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SEMICONDUCTOR DEVICE, AND MANUFACTURING METHOD THEREOY

BACKGROUND OF THE INVENTION

Field of the Invention

The presentinvention generally relaces to a semiconductor device including a circuit
constituted by thin-film transistors (referred to as a "TTFT" heveinalter), and amanufacturing
method thereof. More specifically, the present invention is direcred to such an apparatus
rypically known as a liquid crystal display apparacus {namely, Tiouid eryseal mesdole is
mounted) or the like, and nl:;Q_l:o an clectranic applinnce which mounts thereon such a
liquid crystal display or the like as o component, and is further direcred 1o o manufacriring
method thereof,

It should be understood that a term “semiconducrar device" implies all of such
apparatus, or devices operable by using semiconducror characierisvics, and thus, all of
electrooptical apparatus, semiconductor devices, and clectronic apptiances correspond 1o

serniconductor devices in che specificadon of che present invention.

Description of Related Art

Very recently, a specific auention has been paid o such a technique capable of
constituting a thin-film transistor (TFD), while employing a semiconducror thin film
(thickness thereof being several nm to several hundreds nm) which is formed on a substrate
having an insulating surface. Thin-film transistors are widely utilized in various electronic
devices such as 1Cs and electrooptical apparatus, In particular, there are strong demands
to rapidly develop these thin-film transistors as switching clemencs of image display
apparatus.

Caonventionally, liquid ceyseal display devices are known as image display apparacos.

Since high precision images can be obtained, farge numbers of acove matrix cype leuid
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crystal display devices are usually employed, as compared wich passive type fiquid eryseal
display devices. In A active matrix vype liguid erystal display device, since pixel elecirodes
arranged in a mawrix form are driven, a display pactern is formed on o display screen. More
specifically, since a voliage is applicd between a selecred pixel elecirode and a coumer
electrode corresponding to this selected pixel electrode, liquid crysial Tayers arranged
between the selected pixel electrode and the counter electrade are optically modulated, so
that this optical moduladion may be recognized as a display pattern by a viewer.

While such active matrix type liquid crystal display devices are widely used in various
ficlds, scrong demands are requested for enlarging display sereen sizes, and for realizing high
precision, high aperture efficiencies, and high reliability. At the same time, improvements

in productivity and also low cost are strongly required.
SUMMARY OQF THHE INVENTION

Inaccordance with one aspect of the present invention, it becomes possible to provide
a semiconductor device capable of realizing low power consumption, even while a display
sereen is enlarped, and also to provide a method of manufacturing such a semiconducror
device.

In accordance with one aspect of the invention, a display device such as a liquid
crystal display device is featured by that a surface of a source wiring line of a pixel portion
is processed by way of a plating process operation so as to lower a resistance value of this
source wiring line. The source wiring line of the pixel portion may be manufacoured ava
step different from a step for manufacturing a source wiring line of a drive circuit portion.
Further, electrodes of a terminal portion of this display device may be processed by a plating
pracess operation so as to reduce a resistance value thereof,

[n che display device according to one aspectof the present invention, while awiring

line before being plated is formed by using the same material as thar of a gate elecrrode, o
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surface of this wiring line may be i?n‘c‘:ﬁ:r:-‘zbly processed by a plating process operation so as
to form the source ‘\"fviring e, As a material film which is processed by a plating process
operation, it ts preferable to employ such a material {ilm having a lower resistance value
than that of the gate elecerade. As a result, the sovrce wiring line of the pixel portion may
become such a wiring line having o low resistance value, because of the plating process
QpLraLion.

A semiconductor device having the befow-mentioned strucrure is disclosed in the
specification of the present invenuon: That is, the semiconducior device cquipped with a
TTIT containing a semiconductor layver formed on an insulacing surface, an tsulating film
formed on the semiconducror fayer, and a gate electrode formed on the insulating film,
comprising:

a pixel portion coquipped with a flirst n-channel type TFT having a source wiring ling,
the surface of which is covered by a material film having a lower resistance value (or
resistivity) than that of the gate elecrrode, while surrounding the wiring line made of the
same material as chav of cthe gate elecirode;

a drive circuic equipped with a circuit constructed of borh a second n-channel rype
TFT and a p-channel wype TFT, and

a terminal portion, rhe surface of which is covered by o marerial film having a lower
resistance value (or a resistivity) than thar of the gate clectrode, while surrounding the
wiring line made of the same material as thav of the gave elecrrode.

In the above-described semiconductor device stevcture, the above-described marerial
film having the low resistance value containg at least one material mainly containing Cu,
Al Au, Ag, or an alloy of these clements.

Also, a semiconductor device, according to another aspect of the present invention,
is featured by such a semiconductor device equipped with o TFT containing a
semiconductor layer formed on an insulating surface, an insulating filoy formed on the

semiconductor layer, and @ gare electrode formed on the inswdating {ilm, comprising:
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a pixel portion equipped wit:.h a first n-channel rype TTT having a source wiring line
which is processed _l'ay a plating process operation;

a drive circuit equipped with a circuit constructed of both a second n-channel vype
THET and a p-channel wype TFT; and

a terminal portion which is processed by a plating process operation,

1 the above-described semiconductor device structure, both a surface of the weominal
portion and a surface of the source wiring line of the pixel portion are covered by a thin film
made of a material which mainly contains Cu, Al, Au, Ag, or an alloy of these elements.

Also, in the above-cxplained semiconductor device structure, both the rerminal
portion and the source wiring line ol the pixel portion are separately, or simultancously
processed by the plating process operation.  The plating-processed source wiring line
corresponds to such a plating-processed wiring line which is made of the same marerial as
that of the gare clectrode. Also, the plating-processed source line is formed by way of a
printing process operation, and further, cc.)l'l;:csp(_n'mls to such a wiring line having a lower
resistance value than chav of the gate electrode.

Also, in the above-explained semiconductor device structure, a CMOS circuit may be
constituted by employing the second n-channel type TTT and the p-channel cype THT.

Also, in the above-described semiconductor device structure, the first n-channel type
TFT has a gate electrode, and a channel farming region which ts overlapped with the gate
elecrrode, while a width of the channel forming region is identical to a width of the gace
electrode. Alternatively, in the above-described semiconducror device seruceure, the first
n-channel type TEFT hay a gate electrode having a taper portion, a channel forming region

whiclh is overlapped with the gate cleerrode, and an impurity region which is partially
overlapped with the gate electrode.  In this case, this first n-channel type TFT may be
preferably made of a triple gate structure having three channel-forming regions.

Alse, in the ahove-explained semiconductor device structure, the n-channcl vype T1FT

of the drive circuir includes a gate clectrode having a taper portion, a channel forming

4



10

20

region which s overlapped with z'i'x.c gate elecrrode, and an impurity region which s partially
overlapped with the gate electrode.

Also, in the above-cxplained semicondacror device structure, impurity coneentration
in an impurity region of the n-channel type TFT is defined within at least a range of [ x 107
to 1 x 10%/cm’, and a region having a concentration gradient is contained. A distance from
the channel forming region is increased, and also, impurity concentration is increased.

Furthermore, in order ro obtain the above-deseribed semiconductor device structures,
a semiconductor device manufacturing method, according to another aspect of the present
invention, is featured by such 2 method for manufacturing a semiconducror device provided
with a drive circuit, a pixel portion, and a rerminal portion on an insularing surface,
comprising:

a step for forming a semiconductor layer on the insulating surface;

a step for forming a first insulating {ihn on said semiconductor layer;

a step for forming a firse gate elecurode, a source wirirﬁ; line of the pixel pordon, and
an electrode of the terminal portion on the first insulating film;

a step for adding an impurity element capable of applying an n-type into the
semiconductor layer, while the first gare electrode is used as a mask, so as to form an i iype
first impurity region;

a seep for erching the firse gate clectrode so as to form a 1a per portion;

a step for adding an impurity element capable of applying an n-type through the waper
portion of the first gate electrode into the semiconductor layer so as to form an n type
second impurity region;

a step for adding an impurity element capable of applying a p-type through the aper
portion of the first gate clecrode into the semiconductor layer so as to form a p oype
impurity region,

a step for performing a plating process operation with respect (o boch a surface of the

soutce witing line of the pixel portion and a surface of the terminal portion;
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i step for forming a second iﬁm.nla ting film which covers both the source wirtng line of
the pixel portion and the rerminal portion: and

a step for forming borh a gate wiring line and a source wiring line of the drive circuir
on the second insulating film.

Also, a semiconductor device manufacturing method, according 1o another aspect of
the present invention, is featured by such a merthod for manufacruring a semiconducror
device provided with a drive circuir, a pixel portion, and a rerminal porvion on an insularing
surface, comprising:

a step for forming a semiconductor layer on the insulating surface;

a step for forming a first insulating film on said scmiconductor layer;

a step for forming a first gate elecrrade, a source wiring line of the pixel portion, and
an clectrode of the rerminal portion on the first insulacing fil;

a step for adding an impurity clement capable of applying an n-type into the
semiconductor layer, while the first gate electrode is used as o mask, s;;o as to form an n type
first impurity region;

a step for etching rhe first gate electrode so as to form a taper portion;

astep for adding an impurity element capable of applying an n-type through the taper
portion of the first gate elecrroade into the semiconductor layer 50 as 1o form an n type
second impurity region;

a step for adding an impurity clement capable of applying a p-type through the taper
portion of the firse gate electrode into the semiconductor layer 5o as to form a p wype
impurity region;

astep for executing a plating process operation with respect to o surface of the source
wiring line of the pixel pordon;

a step [or performing a plating process operation with respect to a surface of the
terminal partion;

a3 step for forming a sccond msulating film which covers both the source wiring line of

¢
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the pixet porton and the t:m::.ni‘zm.l portion; and

a step for forming both a gate wiring line and a source wiring line of the drive circuic
on the sccond insulating fitm.

In the above-described semiconductor device structure, both the above-deseribed
source wiring line of the pixel portion and rerminal portion are manuliuctured by employing
such a material {ilm mainly containing Cu, Al Au, Ag, or an alloy of these elements.

Also, in the above-explained semiconductor device scructure, an the plating process
operation step, the source wiring lines of the pixel portion are connected o cach other by
using a wiring fine so as to become the same potential. This connecred wiring line for the
equi-potential purpose may be cut out by laser light after the plaving process operation has
been carried out, or may be cut out in conjuncrion wich the substrace ar the same cime after
the plating process operation has been carried out.

Also, in accordance with the present invention, the drive cireuit may be formed by

employing an NMOS circuit construcred of all of n-channel ype TEFTS, and the IH of the
pixel portion may also be formed on the same substrate by employing an n-channel type
THT.

When an NMQOS circuit is formed by combining n-channel type THTs with each
other, there are two cases. That is, as shown in Fig. 23A, such an NMOS circuir is formed
by combining enhancement type THTs with each other (will he referred to as an "EEMOS"
circuit hereinafter), whereas as indicated in Fig. 23B, such an NMQOS circuit is formed by
combining an enhancement type TFT with a depletion type TFT (will be referredito as an
"EDMOS" circuit hereinafter).

To manufacture both an enhancement type TEFT and a depletion type T in a
distinguishable manner, cither such an clement (preferably phospliorus) belonging o Group
XV of the periodic table or another element (preferably boron) belonging to Group XHT of

the periodic table may be properly added o a semiconductor which constirutes a channel

forming region.
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Also, i such a display nppm.:am.::s whase display area is small, in the case that a drive
circuit is formed by sueh an NMOS cireuit made of n-clanne] type T, consumed power
thereof is larger than thav of o CMOS circuit. However, rthe invenrive idea of the present
invention may become particularly effective in the case thav a display aren of o display
apparatus is a targe size. Therefore, there ts no problem as to power consumption in cither
a desk-top type monitor having a large screen size or a television having a large display
screen. Also, in accordance with another aspect of the present i[‘w;n'u:ic)n, afl chin film
cransistors that constitute a gate driver circuit and a source driver circuit aver the display
substrate can be made of NMOS circuits (i, Nechannel thin il ransistors) as weltl as alt
thin film cransistors in the pixel portion being N-channel thin film rransistors. 1eis possible
to use an externally connecred [C chip in addition to these NMOS circuits, especially as o
part or a whole of the source driver circuit.

A semiconducror device having the below-mentioned structure iy disclosed in the
specification of the present invention: That is, the semiconductor device equipped with a
TFT containing a semiconductor layer formed on aninsulating surface, an insulacing film
formed on the semiconductor layer, and a gate electrode formed on the insulating film,
COMprising:

a pixel portion equipped with a first n-channel type TFT having a source wiring line,
the surface of which is covered by a material film having a tower resistance value than thar
of the gate electrode, while surrounding the wiring line made of the same matcerial as thar
of the gate electrode;

a drive circuit equipped with a circuit construcred of both a second n-channel type
TFT and a third n-channel type TEFT; and

a terminal portion, the surface of which is covered by a material film having a fower
resistance value than thar of the gare elecirode, while surrounding the wiring line made of
the same macerial as thae of the gace elecrrede.

[11 the above-described semiconductor device sirucrure, the above -described macerial



[al

20

film having the low resistance (l't:‘.si.fal_'ivil'y) vitlue contains Cu, Al Au, Ag, or an alloy of
these elements.

Also, a semicorductor device, according w another aspeet of the presen invention,
is featured by such a semiconductor device equipped with o THT conraining a
semiconductor layer formed on an insulating surface, an insubading film formed on the
semiconductor layer, and a gate elecirode formed on the insulating film, comprising:

a pixel portion equipped with a first n-channel type THT having a source wiring line
which 1s processed by a plating process operation;

a drive circuit equipped with a circuit constructed of both a sccond n-channel type
TFT and a third n-channel type TTT; and

a terminal portion which is processed by a plating process operation.

In the above-described semiconductor device seruceure, both a surface of the terminal
porcion and a surface of the source wiring line of the pixel portion are covered by a thin film
made of 4 material which mainly contains Cu, Aly Au, Ag, or an alloy of these elements.

Also, in each of the above-explained semiconductor device structures, both the
rerminal portion and the source wiring line of the pixel portion are separately, or
simultancously processed by che plating process operation.

The plating-processed source wiring line corresponds to such a plating-processed
wiring line which is obtained av the same step as that of the gate elecrrode.

Also, in the respective semiconductor device structure, the plating-processed source
wiring line corresponds to such a plating-processed wiring line made of a material having
a lower resistance value (or a resistivity) than thar of the gate clectrode. Also, the wiring
line made of the marerial having the lower resistance value than that of the gate clectrode
may be formed in such a manner chat after a film has been formed by employing the
spuctering method, this sputtered film ts patterned. Alternatively, this wiring line may be
formed by way of the printing method. When the wiring line is formed by executing the
printing method, a total number of masks may be reduced.

9



Also, in each of the :;cmicon.u;l ucror device structures, either an EEMOS circuit or an
EDMOS circuit is formed by employing the second n-channel type TET and the third n
channel type TIFT,

Also, in each of the above-described semiconductor device soructures, the first n-
channel type T owns a gate clectrode, and a channel forming region whicly is overlapped
with the gate electrode, while a width of the channel forming region is identical to a widih
of the gate elecirode.

Also, in the above-described semiconductor device scructure, the first n-channel type
TIT owns a gate electrade having a raper porton, a channel {orming region which s
averfapped with the gate elecurade, and an impurity region which is partially overlapped
with the gate electrode. ”

Also, incach of above-explained semiconductor device structures, the n-channel type
THT of the drive circuit includes a gate elecrrode having a vaper portion, a channel forming
region which is overlapped with the gace clecrrade, and an impurity region which is parcially
overlapped with the gate clectrode. Also, this first nechannel type TFT may have three
channel-forming regions.

Also, in the above-explained semiconductor device structure, impurity concentration
in an impurity region of the n-channel type 151 is defined within avleast a range of 1 x 10V
o 1 x 10"™/em’, and a region having a concentration gradient is conrained. A distance from
the channel forming region is increased, and also, impurity concentration s increased.

Also, in each of the semiconductor device structures, the first n-channel type THT
may preferably own a plurality of channel-forming regions.

A semiconductor device having another scructure is.;“:{i.sclc}:;cd in the specification of
rthe present invention: the semiconductor device cquipped with a TEFT containing a
semiconductor layer formed on an insulating surface, an insularing film formed on the
semiconductor layer, and a gate clectrade formed on the insulating Glm, comprising:

a terminal portion, avleast the partial surface of which is covered by a material film

10
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having a lower resistance value ‘l'hem. that of the gate clectrode, while surrounding the
elecrrade made of the same material as chat of the gate electrode. This material film having
the low resisrance value is lower than that of the material of the gare clectrode.

A semiconductor device having another stracrure is disclosed in che specification of
the present invention: the semiconductor device equipped with a TFT containing a
semiconductor layer formed on an insularing surface, an insuladng (i formed on the
semiconductor layer, and a gate clectrode formed on the insulating film, comprising:

a terminal portion, at least the partial surface of which is covered by a marerial film
having a lower resistance value {or a resistivity) chan thar of the gave elecrrode, while
surrounding the clectrode made of the same material as thae of the gnee elecrrode;

a wiring line which is covered by a marerial f‘ihﬁ having a lower resistance value than
thar of the gate electrade, while surrounding the wiring line made of the same magerial as
that of the gate electrode.

Also, in the above-explained semiconductor device structure, the wiring line
corresponds to a source wiring line,

Also, the semiconductor device described in the respective cases may be cither a
rransmission type liquid crystal module or a reflection type liquid cryseal module.

Furthermore, in order to obuain the above-described semiconductor device structures,
a semiconductor device manufacruring method, according to another aspect of the present
invention, is featured by such a mechod for manufacturing a semiconductor device provided
with a drive circuit, a pixel portion, and a terminal portion on an insulating surface,
comprising:

a step for forming a semiconductor layer on che insulating surface;

a step for forming a first insubating film on said semiconductor layer;

a step for forming a {ivst gate electrode, a source wiring line of the pixel portion, and
an electrode of the terminal porton on the first nsulating fili;

a ostep for adding an impurity clement capable of applying an n-type inro rhe

M



i

10

15

20

semiconductor layer, while the f“ir.‘k‘;t: aate electrode is used ag a mask, 5o as o form an nype
first impurity :.'Qgi()ﬁ;

a step for etching the first gate clecirode so as o form o taper portion;

astep for adding an impurity clement capable of applying an n-type through the taper
portion of the first gate clecorode into the semiconducror layer so as o form an notype
second impurity region;

astep for performing a plating process operation with respect to both a surface of the
source wiring line of the pixel portion and a surface of the erminal portion;

a step for forming a second insulating film which covers both the source wiving line of
the pixel portion and the terminal portion; and

a step for forming both a gare wi;in;‘g line and a source wiring line of the drive circuit
on the second insulating film,

Also, a semiconductor device manufacturing method, according to another aspect of
the present invention, is featured by such a method for manufoctunng s semiconducror
device provided with a drive circuir, a pixel portion, and a cerminal portion on an insulating
surface, comprising:

a step for forming a semiconductor layer on the insulating surface,

a step for forming a first insulating film on said semiconductor layer;

a step for forming a first gave clectrode, a source wiring line of the pixel portion, and
an clectrade of the terminal portion on the first insulating film;

a step for adding an impurity element capable of applying an n-type into the
semiconductor tayer, while the 'f‘i‘l‘f:‘.[j rate electrode is used as a mask, so as to form an n ype
first impurity region; N

a step for erching the first gate clectrode so as to form a taper portion;

a step for adding an impurity element capable of applying an n-type through the taper
portion of the first gate electrode into the semiconductor tayer so s o form an n type

second impurity region;

12
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astep for exceuting a pla (Ti[‘\f,i‘ process operation wirth respect ro asurface of the source
wiring line of the pixel portion;

a step for performing a plating process operation with respect 1o a surface of the
terminal portion,

a seep for {orming a second insulating film which covers both the source wiring line of
the pixel portion and the terminal portion; and

a step for forming both a gate wiring line and a source wiring line of the drive circuis
on the second nsutating film.

Also, in ¢ach of the above-cxplained semiconductor device manufacruring mechod,
hoth the source wiring line of the pixel portion and the terminal porton are made of such
a material mainly C(.H“.l'.E:ll'Hinf__.{ Cu, AL, A, Ag, or an alloy of these elements.

Also, in the above-explained semiconductor device m.‘&K'Illf':clgiiitli.'i.lig method, at the
plating process operarion step, the source wiring lines of the pixel portion are connecred to
each other by using a wiring line so as to become the same potendial, This connecred wiring
line for the equi-potential purpose may be cur out by laser lighe (COp-laser ee.) after the
plating process operation has been carried out, or may be cut out in conjunction with the
substrate at the same time after the plating process operation has been carvied out,

Also, in accordance with another aspect of the present invention, ingtead of the n-
channel type TFT, all of the circuits may be formed on the same subsceare by employing p-
channel type TTTs. More specifically, all thin {ilm transistors thacconstitute driver circuits
and an active matrix circuit over the substrate can be P-channel type TFTs.

A semiconductor device having another strucrure is disclosed in the specification of
the present invention: That is, the semiconductor device equipped with o TIT containing
a semiconducror layver formed on an insulating surface, an insularing film (ormed on the
semiconductor layer, and a gate clectrode formed on the insulating film, comprising:

a pixel portion equipped wirh a first p-channel type TFT having a source winng line,

the surface of whicht is covered by a muaterial fifin baving a lower resistance value than thar

I3
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of the gate electrode, while m]rrmi111diz‘1gg the wiring line made of the same marerial as that
of the gate clecrrade;

a drive circuit cquipped with a circuit constructed of both a second p-channel type
TFT and a third p-channel type TEFT; :-‘1}'1&1

a terminal portion, the surface of which is covered by a macerial film having @ lower
resistance value than that of the gate elecirode, while surrounding the wiring line made of
the same material as that of the gate electrode.

Also, a semiconductor device, according to another aspect of the present invention,
is featured by such & semiconductor device cguipped with a TET containing
semiconductor layer formed on an insulating swrface, an insulating film formed on the
Stili'liC()I'i(;iLlCt()l' layer, and a gate clectrade formed on the insulating film, comprising:

a pixel portion equipped with a first p-channel type THT having a source wiring line
which is processed by a plating process operation;

a drive circuit equipped with a circuic constructed of both, a second p-channel type
TFT and a third p-channel type TFT; and

a terminal porvion which is processed by a plating process operation,

In the case that the above-described p-channel type TFTs are employed, cither an
EEMOS circuir or an EDMOS circuit is constituted by employing bath the second p-
channel type TFT and the third p-channel type TEFT.

Also, the present invention is not specifically limited to the structures of THTs, butan
inverse stagger type TFT structure may be employed. Also, as an activation layer aofa 1177,
not only a semiconductor film having a erystal structure, but also a semiconductor [ilm
having an amorphous structure may be employed.

The present invention is featured by manufacturing such a semiconductor device
comprising: a source wiring line which is pla ting-processed by employing a ma terial having
a low resistance value (typically known as Cu, Ag, Au, Cr, Fe, Ni, Po,oor alloy ol these

clements); a TET of an inverse stageer ype pixel portion; a storage capacitor; and 2

14
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rerminal portion.  [v should e I;c')licz-:il that since only the shape of the pixel portion is
increased when the display screen size is enlarged, there is no need w plate the metal {ilm
on any portions other than the pixel portion. In other words, the mecal film may be plaring-
processed only on the source wiring line of the pixel portion.

Referring now to Fig. 33, a description will be made of a method for plating such a
metal il only on the source wiring line, Such a wiring line pactern is formed on a
substrate. A plating-process clectrode 4805 correspording 1o an electrode for performing
a plating process operation is mounted on this wiring pattern. Both a rerminal portion 4808
connected o adrive circuit provided on the gate wiring line side, and also another terminal
4809 connected to a drive circuin provided on the source wiring fine side are formed on this
wiring pattern. As indicated in Fig. 33, such a pattern which will constitute the source
wiring line 4802 is formed on this wiring line pattern. Since the portion to which the metal
film is plated is only the souree wiring fine 4802 of the pixel portion 4803, such a partern
which will constitute the source wiring line i nov connected 1o the rerminal portion which
is conneeted to the drive circutt provided oo che source wiring ling side. Note, reference
numerad 4801 indicates a gate wiring line; 4804, a glass substrate; 4800 and 4807, substrate
cue-out lines.

Since the plating process operation is carried out by employing this wiring line pactern,
the metal film can be plated only on the source wiring line of the pixel portion. As a
consequence, even when the screen size is enlarged, such a semiconductor device capable
of realizing low power consumption can be manufactured.

Alsa, in accordance with one aspect of the present invention, all the thin film

rransistors which constitute a driver cirquit and all the thin film tansstors provided aca
pixel portion are made of p-channel thin film cransistors. Source lines of the pixel portion
may be formed of the same layer as the gate clectrode of the p-channel thin fitm transistors,
In this case, gate lines of the pixel portion and pixel electrodes may be formed on o same

interlayer insulating film over the thin film wansistors,
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Furthermore, i ncc:n.rd:n'u:'.c with anather aspect of the present invention, all
the thin film transisrors which constituee o driver circuit and all the chin oy rransistors
provided at a pixel portion are made of n-channel chin film rransistors, Source lines of the
pixel portion may be formed of the same layer as the gate elecirode of the p-channe! chin

5 film transistors. In this case, gate lines of the pixel portion and pixel clecirodes may be

formed on a same interfayer insulating film over the thin filin ansistors,
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. TA-1D) are diagrams for representing a manufacturing step of an AM-LCIDD
according to an embodiment of the present invention;
10 Figs. 2A-21D are diagrams for showing a manufaceuring step of the AM-LCD according
to the embodiment;
Figs. 3A-3B are diagrams for indicating » manufacturing step of the AM-LCD
according to the embodiment;
Fig. 4 is a diagram for showing an upper view of a pixel of the AM-LCL;
15 Fig. 5 is a diagram for showing an upper view of a pixel of the AM-LCL;
Fig. 6 is a diagram for indicating a scctional structure of an active matrix rype lqguid
crystal display device according ro an embodiment of the present invention;
Figs. 7TA-713 are dingrams for showing a terminal porvion of the active matrix type
liquid crystal display device;
20 Figs. 8A-8C are diagrams for showing a rerminal portion of the active matrix type
liquid cryseal display device;
Fig. 9 is a diagram for representing an outer view of a liquid crystal module according
to an embodiment of the present invention;
Fig. 10 is a diagram for showing an upper view of the liguid crystal module;

25 Figs. 11A-111 are diagrams for showing a sectional view of a pixel portion of the liguid
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crystal module;
Fig, 12 is a diagram for showing a sectional view of a pixel portion of the liuid eryvstal
maodule;
Figs, [IA-13C are dingrams for showing a terminal pottion of the ligquid cryseal
5 module;

Fig. 14 15 a diagram for illustravively showing an example of a bottom gawe tvpe

TET:
Fig. 15 is a diagram for indicacing a sectionad view ol a pixel portion in accordance
with the present invention;
10 Fig. 16 is a diagram for indicating a mask 146 of the bottom gawe type TFT
Fig. 17 is a diagram for showing an upper view of a pixel of the bottom gate tpe
TFT;
Figs. F8A-18D are diagrams for representing a manufacturing step of an AM-LCD
according to another embodiment of the present invention;
15 Figs, 19A-19C are diagrams for showing a manufacturing swep of the AM-LCD
according to the embodiment;
Figs, 20A-208 are diagrams for indicating a manutacturing step of the AM-LED
according to the embodiment;
Fig. 21 is a diagram for showing an upper view of a pixel of the AM-LCD;
20 Fig. 22 is a diagram for showing an upper view of a pixel of the AM-LCD,
Figs. 23A-238 are diagrams for showing a structure of an NMOS circuit according 1o
another embodiment of the present invention;
Figs. 24A-241 are diagrams for indicating a structure of a shift register according 1o
another embodiment of the present invention,
15 Fig. 25 is a simplificd diagram for representing a condition of Taser irradiation;
Figs. 26A-26C are diagrams for showing an example of an clecrronic appliance
according to another embodiment of the present invention;
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Figs, 27A-271 are din;_\;r;fn'n:;-ﬁ"n‘ indicating an cxample of the clectronic appliance
according to another embodiment of the present invention;

Figs. 28A-28C are dingrams for indicating a manufacturing step of a transmission type
semiconductor device in which a source wiring line is plated by employing "Ca", according
to an embodiment of the present invention;

Figs. 29A-29C are dingrams for indicating a manufacturing step of a transmission type
semiconducror device in which the source wiring line is plaved by emyploying "Ca", according
o the embodiment of the present invention;

Figs. 30A-30C are diagrams {or indicating & manufaciuring step of the transmission
type semiconductor device in which the source wiring line is plated by employing "Cu”,
according to the embodiment of the present invention;

Figs. 31A-31B are diagrams for indicating a manufacturing step of a reflection type
semiconducror device in which a source wiring ling is plated by employing "Cu”, according
ro another embodiment of the present invention;

Fig. 32 is a diagram for showing an upper view of a pixel of the transmission type
semiconductor device;

Fig. 33 is a diagram for representing a wiring pattern containing the source wiring line
of the transmission type semiconductor device;

Figs, 34A-34C are diagrams for indicating 1 manufacturing step of a transmission type
semiconductor device in which a source wiring line is plated by employing "Cu", according
to an embodiment of the present invention;

Figs. 35A-35C are diagrams for indicating a manufacturing siep of the transmission
type semiconductor device in which the source wiring line is plated by employing "Cu',
according to the embodiment of the present invention,

Figs. 30A-36C are diagrams for indicating a manufacturing step of che transmission
type semiconductor device in which the source wiring line is plated by employing "

according to the embodiment of the present invention;
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Figs, 37A-37C are diagrams for indicating a manufacraring step of a transmission type
semiconductor device manulactured by a channel stop modde, according to an embodiment
of the present invention;

Figs, J8A-38C are dingrams for showing a manufacturing step of che transmission type
semiconductor device manufactured by the channel stop mode, according w the
embaodiment of the present invention; and

Figs. 39A-39C are diagrams for showing a manufacturing step of the transmission type
semiconductor device manufactured by the channel stop mode, according w the

embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Various embodiment modes of the present invention will now be described in

detail.

[Embodiment mode 1]

Firse, after an undertayer insubacing film has been manufacrured on o subsirace, o
semiconductor layer having a desirable shape is manufactured by way of a first
photolithography step.

Next, an insulating film (containing pate insulating film) which covers the
semiconductor layer is formed. Both a first conductive layer and a second conductive layer
arc formed on the insulating film in a stack layer manner. These stack layer films are
processed by way of a second photolichography step by performing a first etching process
operation, so that a gate electrode made of both a first conductive layer and a secondd
conductive fayer, a source wiring line of a pixel portion, and an clectrode of a rerminal
porton are formed. Teshould be noted that in accordance wich the present invention, after

the gare clecrrode has been firstly formed, a gate wiring line is manufactured on an
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interlayer insularing film.,

Next, while a resist mask  which has been manufactured  in the  second
photolithography step is kept under present condition, an impurity clement (phosphaors
ete.) capable of applying an "n" type is added o the semiconductor so thar an "n® rype
itnpurity region (high concentration) s formed in a self-alignmens manner.

Next, while a resist mask which has been manulacoured by way of the second
photolithography step is kept under present condition, a sccond etching process operation
is carried out by changing an erching condition, so that both a first conductive layer (fsst
width) having a taper portion, and also a second conductive Jayer (second widch) are
manufactured. Ivshould be noted chat the first width is made wider than the second width,
and such an electrode constituted by the first conductor layer and the second conductor
layer may constitute a gate electrode (first gate elecurode) of an n-channel type "TIT,

Subsequently, alter the resist mask has been removed, while the above-described
sccond conducrive layer 1*:. crployed as 2 mask, the impurity element capable of applying
the "n" type is added through the wper portion of the first conductive layer into the
semiconductor layer. In this case, while a channel forming region is formed below the
sccond conductive layer, an impurity region (low concentration) is formed below the first
conductive bayer in such a manner thar impurity concentration is gradually increased, while
this impurity region is separated from the channel forming region.

Thereafter, the taper portion is selecrively removed in order to reduce an OFF-current
of a TFT (thin-film transistor) formed in the pixel portion. Only the taper portion of the
gate clecrrade of the pixel portion may be removed by performing a dry erching process
operation under such a condition thar a mask is overlapped thereon, as indicared in Iig. 16,
In particular, the raper portion may not be selectively removed. As indicated in Figs, LA
LIB, when the taper portion is not selectively removed, this taper portion is formed as a
triple gate construction in order thar an OFF-current may be prefesably reduced.

Next, while 2 mask is formed 50 as to cover such a region thar an n-channel type THT
[
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is formed by way of a third phm:o]it'[.u);,{r:-iu phy step, a third doping process operation is ca rricd
out. [ this third doping process operation, an impurity element (horon) capable of applying
a "p" type is added to the semiconductor so as to form a "p" type impurity region (high
concentraion).

Subsequently, after the impurity elements added o the respecuive semiconductor
layers are activated, a plating process operation {electrolytic plating method) is carried ou
50 as 1o form a metal flm on a surface of a source wiring line of a pixel portion and also a
metal film on a surface of an electrode of a terminal portion. A plating method corresponds
o such a method by which a DC currens is supplied through a water solution containuing
metal ions which witl be formed by the plating method, and thus, a metal film is formed on
a cathode surface. As a metal to be plated, any materials having resistance values lower
than che resistance value of the above-described gate clectrode may be employed, for
instance, copper, silver, gold, chromium, iton, nickel, platinum, or alloys of these meral
materials, Since an elecrric r::si:;t:z‘mcﬁ value of copper is very low, this copper is an optimum
metal material as 2 meral film used to cover the surface of the source wirtng line of the
present invention. As previously described, since the source wiring line of the pixel porvon
is covered by such a metal material having a low resistance value, cven when the area of
this pixel portion is increased, the pixel portion can be driven in sufficiently hiwh speeds.

Also, a film thickness of 2 metal film which is formed by performing a plating me thod
ray be properly sct by controlling both current density and time by an operator.

In the present invention, suchya metal film formed on a surface is also referred o as
a source wiring line.

Subsequently, the formation of an interfayer insulating film s ¢ arricd out, and also the
formation of a transparent conductive film is carried out. Next, the transparent conductive
film is patrerned by way of a fourth photolithography step so as to form a pixel electrode,
Next, a contact hole is formed by way of a fifth photolithography step. bnochis case, a

contact hole which is teached ro the impurity region, another contace hole which is reached
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to the gate electrode, and anothe r contact hole which is reached 1o the source wiring line
are formed.

Next, o conductive filny s made of o metal material having a low resistance valiue, An
clectrode which conneets the gate wiring line, the source wiring line, and the impurity
region to cach other, and anather clecrrade which connects the pixel electrode and the
imputity region to cach other are formed by way of a sixth photolithography step. In the
present invention, the gate wiring line is clcctrica”y connected via the contact hole formed
in the interlayer insulating film to either the first gare clecrrode or the second anwe
elecorode. Also, the source electrode is electrically connecred via the conract hole fornued
in. the interlayer insulating film to the impurity region (source regiom). Also, an ¢lecrrode
which is connected o a pixel elecrrode is electrically connecred via the contact hé‘r;lc. formed
in the interlayer insulating film to the impurity region (drain region).

Aspreviously explained, the elementsubstrate pravided with the pixel portion and the
drive circuitcan be manufactured by execuring the pi‘écptc)ii thography steps six times in tocal,
nuamely by employing six sheets of masks. The pixel portion contains the pixel TTT (n-
channel TFT), whereas the drive circuit containg the CMOS circuit. [ should also be
noted thar this embodiment represents such an example of forming rhe rransmission type
display device. Alternatively, while such a marerial having a high reflecrive characteristic
is employed as a pixel elecrrode, a reflection type display device may be manufactured. In
the case thata reflection type display device is formed, since both a reflection clectrode and
a gare wiring line may be formed at the same time, an element substrate may be formed by

employing 3 sheets of masks,

Also, in this embodiment, when the gate electrode is formed, both the source wiring
line of the pixel portion and the elecrrode of the terminal portion are manufactured ac the
same time. Alrematively, these gare electrode, source wiring line of the pixel portion and
elecrrode of the terminal portion may be separately manulaciured. Forinstance, after the

impurity clement has been added o the respecrive semiconductor layers, the insulating film
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capable of protecting the gate clectrode may be formed, the impurity clements added ro the
respective semiconductor layers may be activared, and furthermore, both the sotrce wiring
line of the pixel portion and the elecrrade of the terminal porcion may be marufaceured on
this insulating film at the same time by executing a photolichography step, while chese
source wiring line and the elecerode of the terminal portion are made of such a mecal
matetial (material mainly contains typical metal material such as aluminum, silver, and
copper) having alow resistance value, Then, the source wiring line of the pixel portion and
the electrode of the rerminal portion, which have been manufactured in the above-
described manner, are processed by a plating process operation. Also, in order 1o reduce a
total number of masks, the source wiring line of the pixel porvion may he formed by way of

a printing method.

[Embodiment made 2]

First, after an underlayer insulating film has been manufactured on a substrate, o
semiconductor fayer having o desirable shape iy manufacrured by way of a first
photolithography svep,

Nexr, an insuwlacing {ilm (containing gate insulating  film) which covers the
semiconductor layer is formed. Both a first conductive layer and a second conductrive layer
are formed on the insulating film in a stacked layer manner. These seacked layer films are
processed by way of a second phowolithography step by performing a first etching process
operation, so that a gate clectrode made of both a first conductive layer and a second
conductive layer, a source wiring line of a pixel portion, and an clectrode of a erminal
portion are fmn;ul It should be noted that in accordance with the presencinvention, afier
the gate electrode has been firstly formed, a gate wiring line is manufactured on an
interlayer insulating film.

Next, while o resist mask which has been  manufacrured in the  second

phatolichography step is kept under present condition, an impurity element (phosphorus
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ete.) capable of applying an "n" t;yjpc is added o the semiconductor, and then, an "'n" rype
mmpurity region (high concentration) is formed in a self-alignment manner.

Next, while a resist mask which has been manufactured by way of the second
photolithography step is keprunder present condition, a sccond et hing process operazion
w carried out by ehanging an ceching condition, so that borh a first conductive fayer (firse
wideh) having a waper pordon, and also a second conductive layer (second width) are
manufactured. 1tshould be noted thar the first width is made wider than the second width,
and such an electrode constituted by the first conductor fayer and the second conductor
layer may constitute a gate clecurade (lirst gate electrode) of an n-channel type TTT

Subsequently, after the resist mask has been removed, while the above-deseribed
second conductive layer is employed as 2 mask; the impurity ¢lement capable-of applying
the "n" type is added through the taper portion of the first conductive layer into the
semiconductor layer. In this case, while a channel forming region is formed below the
second conductive layer, an impurity region (low concentration) is formed hcfl'pw the first
conductive layer in such a manner thar impurity concentration is sradually increased, while
this impurity region is separated from the channel forming region.

Thereafter, the taper portion is selectively removed in order to reduce an OFF-current
of a TFT (thin-film transistor) formed in the pixel portion. Qnly the taper portion of the
gate electrode of the pixel portion may be removed by performing a dry crehing process
operation under such a condition that a mask is overlapped thereon, as indicared in Fig. 16.
In partcular, the taper portion may not be selectively removed. As indicared in Figs, TTA-
LB, when the taper portion is not selectively removed, this taper portion is formed as a
triple gate consuuction in arder that an QFF-curtent may be preferably reduced.

Subscquently, after the impurity elements added o the respective semiconductor
fayers are activated, a plating process operation (clecrrolyric plating method) is carried ou
so a5 to form a metal film on a surface of a source wiring line of a pixel portion and also a

metal film on a surface of an elecrrode of a rerminal portion. A plaing method corresponds
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to such a method by whicl a IDC current is supplicd through a water solution containing
metal ions which will be formed by the plating method, and chas, 2 mewal film s formed on
a cathode surface. As a meral to be plated, any marerials having resisranee values lower
than the resistance value of the above-described gate elecerode may be employed, for
instance, copper, silver, gold, chromium, iron, nickel, platinum, or alloys of these metal
materials. Since an cleetric resistance value of copper is very low, this coppet is an optimum
metal material as a metal film used w0 cover the surface of the souree wiring line of the
present invention. As previously deseribed, since the sougce wiring line of the pixel portion
is covered by such a meral material having a low resistance value, even when the area of
this pixel portion is increased, the pixel portion can be driven in sufficiently high speaeds.

Also, a film thickness of a ﬁ{c::[:nl film which is formed by performing a plating method
may be properly set by controtling bath current density and time by an operator.

In the present invention, such a meeal film formed on a surface is also referred o as
a source wiring line.

Subsequently, forming of an interlayer insulating film is carried out, and also forming
of a transparent conductive film is carried out. Next, the transparent conductive film is
patterned by way of a third photolivhography step so as to form a pixel elecrrode. Nex, a
contact hole is formed by way of a fourth photolichography step. [n this case, 2 contact hole
which is reached to the impurity region, another contact hole which is reached to the qate
clectrade, and another contact hole which is reached to the course wiring line are
formed.

Next, a conductive film is made of a metal macerial having a low resistance value. An
electrode which conneers the gate wiring I?nc:. the source wiring line, and the impurity
region to each other, and another elecrrode which connects the pixel electrode and the
impurity region to each other are formed by way of a fifth photolirhography step. In the
present invention, the gate wiving line is clecerically connected via the conracr hole formed

in the interlayer ingulating film o either the first gate electrode or the second e
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electrode. Alse, the source clectrade is clectrically connected via the contacr hole formed
in the interfayer insulating film to the impurity region (source regiony. Also, an elecrrode
which is connected to a pixel electrode is clectrically conneceed via the congcr hole formed
in the interlayer insulating film to the impuriey region (drain region).

As previously explained, the element substrate provided with the pixel portion and the
drive circuit can be manufactured by executing the photolithography steps five times in
total, namely by employing five sheews of masks. The pixel portion concains the pixe! TFT
{n-channel TI*T), whereas the drive circuit contains such an EEMOS circuit (n-channel
THT) shownin Fig. 23A. tushould be underscood char this embodiment represents such, an
example of forming the wansmission cype display device.  Alwernartively, while such 2
materiat having a hi;,;.l.‘x reflective characteristic is employed as o pixel elecerode, a reflection
type display device may be manufactured. In the case that a reflection type display device
is formed, since both a reflection clecrrode and a gave wiring line may he formed at the same
time, an element substrate may be formed by employing 4 sheets of masks.

Also, insuch a case that an EDDMOS circuit as represented in Fig. 238 is fabricated by
combining an enhancement type MOS circuit with a depletion type MOS circuit, a mask
is previously formed before a conductive film is formed, and cither such an element
(preferably, phosphorous is selected) belonging to the Group XV of the periadic table or
such an element (preferably, boron is sclected) belonging to the 13-th element of the
periodic rable may be selectively added to a semiconductor which constitutes a channel
forming region. In this case, the element substrate may be formed by using 6 sheets of
masks.

Also, in this embodiment, when the eate clcc:.trc‘}gi;”is formed, both the source wiring
line of the pixel portion and the electrode of the terminal portion are manufactured at the
same time. Alternatively, these gare electrode, source wiring line of the pixel portion and
clectrode of the rerminal portion may be separacely manufacoured. For instance, after che

impurity clement has been added to the respective semiconductor layers, the insulating (il
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capable of protecting the gate ch_*.cl.:rmlc may be formed, the impuriry elements added vo the

respective semiconducror Layers may be activared, and furthermore, both the source Witk

line of the pixel portion and the electrode of the terminal portion may be manufactured on

this insulating film ar the same time by exccuting a photolithography step, while these

5 source wiring line and the elecirode of the terminal portion are made of such 1 meral

material (material mainly contains typical meral material such as aluminum, sitver, and

copper) having a fow resistance value. Then, the source wiring line of the pixel pordon and

the clectrade of the terminal portion, which have beenn manufactured in the above-

described manner, are processed by a plating process operation. Also, in order o reduce a

10 wotal number of masks, the source wiving fine of the pixel portion may be formed by way of
a printing method.

Also, while a p-channel TFT is employed as the n-channed TFT, all of the drive

circuits may be manofactured by PMOS circuits made of the p-channel type TFTs, and the

THTs of the pixel portion may be (ormed by such p-channel type THTs.

15 Embodiment mode 3]

A descripton will now be made of a transmission type semiconducror device in which
the present invention is explained below.

First, a conductive {ilm is formed on an entire surface of a substrare, and the
conductive film is shaped by a desirable shape by way of a first photolithography step.

20 Next, a current which is suicable for a plating process is supplicd from a plating-process
elecrrode 4805 so as o plate o meral film on a source wiring line. "This plating-process
clectrode 4805 is connected 1o this source wiring line. In this case, since the conductive
film is formed ro have a shape as shown in Fig. 33, the metal film can be plaied only the
source wiring line by mounting the clecrrode on the substrare,

25 e should be understood in chis specification that an expression "metal film™ indicares

Cu, Ag, As, Cr, Fe, Niy P oor an alloy of these mead elemenrs,
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Each of the above-deseribed manufacturing methods are featured by thae the source
wiring lines of the pixel portion are connecred to each other by wiring lines in order to
beconte the same potentials in the above-deseribed plating steps. Also, the wiring lines used
Lo connect the source wiring lines so as o become the same potential may be cur out by
using laser tight (CO, - Taser cre.) afrer the plaiing process operation is carried out, or may
be cur out ar the same time with respect to the substeate afrer the plating process operation
is performed. Also, a short-cireuit ring may be formed by using these wiring pacterns,

Next, aninsulating film is formed on an entire surface. A first amaorphous
semiconductor film, and a scecond amorphous semiconducror film are formed on the
insulating film in a sracked layer manner. The second amorphous semiconducror Gl
contains one conductivity type (either "n” type or "p" type) impurity clement.  An
unnecessary portion of these stacked layer film is erched so as to be removed by way of a
second photolithography step, and then, the sowrce clectrode, a gate clectrode, and 2
holding {storage) capacitor are formed, while having desirable shapes.

Next, after the resist mask of the second photolithography seep has been removed, a
portion of the second amorphous semiconductor film containing the one conductivity type
(either n-type or p-type) impurity element is removed by way of the third photolithagraphy
step. Thereafter, both a source region and a drin region of the eate electrode are
formed.

bubsequently, alter the resist mask of the third photolithography step has been
removed, a first ingerlayer insulating ik s formed in such a manner that chis firse interlayer
insulating film covers the source wiring line, the TFT of the pixel portion, the holding
capacitor, and (71‘10 terminal portion.

Next, a second interlayer insulating film is formed on the {irst interlayer insulating
fitm.  The second interlayer insulating film is made of an organic insulaging macerial
construcred of acrylic resin, Thereafter, o resist mask is formed by performing a fourdh

photolithography step, and then, acontacchole is formed by executing adrey erching process
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step. In this case, a contact hole which is reached wo the second amorphous semiconducor
film having one conductive type (either n-type or petype) impurity element of the gare
clectrade is formed; another contact hole which is reached 10 the second amorphous
semiconductor {ilm containing one conductive type (either neype or pP-type) impurity
clement of the holding capacitor is formed; and also another conract hole which is reached
to the sowrce wiring line is formed. At the same time, an unnecessary fist interlayer
insulating film and an unnecessary second interlayer insularing film of o cerminal portion are
erched, so that a terminal portion is formed.

Nexr, a second amorphous semiconductor {ilm (drain Feion)  cortaining ore
conductive type (either netype or petype) impurity clement, and a transparent pixet
electrode used to clectrically connect the holding capacitor are formed by way of a (ifth
photolichography step.

subsequently, a metal wiring line made of 3 metal maerial having a low resistance
value is formed. A gare electrode, an electrode, and a metal wiring line electrically
connected to the rerminal portion are formed by way of a sixth photolichography siep. Tlhis
electrade is used to connect the second amorphous semiconductor film which contains the
one conductivity type (either n-type or p-eype) impurity clement o the source wiring ling.
In accordance with the present invention, the gate wiring line is clectrically conneeted
through the conract hole formed in the insulating film o either a first gate electrode or a
second gate electrade. Also, the source wiring line is electrically connected through the
contact hole formed in the insulating film to both the source wiring line and a sccond
amorphous semiconductor film (source region) containing one conductiviry type (cither n-
Lype or p-type) i‘x‘n.pmit‘yé]mncm;. Also, the pixel elecrrode is electrically connected through
the contact hole formed in the interlayer insulating flm o the sccond amorphous
semiconductor film (drain region) containing onc conductivity type (cither netype or p-rype)
impurity cloment,

As previously deseribed, the rransmission type semiconducior display device can be
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manufacnred by executing the phowlithography steps six times in total. This
semiconductor display device is constituced by the source wiring line which is plated by the
metal film, the inverse-stagger type pixel portion, the holding capacitor, and the rerminal

portion.

| Embodiment mode 4)

A reflection type semiconductor device in which the present invention is embodied
will now be explained.

A reflection type semiconductor device may be manufactured by exccuring the same
manufacturing steps up to the fourth phowolithography step used ro the rransmission type
semiconductor device of the embodiment mode 3. Since a fifth photolichography siep is
carried out, a gate wiring line, an ¢lectrode used o connect a source wiving line w a second
amorphous semiconductor film (source region), a pixel clectrode, and a metal wiring line
are manufactured. The second amorphous semiconductor film conains one conductiviry
type (cither n-type or p-type) impurity element. The meal wiring [ine is clecrrically
connected to a terminal portion. 1t should also be noted that as a macerial of this meal
wiring line, it is preferable o employ such a metal marerial having a high reflection
characteristic so as to constitute the pixel electrode. That is, a typical material mainly
containing cither Al or Ag is emplayed.

In the above -described case, since the pixel electrode is formed by employing a similar
element to that of the meral wiring ling, the pixel electrode may he formed av che same time
while the fifth phoolithography scep is carried out.

As previously described, the reflection type semiconducror display device can be
manufactured by exccuting the photwlithography steps five times in total. This
scmiconductor display device is constituted by the source wiring line which is plated by the
metal film, the inverse-stagger type pixel portion, rhe holding capacitor, and the terminal
portion.
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The semiconductor devices with employment of the above-explained structures will

now be deseribed more in deail witl reference o the below-mentioned cmbodiments.

[Embodiment [

I this embodiment, & method of simuliancously manufacturing a pixel portion (n-
channel TFT) and TFTs (n-chanuel TFT and p-channel T, which is providing a CMOS
circuit of a drive circuit provided on the periphery of the pixel portion, on the same
substrate will be deseribed with reference to Figs. 1A o 10.

In this embodiment, a substrate 100 is used, whicl is made of barium borosilicare alass
such as #7059 glass and #1737 glass produced by Corning Corp. or aluminoborosilicave
glass. As the substrate 100, any substrate can be used as long as it has rransparency. A
quartz substrate may be used. A plastic substrate having heat resistance enduring a
treagment emperature of this embodimenr also may be used.

‘then, an underlying filim 101 composed of an insulating Gl such as a silicon oxide
film, a silicon nitride film, or a silicon oxide nitride fiim is formed on the substrate 100, 1
this embodiment, a two-layered structure is used as rhe underlying film 101, However, a
single insulating film or o tamination of two or more insulating films using the above
insulating film may also be used. As a first layer of the underlying film 101, a silicon oxide

nitride film 101a is formed to a thickness of 10 to 200 nm (preferably, 50 to 100 nm) by

plasma CVD, using Sildy, NH,, and N,O as reactive gas. In this embodiment, a silicon oxide
nitride film 101a (composition ratio: Si = 32%, O = 27%, N = 24%, and H = 17%)

having a thickness of 50 nm is formed. Then, as a second layer of underlying film 101, a
silicon oxide nitride film 101b s formed 10 a thickness of 50 w0 200 nm (preferably, 100 w

150 nim) by plasma CVD, using Sil, and N, O as reactive gas. In chis cmbodiment, a silicon,

a thickness of 100 nm is formed.

Then, semiconductor Tayers 102 to 105 are formed on the underlying ilm, The
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semiconductor layers 102 o IO_SIML‘ formed by forming a semiconducror film having an
amorphous structure by a known method (spurtering, LPCVLEY, plasma CVID, or the dike),
conducting a known crystallization precessing (laser cryseatlizavion, thermal crysiallization,
or thermal crystallization using a catalyst such as nickel) 1o obtin o crysuadline
semiconductor film, and patterning the filminee a desired shape, The semiconducor fayers
102 10 105 are formed o a thickness of 25 to 80 nm (preferably, 30 to 60 nm). There is no
particular Hmit regarding the material for the crystalline semiconducror film, However, @t
is preferable to form silicon or a silicon germanium alloy.  In this embodiment, an
amorphous silicon film of 55 nm is formed by plasma CVL), and therealter, a solution
containing nickel is held on the amorphous silicon film. The amorphous silicon film s
dehydrogenated (ar 500°C, for one hour), and then subjected to thermal crystatlizarion (at
550°C, tor 4 hours).  Furthermore, laser annealing is conducred for the purpose of
improving crystallization, whereby a crystalline silicon film is formed. The crysealline silicon
film is subjected o patterning by photolithography to form the semiconductor layers 107
to 105.

Furthermore, in the case of manufacturing a erystalline semiconductor film by faser
crystallization, a pulse-oscillation type or continuous light emission type excimer laser, a
YAG laser and a YVO, laser can be used. When using these Lisers, laser light emitred from
a Jaser oscillator may be condensed into a line shape by an optical system and allowed to
radiate to a semiconductor film. Crystallization conditions are appropriately selected by the
operator. However, when using an excimer laser, a pulse oscillation frequency is set to be
30 Flz, and a laser energy density is ser 1o be 100 o 400 mJ/cm® (typically 200 ro 300
mJ/em?). In the case of using a pulse oscillation YAG laser, the second harmonic thereof
may be used, a pulse oscillation frequency may be set o be [t 10 kbz, and a faser energy
density may be set ro be 300 to 600 m/em” (typically, 350 to 500 mjiem’). Laser light
condensed in a line shape with a width of 100 1o 1000 pm (e, 400 ) may be radiated

over the entire surface of a substrace, and a line-shaped laser light overlap ratio at this time
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may be set 1o be 80 o D8%.

Then, a gate insulating film 106 is formed so as 10 cover the semiconductor fayers 102
to 105, The gace insulaving Glo 100 s formed of an insulating film containtng silicon so as
to have a thickness of 40 o 150 nm by plasma CVIE or sputtering. In this embodiment, a
silicon oxide nivride fibn (compositon ratio: Si == 32%, O = 59%, N = 7%, and [l = 29}
is formed toa thickness of 115 nm by plasma CVID, Needless o say, the gate insulating (ilm
is not limited to a silicon oxide nitride film, and may have a single layer or multi-layered
structure of insulating films containing another silicon.

Then, as shown in Fig. [A, a first conductive film 1072 (thickness: 20 1o 100 nin) and
a sccond conductive film 107h (hickness: 100 to 400 nm) are laminated on the sawe
insulating film 106, In this cmbodiment, the first conductve film 1074 made of a TaMN film
having a thickness of 30 nm and the second conductive film 1075 made of o W film having
a thickness of 370 nm are fzminated thereon. The Tal filn is formed by sputtering using
Ta s a rarger in an armosphere containing nitrogen. “The W film is formed by spuccering
using W oas a target. The W {ilm can also be formed by thermal CVID using tungsten
hexafluoride (WE). Inany case, icis required o lower a resistance in order to use the W
filty as a gate electrode, and icis desirable that a resistance ratio of the W film is 20 pScmn
ot less. The resistance ratio of the W film can be lowered by enlarging crystal grains thereot.
However, in the case where there are a number of impurity elements such as oxygen in the
W film, cryseallization is inhibited, and the resistance of the W film is increased. Therelore,
in this embodiment, the W film is formed by sputtering using high-purity W (purity:
99.9999% or 99.99%) as a target so that no impurity may be allowed o enter in che W kilm
from a vapor phase during the film formation, whereby a resistance ratio of 9 1o 20 p8em
can be achieved.

In this embodiment, the first conducsive film 1074 s made of TaM, and che second
conductive film 107h is made of W, Flowever, the present invention is not limived therero.

Poth the films may be formed of an element selected from Ta, W, T Mo, Al Cua, Cr,and
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Nd, or an altoy material C.(")I'Ilfi'lilll'l.‘l,‘.{ the element as its main component or a compound
material. A semiconductor film such as a polycrystalline silicon film doped with an impurity
clement such as phosphorus may also be used,  Furchermore, the following combination
may be used: the fiest conducrive film made of a tanalume (1) il and the second
conductive film made of 2 W film; the first conductive film made of avicanium nicride (TiN)
film and rhe second conductive film made of a W filne the {irst conductive film made of a
vantalum nitride (TalN) film and the second conductive Gilm made of an Al Gloy che fiese
conductive fbm made of cantalum nivride (TaN) film and the second conductive film made
of a Cu {ifm.

Then, masks 108a 1o 11 2a made of a resist are lormed by photolithography, and frst
erching processing for forming clectrodes and wiring is conducred. The ficst erching
processing is conducred as firse and second erching conditions. In this embodiment, under
the first etching condition, etching is conducted by an inductively coupled plasma (ICP)
ctehing method, inwhich plagma is generaced by using CF,, Cl,, amd O, as crehing gag {flow
rate: 25/25/10 (scem)) with an RE power (13,50 MIZ) of 500 W supplicd to a cotl-shapod
clectrode ava pressurc of 1 Pa. As the ciehing gas, chlorine type gas such as C1L, BCL, SiC,
ancd CCL or fluorine gas such as CF,, SE and NF,, or O, can be appropriately used. Herein,
a dry etching apparatus (Model E645- TCP) using ICP produced by Matsushita electric
substrate side (sample stage), whereby a substancially negarvive self-bias volrage is applied
thereto. Under the first etching condition, the W fitm is etched and end portions of the first
concluctive layer ave capered. Under the fivst etehing c\m‘:.dil:iam, an ctching rate with respect
to Wois 20039 nm/min., an ctching vate with respect to TaN is 80.32 nm/min., and a
selection ratio of Wowith respect to TaN is abour 2.5, Furthermore, under the fivst crching
condition, a taper angle of W becomes about 26°,

Thereafter, without removing the masks 1084 to 1120 made of a resist, crching is

conducred for abour 30 scconds under the second etching condition, in which plasma s
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generated by using CIF and Cl, '.-‘.1;5 etching gas (flow rate ratio: 30730 (sccm)) witl an RE
power (13.56 MII!) of 500 W supplicd o a coil-shaped clecorode ata pressure of 1 Pa. An
RE power (13.50 MIHZ)Y of 20 W is also applicd to the substeate side (sanple stage), whorehy
a substantiafly negative selt-biag voltage is applicd therero, Under the second etching
condition using a mixture of CFyand Cl, as eriching gas, the W film and the TaN filnyare
etched to the same degree. Under the second etching condition, an etching rate with
respect to Wis 58.97 nm/min., and an etching rate with respect to TalN is 60,43 nm/min,
In order to conduct etching without leaving any residual on the gace insulading film, an
crching time may be increased hy abour 10 1o 20%.

According to the firse etching processing, by appropriacely prescribing the shape ot a
resist mask, the end portions of the first conductive tayer and the second conductive layer
are tapered due to the effect of a bias voltage applied to the substrate side. The angle of the
taper portion may be 15 to 45°

Thus, conductive layers 113 1o 117 (first conductive layers 1132 to 117a and second
conductive layers 1130 to 117h) of o first shape compaosed of (st conductive layers and
second conductive Layers are formed by the first erching processing (Fig. 1B). The widch of
the first conductive layer in the channel length direction corresponds o the first widih
shown in above Embodiment modes. Although not shown, regions of the insulating film
106 to be a gate insulacing film, not covered with the conductive layers 113 to 117 of a first
shape, are ctched by about 10 o 20 nm o be thin.

Without removing the resist masks, the firse doping processing is conducted, whereby
an impurity element providing an n-type is added ro the semiconducror tayers (T'ig, 4.
The doping processing may be conducted by ion doping or ion implantation. Ion doping is
conducted under the conditions of a dose amount of I x 10" w0 5 x 10%/cm” and an
acceleration voltage of 60 1o 100 keV. In chis embodiment, doping is conducted ava dose
amount of 1.5 x 10%/em” and an acceleration voltage of 80 keV. As the impurity clement

providing an n-type, an element helonging 1o Group XV, typicatly, phosphorus () or
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arsenic (As) isused. Herein, pl‘l(,?ﬂ.-ii_')[‘l(.’)['[l:i (P} is used. Trvrhis case, the conductive fayers 113
to 116 function as masks with respect to the tmpurity element providing an ne-type, wherchy
high-concentration impurity regions 118 to 121 are formed in g self-alignment nuanner. An
impurity element imparting an n-type is added o the high-concentmsion impurivy regions
I8 10 121 ina concentration of 1 x 10%ta [ x 107 /cm?,

Then, withour removing the resist masks, second erching processing is conducued.
Hercin, erching is conducted for 25 seconds by using SEy, Cly, and O, as erching gas (flow
rate ratio: 24/12/24 (sccm)) with an RE pawer (13.56 MHZ) of 700 W supplicd to a
coil-shaped clectrode at a pressure of 1.3 Pa ro thereby generate plasma, An RE power

(13.56 MHZ) of 10 W is also applicd o the substrate side (sample stage), wherchy a

“substantially negative self-bias volrage is applied therero. In the second erching processing,

an etching rate with respect to W is 227.3 nm/min., an ctching rate with respect o 7aN is

32.1 nm/min., and a selection ratio of W with respect to TaNis 7.1 An erching rate with

espect to SION that is the insulating Glm 106 1 33.7 n/min. In the case of using SF, as

the erching gas, a selection ratio with respect to the insulating filny 106 is high, so chat a

r
decrease in a film thickness can be suppressed.

The mper angle of the second conductive Tayer (W) hecomes 707 in the secomd
etching processing.  Furthermare, in the second erching processing, sccond conductive
layers 122h ro 126b are formed. On the other hand, the first corductive lavers are hardly

ctched to form first conductive layers 122410 126a. In addition, che masks from resist 108

to 1124 are changed its shape into masks (rom resise 108h to 1120 by the sceond crehing

processing (Fig. 1D). Although notshown, actually, the widch of the first conductive layers
is narrowed by about 0.15 um (i.c., abow 0.3 pm over the rotal line wideh) compared wich
the state before the second ctching processing.  Furthermore, the width of rhe second
conductive layer in the channel lengrh direction corresponds o the second width shown
in Embodiment modes.

The elecrrode formed by the first conducrive layer 1222 and the second conducrive
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layer 122b becomes the n.--ci'n-:mnu.l TET type gate electrode of the CMOS circuin formed in
the following steps. The electrade formed by the fivst conductive laver 1252 and che second
conductive Tayer 1250 becomes an elecrrode of the holding capacitor formed in the
following steps.

It is also possible 1o use CF, Ch, and O, as the etching pay in che second ctehing
processing. In this case, erching may be conducted by generating plasma under a flow rate
ratio of 25/25/10 (scem) with an RE power (13.56 MIHZ) of 500 W suppiied to a coil-shaped
electrode ava pressure of 1 Pa. An RF power (13.56 MHZ) of 20 W is also applied 1o the
substrate side (sample stage), whereby a substantially negative self bias voltage is applicd
thereto. In the case of using CF,, CL, and O, an etching rate with respect to Wis 124,62

nm/min., an etehing rate with respect to 'TaN is 20.67 nm/min., and a selection ratio of W

case, the regions of the insulating film 106, not cavered with the conductive layers 122 to
126 of a fiest shape, are etched by abour 50 nm ro be chin,

Then, after removing the resist masks, second doping processing is conducred o
obrain a state shown in Fig. 2A. Doping is conducted using the second conducrive layers
122h to 125b as masks with respect to an impurity element so chat the impurity clement is
added 1o the semiconductor layers below the waper portions of the first conductive layers.
In this embodiment, phosphorus (P) is used as the impurity element, and plasma doping is
conducted under the doping conditions of a dose amount of 1.5 x 10"cm?, an acceleration
voltage of 90 keV, anion current density of 0.5 pA/em?, phosphine (PH,) 5% hydrogen
dilute gas, and a flow rare of 30 scem. Thus, low-concentration impurity regions 127 to 136
are formed so as w0 be overlapped with the first conductive layers in a self-alignment
manner. The concentration of phosphorus (P) added to the fow-concentrarion impurity
regions 127 to 13615 1 x 10" 10 1 x 10%cm?, and the low-concentration impurity regicns
127 to 136 have a concentration gradient in accordance with the thickness of the rper

portions of the first conductive layers. In the semiconductor layer overlapped wich the taper
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portion of the first conducuive lnyc:.r. animpurity concenteation (P econcentration) decreases
gradually from the end of the taper portion of the first conductive layer inwardly. More
specifically, in the second doping processing, a concenrrarion distribution is formed.
Furchermore, an impurity element is akso added w the high-concentration impurity ceuions
118 o 121 wo form high-concencration impurity regions 137 to 145.

In this embodiment, the width (in the channel length dicection) of the wper portion
is preferably at least 0.5 um or more up to a range of 1.5 um to 2 pm. Therefore, although
influenced by & thickness, the width in the chamnel lenoth  direction of the
low-concentration hnpurity region having a concentration gradient is not beyond a range
of 1.5 pm o 2 pm, either. Herein, although the high-concentration Ipurity regiony and
the low-concentration impurity regions are shown separately. Actually, rhere is no clear
border therebetween and regions having a concentration gradient are formed. Simifarly,
there is no clear border between the channel forming regions and the low-concentration
IMpurity regions.

Then, the region other than the pixel portion 94 are covered by the mask 146 and
third etching processing is conducted. The meral plate, the glass plawe, the ceramic plare
and the ceramic glass plate can be used to the mask 146, The upper view of the mask 146
is shown in Fig. 16. In the third erching processing, taper portions of the first conductive
layers which are not overlapped with the masgk 146 are selectively conducred dry ctching
to climinate regions overlapped with impurity regions of the semiconductor layers. The
third etching processing is conducred by using an ICP eiching apparatus, using, as ctching
was, Cly having a high selection ratio with respect to W In this embodiment, etching is
conducted for 30 seconds by generating plasma, using C1, with a flow rate ratio of 80 (scem),
with an REF power (13.56 MHZ) of 350 W supplied to a coil-shaped electrode at a pressure
of 1.2 Pa. An REF power (13,56 MHZ) of 50 W is also supplicd ro the substrate side (sample
stage), whereby a substangially negative self-bias voltage s applicd thereto. In the third
erching, first conductive layers 124 and 126¢ are formed (Fig, 21B).
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An example of conducting a third etching process is shown in this embodiment, The

a2

third etching process is not conducted if there is no need o consduct,

Next, the semiconducror liyers to be active layers of n-channel TFT are covered with
resist masks 147 formed by third phatolithography. Under chis condivion, third doping
processing is conducred. b the third doping processing, p-type impurity regions 148 to 150
(high-concentration impurity regions and low-concentration impurity regions) are formed
in which an impurity element providing conductivity {p-type) opposite to the
above-mentioned conductivity (n-type) is added to the semiconducror layers to be acrive
layers of p-channel TFTs, Since the semiconductor layers are doped with the hupurity
clement by allowing cthe impurity element to pass through the taper portions, the p-type
low-concentration impurity regions have a concentration gradient similar to that of the
n-type low-concentration impurity regions (Fig. 2C}. Using the first conductive layers as
masks with respect to an impurity element, an impurity clement providing a p-type is added
tor form p-type impurity regions 148 ro 150, In this embodiment, the p-type impurity regions
148 to 150 are formed by ion doping using diborane (3,11}, In the first and second doping
processing, phosphorus is added w the impurity regions in different concentrations.
However, by conducting doping processing so that the concentration of boron becomes £
x 100 2 x 10" /cm” in either region, whereby they function as a source region and a drain
region of a p-channel TTFT. Thus, there is no problem.

Furthermore, in the case of using the condition of preventing a decrease in - film
thickness in the sccond crching processing (for example, in the case of using S¥, as crching
gas), in order o facilivare doping of boron, etching (reactive ion crehing (RIE) using CHE,
eas) for thinning the insulating film 100may be conducted before the thivd doping
Processing.

Then, as shown in Fig. 210, an impurity clement added ro each semiconductor layer
is activated, The activation is conducred by thermal anncaling using an anncaling furnace.

Thermal anncaling may be conducted ar 400°C to 700°C, typically 500°C0 to 950°C i a
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nitrogen aunosphere having an oxygen concentration of 1 ppm or less, preferably 0.1 ppm

L4}

or less. In this emboediment, activation is conducted by hear srenument a 550°C (or four
hours. Instead of thermal annealing, faser annealing or rapid thermal annealing (RTA) ¢can
he applicd.

Though not shown in the drawing, the impurity elemerus are diffused through the
activation treatment to thereby erase the border between the n-type impurity regions (low
concentration) and the impurity regions (high concentravion) almaost completely.

In this embodiment, at rthe same time as the above-mentioned activation, nickel used
as a catalyst during crystallizavion is getrered in the impurity region containing phosphorus
of high concentration, wherehy a nickel concentranion in the :;t:mimmlu_g:l:m‘ Jayer mainly
to be a channel forming region is reduced. Ina TFT having 2 channel f'c‘,)rming.g region thus
produced, an OFF current value is decreased and ceyseallinisy is sausfacuory. The refore, a
high elecrric field effect mobility is obtained, and satistaccory characreristics can be
achieved.

Next, hear treatment is condlucted in a hydrogen atmosphere o hydrogenate the
semiconducror layers. Plasma hydrogenation (using hydrogen excived by plasma) can be
used as another method of hydrogenation.

[n the case of using laser annealing as the activation, itis desirable chat faser Hghr such
as excimer laser and YAG laser is cadiated after the abave hydrogenation.

Next, @ plating process operarion is carried our with respect 1o both the surface of the
source wiring line 126 of the pixel portion 403, and the tlecrrode surlace of the terminal
portion. Fig. 7A shows an upper view of the terminal portion just after the plaring process
operation is cayried and Fig. 7B indicates a sectional view thereof. In Bigs. 7A-71, reference
numeral 400 indicates a terminal portion, and reference numeral 401 represents an
clectrodde which is conneeted o an external verminal. Also, for the sake of simple
explanations, Figs, 7A-785 indicates one TTFT provided in the drive circuit portion 402, and

only the source wiring line 120 is indicated in the pixel portion 403, In this embodiment,
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the plating process operation w.ns carried out by employing the copper plating {luid
(manufactured by lgiijf\ "MICROFAB Cu2200. As indicated in one example of Fig. 10,
when this plating process operation is carried our, either wiring lines or electrodes, which
will be placed, are coupled wo cach ather by employing a dummy patern so as 1o become the
same potentials, When the substrace s cut out in the succeeding step, the adjoining
electrodes are cut out so as 10 be separated from cach other. Altematively, a short-circuit
ring may be formed by using the dummy patcern,

Next, a first interlayer insulaving film 155 capable of covering the source wiring line
of the pixel is formed. As this first interlayer insulating film 135, an inorganic insulaving film
mainly containing silicon may be employed.

Next, a second interlayer insutating film 150 made of an oreanic insulating marerial
is formed on the fisstinterlayer insulating film 155. In this embodiment, an acrylic resin {iim
having a thickness of 1.6 pwn was formed.

Next, a pixel clectrode 170 made of a transparent C('JI"[(‘.lLlC[li\;'C {ilm is patterncd on the
second interlayer insulaung film by employing a photomask. As che transparent conductive
film which constitures cthe pixel electrode 170, for instance, I'TO (alloy made of indium
oxide and un oxide), an alloy made of indium oxide and zine oxide (In,O, - Zn), zinc
oxide (4nQ)), and the like may be employed.

Next, while the sccond insulating {ilm s sclectively crched by employing the
photomask, a contact hole which is reached to the respective impurity regions (137, 138,
148, 149, 151, 153, 150Q) is formed; another contacy hole whicli is reached to the source
wiring line 1%6 of the pixel portion is formed; and another contace hole which is reached
te the gate clectrode 124 is formed; and also, another contace hole which is reached to the
elecrrode 1250 is formed.

MNexr, electrodes 157 ro 160 which are electrically connected vo che respective impurity
regions (137, 138, 149, 148), and » source wiring line of the drive circuir are formed;

clectrodes 169 and 163 which are clectrically connected o both the impuricy region 150

"H



i

10

20

25

and the impurity region 153 are formed; an electrode (connection clectrode) 161 15 formed
which elecerically conneets the impurity region 151 which constitutes a source region o rhe
source wiring line 126 of the pixel portion; a gare wiring line 162 which is clecricnlly
connected o the gace clectrode 124 is {ormed; and also a capacitor wiring line which is
clectrically connected to the elecurode 1250 is formed.,

Also, a pixel clectrode 170 s electrically connected to the impurity region 153 of th
pixel TEFT 206 by such an clectrode 163 which is made in conracr with and is overlapped
with this pixel electrade 170, Also, this pixel clecorade 170 is elecrrically conneeted o the
impurity region 150 of the holding capacitor 207 by another electrode 169 which is made
in contact with and is overlapped with the pixel electrode 147

Also, in this embod i‘xﬁemz, such an example is shown thay the elecrrodes 169 and 163
are formed after the pixel clectrodes have been formed. Alternatively, the conact holes are
formed and the electrode is formed, and therealter, the pixel clecrrode made of the
transparent conductive film may be formed in such a manner thar this pixel elecrrode s
overlapped with this electrode.

Also, the impurity elements capable of applying the p rype are added 1o the respective
impurity regions 135, 136, 144, 145, which may funcrion as one electrode of o holding
capacitor 207, This holding capacitor 207 is formed by clecirodes 1254 and 125h connected
to the capacitor wiring line, and also by a scmiczc)ndﬁcmr layer, while aninsulazing {ilm 106
is used as a dielectric member.

While the above-described manufacturing method is carrted our, boch thé drive cireuir
201 and the pixel portion 205 can be formed on the same substrate. The drive cireuit 201
containg the CMQS circuit 202 constructed of the n-channel type TFT 203 and the p-
channel type TFT 204, The pixel portion 205 contains the pixel TFT 206 made of the n-
channel TFT and the holding capacivor 207 (see Fig. 313). 1t should be noted that such a
subserare is referred 1o as an "active matrix substrate™ in this specilication, for the sake of

COnvenienoee.
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Fig. 5 is an upper view for indicating the pixel portion of the active marrix substrate
manufactured in this embodiment, o should also be noted thar the same reference
numerals shown in Fig. 3B are employed as those for indicaring the same, or similar
clements in Fig. 4 and Fig. 5. The dotted line A-A' shown in Fig. 38 corresponds to a
sectional view, taken along a dotted line A-A'in Fig. 4. 'The doteed line 13- shown in Fig.
3B corresponds to a sectonal view taken along a doveed line B-13 of Fig. 5. Also, Fig. 4 is
an upper view of the active matrix substrate obtained just after the source wiring line 126
of the pixel is formed.

The pixel structure of this embodiment is manufacrured in such a manner thar while
a black matyix is not employed, an edge portion of the pixel elecerode 170 is arranged 1o be
overfapped with the source wiring line 126 in order to shield spaces among the pixel
elecerodes.

Also, in accordance with the steps shown in this embodiment, a voral number uf
photomasks which are required to manufacrure the active matrix substrate could become -
$iX.

A description will now be made of steps by whick an active matrix type liquid crystal
display device may be manufactured from this active magrix substrate obained by che above
method. Fig, 6 is used to explain chis manofacturing steps.

Alter the active matrix substrate formed under such a condition of Fig. 38 has been
obtained, an orientation film 301 is formed on this active matrix substrate of Fig. 3B, and
then, the resultant active matrix substrate is processed by a rubbing process operation, It
should also be noted thav in this em bodiment, before the orientation film 301 s formed, a
spacer having a pillar shape was formed av a desirable position by patterning the organic
resin film such as an acrylic resin film in order to maintain an interval of the substrare.
Alternatively, a spacer having a spherical shape may he distribuced on an entire surface of
the substrate instead of the pillar-shaped spacer.

Next, a counter substrare 300 is prepared. A color {ilwer is provided on this counter
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substrare. In this color fileer, a (Zoi(.)!'cd layer 302 and a tight shiclding layer 303 are arranged
incorresponclence with cach of the pixels. A flasting film 304 capable of covering this color
filter and the light shiclding layer was provided. Next, a counter elecrrode 305 made of a
transparcnt conductive film was formed on the flatting film 304 i che pixel portion, and
another orienration film 306 was formed on an eatire surface of the counter subserate, and
then, the resuftant substrate was processed by the rubbing process operacion.

Then, both the active matrix substrate on which the pixel portion and che drive circuit
are formed, and the counter substrate 300 are adhered 1o cach other by using a sealing
material 307, While a {iller is mixed into the sealing matcrial 307, these rwo substrares are
adhered to cach other by maintaining an uniform interval by this filler and the piltar-shaped
spacet. Thereafter, a tiquid crystal materiat 308 is injecred inro the space berween both the
substraces 5o as to completely seal these substrates by using sealing agent {not shown). As
the liquid crystal material 308, the known liquid cryseal marerial may he employed. Then,
either the active matrix substrate or the counter substrate is cuv out so as to form a desirable
shape. In this case, the dummy pattern which is provided so as o perform the plating
[Pracess oparation s cut out.

Fig, 8A is an upper view of the active matrix liguid crystal display device alver being
cut out and Fig, 8B is a sectional view of this liquid cryseal display device, taken along a
dotted line -1, In Figs. 8A-8C, reference numeral 400 shows a terminal portion, and
reference numetal 401 indicates an electrode which is connected to the exrernal rerminal.
Alsa, for the sake of simplicity, one TFT of the drive circuit partion 402 is shown and only
the source wiring fine 126 is shown in the pixel portion 403 in Figs. 8A-8C. Also, the
clectrode 401 is electrically comnected to wiring lines 157 1o 160, 1o the terminal portion
40, a portion of the elecrrade 401 which is processed hy the plaring process operation is
exposed, and a tansparent conductive film 404 is formed.

Furthermore, a polarization plate 309 and the like were properiy provided by using the

technjque known in this field. Then, an FPCs adhered to the exposed portion within the
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terminal portion by employing the known technigue. Tig. 8C indicates 2 sectional view of
the Hauid erystal di-;_cplny device alter the FPC 405 has been adhered thererao.

Referring now to an upper view of Fig, 9, a construction of rhe liquid crystal module
manufactured i accordance with the above-explained manner will be deseribed. Trshould
be noted the same reference numerals shown in Fig. 6 will be employed as chose for
denoting rhe same components in Fig, 9.

In the upper view of the liquid crystal module shown in Fig, 9, sucly an active matrix
substrate is adhered via the sealing material 370 to the counter substrare 300 where the
color filter is provided. On this active marrix substrate, there are formed che pixel portion,
the drive circuit, an external input terminal 319 used to adhere an FPC (Flexible Printed
Circuit) 321, a wiring line 320 used to connect the external inpur terminal 319 w input
portions of the respective circuits.

A light shiclding layer 303 is provided on the side of the counter substrate in such a
manner that this light shielding layer 3034 is overlapped with the gate-wiring-line-sided
drive circuit 201a. Another light shiclding layer 303b is provided on the side of the counter
substrate in such a manner thae this light shiclding layer 303ais overlapped with the source-
wiring-line-sided drive circuir 201b, Also, in the color filter 302 which is provided on the
side of the counter substrate on the pixel portion 205, the light shielding layers and che
colored layers made of the red (R) color, the green (GY color, and the blue (By-color are
provided in correspondence with the respective pixels, When the liquid crystal module
actually displays thereon an image, a color representation is formed by three colors
constructed of the colored layer of red (R} color, the colored layer of green((G) color, and
the colored fayer of blue (13) color. It is 5o assumed that these colored layers of the
respective colors may be arbivrarily arranged.

I this case, the color filver 302 is provided on the counter substrate so as o realize the
colar display maode, but the present invention is not limited thereto. Whenr an acrive matrix

substrate is manufactured, a color filter may be formed on chis ncrive marrix subserare,
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Also, the Hight shielding layer 303 is provided between the adjoining pixels in the color
filter so as o shiclci the light ar the place other than the display region. Alternacively, a
light shiclding layer may also be provided ar such a region capable of covering che drive
circuit, Alternatively, since the vegion capable of covering the drive circuir is covered by
a cover when the licuid crystal display device fs assembled as a display unit of an clectronic
appliance ava succeeding stage, such a light shielding layer may not be especially provided.
Also, when the active mawrix subserate s manufactured, the light shielding ayer may be
formed on che active macrix substrate.

Also, an FPC 321 consticured by a hase film and 2 wiring line is adhered o the
external input wenninal by employing anisotropic conductive resin, Furthermore, this FPC
321 is furthermore reinformed by a reinforcement plate so as to coaphasize a mechanical
strength.

Also, i this example, all of the drive circuits are formed on the substrate.
Alternatively, several picces of ICs may be erployed in g portion of the drive cireuits.

The liguid crysral module manufactured in the above-described manner may be
employed as display units of various sorts of electronic appliances. When this liguid crystal
module is assembled, a back light 310 and a light conducting plate 311 are provided, which
is covered by a cover 312, an active matrix wype liquid cryseat display device indicated in Fig,
O may be accomplished. Tushould also be noted thar the cover 312 is adhered to the liquid
crystal module by employing adhesive agent and organic resin, Also, when the substrate is
adhered to the counter substrate, both the substrate and the counter substrate may be
surrounded by a frame, and a space beoween the substrate sl this frame is GHed wich

organic resin so as to adhere chis substrate to the frame.

[Embodiment 2|
The present invention is featured by thar a source wiring line of a pixel portion is

formed by way of such a different step from that of @ source wiring line ol a drive circuit.
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In this embodiment, a different poine from that of the prior art will now be explained with
reference o Fg. 10. t should be understood that in Fig. 10, only three picces of source
wiring lines 91 of the pixel portion, and only three picces of gate wiring liens 97 are
displayed for the sake of simplicity. Also, the source wiring lines 91 of the pixel portion are
made of band shapes which are Tocated in parallel to cach other, and an interval among
these source wiring lines 91 is cqual o a pixel pitch.

It should also be noted thar Fig. 10 is a block construction used to realize 2 digien]
drive. In this embodiment, this block construction contains a source-sided drive eireuit Q3
a pixel portion 94, and a gate-sided drive circuit 95, It should also be noted thae an
expression "drive circuit” implies such a general rerm involving o gane-sided drive circuitand
a source-sided drive circuir,

The source-sided drive circuit 93 is provided with a shift register 93a, a larch (A) 93b,
a latch {13) 93¢, a D/A converter 93d, and a buffer 93¢, Also, the gate-sided drive cireuit
95 is provided with a shift register 95a, a level shifter 95h, and a buffer 95¢. Also, a level
shifter circuit may be provided bevween the larch (1) 93¢ and the T/A converter 93d, if
NEeCessary.

Also, in this embodiment, as represented in Fig. 10, a contact portion is present
between the source-sided drive circuit 93 and the pixel portion 94, This is because the
source wiring lines of the source-sided drive circuit and the source line 91 of the pixel
portion are formed in the different processes. In accordance wirh the presentinvention, the
source wiring lines of the pixel portion is formed in accordance with rhe different process
from the process for the source wiring lines of the source-sided drive circuit in order that the
plating process operation is carried out with respect 1o the wiring line using the same
material as that of the gate clectrade, and then, this plated wiring line is covered by a
marerial having a low resistance value,

Also, in order to perform the plating process operation, all of the source wiring lines

of the pixel portion are connecred 1o each other by employing o wiving line pattern in such
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amanner that all of these source lines became the same potential, and an clecirode 96 tor
performing a pl:-‘n:in;f;,r process operation is provided. Also, rhe terminal portion are similarly
connected o each ather by employing a wiring line partern, and an clectrode for CXCCuting
a plating process operation is provided. In Fig. 10, the clecirodes used o perform the
plating process operation are separately provided. Alternatively, while the source WITTTY
lincs arc cc‘n.'lx‘m:ct:c.d by the wiring pattern, the connected source wiring lines may he
processed by the platng process operation by a single electrode within one time. Also, a
dotied line shown in Fig, 10 constitutes a cut-out line 97 of the substrate, and indicaces such
a place which is cut oug afeer the plating process operation has bee performed.

Also, a pixel portion 94 contains a plurality of pixels, and TFT elements are provided
within these plural pixels. Also, in the pixel porrion 94, a large number of gate wiring lines
which are connecred to the gate-sided drive cireuits are provided in parallel o each other.
Also, the terminal portion is preferably covered by a material having a low resistance value,
while plating process operation is carried out with respect to an clectrode wirh employment
of the same material as that of the gate elecirade.

Alternatively, a gate-sided drive circuit may also be provided at rhe opposite side of
the gate-sided drive circuir 95, while sandwiching the pixel portion 94.

Also, in the case that the drive circuir is driven in the analog manner, a sampling
circuit may he provided instead of the latch circuit.

It should also be noted thar this embodiment 2 may be combined with the

embodimenc 1.

[Embodiment 3]

In the embodiment |, such an example is indicared, That is, the raper portion is
sclectively erched away. In chis embodiment 3, no erching process operation is carricd out.
It should be understood that since only a pixel porcion of vhis embodiment 3 is ditferens

from the embodiment |, only such a pixel portion is indicated in Figs. 11A-111.
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This embodiment 3 is such an example chat the third erching process operation of Fig,
2B of the crml,)(“.'dimth_:m: Lis nov carried our. In Fig, TTA, a gace electrode of o pixet T 709
forms a pixel electrode 700 constructed of a transparent conducrive film.

In Fig. 1A, a structure of the gate electrode s different froms the gate cleetrode
structure of the embodimeny 1, and the first conductive layers 707 and 708 awn Lt
potions. As a result, the first conductive layer 707 is overfapped with the fmpurity region,
while sandwiching the insularing film.

It should be noted that the first conductive layers 707 and 708 having the tper
porions correspond to the fisst conductive layer 1242 of the embodiment 1. Note,
reference numeral 701 indicates a source wiring ling; 720, a gate wiring line.

Also, Fig. 111 shows such an example that the resulring liquid eryscal module is made
of a triple gate structure. In Fig. 115, the first conductive layer 804 is averlapped with
impurity regions 803 and 805, while sandwiching aninsulating film. Also, a first conductive
layer 807 is overlapped with impurity regions 806 and 808, while sand wiching an insulating
film, and afirsc conductive layer 810 is overdapped with impurity regions 809 and 811, while
sandwiching an insulacing film. Note, reference numeral 801 indicares a source wiring line
(by the planting process); 820, a gare wiring line.

Since the triple gate struceure is employed in this embodiment 3, the OFF- current can
be reduced. Also, since the width of the gate electrode is made narrow, for example, 1.5
i, the OFF-current may be furcher reduced.

It should also above noted that this embodiment 3 may be freely combined with either

the embodiment 1 or the embodiment 2.

[Embaodiment 4]
The embodiment | shows such an example that the active marrix substrate used in the
cransmission type liquid cryseal display device is formed. This embodinent 4 indicares an

example of a reflection type liquid cryseal display deviee. Tt shoald be understood thar sinee
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only a pixel portion of this embodiment 4 s different from the embodiment I, only such a
pixel portion is i.m:l;.c:-u;m_i in Tig. 12,

As asubsirate, a glass substeate, 2 quartz substrate, and a plastic substrate may be
cmployed. Furthermore, since this embodiment 4 correspords o the reflection rype liguid
crystal display device, there is no specific limitation, For instance, a silicon substeate, o
metal substrate, or a stainless steel substrate where an insula ting fihm is formed on a surlhce
thereof may be alternarively cmployed.

Fig. [2 is such an example that while a plating process operation is carvied our in
accordance with the embodiment 1 so as 1o obrain a source wiring line 1401, alter a second
intetlayer insulacting filwm is formed, the resulrant substrate iy patterned by employing o
photomask to formy a contace hole, and then, the respective electrodes, o gate wiring line,
and a pixel electrode 1406 are formed. The pixel electrode 1406 is clectrical ly connecred
to an impurity region 1405, As marerials of these electrodes and the pixel elecrrode 1406,
such materials having superior reflection characteristics may be employed, e.g., either a film
mainly containing Al (aluminum), or Ag (silver) or a stacked layer film of these marerials
may be used. In Fig. 12, the pixel TFT 1402 owns a double gute structure, and also has rwo
sets of channel forming regions. These channel forming regions are overlapped with cach
other, while sandwichi ng the gare electrodes 1403 and 1404, und the insula cing film. Note,
reference numeral 1420 indicares a gate wiring lirie,

In accordance with the methad for manufacturing the structure of Fig. 12, since the
pixel electrades and the gate wiring lines can be manufactured ar the same time, a total
number of photomasks required to manufacture the active marrix substrate could be

reduced o 5.

Embodiment 5]
Figs. 13A-13C show an example of an embodiment 5 in which a source wiring ling is
b | :

formed by a different step from char of the embodiment 1
I
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Fig. 13A represents such an example that after s source wiring line 903 of a pixel
portion 911 i pr(')éc:s.u:d by a plating process opcration, an interlayer insularing film is
formed, and a conract hole is formed in this interlayer insulaving film, and thereafter, a
terminal portion 900 is processed by a plaving process operation.

First, an clecrrode 90T of the terminal portion 900 is formed ar the same step as thac
of a gare electrode 902 of a drive circuit portion 910. A source electrode 903 15 formed at
the same step as this electrode. First, only the source wiring line 903 of che pixel portion
11 is selectively processed by a plating process operation. Subsequently, an interfayer
insulating film is formed and a contact hale is formed, When this conact hole i formed,
a portion of the electrode 901 of the rerminal portion 900 is exposed. Nexe, only such an
exposed region of the electrode 901 of the terminal portion 900 i processed by a plating
process operation, so thaea plated film 904 is formed. Thereafter, an extraction wirin a ling,
a source wiring line, and a drain wiring line are formed. Subscquently, a structure shown
in Fig. 13A may be formed in accordince with the succeeding steps of the embodiment
1.

It should be noted thar the activation of the impurity elements contained in the
semiconductor layer may be preferably carried our before the plated film 904 is formed.
Note, reference numeral 920 indicaces an FPC.

Also, similar to the embodiment 1, when che plating process operation is carricd out,
the wiring lines and the clectiodes, which will be plated, are connecred ro each orher by
employing dummy patterns in such a manner that the potendals of these wiring Jines, or the
clectrodes are made equal to each other. When the substrate is cut out at the fater step,
the mutual elecrrodes ate cut out so as o be separated from cach other. Alternatively, a
short-circuit ring may he formed by using these dummy patterns.

Fig. 1313 indicates such an example that a plating prrocess operacion is carried our at
a step different from the step Fig, 13A, This embodiment corresponds to such an example

that when a gave clectrode 11002 i3 formed, a source wiring line 11003 is not formed ar the
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sSame thne,

After an inm;lnt:iru; film capable of protecting the gate elecrrode 11002 has been
formed, while the impurity elements added o the respective semiconductor layers are
activated, both asource wiring line 11003 of a pixel portion 11011 and an clectrode 11001
of a terminal porrion 11000 are formed at the same tme on the sulating film by exccuting
a photolithography step. This wiring line and the electrode are made of & meral material
having a low resistance value (typically known as meral materials mainly containing
aluminum, silver, and copper). As previously described, since the sowree wiring line 11003
of the pixel porrion 11011 is formed by employing such a metat marerial having a low
resistance value, even when the area of the pixel portion is increased, the liquid crystal
module can be sufficiently driven, Also, in order to reduce o ol number of masks. the
source wiring line may be formed by way of a printing method.

Next, while a plating process operation {clecirolytic plating method) is carried out, a
metal film is formed on both a surface of the source wiring fine 11003 of the pixel portion
10T, and also o surface of the electrode 11001 of the terminal portion 11000,
Subsequently, such a steucture shown in Fig. 138 may be formed in accordance with the
embodiment ©in the succeeding steps.

Fig. 13C indicates such an example that a source wiring line is formed at a step
different from the step shown in Fig. 13A. Note, reference numeral 11020 indicates an
FIPCC,

In this embaodiment, the source wiring line is formed by executing a printing methiod.
A conductive layer was formed in order wo improve positional precision of the sowrce wiring
line 11033 of the pixel portion 11032,

In this embodiment, conductive fayers were formed at the same steps as those of the
gate elecrrode. Next, while the mate clectrode was not covered by che insulating Gl the
impurity element was activated.  As the activation process, for instang, since rhermal

annealing operation was carried out under reduced pressure within inactive atmosphere, it
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could suppress that the gate elecirode owns the high resistance value due to oxidarion of
the conducrive lnyl*.rﬁ. Subscequently, a source wiring line wos formed by employing o
printing method inorder vo emibed o space between the conductive Tayers. Also, since the
conductive Tayer is formed along the source wiring line, it is possible to avoid the line
disconnection which may occur in the printing method (screen printing method).
Subsequently, such a structure shown in Fig. 13C may be formed in accondance with the
succeeding steps of the embodiment 1. Note, in Fig. 13C, reference numeral 11030
indicates a terminal poreion; 11031, a drive circuit portion; and 11034, an FPCL

A screen printing method is carried out as follows: for instance, while a place having
an opening of a desirable pattern is used as a mask, cither paste (dilution fluid) mixed with
metal particles (Ag, Aletc.) orink is formed from the opening on a substrate corresponding
to a member to be printed. Thereafter, the resulting substrate is thermally sintered, so that
a wiring line having a destrable pattern is formed. Since such a screen printing method i3
relatively low cost and may be applicd 1o a large area, this screen printing method may be
suitable for the present invention.

Alternatively, instead of the screen printing method, a letterpress (relicf) printing
method using a rotary drum, an intaglio printing method, and various sores of offser prinving
method may be applicd to the present invention.

The source wiring line of the pixel portion may be formed hy executing the above-
cxplained various methods.

[t should also be noted that the present embodiment 5 may be freely combined with

any one of the above-described embodiments 1 ro 4.

|Embaodiment 6]
I rhe embodiment 1, there is shown such an example of the THFT having the top gate
structure. However, the presenr invention is not limited to this TFT structure. I this

crnbodiment, Fig, 14 indicates such an example of a prxel THFT 1502 having a bottom gate
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sLructure,

First, after hoth a gate electrode 1503 and a source wiring line have been formed on
a substrate, a gate insulating (ilm is formed. Nexe, o semiconductor film is formed in such
a manner that this semiconductor film is overlapped with the gate electrode 1503 while
sundwiching the gate insularing film, Nexr, an insuating layer is selectively formed on such
a portion of the semiconductor film, which consritutes a channel forming region, and then,
a doping operation is carried our.  Subsequently, after an activation process operation is
carried our, both the semiconducror film and the gate insulating Glm are selecuively
removed. A this time, the insulating {ilm which covers the source wiring line is removed
$0 as 1o expose the surface of this source wiring line. Next, the surface of the source wiring
line is processed by the plating process operation, so that such a source wiring line 1501
having a low resistance value is formed.

Next, an interlayer insulating film is formed, a pixel elecrrode 1504 made of ITO is
formed, and then, a contace hole is formed. Nexr, an clecorode is formed which connects
the source region of the pixel TFT 1502 to the source wiring line 1501 @ gate wiring line
1520 connected ro the gate electrode is formed; and another electrode is formed which
connects the drain region of the pixel TIT 1502 to the pixel elecurode 1504,

[t should also be noted that the present embodiment 6 may be freely combined with

any one of the above-described embodiments 1o 5.

[Lmbodiment 7]

Fig. 15 indicates such an example thar a source wiring line is formed at a step differenc

from the step shown in the embodiment 1.

Fig. 15 is such an example that after an interlayer insulating {ilm has been formed, a
pixel electrode 1600 made of I'TO is formed on the interlayer insulating film, and then, o
source wiring line 1601 is formed.

In this embodiment, while the source wiring line 1601 is formed by way of the screen
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printing method, a connection electrode 1621 is provided which is emploved so as to
connect this som‘ca;. wiring line 1601 to a source region of a pixel TFT 16072,

A screen pringing mezhod s carried out as follows: for instance, white a plage having
an opening of a desirable pactern i used as a mask, cither paste (Hlution fTuid) mixed with
metal particles (Ag, Al Cu erel) or ink is formed from che opening on a substrate
corresponding to a member o be printed. Thereafter, the resulring substrate is chermally
sintered, so that a wiring line having a desirable pattern is formed. Since such a sereen
printing method is relatively low cost and may be applied 1o a large area, this screen printing
method may be suitable for the present invention.

Alernatively, instead of the screen printing method, a lfererpress (relief) printing
method using a rotary drum, an intaglio printing merhod, and various sores of offser printing
method may be applied to the present invention,

In this embodiment, while the source wiring line 1601 was made of copper, both the
connection clectrode 1621 and the gate wiring line 1021 were formed by such a triple-layer
stacked layer of Ti/Al/ 1.

[t should also be neted that the present embodiment 7 may be freely combined with

any one of the above-described embodiments 1 wo 4.

(Embodiment 8]

Fig. 17 represents an example of an upper view of a pixel in the case that a liguid
crystal module is constructed of a triple gate structure in this embodiment 8.

In Fig. 17, reference numeral 1201 indicates a semiconductor layer, reference numeral
1202 shows a gate electrade, reference numeral 1203 represents a capacitive elecerode,
reference numeral 1204 shows a source wiring line, and reference numeral 1205 denotes a
gate wiring line. Also, reference numeral 1206 indicares a capacitive wiring line, reference
numeral 1207 shows an elecerode for connecting the semiconductor layer to the source

wiring line, reference numeral 1209 indicates a pixel clectrode, and reference numeral 1208
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shows an elecerode for connecting the semiconduceor layer 1o the pixel electrode.

It this c:n-xbmihimcn!i, hoth the gate clectrode 1202 and he capacitive electrade 1203
are formed at the same step on an insulating Glm which covers the semiconducior layer
1201, The source wiring line 1204 s formed ac the same step, or different steps of these
clectrodes.  In this embodiment, after an impurivy element fas been added o the
semiconductor layer and the added impurity element has been activated, the wiring line was
formed on the gate insulacing film av a different step, and a surface thereof is processed by
a plating process operation so as to lower a resistance value of this wiring line. Also, in this
embodiment, the gace electrode 1205, the capacitive clecurode 1206, the elecirodes 1207
anct 1208 on the interlayer insulating (ilm which covers the gate clectrode 1202, the source
wiring line 1204, and 1:11.c: capacitive wiring line [203 are formed at the same step. Also, the
clectrode 1208 is provided in such a manner chat this electrode 1208 is made in conrace
with a portion of the pixel electrade 1209 and is overlapped with this portion. The pixel
electrode 1209 is made of a transparent conductive film which is formed on the interlayer
insulating film. Also, as shown in Fig. 17, as viewed from che upper swiface, the capacitive
wiring line 1206 is arranged between the clectrode 1208 and -the electrode 1207.

The gate elecurode 1202 is overlupped with the semiconductor layver 1201 at chree
positions, while sandwiching therebetween che gate insulating film, and thus, constitures a
triple gate seructure. Since a scational view of a portion near the gate elecrrode s
substantially identical to that of Fig, 1B, an explanation thereof is omirred.

Fig., 1113 is such an example that the capacitor of the pixel porton is formed in the
semiconductor layer which is different from the pixel TFT, InFig. 17, a capacitor is formed
by a portion of the semiconductor layer of the pixel TFT. To secure the capacitor, the
thickness of the insulating film may be made thin up to approximately 80 nm.

In this embodiment, since the triple gare structure 15 employed, the OFF current may
be reduced. Also, singe the wideh of the gate electrade 1202 is made narrow, for example,
1.5 pum, the OFF-current may be further reduced.
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It should also be noted that the present embodiment 8 may be freely combined with

any one of the above-deseribed embodiments 1 to 7.

HEmbodiment 9)

This embodiment 9 indicates such an example that PPTA (Phaal Pulse Thermal
Anncaling) is employed as the thermal processing operation in the embodiment 1,

The thermal process operation "PPTA" implies such a thermal processing operation
that o heating cycle by a light source (halogen lamp, meral halide lamp, high-pressure
mercury lamp, high-pressure sodium famp, xenon lamp etel), and a cooling cycle by
circulating coolant (nitrogen, helium, argon, krypton, xenon ete.) into a processing chamber
are i't‘.}.)cr;-)licl?diy carried our plural tmes. The light emission time of the light source per |
time is equal to 1 through 60 seconds, preferably, 0.1 through 20 seconds. The light source

irradiates light plural times. The light source is turned ON in an intermitent manner by

- a power supply thereof and a contrel circuit in such a manner that the holding time period

~of the semiconductor film becomes 0.5 to 5 seconds.

While the actual heating time is shortened by PPTA, since light which is selectively
absorbed by the semiconducior film is iradiated form the light source provided on one
surface side, or the light sources provided on both surface sides, only rhe semiconductor film
i5 sclectively heated (temperature increasing speed of 100 o 200 *Cliecond) without
heating the substrate itself o higher temperatures.  Also, in order to suppress the
temperacure increase of rhe substrate, this substrate is cooled from the peripheral portion
thereof by employing the coolant (temperature  decreasing speed  of ‘50 to {50
"Clsecond).

The foltowing example is indicated in which one heating process operation among the
heating process operations exccuted in Embodiment § s used in activation.

In the activadion process shown in Fie. 2D, the activation process operation is carried

out by PPTA. While a tungsten halogen lamp is employed as a light source, pulse light is
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trradiated from one surface side, or both surface sides of the substrare. Av this time, a flow
rate of "He" is f.llC['R;l:{tSC?Lﬁi/titf(ZI'{“.J;Iéit:(fi in synchronism with tarning ON/OFF of the tungsten
halogen lamp so as to selectively heat the semiconductor film.

The impurity element may be activated by this PPTA, and also, the meral cloment
which is employed o crystalize and is contained in the semiconducror tayer may be
gettering-processed from the channel forming region into the impurity region. It showld be
noted that if not only phosphorus, bur also an impurity clement capable of applying the p
vype are added into the impurity region, then a more effective effecr may be achieved., As
aresult, such a step for adding boron capable of adding the p rype may be preferably added
after the first doping step. Alternatively, while the PPTA processing chamber is set 1o sucly
a pressure reduction condition, lower than, or equal 1o 13.3 Pa, icis possible to prevent
accurrences of oxidation and contamination,

It shoukd also be noted that the present embodiment 9 may be freely combined with

any one of the above-described embodiments 1 to 8.

{Embodiment 10]

In this embodiment, a method of simultancously manufacturing a pixel portion (n-
channel TFT) and TFTs (an EEMOS circuit from n-channel 1T, which is providing a
NMOS circuit of a drive circuit provided on the periphery of the pixel portion, on the same
substrare will be described with reference o Figs. 18A to 22.

In‘this embodiment, a substrate 1000 s used, which is made of barium horosilicate
glass such as #7059 glass and #1737 glass produced by Corning Corp, or
aluminoborosilicate glass. Ay the subserace 1000, any substrate can be used as long as it hay
transparency. A quartz substrate may be used. A plastic substrare having heat resistance
enduring a treatment temperature of this embodiment also may he used.

Then, an underlying film 1001 composed of an insulating film such as a silicon oxide

flm, a silicon nitride film, or a silicon oxide nitride film is formed on che subsorare 1000, In
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chis embodiment, a two-layered structure is used as the underlying Glm 1001, However, a
single insulating film or a lamination of two or more insulating filmy using the above
insulating film may also be used. As a first layer of the underlytng fitm 1001, a silicor oxide
nicrice film 100 1a is formued to a thickness of 10 w0 200 nm {preferably, 50 to 100 nm) Ly
plasma CVD, using Sikl,, NFH,, and N,Q as reactive gas. In this embodiment, asilicon oxide
nitride film 1001a (composition ratio: Si = 32%, O = 27%, N = 24%, and H = 17%)
having a thickness of 50 nm is formed. Then, as a second layer of underlying (ilm 1001, a
sificon oxide nitride (ilm 100 1h is formed to a thickness of 30 to 200 mm (preferably, 100 o

150 nm)} by plasma CVD, using Sitd, and N, O as reactive gas. In this embodiment, astlicon

having a thickness of 100 nm is formed.

Then, semiconductor layers 1002 to 1005 are formed on the underlying film. The
semiconductor fayers 1002 1o 1005 are formed by forming a semiconductor film having an
amorphous structure by a known methad (sputtering, LPCVD, plasma CVI, or the like),
conducring a known crystallization precessing (laser erystallization, thermal crystailization,
or thermal crystallization using a catalyst such as nickel} o obtain o crysuliine
semiconductor film, and patterning the film into a desired shape. The semiconductor layers
1002 to 1005 are formed to a thickness of 25 10 80 am (preferably, 30 to 60 nm). There is
no particular limit regarding the marerial for the crystalline semiconductor film. However,
it is preferable o form silicon or a silicon germanium alloy.  In this embodiment, an
amorphous silicon film of 55 nm is formed by plasma CVD, and thereafter, a solution
containing nickel is held on the amorphous silicon {ilm. The amorphous silicon film s
dehydrogenated (at 500°C, for one hour), and then subjected to thermal erystallization (at
550°C, for 4 hours). Furthermore, laser annealing is conducted for the purpose of improving
crystallization, whereby a crystalline silicon film is formed. The crystalline sificon {ilon s
subjected o parterning by phorolithography to form the semiconducror layers 1002 to
1005.
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Furthermore, alter the semiconductor layers 1002 ro 1009 are formed, doping of a
Irace amaount c'nf'imi:.)uri.[:y clements (horon or phosphorus) may be appropriacely conducted
50 as o manufacture separately enhancement type and depression type.

Furthermore, in the case of manufacturing a crystalline semiconducror film by Liser
crystallization, a pulse-oscillation type or continuous light emission iype excimer Iaser, 2
YAG laser and a YVO, laser can be used. When using these lasers, taser light emitted (rom
a laser oscillator may be condensed into & line shape by an optical system and allowed oo
radiate to a semiconductor film. Crysrallization conditions are appropriately selected by the
operator. Fowever, when using an excimer laser, a pulse oscillation frequency is set to be
30 Hz, and a laser energy density is ser to be 100 1o 400 m)/em® (typically 200 to 300
mJ/em®). In the case of using a pulse oscillation YAG laser, the second harmonic thereof
may be used, a pulse oscitlation frequency may be sev o be 1o 10 klHz, and a taser energy
density may be set to be 300 o 600 m)/em?® (typically, 350 to 300 mj/em?). Laser light
condensed ina line shape with a widdh of 100 ro 1000 pm (e.g., 400 pm) may be radiated
over the entire surface of a substrate, and a line-shaped laser light overlap ratio ac chis time
may be ser o be 80 to 98%.

In addition, the state of taser radiation is shown briefly in Fig. 25. The laser ight
emitted from the taser light source 6101 is radiated to a large substrate 6105 by the oprical
system 6102 and the mirror 6103, The arrow on the large substrate shows a scanning
direction of the laser lighe, Fig. 25 shows executing a multiple pattern to form six substrates
sized 12.1 inches from the larde substrate 6105 sized 650 % 550 nm,

Then, a gate insulating film 1006 is formed so as 1o cover the semiconductor layers
1002 to 1005, The gate insulating film 1006 is formed of an insulating film containing

silicon so as ro have a thickness of 40 o 150 nm by plasma CVI or sputtering. In this

ancl == 29%) is formed to a thickness of 115 nm by plasma CVIDL Needless to say, the gawe

insulating film is not limited to a siticon oxide nitide film, and may have a single layer or
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reulti-layered structure of il].Sl‘ll:.ll'i.!"lf‘_‘{ filins containing another silicon,

Then, as shown in Fig, T8A, o first conductive film 10072 (thickness: 20 to 100 nm)
and a second conductive film 10070 (thickness: 100 10 400 nm) are laminared on the aate
insulating film 1000, In this cmbadiment, the firse conductive film 1007a made of o TaN
film having a thickness of 30 nm and the second conductive film 10075 made of ¢ W film
having a thickness of 370 nm are laminated thercor. The TalN film s formed by sputiering
using Ta as a target in an aumosphere containing nitrogen, The W film s formed by
sputtering using W oas a target. The W film can also be formed by thermal CVE using
rungsten hexatluoride (WT). Inany case, it is required to lower a resistance in order to use
the W film as a gate clecrrode, and ivis desirable thar a resistance ratio of the W film is 20
pLdem or less. The resistance ratio of the W film can be lowered by entarging crystal arains
thereof. However, in the case where rhere are a number of impurity elements such as
oxygen in the W f{ilm, crystallization is inhibited, and the resiscance of the W film is
increased.  'Therefore, in this embodiment, the W film is formed by sputtering using
high-purity W (purity: 99.9999% or 99.99%) as a targer so thar no impurity may be allowed
to enter in the W {ilm from a vapor phase during the film formation, wherehy a resistance
ratio of 9 to 20 uQcm can be achieved.

I this embodboent, the first conductive film 10073 is made of TaN, and the second
conductive film 1007h is made of W. However, the present invention is not limited therero,
Both the films may be formed of an element selected from 1a, W, Ti, Mo, Al, Cu, Cr, and
Nd, or an alloy material conraining the elemenr as irs main component or a componnd
material. A semiconductor film such as a polyerystalline silicon filim doped with an impurity
clement such as phosphorus may also be used. Furthermore, the following combination
may be used: the first conductive film made of a antalum (Ta) film and the second
conductive film made of a W ilmy; the first conductive filim made ofa rivanium niride (TiN)
film and the second conducuve film made of a W fitm; the first conductive film made of a

tantalum nitride (TaN) film and the second conductive fitm made of an Al filim; che first
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conductive filim made of 1:;:11.*1&1[(1;11. nitride (TaN) film and the second conductive film made
of a Cu film.

Then, masks 1008a to 101 2a made of a resist are formed by photolichography, and fivse
etching processing for forming electrodes and wiring is conducted.  The first crehing
processing is conducted as first and sceond erching conditions. Tn this embodiment, under
the first erching condivion, etching is conducted by an inductively coupled plasma (1CP)
etching methaod, in which plasma is generated by using CF,, C, and O, as etching gas (flow
rate: 25/25/10 (scem)) with an RE pawer (13.56 MHZ) of 500 W supplicd to a coil-shaped
electrade ava pressure of T Pa. As the erching gas, chlorine type gas such as CL, BCL, SiCCL,,
and CCI, or fluorine gas such as CF,, SE,, and NF,, or O, can be appropriately used. Herein,
a dry erching apparatus (Model E645- 1CP)Y using 1CP produced by Matsushita eleceric
Industrial Co., Ltd. is used. An RF power (13.56 MHMZ) of 150 W is also applied to the
substrate side (sample stage), wherchy a substantially negative self-bins voltage is applicd
thereto, Under the first etching condition, the W fitm is etched and end portions of the first
conductive layer are tapered. Under the first erching condition, an etching race with respect
toy Wis 200.39 nm/min., an etching rate with respect to TaN is 80.32 nm/min., and a
selection ratio of W with respect to TaN is abour 2.5, Furthermore, under the first erching
condition, a taper angle of W becomes abour 26°,

Thereafrer, without removing the masks 1008a to 10124 made of a resist, crching is
conducted for about 30 seconds under the second erching condition, in which plasma is
generated by using CF, and Cl, as etching gas (flow rare racio: 30730 (scem)) wich an RE
power (13.506 MI17) of 500 W supplied 1o a coil-shaped electrode ata pressure of | Pa. An
RIF power (13.56 MHZ) of 20 W is also applied to the subsirare side (sample stage), wherely
a substantially negative sclf-bias voltage is applied thereto. Under the second erching
condition using a mixture of CF, and Cl, as etching gas, the W film and the TaN film are
ctched o the same degree. Under the second etching conditon, an crehing e with

respect to Wis 58.97 nm/min., and an crching rate with respect to TaN is 66.43 noi/min,
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In order to conduct erching without leaving any residual on the gate insulating film, an
etching thme may he increased by about 10 o 20%.

According to the first crching processing, by appropriately proscribing the shape of w
resist mansk, the end portions of the first conductive layer and the second
conductive layer are tapered due 1o the effect of a bias voluage applied o the substrate side.
The angle of the taper portion may be 15 1o 457,

Thus, conductive fayers 1013 to 1017 (first conductive layers 10134 to 10172 and
sccondd conductive layers 1013b to 1017b) of a first shape composed of first conductive
fayers and second conductive layers are formed by the fivst crching processing (Fig, 1813).
The width of the first conductive layer in the channel lengeh direction corresponds to the
first width shown in above Embodiment modes.  Although not shown, regions of the
insudacing film 1006 to be a gate insulating film, not covered with the conductive layers
1013 w0 1017 of a first shape, are ctched by abour 10 10 20 nm to be thin,

Withouwt removing the resist masks, the first doping processing is conducted, whereby
an impurity element providing an n-type is added o the semiconductor layers (Fig, 18C).
The doping processing may be conducted by ion doping or ion implantation. Ton doping is
conducted under the conditions of a dose amount of 1 x 107 1o 5 x 10%/cm’ and an
acceleration voltage of 60 vo 100 keV. In this embodiment, doping is conducted ata dose
amount of 1.5 x 10" /cm® and an acceleration voltage of 80 keV. As the impurity element
providing an n-type, an elmm‘:ntrl belonging to Group XV, wpically, phosphorus () ot
arsenic (As) is used. HMerein, phosphorus (P) is used. In this case, the conductive layers
1013 to 1016 function as nmsks with respect to the impurity element providing an n-type,
wherchy high-concentracion impurity regions 1118 to 1121 are formed in a self-alignment
manner.  An inpurity element imparting an n-type is added vo the high-concentration
impurity regions 1118 to 1121 in a concentration of 1 x 1070 1 x 10*/cm’.

Then, without removing the resist masks, second erehing processing s comducred.

"

Herein, etching is conducted for 25 seconds by using St Cly, and O, as erching gas (flow
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rate ratio: 24/12/24 (scem)) with an RF power (13.56 MHZ) of 700 W supplicd ro
coil-shaped electrode at a pressure of 1.3 Pa to thereby generate plasma. An RIF power
(£3.56 MHZ) of 10 W is also applicd to the subsurate side (sample stage), wherehy a
substantially negadive self-bias voltage is applied thereto. In the second crehing processing,
an etching rate with respect to Wis 227.3 nm/min., an cteling rate with respect ro TaN iy
32,1 nm/min., and a selection ratio of W with respect to TalN 15 7.10 An crching race with
respect to SION thatis the insulating (ilm 1006 is 33.7 nm/min. [n the case of using SE, as
the ctching gas, a selection ratio with respect ta the insudacing film 1006 is high, so rhat a
decrease in a film thickness can be suppressed.

The taper angle of the second conductive layer (W) becomes 70° in the second
erching processing.  Furthermore, in the sccond ctching processing, sccond conducrive
layers 1122h to 1126b are formed. On the other hand, the first conductive layers are hardly
etched o form firse conductive layers 11224 to 11264, [n addition, the masks from resise
10084 to 10124 are changed ivs shape into masks from resist L1008k vo 101 2h by the second
erching processing (Fig, 1802}, Although not shown, actually, the wideh of the first
conductive [ayers is narrowed by about 0,15 wm (e, about 0.3 wm over the toal line wideh)
compared with the state before the second etching processing. Furthermaore, the width of
the second conductive layer in the channel length direcrion corresponds o the secord
width shown in Embodiment modes.

The electrade formed by the first conductive layer 11220 and the sccond conductive
layer 1122b becomes the n-channel THT type gate electrode of the CMOS circuit formed
in the following steps. The electrode formed by the first conducrive layer 1125a and the
second conductive layer 11250 becomes an electrode of the storage capacitor (ormed in the
following steps.

[t is also possible to use CF,, Cl, and O, as the crching gas in the second crching
processing. [n this case, ctehing may be conducted by gencracing plasma under a flow rare

ratio of 25/25/10 (scom) with an REF power (13,56 MHZ) of 500 W supplicd o a coil-shaped
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clectrade aca pressure of 1 Pa. An RE power (13,56 MFHZY of 20 W is also applicd 1o the

substrate side (sample stage), wherehy a substancially neeative self biag voliage is applied

therero. [ the case of using CF,, Cl, and O, , an etching rate wich respect (o W is 174.62
nm/min., an etching rate with respect 1o TaMN is 20.67 nma/min, and a selection ratio of W
with respeer to TaN is 6.05. Thus, the W filny is selectively etehed, Furthermore, in this
case, the regions of the insuladng (ilm 1006, not covered with the conductive layers 1122
to 1E20 of a first shape, are erched by about 50 nm to be thin.

Then, after removing the resist masks, second doping processing is conducied o
obtain a state shown in Fig. [9A. Doping is conducted wsing the sccond conducrive Layers
1122b o 1125b as masks with respect to an impurity element so thas the impuricy clement
is added to the semiconductor layers belaw the taper portions of the firsc conducrive layers.
In this embodiment, phosphorus (P) is used as the impurity clement, and plasma doping is

conducted under the doping conditions of a dose amountof 1.5 x 10%cm?, an acceleration
voltage of 90 keV, an ion current density of 0.5 pA/cm®, phosphine {PI,) 5% hydrogen
dilute gas, and a flow race of 30 scem. Thus, low-concentration impurity regions 1127 1o
1136 are formed 50 as ro be overlapped with che first conducrive tayers in a self-alignment
manncr. The concentration of phosphorus (P) added 1o the low-concentration impurity
regions 1127 to 1136145 1 x 10" 10 | x 10™cm?, and the low-concencracion HIPULLLY Feyions
L127 1o 1136 have a concentration gradient in accordance with the thickness of the taper
portions of the first conductive layers. [n the semiconductor layer overlapped with the taper
portion of the first conductive fayer, an impurity concentration (I concentration) decreases
gradually from the end of the taper portion of the first conductive fayer inwardly. More
specifically, in the second doping pracessing, a concentration distribution s formed.
Furthermore, an impurity element is also added to the high-concenrracion impurity regions
A8 vo 1121 o form high-concentration impurity regions 1137 to 1145,

[t this embodiment, the width (in the channel length divection) of the tper portion

is preferably ac least 0.5 g or more up to a range of 1.5 an wo 2 um. Thereiore, although
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influenced by n rhickness, the width in the channel fength direceion  of  the
fow-concentration hi'mpx,,n:i‘l.y region having a concentration gradient is not beyond a range
of 1.5 um 1o 2 pm, cither. Flerein, although the high-concenrration impuricy regions and
the low-concentration impunty regions are shown separately. Actually, there is no cloar
border therebetween and regions having a concentration gradient are formed. Similarly,
there is no clear border between the channel forming regions and the low-concentration
IMPUrity regions.

Then, the region other than the pixel portion are covered by the mask 146 and chird
ctching processing is conducted. The meral plate, the glass place, rhe ceramic plave and the
ceramic glass plate can be used to che mask 146, The upper view of the mask 146 is shown
in Fig. 16, In the third etching processing, wper portions of the fist conductive fayers
which are not overlapped with the mask 146 are selectively condueted dry erching o
climinate regions overlapped with impurity ::cgi‘c"ms of the semiconductor ayers. The third
ctching p.mr:czssing is conducted by using an [CP ciching appararus, using, as etching gas,
Cly having a high selecrion ratio with respect to W, In this embodiment, crching is
conducted for 30 seconds by generating plasma, using Cly with a (low race ratio of 80 (scem),
with an RE power (13.56 MEZ) of 350 W supplicd to a coil-shaped clectrode at a Pressure
of 1.2 Pa. An RF power (13.56 MEZ) of 50 W is also supplied to the substrare side (sample
stage), whereby a substandiafly negative self-hias voltage is applicd thereto. [n the third
ctehing, first conductive layers 1 24¢ and 1126¢ are formed (Fig. 1913).

An example of conducting a third ctching process is shown in this embodiment. The
third etching process is not conducued if there is no need w conduct,

Then, as shown in Fig. 191, an impurity element added w cach semiconductor layer
is activated. The activation is conducted by thermal annealing using an annealing furnace.
Thermal annealing may be conducted ar 400 1o 700°C, typically 500 w0 550°C in a nicrogen
atmosphere having an oxygen concentration of 1 ppm or less, preferably 0.1 ppm or less,

I this embodiment, activarion is conducted by heat treatmenr ar 350°C for four hours.
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Instead of thermal annealing, laser annealing or rapid thermal annealing (RTA) can be
applied.

Though not shown in the drawing, the impurity elements are diffused through the
activation treatment to therehy erase the border between the n-type impurity regions (fow
concentration) and the impurity regions (high concentration) almost complerely,

In this embodiment, at the same time as the above-mentioned activation, nickel used
as a catalyse during cryseallization is getrered in the impurity region containing phosphorus
of high concentration, whereby a nickel concentration in the semiconductor layer mainly
to be a chavnel forming region is reduced. Ina TF 1 having a channel forming region chus
produced, an OFF current value is decreased and cryseallinity is satisfactory, Thereflore, a
high clectric field effect mobility is obtained, and satisfactory characreristics can be
achieved.

Next, heat treatment is conducted ina hydrogen atmosphere so as ro be hydrogenared
the semiconductor layers. Plasma hydrogenation (using hydrogen excited by plasma) can
be used as another method of hydrogenation.

In the case of using laser annealing as the activation, itis desirable thae laser light such
as excimer laser and YAG laser is radiated afrer the above hydrogenation.

Next, a plating process operation is carvied out with respect to both the surface of the
source wiring line 1126 of the pixel portion, and the clectrode surface of the terminal
portion. Fig. 7A shows an upper view of the active matrix type tiquid crystal display device
just after the plating process operadon is carried and Fig. 7B indicates a scetonal view
thereof, In Figs. 7A-7B, reference numeral 400 indicates a terminal portion, and reference
numeral 401 represents an electrode which is connecred vo an excernal terminal. Also, for
the sake of simple explanations, Figs. TA-7B indicate one THT provided in dhe drive circuit
portion 402, and only the source wiring line 1126 is indicated in the pixel portion 403, In
this embodiment, the plating process operation was carvied out by employving the copper

plating fluid (manufactured by EEJA - "MICROFAR Cu2200".  As mdicared in one
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example of Fig, 10, when this platng process operation is carried cur, either wiring lines or
elecrrades, which will be plated, are coupled wo each other by employing a dummy pattern
50 as 1o become the snme potencials. When the substrate is cu oue in the succeeding step,
the adjoining clectrodes are cut out so as to be separated (rom each other. Alrernatively,
a short-circuit ring may be formed by using the dummy paccern.

Next, a first interlayer insulacing film 1155 capable of covering the source wiring line
of the pixel is lormed. As this first interlayer insulating film 1155, an inorganic insulating
fibm mainly containing silicon may be employed.

Next, a second irnerlayer insularing film 1156 made of an organic insulating marerial
is formed on the fiest incerlayer insulating film 1155, In this embodiment, an acrylic resin
film having o thickness of 1.6 um was formed.

Next, a pixel electrode 1147 made of a cransparent conducrive Gl s patiermed on the
sccond interlayer insulating (ilm by comploying a photomask. As the transparent conductive
film which constitutes the pixel electrode 1147, for instance, [TO (alloy made of indium
oxide and tin oxide), an alloy made of indium oxide and zinc oxide (In, Oy - Zn0)), zinc
oxide (ZnQ), and the like may be employed.

Next, while the second insulating film is sclectively ciched by cmploying the
photomask, a contact hole which is reached 1o the respective impurity vegions (1137, 1138,
1139, 1140, 1151, 1153, 1144) is formed; another contact hole which is reached vo the
source wiring line 1126 of the pixel portion iy formed; and another contact hole which is
reached to the gate clectrode 1124 is formed; and also, another contact hole which is
reached to the elecerode 1125h s formed.

Next, electrodes 1157 to 1160 which are elecrrically connectred ro the respective
impurity regions (1137, 1138, 1139, 1140}, and a source wiring line of the drive cirquit are
formed; electrodes 1150 and 1163 which are electrically connected o both the impurity
region 1144 and che impurity region 1153 are formed; an elecirode (connecdon elecrrode)

1161 is formed which clecrrically connects the fmpurity region 1151 which constitues a
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source region 1o the souwrce wiring line 1126 of the pixel portion; a gare wiring line 1162
which is c:lcctricall; connected to the gate electrode 1124 15 formed; and afso a capacivor
wirtng line 1169 which is electrically connecred to the electrode 11250 s formed.

Also, a pixel electrode 1147 is electrically connected to the impurity region 1153 of
the pixel TTT 206 by such an clectrode 1163 which is made in contacr with and is
overlapped with this pixel electrode 1147, Also, this pixel clectrade 1147 is electrically
connected to the impurity region 1144 of the holding capacitor by another elecirode 1150
which is made in contact with and s overlapped with the pixel electrode 1147,

Alsoy in this embodiment, such an example is shown thae the elecrrodes 1150 and
1163 are formed after the pixel elecirodes have been formed. Alternavively, rthe COnLact
holes are formed and the electrode is formed, and thereafrer, the pixel electrode made of the
transparent conductive film may be formed in such a manner that this pixel electrode i
overlapped with this elecrrode.

Also, the impurity elements capable of applying the n-type are added o the respective
impurity regions 1135, 1136, 1144, 1145, which may function as one electrode of a holding
capaciror. "This holding capacitor is formed by clectrodes 1125 and 1125b connected 1o
the capacitor wiring line 1169, and also by a semiconductor layer, while an insulating (il
1006 is used as a dielecrric member.

While the above-described manufacturing method is carried out, both the drive circuit
and the pixel portion 205 can be formed on the same substrate. The drive circuit contains
the NMOS circuit 182 constructed of two n-channel type TF1s 1180 and 1181, The pixel
porticn 205 containg the pixel TIT 206 made of the n-channel TTT 206 and the holding
capacitor [183 (see Fig, 20B). [t should be noted chae such a subsurace is referved 1o as an
"active matrix substrate” in this specification, for the sake of convenience.

In addition, the EEMOS circuit is structured shown in Fig, 23A by using two n-
channel THIT in this ecoobodiment.

Fio. 22 is an upper view for indicating the pixel porvon of the active matrix subscrate
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manufactured in this embodiment, [t should also be noted thar the same reference
numerals shown inml*'ig;. 208 arc emploved as those for indicating the same. The doteed line
A=A shown in Fig. 20015 corresponds 1o a sectional view, taken along a dotted ine A-A'in
Fig. 22. The dored line B13 shown in Fig. 208 corresponds to a sectional view raken along
a doteed line BB of Fig. 22, Also, Fig. 21 is an upper view of the active matrix substratce
abtained just after the source wiring line 1120 of the pixel is formaed.

The pixel structure of this embodiment is manufactured in such a manner that while
a black marrix is not employed, an edge portion of the pixel clecerode 1147 is arranged to
be overlapped with the source wiring line 1126 in order to shicld spaces among the pixel
elecrrades.

Also, in accordance with the steps shown in this embodinent, a total number of
photomasks which are required to manufacture the active matrix substrate could become
five.

A description will now be made of steps by which an active macrix rype Higuid crystal
display device shown in Fig. 6 may be manufactured according ro Embodiment 1 from this

active matrix substrare obuained.

[Embodiment 11]

In such a case of n-channel type TFT shown in Embodiment 10, clements belonging
ta the group XV in the periodic table (preferably, phosphorus) or elements belonging to the
aroup X1 in the periodic table (preferably, boron) may be added to the semiconductor in
the channel forming region to selectively fabricate the enhancement type and depletion
type.

In a case where an NMOS circuit is formed by combining the n-channel TETs, i is
formed as a combination of enhancement-type TFTs (hercinafter referred to as "EEMOS
cirewit™ or a combination of depletion-type and enhancement-type TITs (hereinalier
referred ro as "EDMOS civcuit”),
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Fig. 23A shows an example of the EEMOS circuit, and Fig 233 shows an example of
the EDMOS cire uit-'-. Each of components 31 and 32 shownin Fig. 23A 05 an enhancement-
typ of n-channel TFT (hereinalrer referred to as E-wype NTFTY. Components 33 showinin
Fig. 238 is an E-rype NTEFT and 34 15 a depletion vype of nechannel TET (hereinatrer
referred o as D-type NTFT), respectively.

In Figs. 23A and 23B, V,y,, designates a power supply line o which a positive valtage
is applied (positive power supply line), and V,, designates a power supply line to which a
negative voltage is applicd (negative power supply line). The negarive power supply line
may be a ground-potential power supply line (grounded powcer supply line).

Figs. 24A-24B show an example of a shift register formed by using the EEMOS circuny
shown in Fig. 23A or the EDMOS circuit shown in Fig. 2313, Portions 40 and 41 of Figs.
24A-241 are flip-flop circuirs. Components 42 and 43 are E-vype NTEFTs. A clock signal
(CL) is input to the gate of the E-wype NTEFT 42, and a clock signal (CL-bar) of the opposice
polarity is input to the gate of the E-type NTEFT 43, A symbol indicated by 44 represents
an inverter circuit. To form this invercer circuit, che EEMOS circuir shown in ig, 23A or
the EDDMOS circuit shown in Fig. 238 is used, as shown in Fig, 24B. Therefore all of drive
circuits of the display device can be all structured by n-channel type TEFT. Nove, reference
numeral 45 indicates an NANID circuit,

Further, chis embodiment can be freely combined with any structures of Embodiments

2o 10.

[Embodiment 12]

The drive circuit and the pixel portion in accordance with the presentinvention can
be used in various modules (active matrix vype liquid crystal moduie and acrive matrix type
EC module}. In other words, the present invention can be applicd to all of the electronic
equipments having these modules as the display secrion.

The following can be given as examples of the elecrronic equipment: video camoras;
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digital cameras; head mounted displays {goggle type display); car navigation systems;
pProjectors, car Sl'czi'rgf.c,'); personal compuiers; portable information teeminals (such as mobile
compuiters, portable telephones and eleceronic notebook) . An example of these is shown
in Figs. 20/ to 27B.

Fig. 26A shows a personal compurer, and it includes a mainhody 2001, animage inpuc
section 2002, a display porrion 2003, and a keyboard 2004, The present invention is
applicable to the display portion 2003,

Fig, 26B shows a mobile computer, and ivincludes a main body 2201, a camera section
2202, an image receiving section 2203, operation switches 2204, and a display portion 2205.
The present invention is applicable 1o the display portion 2205.

Fig. 26C shows a player using a recording medium which records o program
(hieteinafter referred to as a recording medium), and itincludes a main body 24015 a display
portion 2402; a speaker scction 2403; a recording medium 2404; and operation switches
2405. This player uses DV (digital versatile disc), CD, ete. for the recording medium, and
can be used for music appreciation, film appreciation, games and Internet. The present
invention is applicable to the display portion 2402.

Fig. 27A shows a portable boole (electronic book), and it mcludes a main body 3001,
display portions 3002 and 3003, a recording medium 3004, operaion swirches 3005, and an
antenna 3006, The prcsc"n.lt .invc ntion can be applied to the display portions 3002 and 3003,

Fig. 271 shows a display, and it includes a main body 3101, a support stand 3102, and
a display portion 3103. The present invention can be applied o the display portion 3103,
which is equal to or greater than 10 to 50 inches in diagonal.

The applicable range of the present invention is thus extremely wide, and ivis possible
to apply the present invention to a manufacturing method of electronic equipments in ail
ficlds. Further, the electronic equipment of the embaodiment 12 can be realized by using a

constitution of any combination of the embodiments 1w 1L
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[Embodimaent 13]

Referring NOW 10 Fig, 28A 1o Fig. 30C and Fig. 32, a description will now be muade of
an embodiment of the presentinvention. In this embodiment, a method for manulacturing
a liquid crystal display device is indicared. Such a merhod by which a 1FT of a pixel portion
is formed on a substrare in an inverse stagger type, and a holding capacivor to be connectud
to the above-described TFT is manufacrured, will now be explaimed in deeail in accordance
with steps. Fip. 28A to Fig. 30C represent, at the same time, a rerminal portion in the
manufacturing steps, which is electrically connected to a wiring line of a circunt provided
on another substrate. This substrate provided on an edge portion of the substrace. Teshould
be noted that sectional views of Fig. 28A to Fig, 30C correspond 1o 0 sectionat view, tiken
along a line A-A' of Fig. 32.

First, a semiconductor display device is manufactured by employing a substrate 4100
having a light rransmission charcteristic. As a usable substrate, such glass substrares as
barium borosilicate glass and alumina borosilicaze glass may be emplovyed, which are typically
known as #7059 glass and #1737 glass, manufactured by Corning Inc. Such a substrate
having a light cransmission characreristic known as a quartz substrate and a plastic subsoace
may be employed as another substrate.

Afrer a conductive layer is formed over an entire surface of the above-explained
substrate 4100, a firse lichography step is carried out, a resist mask is formed, and an
unnecessary portion is removed by way of an etching process operation, so that both wiring
lines and clectrodes (namely, source wiring line 4102, gate clecuwrodes 4103 and 4104,
holding capacitor 4105, and terminal 4101) are formed (see Fig, 28A).

The above-desceribed wiring lines and electrodes may be manufacoured from materials
of such an element selecred from 11, Ta, W, Mo, Cr, Nd, of an alloy which contains the
above-explained clements, or of nitride which containg the above-describaed elements.
Furthermore, plural sets of these elements which are selecred from T Ta, W, Wo, Cop, md,

plural sets of these alloys containing the above-cxplained clements, or plural sews of niwide
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containing the above-explained elements may be stacked as the marerials of these wiring
fines and elect rodes.

Next, botk a Cu {ihn 4106 and another Cu film 4110 are formed on hoth s source
wiring line 4102 and a terminal portion 4101 by exceuting a plating method (see Fig. 26B).
By coating the source line with the copper film 4106, the wiring resistance can be dec reased
and itis possible to lower the power consumption of the display. "Fhis is advantageous when
the diagonal size of the pixel portion exceeds § inches inasmuch as the power consumprion
caused by the wiring resistance becomes significant in a larger size display. In particular, this
is advantageaus when the wirings consist of Ti, Ta, W, Mo, Cr, Nid, an alloy thereof or
nitride .c'.)_f these elemenrs, In this embodiment, Cu is employed as the metal film.
Alternatively, Ag, Aw, Cr, Fe, Ni, I't, or an alloy of these elements may be employed as this
metal film.

Also, each of the above-described manufacturing methods s featured by thavin the
plating process step, the source wiring Hines of the pixel portions are connected o each
other by using wiring lines so as to become same potentials to cach other. Also, the wiring
lines which are used to connect these source wiring lines so as to become equi-potential may
be cut out by laser light (CO, laser cte.) after the plating process operation has been
accomplished, or may be cut out at the same time when the substrate is cut out after the
plating process operation has been completed. Also, a short-cireuit ring may be formed by
using these witing patterns.

Next, an insulating film 4107 is formed over an entire surface. While a silicon nitride
film is employed as this insularing film, a thickness of this insulating film is selecred to be 50
tor 200 nm. Preferably, this insulating film having a thickness of 150 nm is formed, It should
be understood that the gate insulating film is not limited to the silicon nitride film, bur may
be manufactured by employing such an insulating filbm as a silicon oxide film, asilicon oxide
nitride film, and a rancalum oxide fibm (see Fig, 28C).

Next, a first amorphous semiconductor film 4108 having a thickness of 50 o 200 nm,
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preferably 100 to 150 nm, is formed on an entire surface of the insulacing film 4107 by
employing the km‘}v-':m merhod such as the plasma CVID mechod and the sputtering method.
Aramorphous silicon (a-5i) film is typically formed, while having a film thickness of 100
nm (sec Fig. 28C).

Next, a second amorphous semiconductor film 4 109 containing one conductivity type
(either n-type or p-type) impurity clement is formed, while having a thickness of 20 to 80
nm. The second amorphous semiconducror film 4109 containing the impurity element
capiable of applying one conductivity type (cither n-type or p-type) is formed on the entire
surface by employing the known method such as the plasma CVID medhod and the
sputtering method. In this embodiroent, while a silicon rarger into which phosphorus has
been added is employed, the second amorphous semiconductor film 4109 conraining the n-
type impurity clement was formed (see Fig, 28C).

Next, photoresist masks 4205 and 4206 are formed by way of a second
photolithography step, and then, an unnecessary portion thereof is removed by way of an
etching process operation so as to form a source wiring line 4311, As the erching method
in this case, either a wet ctching method or a dry etching method is employed (see Fig,
29A).

[n this etching step, while the second amorphous semiconductor film 4109 and che
first amorphous semiconductor film 4108 are sequentially crched aca place other than the
resist inasks 4205 and 4206, both the second amorphous semiconductor film 4203 and the
fist amorphous semiconductor film 4201 are formed in a TFT 4312 of the pixel portion.
Also, both the sceond amorphous semiconductor fitm 4204 and the first amorphous
semiconductor fitm 4202 are formed in a holding capacitor 4313,

MNext, afrer the resist masks 4205 and 4200 have been removed, a third
phiotolithography step is carvied our, and a resist mask 4207 15 formed, and also an
unnecessary portion is removed by way of an crching process operation, so thacboth a first

amorphous semiconductor film 4208, and seccond amorphous semiconductor films 4209,
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4210, 4211 are formed (see Fig. 298).

Nexe, afrer the above-deseribed vesise mask 4207 is moved, a finst interlayer insulating
film 4213 made of asilicon oxide nirride fifm having a thickness of 150 nmis formed ly way
of a plasma CVID method in such a manner that chis fisst incerlayer insularing film 4213 may
cover the source wiring line 4311, the TFT 4312 of the pixel portion, and the holding
capacitor 4313 of the pixel pordon 4314 (sce Fig, 29C).

Nexr, a second interlayer insulating film 4302 having a thickness of 1.6 wm, which
corresponds to an organic insulating material made of acrylic resin is formed on a first
interlayer insulating film 4213 made of a silicon oxide nitride film, In chis embodinent, the
organic insulating material made of the acrylic resin iy selected as the second interlayer
insulating G, Alteenatively, polyimide and the like may be employed ag the organic
material, and furthermore, an inorganic macerial may be selected. Therealter, while a
fourth photolithography step is carried out, a resist mask 4301 is formed, and then, a
contact hole is formed by executing a dry etching step. This contact hole is employed so as
to electrically connect the source wiring line 4311 to the second amorphous semiconductor
film 4209. At the same time, another contact hole is formed which is used wo electrically
connect the holding capacitor 4313 to the second amorphous semiconductor film 4211,
Also, another contact hole is formed in a terminal potion 4310, and chis contact hole is used
to electrically connect the gate wiring line to the terminal portion 4310 (see Fig. 30A).

Subsequently, a cransparent electrode film such as I'FQ (Indium-Tin-Oxide) having
a thickness of 110 nm is formed. Therdafter, since both a filth photolithography step and
an etching process step are carricd out, a trapsparent pixel electrode 4309 is formed (see Fig.
30B).

Next, in order to form a metal wiring line, both a sixth photolithography step and an
ctching process step are carried out. A meral wiring line 4303 is formed 50 as 1o electrically
connect the source wiring line 4311 to the second amaorphous semiconductor fili 4209,

Also, a metal wiring line 4303 is formed so as to electrically connect the second amorphous
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semiconductor film 4211 to the cransparent pixel electrode 4309, Also, a metal wiring line
4306 is formed so :H ro clectrically connect the transparent pixel clecerade 4309 1o the
holding capacitor 4313, Alse, a metal wiring line 4308 is formed so as o elecrrically
connect the gate elecrrode o the rerminal portion 43 10, Trshould also be noted thagas the
metal wiring material, a stacked layer il made of both a Ti (il haviog a thickness of 50
nm and an ALTi alloy film having a chickness of 500 nm may be used (see Fig. 30C).

In the method for manufacturing the semiconducror display device shown in the
embodiment 13, the meeal wiring lines are formed after the tansparent pixel elecerode such
as I'TO is formed. A total number of photolichography steps by which such a semiconducror
display device is manufactured as follows is equal o the wotal number of these
phorolithography steps for the above-described manufacturing merhod of the embodiment
13. That s, after the meral wiring lines are formed, the transparent pixel electrode such as
ITO is formed. As a result, it is possible o form either the metal wiring lines or the
transparent pixel elecrrode such as ITO in the beginning of the manufacturing step.

Since the above-described photolithography steps are carricd out six rimes, the
transmission type semiconductor display device can be manufactured whiclis constituted
by the source wiring line 4311 on which "Cu" is plated, the TFT 4312 of the inverse stagger
type pixel portion and the holding capacitor 4313 thercof, and rhe rerminal portion

4310.

g

It should also be noted that such a TFT which is formed by the activation layer by the
amorphous semiconductor film in rhig embodiment has a low fiekd-effect mobility, namely
the mobility of only 1 cm?/V sec could be obrained. As a result, a drive citcuit for displaying
an image is fabricated by an [C chip, and thus, the drive circuit 1C chip is mounted by way
of 2 TAB (Tape Automated Bonding) method, or a COG (Chip On Glass) method,

Also, the module manufaciured in the respective embodimentes by utilizing the present
embodiment may be applied ro a display portion of electronic devices shown in he
embodiment 12.
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{Embodiment 14

The embod i”IllC.['lli 13 indicates such an example that the transmission type
semiconductor display device can be f-(}l'l'l'N.;.LZI by performing the photolithography steps six
times. In accordance with this embodiment 14, a reflection wype semiconducror display
device may be manufactured by executing photolithography steps five times, the method
of which is indicated in Fig. 31.

Since manufacturing conditions of this embodiment 14 are obenined ar che same steps
as the manufacturing condition of Fig. 30A in the embodimene 13, only different
manufacturing steps will be explained as follows: Tt should be understood that portions
correspowcling to Fig. 30A are indicated by the same reference numerals,

First, after the manufacturing condition of Fig. 30A is obrained in accordance with the
embodiment 13, a mewl wiring line 4402 is formed by executing both the fifth
photolithography step and the crching process step. This metal wiring line 4402 is employed
so as o elecrrically connect the source wiring line 4311 1o the second amorphous
semiconductor film 4209, Arthe same time, a pixel clectrode 4401 is formed. Furthermore,
another meral wiring line 4405 which is electrically connected o the terminal portion is
formed (see Fig. 31B).

Since the above-described photolithography steps are carried out five rimes, the
reflection type semiconductor display device can be manufactured which is constivured by
the source wiring line 43 11 on which the meral filin is plaved, the inverse stagger type TET
4312 of the pixel portion 4314 and rhe holding capacitor 4313 thereof, and the terminal
portion 4310,

Also, the module manufacoured in the respective embodimernus by utilizing the
present embaodiment may be applicd o a display portion of elecrronic devices shown in the

embodiment 12.

[Embodiment 15]
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In the embodiment 13 and the embodiment 14, the platng process step is carried out
after the first photolithography step has been performed. I chis embodiment 15, a plaring
Process step is carried out after afourch phﬁt{)[il:h()gi‘np]"xy AT has been ['Jcrﬁ)rn‘m(.{, which
will be described with reference to Fig. 34A to Fig. 36C.

First, a semiconductor display device is manulaciured by cmploying a substrate 4900
having a light eransmission characteristic. As a usable substrace, such glass subsorates as
barium borosilicate glass and alumina borosilicate glass may be employed, which are typically
known as #7059 glass and # 1737 glass, manufactured by Corning [ng. Such a substrate
having a light transmission characreristic known as a quartz subsuate and a plastic subsirate
may be employed as another subscrate.

Atter a conductive layer s formed over an entire surface of the above-explained
substrate 4900, a first lichography step is carried out, a resist mask is formed, and an
unnecessary portion is removed by way of an erching process operation, so thac both wiring
lines and electrodes (namely, source wiring line 4902, gate elecrrodes 4903 and 4904,
holding capacitor 4905, and terminal 49C1) are formed (see Fig. 34A).

The above-described wiring fines and electrodes may be manufactured from materials
of such an element selecred from 11, T, W, Mo, Cr, Nd, of an alloy which contains the
above-explained elements, or of nitride which contains the above-described elements.
Furthermore, plural sews of these elements which are selected from T, T, W, Wo, Cr, Nd,
plural sees of these alloys containing the above-explained clements, or plural sets of nitride
containing the above-explained clements may be stacked as the materials of these wiring
lines and electrodes.

Next, an insulating film 4906 is formed over an entire surface. While asilicon nitride
film is employed as this insulating {ilm, a thickness of this insulating film s selected vo be 50
102 200 nin. Preferably, chis insulating film having a thickness of $50 i is formed. Trshoudd
be understood thar the gate insulating (iim is not limited to the silicon nitride filn, bugmay

be manufactured by employing such an insulacng film as a silicon oxide fitm, asilicon oxide
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nitride fifm, and a tantatum oxide film (see Fig, 34B),

Next, o first amorphous semiconductor {ilm 4907 having a chickness of 50 ro 200 nm,
preferably 100 to 150 nm, is formed on an entire sutface of the insulating film 4906 by
employing the known method such as the plasma CVID method and the sputtering method,
An amorphous silicon (a-51) Glm s wypically formed, white having o film chickness of 100
nm (see Fig. 34B).

Next, asccond amorphous semiconductor film 4908 containing one conductivity type
(either n-type or p-type) impurity clement is {formed, while having a rhickness of 20 to 80
nm. The second amorphous semiconductor film 4908 containing the impurity clement
capable of applying one conductivity type {either n-type or p-type) is formed on the entire
surface by employing the known mechod such as the plaswoa CVD method and the
sputtering method. In chis cmbodiment, while a silicon target into which phosphorus has
been added is employed, the second amorphous semiconductor film 4908 containing the n-
type impurity element was formed (see Fig. 34B).

Next, photoresist masks 4909 and 4910 are formed by way of a sccond
phatolithography step, and then, an unnecessary portion thereof is removed by way of an
erching process operation so as to form a source wiring line 5111, As the erching method
in this case, either a wet etching method or a dry etehing method is emploved (see Fig.
34C).

In this erching step, while the second amorphous semiconductor film 4908 and the
first amorphous semiconductor film 4907 are sequentially erched ava place other 1:!15111; the
resist masks 4909 and 4210, both the second amorphous semiconductor film 4913 and the
fist amorphous semiconductor film 4911 are formed in a TIFT 5112 of the pixel portion
2114, Also, both the second amorphous semiconducror fitm 4908 and the first amorphous
semiconductor film 4907 are {ormed ina bolding capacivor 5113,

Nexy, after che resist masks 4909 and 4910 have heen removed, a third

photolithography scep s carvied out, and a resist mask 2001 s formed, and also an
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unnecessary portion is removed by way of an etching process operation, so that both a fiest
amorphous ti(_‘.l'l'liC{')l"l(.ll.IC vor film 5002, and second amorphous semiconductor films 5003,
5004, 5005 are formed (see Fig. 35A).

Next, after the above-deseribed resise mask 5001 is moved, a first interlayey insularing
lilm 5006 made of a silicon oxide nitride film having a thickness of 150 nm is formed by way
ot a plasma CVI method insuch a manner chat this ficst ingerlayer insulating film 5006 may
cover the source wiring line 5111, the TV 5117 of the pixel portion 5114, and the holding
capacitor 5113 (see Fig, 351).

Next, a second interfayer insulating film 3008 having a thickness of 1.6 m, which
corresponds 1o an organic insulating material made of acrylic resin is formed on a first
interlayer insulazing {ilm 5000 made of a silicon oxide nitride G, Tn chis embodimene, the
organic insulating material made of the acrylic resin is selected as the second interlayer
insulating film 5008. Alternatively, polyimide and the like may be employed as the organic
material, and furthermore, an inorganic material may be sclected. Thereafrer, while a
fourth photolithography step is carried our, a resist mask 5007 is formed, and then, boch the
first interlayer insulating {ilm and the second interlayer insularing film, which are formed
on the source wiring line 5111 and the terminal portion 5110, are remaved. Also, a contact
hole is formed which is used w electrically connecr the holding capacitor 5113 to the
second amorphous semiconductor film 5005 (sce Fig. 35C).

Next, Cu films 5101 and 5102 are formed on the source wiring line 5110 and the
terminal portion ST11 by exccuting a plating process operation (see Fig. 36A). 1 this
embodiment, simitar to the embodiment 13, as the meal {ilm, Ag, Au, Cr, Te, Ni, Pr, oran
alloy of these elements may be employed.

Also, similar to the embodiment 13, cach of the above-described manufacturing
methods is featured by that in the plating process step, the sonrce wiring lines of che pixed
portions are connecred to cach other by using wiring lines soas to become same potentials

o cach other. Also, the wiring lines which are used to connect these source lines so as to
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become equi-potential may be cur out by laser light (CO, laser cre.) after the plating process
operation has been accomplished, or may be cut out ac the same rime when the substrate
i5 cut out after the plating process operation bias been completed. Also, a shorr-circuit i
may be formed by using these wiring patterns.

Subsequently, a transparent electrode film such as IO (Indiom- Tin-Oxide) having
a thickness of 110 nm is formed. Thereafier, since both a fifth photolithography step and
an ctehing process step are carried out, a trangparent pixel clectrode 5103 is formed (see Fig,
30613).

Next, in order o form a metal wiring line, both a sixth phorolithography step and an
ctching process step are carried out. A metal wiring line 5105 is formed so as ro clectrically
connect the source wiring line 5111 to the second amoerphous semiconductor film 5003,
Also, a metal wiring line 5107 is formed so as o electrically connecr the second amorphous
semiconductor film 5005 ro the transparent pixel electrade 5103, Also, a metal wirving line
5108 is formed so as w0 clectrically connect the transparent pixel clectrode 5103 o the
holding capacitor 5113, Also, a metal wiring line 5104 is formed so as to clectrically
connect the gate electrode o the terminal portion 5110, 1eshould also e noted char as the
metal witing material, a stacked layer film made of both a T film having a thickness of 50
nm and an Al-Ti alloy film having a thickness of 500 nm may be used (see Fig. 360,

I the method for manufacruring rhe semiconducror display device shown in the
embodiment 15, the meral wiring lines arce formed after the ransparent pixel elecerode such
as I'TO s formed. A toral number of photolithography steps by which such a semiconductor
display device is manufacrured as follows is equal to_the total number of rhese
photolithography steps for the above-described manufacturing mechod of the embodiment
15. That is, after the meral wiring lines are formed, the rransparent pixel clecrrode such as
1O s formed. As a result, iU s possible to form either the meral wiring lines or the
transparent pixel clecerode such as I'TO in the beginning of the manulacturing siep-

since the above-described photolithography steps are carried out six times, the
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transmission type semiconductor display device can be manufacrored which is constituted
by the source wiring line 5111 on which "Cu" is plated, the inverse stagger type TET 5112
of the pixel portion 5114 and the holding capacitor 5113 thercof, and the rerminal portion
5110.

Lt should also be noted thar when the same metal as the metal wiring line s used in
the pixel electrode, a veflection ype semiconducror device may be formed by executing the
photolithography steps five times,

Similar to the embadiment 13, the drive circuit constructed of the 1C chip is mounted
also in this embodiment.

Also, the module manufactured in the respective embodiments by arilizing the
present embodiment may be applied o a display portion of clectronic devices shown in the

embodiment 12,

{Embodiment 16]

In the above-described embadiment 13 to embodiment 15, che senmiconductor devices
correspond o such semiconductor devices that the TET of the pixel portion is made of the
channel-etched type. This embodiment 16 corresponds o sucl a semiconductor device
that a TFT of a pixel portion is made of a channel-stopped type, which will be explained
with reference to Fig, 37A to Fig, 39C.

Firsi, a semiconductor display device is manufaceured by employing asubstrate 5200
having a light transmission characreristic. As a usable substrate, such elass substrates as
barium borosilicate glass and alumina borosilicare glass may be employed, which are vypically
known as #7059 glass and #1737 glass, manufactured by Corning Inc. Such a substrate
having a light rransmission characreristic known as a quariz subsurate and a plastic subsurace
imay be employed as another substrace.

After a conducrive layer is formed over an entire surface of the above-explained
substrate 5200, a (st Hehography step is carried our, a vesise mask s {ormed, and an
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UNICCessary ;'}(')1‘11'(]}!3 is removed by way of an etching process operation, so thar both wiring
lines and clectrodes (mamely, source wiring line 5202, gare clectrodes 5203 and 5204,
holding capacitor 5205, and terminal 3201} ave (ormed (sce Fia, 37A).

‘The above-described wiring lines and electrodes may be manufactured from macerials
of such an clement selecred from Ti, Ta, W, Mo, Cr, Nd, of an alloy which congaing the
above-explained elements, or of nitride which conmins the above-described elements.
Furthermaore, plural sews of these elements which are seleeted from 11, Ta, W, Wo, Cr, N,
plural sews of these alloys containing the above-explained elements, or plural sets of nirride
containing the above-explained clements may be stacked as the materials of these wiring
fines and efectrodes.

Next, both a Cu film 5206 and another Cu film 5209 are formed on both @ source
wiring line 5202 and a terminal portion 5201 by executing a plating method (see Fig. 37B).
By coating the source line with the copper film 5206, the wiring resisrance can be decreased
and it i possible to lower the power consumprion of the display, This is advantageous when
the diagonal size of the pixel portion exceeds 5 inches inasmuch as the power consumption
caused by the wiring resistance becomes significant in a larger size display. In pacticular, s
is advantageous when the wirings consist of 'Ti, Ta, W, Mo, Cr, Nd, an alloy thereof or a
nitvide of these clements, In this embodiment, Cu is employed as the meval filn,
Alrernatively, Ag, Au, Cr, e, Ni, P, or an alloy of these elemenys may be employed as chis
metal film. In this ecmbodiment, Cu is employed as the metal film. Alternatively, Ag, Au,
Cr, Fe, Ni, P, or an alloy of these elements may be employed as this metal film.

Also, similar to the embodiment 13, each of the above-described manufacturing
methods is featured by that in the plating process step, the source wiring lines of the pixel
portions are connected to cach other by using wiring lines 5o as to become same potentials
to cach orher. Also, the wiring lines which are used o connect these source lines 50 as 1o
become equi-potential may be curour by aser light (GO, laser cee.) afrer the plating process

operation has been accomplished, or may be cut out at the same time when the substrate
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is cut out afier 1he plating process operation has been completed. Also, a short-circuit ring
may be formed by using these wiring pacterns,

Next, an insulating film 5207 is formed over an entire surface. While asilicon nicridk:
film is employed as this insulating film, a thickness of this insulating film is selecred 1o be 50
0 200 nm. Preferably, this insulatng film having a thickness of 150 nm is formed. Tvshould
be understoad char che gace insulating film is not limited vo the silicon nicride film, bur may
be manufactured by employing such an insularing {ilm as asilicon oxide film, a silicon oxide
nitride film, and a ranealum oxide film (see Fig, 370).

Next, an amorphous semiconductor film 5208 having a thickness of 50 to 200 nm,
preferably 100 to 150 nm, is formed on an entire surface of the insulating film 5207 by
employing the known merhod such as the plasma CVD method and the sputtering merhod,
An amorphous silicon (a-8i) film is typicatly formed, while having a film chickness of 100
nm (sce Fig. 370).

Next, photoresist masks 5301 and 5302 are formed by way of a sccond
photolithography step, and then, an unnecessary portion thereof is removed by way of an
ctehing process operation so as to form a source wiring Hne 54110 As the erching method
in. this case, cither a wet etching method or a dry etching method is cmployed (see Fig,
38A).

[n this etching step, while the amorphous semiconductor film 5208 is erched ara place
other than the resist masks 5301 and 5302, an amorphous semiconductor film 5303 is
formed ina TFI 5412 of the pixel portion. Also, the amorphous semiconductor film 5304
is formed in a holding capacitor 5413, e

Next, such an insulating film having 2 thickness of 100 to 200 nm is formed on an
amorphous semiconducror layer 5303, This insulating film is made of cither silicon oxide
or sitticon nitride. To Fig. 38A, second insulating layers 5305 and 53006 which constinute
channel protection films in a self-alignment manner are formed by way of an exposing

process operation, while rthe light is exposed from che rear surface and the gate electrode is
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employed as a mask,

Next, such a doping process step is carried out in order 1o form an LD (Lighty
Doped Drain) region of an n-channel type TFT, As a doping method, either an ion doping
method or an ion implanting method is carried out. Phosphorus is added as an ne-type
impurity, and while the second insulating layers 5305 and 5306 are used as a mask, iapuricy
regions 3307 to 5309 are formed. Donor concentration of this region is selected o be 1 x
10' through 1 x 107/em” (see Lig. 3813).

Next, a first interlayer insularing film 5311 made of a silicon oxide nitride film having
a thickness of 150 nm is formed by way of a plasma CVD method insuch o manner thar this
first intertayer insulating filma 5311 may cover the source wiring line 5411, the TFT 5412
of the pixel portion 5414, and the holding capacivor 5413 (sée Ty, 38C).

Next, a sccond interlayer insulating film 5402 having a thickness of 1.6 um, which
corresponds to an organic insulating macerial made of acrylic resin s formed on a first
interlayer insulating film 5311 made of a silicon oxide nitride film. In this embodiment, the
organic insulating marerial made of the acrylic resin is selecred as the second interlayer
insulating film.  Alternatively, polyimide and the like may be employed as the organic
material, and furthermore, an inorganic material may be selected. Thereafrer, while a
fourth photolithography step is carried our, a resist mask 5401 is formed, and then, »
contact hole is formed by executing a dry etching step. This contact hole is employed so as
to clectrically connect the source wiring line 5411 to the amorphous semiconductor film
5307. At the same time, another conract hole is formed which is used o elecerically
connect the holding capacitor 5413 o the amorphous semiconductor {ilm 5309, Also,
another contact hole is formed in a terminal potion 3410, and this contact hole is used 1o
electrically connecr the gate wiring line vo the verminal porvion 5410 (sce Fig, 39A).

subsequently, a transparent electrode film such as 1TO (Indium-Tin-Oxide) having
a thickness of 1O nm s tormed. Thereafier, since bath a fifth phowlichography step and

an etching process step are carried out, a transparent pixel elecerode 5403 is formed (ee Fig.
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39R).

MNexr, inorder to forne a metal wiring line, both a sixth photolivhography scep and an
ctehing process step are carricd out. A metal wiring fine 5405 is formed so as 1o electrically
connect the source wiring line 5411 to the amorphous semiconductor film 5307, Also, a
metal wiring line 5407 is formed 50 as to clecerically connect the amorphous semiconduce tor
film 5309 to the tansparent pixel clectrode 5403, Also, a mesal wiring line 5408 is formed
s0 as to clectrically conneet the ransparent pixel electrode 5403 o the kolding capacitor
9413, Also, a metal wiring line 5404 is formed so as w clectricatly connect the eate
clectrode to the terminal portion 5410, Te should also be noted thar as the meral wiring
material, a stacked layer film made of bothva Ti film having a thickness of 50 nm and an Al
Ti alloy film having a thickness of 300 nm may be used (see Fig. 39¢).

In the method for manufacouring the semiconducror display device shown in the
cmbodiment 16, the metal wiring lines are formed after the transparent pixel electrode such
as I'TOQis formed. A total number of photolithography steps by which such a semiconductor
display device is manufactured as follows is equal 10 the wal number of rhese
photolichography steps for the above-described manufacturing method of the embodiment
16, That is, after the meral wiring lines are formed, the mansparent pixet electrode such as
ITO i formed. As a resuly, it is possible o form either the metal wiring lines or the
transparent pixel elecrrode such as I'T'O in vhe beginning of the manufacouring swep.

since the above-described photolithography steps are carried out six times, the
eransmission rype semiconductor display device can be manufactured which is constitured
by the source wiring line 8411 on which "Cu"is plated, the inverse stageer type THF1.5412
of the pixel portion 5414 and the holding capacitor 5413 thereol, and the terminal portion
5410.

[t should also be noted char when the same metal as the mewn! wiring line is used
the pixel clectrode, a veflection type semiconductor device may be formed by exceuting the
photolichography sweps five times,
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Similar to the embodiment 13, the drive circuit construcred of the 1C chip is mounged
also in this embodiment,

Also, white atiquid crystal module s manufactured by employving the techaigue shown
in this embodiment 16 in accordance with the respeceive embodiments, and then, the
manufzctured liguid crystal module may be applicd to che display unir of rhe elecironic
appliance shown in the embodimens 12,

As previously described in detail, in the semiconductor device which is typically known
as the active matrix type Houdd cryseal display device, even when the area of the pixel
portion thereof is increased and the display screen is enlavged, berter displays can be
realized, Since the resistance value of the source wiring line of the pixel portion is largely
reduced, for example, the present invention may be applicable to such a large-sized display
screen, for example, a diagonal line of 40 inches and a diagonal line of 50 inches.

While the preferred embodiments have been desertbed with reference to liquid eryseal
displays, the present invention should nov be limited to the liquid cryseal displays. The
present invention can be applicd to an active matrix organic clecrroluminesence display

device (also called organic light emitting display device), for example,
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WHAT IS CLAIMED I5:

I. A semiconductor device comprising:
a pixel portion comprising at least one {irst n-channel thin film transistor and at least
one source line, the first n-channel thin film transistor comprising:
a semiconductor layer on an insulating surface of a substrate;
an insulating film over the semiconductor layer;
a first gate clectrode over the semiconductor layer with the insulating film
interposed therebetween, wherein the source line comprises a first wiring comprising
a same material as the first gate electrode; and
a first conductive film covering the first wiring at least partly, wherein the first
conductive film comprises a conductive material having a lower resistivity than the
first gate electrode,
a driver circuit over the substrate, comprising at lcast one second n-channel thin
film transistor and at least one p-channel TFT, and
a terminal portion comprising a second wiring comprising the same material as the
first pate clectrode and a second conductive film covering the second wiring at least partly
wherein the sccond conductive film comprises a conductive material having a lower

resistivity than the first gate electrode.

2. The semiconductor device according to ¢laim 1 wherein cach of the first and second
conductive films comprises at least one material selected from the group consisting of Cu,

Al, Au, and Ag.
3. The semiconductor device according to claim 1 wherein the first n-channel thin
film transistor bas a channel formation region overlapped with the gate electrode, the

channel formation region having a same width as the first gate electrode.

4. The semiconductor device according to claim 1 wherein the second n-channel thin

film transistor further comprising a channel formation region overlapped with a second gate
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electrode and an impurity region partly overlapped with the second gate electrode whergin

the second gate electrode has a tapered portion.

5. The semiconductor device according to claim 1 wherein the first n-channel thin

{ilm transistor has three channel formation regions.

6. A semiconductor device comprising:
a pixel portion over a substrate, comprising at least one first n-channel thin f{ilm
transistor and at least one source ling, the first n-channel thin film transistor comprising:
a semiconductor layer on an insulating surface of the substrate;
an tnsulating {ilm over the semiconductor layer; and
a first gate electrode over the semiconductor layer with the insulating film
interposed therebetween, wherein the source line comprises a first wiring comprising
a same material as the first gate electrode and a first conductive film covering the first
wiring al least partly wherein the first conductive film comprises a conductive
material having a lower resistivity than the first gate electrode,
a driver circuit over the substrate, comprising at least second n-channel thin
film transistor, and
a terminal portion comprising a sccond wiring comprising the same material as the
first gate electrode and a second conductive film covering the second wiring at least partly
wherein the second conductive film comprises a conductive material having a lower

resistivity than the first gate electrode.
7. The semiconductor device according to claim 6 whercin cach of the first and
second conductive films comprises at least one material selecied from the group consisting

of Cu, Al, Au, and Ag.

§. The semiconductor device according to claim 6 wherein at least onc of a EEMOS

circuit and an EDMOS circutl 1s formed using the second n-channel thin {1lm transistor.
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9. The semiconductor device according to claim 6 wherein the first n-channel thin
film transistor has a channel formation region which is overlapped with the first gate
clectrode and a width of the channel formation region and a width of the first gate clectrode

are same.

10. The semiconductor device according to claim 6 wherein the second n-channel
transistor comprises a channel formation region overlapped with a second gate electrode and
an impurity region partly overlapped with the sccond gate electrode wherein the sccond gate

clectrode has a tapered portion.

11. The semiconductor device according to claim 10 wherein the first n-channel thin

{ilm transistor has three channel formation regions.

12. The semiconductor device according to claim | or 6 wherein the second n-
channel thin film transistor comprises a sccond gate electrode having a tapered portion, a
channel formation region overlapped with the second gate electrode and an impurity region

partly overlapped with the second gate electrode,

13, The semiconductor device according to claim | or 6 wherein an impurity region

of the second n-channel thin film transistor has an impurity conceniration having a
. . L . 17 o8 e | B T e e e
concentration gradient within a range of 1 x 107" to I x 107" atoms/cm '™, which increases as a

distant from its channel formation region increases,

14. The semiconductor device according to claim 1 or 6 wherein at least one of the n-

channel thin film transistors has a plurality of channel formation regions.

15. The semiconductor device according to claim 1 or ¢ wherein the semiconductor

device is a transmission type lquid crystal module,

16. The semiconductor device according to claim 1 or 6 wherein the semiconducior

device is a reflection type liquid crystal module.
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17. The semiconductor device according to claim 1 or 6 wherein the semiconductor
device 1s one selected from the group consisting of a video camera, a digital camera, a head
mournied displays, a car navigation system, a projectors, a car sterco, a personal computers, a

portable information terminal, a digital versatile disc player and an electronic gate apparatus.

18, A semiconductor device comprising:
a pixel portion over a substrate, comprising at least one first p-channel thin film
transistor and at least a source Hne, the first p-channe] thin film transistor comprising:
a semiconductor layer on an insulating surface of the substrate;
an insulating film on the semiconductor layer; and
a gate clectrode over the semiconductor layer with the insulating film
interposed therebetween wherein the source line comprises a first wiring comprising
same material as the gate electrode and a first conductive film covering the first
wiring at least partly wherein the first conductive film comprises a conductive
material having a lower resistivity than the gate electrode,
a driver circuit over the substrate, comprising at least second p-channcl
thin film transistor, and
a terminal portion comprising a second wiring comprising a same maltcrial as the gate
electrode and a sccond conductive film covering the second wiring at least partly wherein the
second conduclive film comprises a conductive material having a lower resistivity than the

gate clectrode.
19, The semiconductor device according to claim 18 wherein at least one of an

EEMOS circuit and an EDMOS circuit is formed using the second p-channel thin film

transistor.
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