%?he
sem conductor | ayer. 6. The sen1conductor devi ce accordlng to claim1,
wherei n &°% rface inclination angle of the gate electrode is about 75
to about 90. 118 7. The sem conductor device according to claim?2, wherein
a side surface inclination of each of the first and second step portions
of the gate electrode is about 75 to about 90. 8. The sem conductor device
according to @&.ai Ithk semiconductor device according to claim 1,
wherein an inclination angle of the protruding portion of the

semiconductor layer is about 30° to about 70°.

9. The semiconductor device according to claim 2,
wherein an inclination angle of the protruding portion of the

semiconductor layer is about 30° to about 70°.

10. The semiconductor device according to claim 1,
wherein an average height of the protruding portion 1is about

8 nm to about 60 nm.

11. The semiconductor device according to claim 2,
wherein an average height of the protruding portion is about

8 nm to about 60 nm.
12. The semiconductor device according to claim 1,

whereln an average surface roughness of a surface of the

semiconductor layer is about 4 nm to about 30 nm.
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wherein an inclination angle of the protruding portion of the

sem conductor |ayer is about 30 to about 70. 9. The sem conductor device
according to claim?2, wherein an inclination angle of the protruding
portion of the sem conductor layer is about 30 to about 70. 10. The

sem conduct or device according to claim1, wherein an average hei ght of
the protruding portion is about 8 nmto about 60 nm 11. The sem conduct or
devi ce accordil'lyy t Thel aisemicondaetern devdcer agecbeddhy otot helaimt radi ng
portion is about 8 nmto about 60 nm 12. The sem conductor device

accor di ngherelirdli Bhl, avelié BudFadee PEEgRNEESC RS OHOM\eSSadd dfSuUthace of
the sem conductor layer is about 4 nmto about 30 nm 119 13. The

sem cond h rcgj?ﬂ%'rc?tgoggclo%y%]erl% thdli N MBI 5 erage surface

roughness sem conductor layer is about 4 nmto about
30 nm 14. The sem conductor device according to claim1, wherein the
sem conductor layer is forned froma crystalline sem conductor film and
the protrudin ortion is |located over a boundary between crystal grains
i ncl uded in tRHd- sdhecofemdcondugier. dsvicee gesprdindct §p deladm 1,
according to claim 14, wherein the crystal grain boundary is a nultipoint
wher e wherein the semiconductor layer is formed from a crystalline

semiconductor film, and the protruding portion is located
over a boundary between crystal grains included in the

semiconductor layer.

15. The semiconductor device according to c¢laim 14,
wherein the crystal grain boundary i1s a multipoint where

three or more c¢rystal grains meet.

16. The semiconductor device according to claim 14,
wherein grain diameters of the crystal gralns included in the

semiconductor layer are about 100 nm to about 1000 nm.

17. The semiconductor device according to 14, wherein
the crystal grain boundary is visualized through an etching

process by a Secco etching method.

18. The semiconductor device according to claim 2,
wherein the semiconductor layer 1s formed from a crystalline

semliconductor film, and the protruding portion is located
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three or nore crystal grains neet. 16. The sem conductor device according
to claim14, wherein grain diameters of the crystal grains included in the
sem conductor |ayer are about 100 nmto about 1000 nm 17. The

sem conductor device according to 14, wherein the crystal grain boundary
I's visualized through an etching process by a Secco etching nethod. 18.
The sem conduct or device according to claim2, wherein the sem conductor

| ayer isowemea f bowndagyysbetwere seysteddugrainsi| tipcindefheipr othedi ng
portion is |ocated 120 over a boundary between crystal grains included in
t he sem camitr@udtierlaydr. The sem conduct or device according to claim
18, wherein the crystal grain boundary is a nultipoint where three or
nore crystal grains neet. 20. The sem conductor device according to claim
18, wherein grain dianeters of the crystal grains included in the

sem conduct or J.aye re nmto about 1000 nm 21. Th
seniconductor]égvi@g%ac§§$§#éﬁéﬁgt9§, é&%ﬁéﬁr1EQQﬂf tép gFZPﬁmboh%dary
is visualized through an etching process _by a Secco etching nethod. 22.

The seni *Vdfdfor thEvi ¢ev3kabr gnadn oPEPRARTY 1§ihd cMHLLAROIBE CERRER!t or

| ayer is a crystalline sem conductor |ayer fornmed through a
mel ti ng/ $dmes for Manen crystal grains meet.

20. The semiconductor device according to claim 18,
wherein grain diameters of the crystal grains included in the

semiconductor layer are about 100 nm to about 1000 nm.

21. The semiconductor device according to 18, wherein
the crystal grain boundary is visualized through an etching

process by a Secco etching method.

22. The semiconductor device according to claim 1,
wherein the semiconductor layer is a crystalline
semiconductor layer formed through a melting/solidification
process, and the protruding portion is formed through the

melting/solidification process.

23. The semlconductor device according to claim 2,
wherein the semiconductor layer is a crystalline
semiconductor layer formed through a melting/solidification

process, and the protruding portion is formed through the
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process, and the protruding portion is fornmed through the
melting/solidification process. 23. The sem conductor device according to
claim?2, wherein the sem conductor |layer is a crystalline sem conductor

| ayer fornmed through a nelting/solidification process, and the protruding
portion is fornmed through the 121 nelting/solidification process. 24. The
sem conduct or device according to claiml1l, wherein at |east a portion of
the sem amlduaigytsdlaydificatiattasraceass al yst el ement capabl e of pronoting
crystallization of an anorphous sem conductor film 25. The sem conduct or
device according to claim24, wherein the catalyst elenent is one or nore
el enent selected fromthe group consisting of nickel (Ni), iron (Fe),

bal t Co), A, . Bh t ' Ru di Rh | ad
(P, osi um (), THY ueeerPRese | HERAER, ) S0bshiBe (B ahatmb b (AL)
26. The sem cgnductor device according to claim?2, wherein at |east a
portion B’S‘eﬁ?&"serﬁtcoﬂtﬁﬂﬁ‘br § aR4T iR | Rfes e at BNEEORARGEPE chp¥®re of

pronotin crystallization of an anorphous sem conductor film 27. The
seni cond desyi ca accortirhysto ceiemens, wapadile t heofat apyemotingent
Is one or nore elenent selected fromthe group consisting of nickel (N),
| ron (Ferrystadlliization of an amorphous semiconductor film.

25. The semiconductor device according to claim 24,
wherein the catalyst element 1s one or more element selected
from the group consisting of nickel (Ni), iron (Fe), cobalt
(Co), tin (Sn), lead (Pb), ruthenium (Ru), rhodium (Rh),.
palladium (P4d), osmium (Os), iridium (Ir), platinum (Pt),

copper (Cu) and gold (Au).

26. The semiconductor device according to claim 2,
wherein at least a portion of the semiconductor layer
includes a catalyst element capable of promoting

crystallization of an amorphous semiconductor film.

27. The semiconductor device according to c¢laim 26,
wherein the catalyst element 1s one or more element selected
from the group consisting of nickel (Ni), iron (Fe), cobalt
(Co), tin (Sn), lead (Pb), ruthenium (Ru), rhodium (Rh),
palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt),

copper (Cu} and gold (Au).
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(Co), tin (Sn), lead (Pb), ruthenium (Ru), rhodium (Rh), palladium (Pd),
osmum (Gs), iridium(lr), platinum (Pt), copper (Cu) and gold (Au). 122
28. The sem conduct or device according to claim1, wherein the

sem conductor layer is a crystalline sem conductor filmmade up prinmarily
of regions that are oriented along <111> crystal zone planes. 29. The

sem conduct or device according to claim28, wherein about 50% or nore of
the regions that are oriented along the <111> crystal zone planes are
regions that are oriented along a (110) plane or a (211) plane. 30. The

sem conduct or 2gevi eheaC gemdiconduetolrdi AediceWh8ERoRPALRG S€BI cendymt of , | ayer
Is a crystalline sem conductor filmmade up prinmarily of regions that are

or i ent e H9R0 <L L& ySLaht AREUBEBRES. 13YerThe 188 CONdUCL oL JEYiGE

according to claim erei n about 50 more of the region

oriented _ al.on he <111> crystal zone planes.are pegions that_ are

oriented sﬁ"ﬂﬁﬁ'%zgt“éﬂf) %Hﬂe '573%1 (“?ll?gﬂﬂnﬁﬁi.ly%‘?é T?F@ggé?ﬂstoﬁfaﬁa ofT8evi ce
according to claim.1, wherein domain dianeters of crystal domains of the

sem cond@@iented @longe dddp cryshial zenrtPhangsn 123 33. The
sem conduct or device according to claim 2,

29, The semiconductor device according to c¢laim 28,
wherein about 50% or more of the regions that are oriented
along the <111> crystal zone planes are regions that are

oriented along a (110) plane or a (211) plane.

30. The semiconductor device according to claim 2,
wherein the semiconductor layer is a crystalline
semiconductor film made up primarily of regions that are

oriented along <111> crystal zone planes.

31. The semiconductor device according to claim 30,
whereln about 50% or more of the regions that are oriented
along the <111> crystal zone planes are regions that are

oriented along a (110) plane or a (211) plane.
32. The semiconductor device according to c¢laim 1,

wherein domain diameters of «c¢rystal domains of the

semiconductor layer are about 2 pm to about 10 pm.
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wherein domain dianeters of crystal domains of the sem conductor |ayer are
about 2 pmto about 10 pm 34. The sem conductor device according to claim
1, wherein a lightly-doped inpurity region is provided at a junction

bet ween the channel region and the source or drain region of the

sem conductor |ayer. 35. The sem conductor device according to claim 2,
wherein a lightly-doped inpurity region is provided at a junction between
t he channel rég.onThed skmisonduetor ddewihcer egcoardingheteenctatwuc? pr

| ayer. 36. The sem conductor device according to claim?2, wherein the

first steopepein ondomaife OPi@medeatd r 0@E i Scrps€4ENt dohaind ghbley- dewed
I mpurity region. 37. The sem conduct or device according to claim 3,

wher ei n glag 4 Tn%u"ét%‘i:t r%%%rl QPR e ?anfd ah €91 on, and only

the first con uctlve fi e gate electro IS present in a
i ghtly-doped inpurity reglon. 38. A nethod for manufacturing a
sem conduct or device, conprising the steps of: 124 (a) providing a

sem conductor fil (b) nmelting and sol.idifying the sem conductor film so
as to obtain a4%ry P&IIFﬁ@i§8 vghaEict 8eViigPer acrAEALRANgta prdaimdi hg

portion on a surface thereof; (c) formng a gate insulating filmon the
wherein a 1lightly-doped impurity region 1s provided at a

junction between the channel region and the source or drain

region of the semiconductor layer.

35. The semiconductor device according to claim 2,
wherein a 1lightly-doped impurity region 1is provided at a
Junction between the channel region and the source or drain

region of the semiconductor layer.

36. The semiconductor device according to claim 2,
wherein the first step portion of the gate electrode is

present in a lightly-doped impurity region.

37. The semiconductor device according to claim 3,
wherein the gate electrode is located above the channel
reglion, and only the first conductive £film of the gate

electrode is present in a lightly-doped impurity region.

38. A method for manufacturing a semiconductor device,

comprising the steps of:
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crystalline sem conductor |ayer; (d) depositing a conductive filmon the

gate
gate

wherein a side surface inclination angle of the
than an inclination angle of

insulating film and (e) patterning the conductive filmto forma
el ectrode for controlling a conductivity of the channel region,
gate electrode is |arger

the protruding portion on the surface of the

crystalline sem conductor layer. 39. The nethod for manufacturing a

sem conduct or devi dea} goowriling to sdmEicomBBictder&iimi he sem conductor film
anor phous sem conductor film 40. The nethod for

sem conductor devi gb) af€DEDhd0ah SbALM2§4inghahRl sdhzGidictdr Fithudes
of performng a first heat treatnent on an anorphous sem conduct or

filmwih a cadl i ASTBedaPan ¢ Alys UL GGl SdRdhe st Ofafle! eof

bei ng added to at least a portion th

is an

a step

manuf acturing a

So as to crystallize a

ti f 125 t h ' duct fil t hereb id
Cam conduct o WTIHITY (kP SR 91 TLon Y o, SGHEATR erherenfly)

i ncludes a step of nelting and solidifying a
the crystalline redioh s6OEBLRG @bt a9ate sdmsadiddndr £ilwm t et i BReudes

a crystalline region including a protruding portion on a surface thereof.

crystaliine semiconductor laver;

(d) depositing a conductive film on the gate
insulating film; and

(e} patterning the conductive film to form a gate
electrode for controlling a conductivity of the channel
region, wherein a side surface inclination angle of the
gate electrode 1s larger than an inclination angle of
the protruding portion on the surface of the crystalline

semiconductor layer.

39. The method for manufacturing a semiconductor device
according to c¢laim 38, wherein the semliconductor film is an

amorphous semiconductor film.

40. The method for manufacturing a semiconductor device
according to claim 38, wherein the step (a) includes a step
of performing a first heat treatment on an amorphous
semiconductor £ilm with a catalyst element capable of
promoting crystallization thereof being added to at least a

portion thereof so as to crystallize at least a portion of

125
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41. The nethod for manufacturing a sem conductor device according to claim
38, wherein the step (d) includes the steps of: (d-1) depositing a first
conductive filmon the gate insulating film and (d-2) depositing a second
conductive filmon the first conductive film 42. The method for

manuf acturi ng a sem conduct or device according to claim 38, wherein the
step (e) includes: a first step (e-1) of etching the second conductive

filmso timt tdmosplious ceaethiciondtactorm hEElm, f i therebge provilihg a
inclination angle; a second step (e-2) of etching the first conductive

filmso tdaiiiddmddtoxt fQﬂ!ﬂUQ.tddi“ﬁcfidd“ Qa%x?s'itediqu%é'fig gisH!fafd the

I nclination angle; and a third step ( further selectlvely et chi ng

e e et R i B acggiﬁéﬁgna&ém RhEaEggnBnae e

second condyctive filmhas third side surface_inclination angle that is
| ar ger t [T qqq%ﬂrsﬁ*&psﬁ??%ﬂ ?ﬁcFPﬁaFF@ﬁtéﬂ&F@e\Hﬁﬂ¥QQ1%9uP%eEBnd
side surface inclination angle and the third side surface inclination
angl e ar ®bd@dm jagr gemiceaducter nflilmat thbatangnelufdesheaprerystiahline

region including a protruding portion on a surface thereof.

41. The method for manufacturing a semiconductor device
according to claim 38, wherein the step (d) 1includes the
steps of:

(d-1) depositing a first conductive film on the
gate insulating film; and
(d-2) depositing a second conductive £f£ilm on the

first conductive film.

42. The method for manufacturing a semiconductor device
according to claim 38, wherein the step (e) includes:

a first step (e-1) of etching the second conductive
film so that the second conductive film has a first side
surface inclination angle;

a second step (e-2) of etching the first conductive
film so that the first conductive film has a second side
surface inclination angle; and

a third step (e-3) of further selectively etching

the second conductive film, which has been etched so
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portion on the surface of the crystalline sem conductor |ayer. 43. The

nmet hod for manufacturing a sem conductor device according to claim42,
wherein the step (e-1), the step (e-2) and the step (e-3) of the step (e)
are perfornmed continuously in an etching apparatus. 44. The nethod for
manuf acturi ng a sem conduct or device according to claim42, wherein the
step (e) includes, perform ng between the step (e-2) and the step (e-3), a
step of dopirndat pahe osecbntiheconfuchivenef shmi dmxludher [Fayst wBidd an

i mpurity element giving n-type or p-type conductivity wusing the etched

second conductgwEddd Mrvihddel ot deghd | r$éd tIPNOLRd | ¥echhl b8sadciRgk. 45.
The nmethod for manufacturing a sem conductor device according to claim 42,

further cOMDr e mad 6" chDEaSh el lekBlo Arldd o afighl "G PEES | o7

of the island-shape senlcon uctor layer mnt an I mpur t g|V|ng

n-type or ti Y, at | e a nmas 46. The
net hod for nanlﬂ&a?ce[ q}%‘ t rﬁ-#’fﬁ]tdﬁ%? %@fﬁe gt‘l%ﬁf‘b?ﬁ&?oaﬂ’ ®m 45,

wherein the step ( i ncludes a step _ (f-1) of gerforn1ng t he doping step
through the first ‘%*lﬁﬁﬁi'd} ther semons r@iqqnesgﬁ 8re davlimation | apdde the

gate electrode as a mask. 47. The nmethod for manufacturing a sem conductor
devi ce and the third side surface inclination angle are each

larger than the inclination angle of the protruding
portion on the surface of the crystalline semiconductor

layer.

43. The method for manufacturing a semiconductor device
according to claim 42, wherein the step (e-1), the step (e-2)
and the step (e-3) of the step (e) are performed continuously

in an etching apparatus.

44. The method for manufacturing a semiconductor device
according to claim 42, whereln the step (e} includes,
performing between the step (e-2) and the step (e-3), a step
of doping a portion of the crystalline semiconductor layer
with an impurity element giving n-type or p-type conductivity
using the etched second conductive film and the etched first

conductive film as a mask.

45. The method for manufacturing a semiconductor device

according to claim 42, further comprising, after the step
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according to claim46, wherein the step (f) includes the steps of: (f-la)
doping a |l ow concentration of the inpurity elenent giving n-type or p-type
conductivity through the first conductive filmusing the second conductive
film of the gate electrode as a mask; and (f-2) doping a high
concentration of the inpurity elenent giving n-type or p-type conductivity
using the first conductive filmof the gate el ectrode as a mask. 48. The
met hod f de)nanaf &tewr i 6§) a afenflophdgctaor pdetion off cthei nislandt shaped,
wherein the step (f-1a) and the step (f-2) are performed sinmultaneously,

and the Isenicondutitor layer wilthe i empdriiy elehdie di-etngomcenps agron in
the step (f 128 2) are controlled by a total thickness of the first

CondUCtiEtfggmdéﬁv&%@%ﬁ%“%igd&%iéﬂ@ﬁ%@e a@iém%ﬁé. of the

first condu ve film respectiv e nmethod for manufacturing a
sem conductor device according to claim42, further conprising, after the
step (f), a step of etching away exposed regions of the first conductive

filmusing the second conductive filmof the gate electrode as a mask. 50.
The met hod f o#snaﬁﬁ?ea&‘%ﬂ? LOE MARYSAGL VS NG B EEMIRQMANGIRF 1 2R ¥1E® m 38,

wherein the step (e) is performed by an |ICP etching nethod.
according to claim 45, wherein the step (f) includes a step

(f-1) of performing the doping step through the first
conductive film using the second conductive f£ilm of the gate

electrode as a mask.

47. The method for manufacturing a semiconductor device
according to claim 46, wherein the step (f) includes the
steps of:

(f-1a) doping a low concentration of the impurity
element giving n-type or p-type conductivity through the
first conductive film using the second conductive film
of the gate electrode as a mask; and

(£-2) doping a high concentration of the impurity
element giving n-type or p-type conductivity using the

first conductive film of the gate electrode as a mask.

48. The method for manufacturing a semiconductor device
according to claim 47, wherein the step (f-1la) and the step
(f-2) are performed simultaneously, and the low concentration

in the step (f-la) and the high concentration in the step (f-
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51. The nethod for manufacturing a sem conductor device according to claim
38, wherein the step (e) is performed by an R E nethod. 52. The nethod for
manuf acturi ng a sem conduct or device according to claim42, wherein the
step (b) includes a step of irradiating the sem conductor filmwth | aser
light. 53. The nmethod for manufacturing a sem conductor device according
to claim52, wherein the laser light irradiation step is perfornmed so that

any poi nt2)on die seontoolledorbyi | B 129tial | AdAiesE WdH prheedeiager
light a plurality of tinmes continuously. 54. The nethod for manufacturing a

sem condugdriudtemiee £ALROT ShAY tReC! 3ePot@ \MRIRICEIWE AL AL YSing! egent

Is one or nore elenent selected fromthe group consisting of nickel (N),

pal | ach urf U RS urs ALt RS el KRR YR pper () ane

gold (Au). 55. An electronic device, conprising the sem conductor device
according to claim1l. 56. The el ectronic device according to clai mb55,
further conprising a display section where an inmage is displayed by wusing
t he sem condud%r éh%i@%thgﬁ.fnﬁ masufagturingy ia ssenirmduedctor t @evice
sem conduct or device according to claim 2.

according to claim 42, further comprising, after the step

(f), a step of etching away exposed regions of the first
conductive film using the second conductive film of the gate

electrode as a mask.

50. The method for manufacturing a semiconductor device
according to claim 38, wherein the step (e) is performed by

an ICP etching method.

51. The method for manufacturing a semiconductor device
according to claim 38, wherein the step (e) is performed by

an RIE method.

52. The method for manufacturing a semiconductor device
according to claim 42, wherein the step (b) includes a step

of irradiating the semiconductor film with laser light.

53. The method for manufacturing a semiconductor device
according to claim 52, wherein the laser 1light irradiation

step 1s performed so that any point on the semiconductor film
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58. The el ectronic device according to claim57, further conprising a
di splay section where an inmage is displayed by using the sem conductor

devi ce.

130

is irradiated with pulsed laser light a plurality of times

continuously.

54. The method for manufacturing a semiconductor device
according to claim 40, wherein the catalyst element is one or
more element selected from the group consisting of nickel
(Ni1), iron (Fe), cobalt (Co), tin (Sn), lead (Pb), ruthenium
(Ru), rhodium (Rh), palladium (Pd), osmium (0s), iridium

(Ir}), platinum (Pt), copper (Cu) and gold (Au).

| 55. An electronic device, comprising the semiconductor

device according to claim 1.

56. The electronic device according to claim 55, further
comprising a display section where an image is displayed by

using the semiconductor device.

57. An electronic device, comprising the semiconductor

device according to claim 2.
58. The electronic device according to claim 57, further

comprising a display section where an image is displayed by

using the semiconductor device.
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