
;e3ekkD^:6NTsO GLASS SUBSTRATE AND DISPLAY APPrIItAT~S *159159* BACKGROUND
OF THE INVENTION  FIELD OF THE INVENTION *0~2" 5 The present invention
relates to a glass substrate and, more particularly, to a glass substrate
to be used for a display apparatus. DESCRIPTION OF THE RELATED ART A glass
substrate for a display apparatus according to the related art has been 10
produced by the following method. Fig. 2 shows a method called a float
method. First, a glass material 20~ is melted in a melting furnace 2() I
and is fed into a float bath 202. The float bath 202 contains a molten tin
2()~ and the Mass material ?1)-l spreads thin on the molten tin 20~. As
glass passes through the t7oat bath 2()?, the glens is formed to have a
predetermined width and a predetermined thickness. Next. glass ~()O 15 is
pulled toward a cooling furnace 203 from the glass-outlet side end of the
float bath ?02. The cooling furnace 203 has a length of several tens of
meters, so that as the Glass passes through the furnace, the glass is
cooled down. The glass formed here is called a mother glass or glass
ribbon. The mother glass has a short side ranging from several tens of
centimeters to several meters and ~s drawn 20 into a band shape. The mother
glass often has a rectangular shape. In case where the mother glass has a
rectangular shape, longer two of the four sides of the mother glass are
called long sides and the other two sides shorter than the long sides are
called short sides. After cooled, the mother glass is cut and undergoes
steps, such as surface 25 polishing, cleaning and inspection. Thereafter.
the resultant mother glasses will be distributed to companies that need the
mother glasses. such VS CIISpUI~ apparatus manufacturing companies. Glass
substrates for display apparatuses of the related apt have different Glass
size from each other in accordance with demand of respective dnsplav
apparatus 30 manufacturing company or factory. Therefore, a glass
manutacturinQ company cuts a mother glass in accordance wth the demands of
each demander. Each display apparatus manufacturing company hen cl~mancl~cl
the `~Im~ manufacturing company to supply `~lasscv of the des~rccl ,irw m
amorcHnc.~~ w nh ~Iml,lw apparatuses to he manufactured. 1   In case of
manufacturing 15-inch display apparatuses, for example, a `slaw substrate
of 55() mm x f~5() mm, a Size that provides tour panels, has been used. As
apparent from the foregoing description. sizes of glass substrates for
display apparatuses, which are prepared by cutting a mother glass. differ
from one display 5 apparatus manufacturing company or factory to another.
Therefore. it is not always the case where cutting glass substrates away
from a mother glass is carried out efficiently and mother glasses are not
used efficiently. One example of such an inefficient usage is illustrated
in Fig. 3. Fig. 3 shows a case where glass substrates for () mm x 6~() mm
display apparatuses are cut away from a mother glass having short skies Of
1 m. In this 10 case, the mother glass includes a lot of areas that are not
actually used. This results in a wasteful use of the mother glass. SUMMARY
OF THE INVENTION In consideration of the above-described situations, the
invention aims at providing - 15 a glass substrate which can effectively
use a mother glass. The invention also aims at providing a glass substrate
which improves the utilization factor of a mother glass. The construction
according to the invention will be described below. The invention provides
a glass substrate prepared by cutting a rectangular mother glass, 20
wherein one side of the mother glass is one side of the glass substrate:
and wherein the mother glass has a length equal to a length of the one sole
of the Mass substrate. The invention provides a glass substrate prepared by
cutting a rectangular mother glass characterized in that 2 5 the length of
the one side of the mother glass being equal to or greater than 1000 



mm; the glass substrate having an aspect ratio of 4 : 3, and the mother
glass having a utilization factor of i37.% or greater. The invention
provides a glass substrate prepared by cuttiny~ a rectangular mother 30
glass characterized in that: the length of the one Side of the mother glass
being equal to or greater than 1000 mm; the glass substrate having an
aspect ratio of 1O : ~). anci the mother glow having a utilization factor
of 70% or greater. 2   The invention further provides a glass substrate
prepared by cutting a rectangular mother glass. wherein one side of the
mother glass is one side of the glass substrate. and wherein a length of t
jn of the one side of the mother glass is equal to a length of 5 the one
side of the glass substrate where n is a natural number equal to or greater
than ~'. The invention provides a glass substrate prepared by cuttting a
rectangular mother glass characterized in that: a length of the one side of
the mother glass being equal to a length of the one w1e of the glass
substrate; 10 the length of the one side of the mother glass being equal to
or greater than 3000 mm and a length of an other side of the mother glass
being equal to or greater than  5200 mm; a plurality of panels obtained by
dividing the glass substrate having an aspect ratio of 4 : 3, and - 15 the
plurality of the panels having a utilization factor of 7()% or greater
respect to the glass substrate. The invention provides a glass substrate
prepared by cutting a rectangular mother glass characterized in that: a
length of the one side of the mother glass being equal to a length of the
one side 20 of the glass substrate; the length of the one side of the
mother glass being equal to or greater than ,sUl)() mm and a length of an
other side of the mother glass being equal to or greater than ~2()() mm; a
plurality of panels obtained by dividing the glass substrate having an
aspect 25 ratio of 16 : 9, and the plurality of panels having a utilization
factor of 92,% or greater respect to the 



glass substrate. BRIEF DESCRIPTION OF THE DRAWINGS 30 Fig. 1 is a diagram
showing cut of glass substrates from a mother glass accotcim~~ to the
invention; Fta. 2 t5 a dtaaram llltlstratltl~ a method ul manutacturin~J a
mother ~_7law: Fig. i is a diagram showing cut of glasv ~ubstratev irum n
muthc~ `~la,s aec:omlm~~ to the related art; 3   Fig. 4 is a diagram
showing cut of glass substrates from a mother glass according to the
invention; Figs. SA through ~C are diagrams showing the crow-sectional
structure of a liquid crystal display apparatus: 5 Figs. 6A through 6C are
diagrams showing the cross-sectional structure of a liquid crystal display
apparatus; Figs. 7A and 7B are diagrams showing the cross-sectional
structure of a liquid crystal display apparatus; and Figs. 8A and 8B are
diagrams showing the cross-sectional structure of a liquid 10 crystal
display apparatus. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS A
glass substrate according to the invention will be described below with
reference to the accompanying drawings. - 15 As mentioned earlier, one side
of the glass substrate according to the invention is a short side of a
mother glass. Further, 1/n of the short side of the mother glass is set as
one side of the glass substrate. Referring to Fig. l, a description ~.vill
now be given of a case where with the short side of a mother glass having a
length of L m, a glass substrate having an aspect ratio of 20 4 : 3 is
prepared. At this time, if the length of the side that has a ratio of "3"
is Set to L. the side that has a ratio of "4" has a length of 1.33 x L. The
invention can construct a glass substrate for a display apparatus, which
has such Side lengths. The glass substrate is divided into four or nine
segments to prepare display apparatuses. Because the short sides of the
mother glass are aligned with one side of the glass substrate m the
invention. 25 the mother glass is not wastefully used. This improves the
utilization factor of the mother glaSS. In case of segmentation of the
glass substrate into tour pieces, as shown in Fig. -t. the size of the
display apparatus (panel) can be set about 0.67 x L : ().~ x L. Because l;m
(here, n is 2) of the short sides of the mother glass are aligned with one
side of the glass 30 substrate, the mother glass is not wastefully used.
This improves the utilization tactor W 



the mother glass. A description will now he ~~iven of a case where wuth the
short wcl~ ut a motlmn gIaSS having a fen~~th of L m. a gUISS Slll7SLrate
hnvin`1 an ~wpc~t mtic~ oU ~ - m pmpur~cl At this time. il the ltn~th of
the side that has a ratio of "-t" m ,~t W L. the wd~ thW hm a 4   ratio of
"3" has a length of ().7~ x L. The invention can construct a `^I:ms
wbstratc for n display apparatus, which has such side lengths. The glass
substrao iv divided info four or nine segments to prepare display
apparatuses. In case of the cluadruplc vc~~mcntation. the possible size of
the display apparatus becomes about 0.5 r L : ()._s75 t L. Because the 5
short sides of the mother glass or n/1 of that are aligned with one side of
the glass substrate in the invention, the mother glass is not wastefully
used. This improves the utilization factor of the mother glass. Although
the aspect ratio of the glass substrate is set to -1 : 3 in this
embodiment. the aspect ratio is not limited to this value. As real display
apparatuses require areas 10 around the display portion for a display
circuit, a sealing space and adhesion of a flexible board, those areas may
be added to the aspect ratio. Because the recent high-definition display
apparatuses have a screen aspect ratio of 16 : 9, the aspect ratio of the
Mass substrate may be matched with or conform to this value. As the actual
preparation of glass substrates by cutting a mother glass leaves 15
-fractions of the order of inches, the fractions are discarded. Thereby.
the utilization factor from glass substrates is reduced slightly, but it is
a negligible level. As the size of a display apparatus or the like is
determined by determining the size of the glass substrate From the size of
the mother glass this way. the mother glass Call be used efficiently.
Needless to say, the size of an apparatus which manufactures display 20
apparatuses using glass substrates should be matched with the size of the
glass substrate;. As discussed above. the invention can use mother glasses
substantially wastelessly, thus making it possible to improve the
utilization factor of the mother glasses. Some examples of the invention
will be discussed below. 25 [First Embodiment] Table 1 shows examples when
the short sides of a mother Qlass being I20() mm are aligned with a Short
side of a glass substrate. Table 1 In the examples. the mother glass has an
aspect ratio of -+ : s and a size of ll)() 30 mm x 1200 mm. In case where a
display apparatus is produced by using this mothci glass, the display
apparatus can have a ma~cimum diagonal wzc of .s~~.-t inches vyhen ~ v or
tour panels are trtracted from the mother glass av ~tv~n m ~uhl~ 1. The
utilization (actor of the mother glass in that caa~ is ~~.~~~. The caw v
prcmmed on that tlm peripheral portion of s() mm of the glasv substrate
cannot I u,~d and inch dmplm 5   apparatus is assumed to have a frame
(peripheral circuit, FPC, a~:alin~~. ctc:.) of a total l~ mm vertically and
a total of 10 mm horizontally. However, thug emhocl~mcnt ~s not limited to
size of the peripheral portion of the glass substrate and size of the
trams. Note that the utilization factor ~s a value indicating the rclaW
>nship bctwcun the 5 area of a mother glass and the area of a glass
substrate prepared by cutting the mother glass. More specifically, the
utilization factor indicates the area of a glass substrate divided by the
area of the mother glass shown by "%". Here, a glass substrate area means a
total panel area. As shown in Table l, when the screen aspect is 4:3 the
utilization factor is 87% or greater. and when the screen 10 aspect is l6:9
the utilization factor is 70% or greater. Tables 2-1 through 2-3 show
examples in which the short sides of a mother glaw are 3000 mm and a half
of the length is aligned with one side of a glass substrate. Table 2-1
shows the example where a half the length of the short side of the mother
glaw is used for the long side of the glass substrate. Table 2-2 shows the
example where it is 15 used for the short side of the glass substrate (the
aspect ratio of the glass substrates being 



4 : 3 in both examples). Table 2-3 also shows the example where a half the
length of the short side of the mother glass is used for the short side of
the glass substrate and the aspect ratio of the glass substrate is set to
1O : 9. The precondUions for those examples are the same as the examples
given in Table 1. However, this example ~s not limited to 20 the
preconditions. Note that the utilization factor shown in Tables 2-1 through
?- 3 is a value indicating the relationship between the area of a glass
substrate and the total area of a plurality of panels prepared from the
glass substrate. More spectficallv, the utilization factor indicates the
total area of the plurality of panels divided by the area of the glass 25
substrate shown by "%". Thus, the utilization used in Table 1 differs from
that used in Tables 2-1 through 2-3. Tables 2-1 through 2-3 As shown in
Tables 2-1 through 2-3. when the screen aspect is ~:_i the uttlizauon
Factor is 70,% or greater, and when the screen aspect ~s 1h:9 the
utilization f~acto~ m also 30 70~0 or greater. As the short side of a
mother glass or 1; n of the vhort mde ~f the mother ~Tlaw m aligned with
one wdc of a gla,v subsume, the mother ~~Ims can hm;~cl ~lUe:~ntlv. ~T lo,
leads to an improwm~nt of the utilization tactor of the mothci `zUw 6
[Second Embodiment] The Following is an example of manufacturing a liquid
crystal dtaplav device uwn`~ a glass substrate cutting from a mother glass
in accordance with the present inmntton. The liquid crystal di5plav device
is Shown as an example of a display tn thiv 5 embodiment. However, the
present invention is not limited to the lidutd crystal display device. the
present invention can be also applied to the display device: usin~~ OLED or
the display device using the glass substrate such as PDP device. In the
following, a method of simultaneously manufacturing T'FTs of dnvina circuit
portions provided in the pixel portion and the periphery thereof on the
Mass substrate is 10 described. However, in order to simplify the
explanation, a CMOS circuit. which is the basic unit for the driving
circuit portion, is shown in the figures. In relation to the pixel portion,
the writing TFT, the source stanal line and the storage capacitor are only
illustrated. First, as shown in Fig. SA, a base film 5002 (5002a, 5002b)
made of an insulating 15 film such as a silicon oxide film, a Silicon
nitride film, or a silicon niU ide oxide film is formed on a substrate 5001
made of glass such as barium borosilicate Mass or alumino borosilicate
glass, typified by #7059 glass or #1737 glass of Corntna Inc. For example.
a silicon nitride oxide film 5002a Cabricated from SiH~, NH; and N=O by a
plasma CVD method is formed with a thickness of 10 to 200 nm (preferably
St) to 1()U nm), and a 20 hydrogenated silicon nitride oxide film 5002b
similarly fabricated from SiH.t and V-O is formed with a thickness of 50 to
200 nm (preferably 10U to l5() nm) to form a lamination. In Embodiment 2,
although the base film 5002 is shown as the two-layer structure, the film
may be formed of the Foregoing insulating film as a single layer film or a
lamination structure of more than two layers. 25 Island semiconductor
layers 5003 to 5006 are Formed of a crvstallme semiconductor film
manufactured by using a laser crystallization method on a semiconductor
film having an amorphous structure. or by using a known thermal
crystallization method. The thickness of the island semiconductor films
5(l() 3 to 5()0~~ is set ' from 25 to 80 nm (preferably between 30 and 6(l
nm). There ns no limitation on the 30 crystalline semiconductor film
material, but it is preferable to Form the LIIITI from Silicon of a silicon
germanium (Site) alloy. A laves wch m a pulse osctllauon type or continuous
~mmmn n 1 wc:tmm laW r. a YrIG laser, or a YVO., laser is wed for
manutacturtng the ervwnllim wnmoncluc.UOr (elm m the lacer cw5tallizmmn mW
hed. A method of conclenwn~ Imet ln~ht mol~cl W om n Imm 7   oscillator
into a linear shape by an optical system and then it radiating the li~~ht
to the semiconductor film may be employed when these types of lasers are
used. The crystallization conditions may be suitably selected by the
operator, but the pulse oscillation frequency is set to 3(l Hz, and the
laser energy density is vet f rom 1 ()l) to -1()() mJ; em 5 (typically
between 200 and 300 mJ/cm~) when using the excimcr lacer. Further. the wond
harmonic is utilized when using the YAG laser, the pulse oscillation
frequency i5 set from l to 10 kHz, and the laser energy density may be set
from 3()0 to ~~()() mJ/cm- (typically between 350 and 500 mJ/cm~'). The
laser light which has heen condensed into a linear shape with a width of
l00 to 1000 Etm, for example 400 um, is then irradiated over the entire 10
surface of the substrate. This is performed with an overlap ratio of 80 to
O8~%. Next, a gate insulating film Q007 is formed covering the inland
semiconductor layers Q003 to SOON. The gate insulating film Q007 is formed
of an insulating ttlm containing silicon with a thickness of 40 to 150 nm
by a plasma CVD method or a sputtering method. A 120 nm thick silicon
nitride oxide film is formed in Embodiment 2. 15 The gate insulating film
is not limited to such a silicon nitride oxide film, of course, and other
insulating films containing silicon may also be used, in a single layer or
in a lamination Structure. For example. when using a silicon oxide film, it
can be formed by the plasma CVD method with a mixture of TEOS (tetraethyl
orthostlicatc) and O,, at a reaction pressure of 40 Pa. with the substrate
temperature set from 3()() to =1()()C. and by discharQin; 20 at a high
frequency (13a6 MHz) with electric power density of ().~ to ().8 W'cm-.
Good characteristics of the silicon oxide film thus manufactured as a ~~ltc
tnaulattna film can be obtained by subsequently performing thermal
annealing at 400 to ~0()C. 



A first conductive film 5008 and a second conductme film ~()(l~) are then
formed on the gate insulating film 5007 in order to form gate electrodes.
In Embodiment 2. the first 2 5 conductive film Q008 is formed from Ta with
a thickness of ~() to 1 ()() nm. and the second conductive film 5009 is
formed from W with a thickness of 100 to 3l)() nm. The Ta film is formed by
sputtering, which a Ta target is sputtered by using Ar. It an appropriate
amount of Xe or Kr is added to the Ar during sputtering. the internal
stress of the Ta film will be relaxed, and film peeling can be prevented.
The re5iattvity of an a phase 30 Ta film is on the order of 20 uS2cm. and
the a phase Ta film can be u~ccl for the aat~ electrode, but the
resistivitv of y phase Ta film is on the order of l ~() pf?~m and the (3
pha,~ Ta film i~ unsuitable lot the `ytte electrode. The cz phaw Ta l~tlm
mn ;:mnly be ohmnnml ~t ,~ tantalum nitride ltlm. which Po~~~wcv a crystal
vtructute nc~u th.U of <r al~,m Ta. m lo:nmd wOh a thichn~w of 1() to ~()
nm av a bane for Ta tn order to W rm tlw r: hlmw l~,t :ilm. 8   The W film
iS formed by sputtering with W as a tayet. The W film can also he formed by
a thermal CVD method using tungsten hexafluoride (WF,,). Whichever is used.
it is necessary to make the film low resistant in order to use it as the
~~atc electrode, and it m preferable that the resistivity of the W film be
set 20 uS2cm of lew. The reaistivitv can he 5 lowered by enlarging the
crystal grain of the W film, but for cases where there are many impurity
elements such as oxygen within the W film, crystallization is inhibited,
and the film becomes high resistant. Therefore, a W target having a purity
of ~O>.~WOO,i~ is thus used in sputtering. In addition, by forming the W
film while taking sufficient care such that no impurities from the inside
of the gas phase are introduced at the time of film formation. a 10
resistivity of 9 to 20 l.tSZcm can be achieved. Note that although the
first conductive film ~O()8 and the Second conductive film Q009 are formed
from Ta and W, respectively, in Embodiment ~, the conductive tilm5 arc not
limited to these. Both the first conductive film Q008 and the second
conductive film 5009 may also be formed from an element selected From the
group consisting of Ta, W. Ti, 15 Mo, Al, and C>a, or from an alloy
material or a chemical compound material having one of these elements as
its main constituent. Further, a semiconductor film. typically a
polysilicon film. into which an impurity element such as phosphorous is
doped. may also be uacd. Examples of preferable combinations other than
that in Embodiment ? include: the first conductive film Q008 formed from
tantalum nitride (TaN) and the second conductive film 20 Q009 formed from
W; the first conductive film Q008 formed from tantalum nitride (TaN) and
the second conductive film 5009 formed from Al; and the first conductive
film ~()()5 formed from tantalum nitride (TaN) and the second conductive
film ~()()9 formed from Cu. Moreover, when you can reduce a LDD region. W
single layer structure can he adopted. Even if the structure is the same as
that, the length of the LDD region can be 2 5 reduced by raise the taper
corner. Next, a mask Q010 is formed from resist, and a first etching
process is performed in order to form electrodes and wirings. An ICP
(inductively coupled plasma) etching method is used in Embodiment 2. A gas
mixture of CF:~ and Ch is used as an etching gas, and a -  plasma is
generated by applying a Q00 W RF electric power (1.~.>~~ fvlHz) to a coil
~hapc 30 electrode at I Pa. A 100 W RF electric power (13.5<~ MHz) IS also
applied to the suhsUatc side (test piece stage), effectively applying a
negative self-bias vooy~c thereto. The W~ film and the Ta film arc both
etched on the same order when CF, ,ii;d C I- mu mmcd m ihc ~tchtn~~ gas.
Edge portiona of the Urtt conductive layer and the weond mmluc:me Imci .m 9
made into a tapered shape by using a suitable resist mask shape and the
cltect of the: htas voltage applied to the substrate side with the above
etching conditions. The angle of the tapered portions is from 1~ to 4~. The
etching time may be increased by upproxmatelv ll) to 20,% in order to
perform etching without any residue on the ~mc insulating film. The 5
selectivUy of a silicon nitride oxide film with respect to a W film is from
2 to -1 (typically s). and therefore approximately 20 to ~f) nm of the
exposed surface of the silicon nitride oxide film is etched by this
over-etching process. First shape conductive (avers i()11 to Q016 (first
conductive layers ~O 1 la to 016a and second conductive layers ~() 11 b to
s() 16b) are thus formed of the first conductive layer and the second
conductive (aver by the first etching 10 process. At this point, regions of
the gate insulating film Q007 not covered by the first vhape conductive
layers Q011 to Q016 are made thinner by approximately ?() to ~() nm by
etchrn`~. (Fig. ~B) 



Then, a first doping process is performed to add an impurrtv element for
imparting an n-type conductivity. Doping may be carried out by an ion
doping method or an ion 15 injecting method. T-he condition of the ion
doping method is thin a dosage is I v 1 ()1 ' to ~ s 10i`t atoms/cm~, and
an acceleration voltage is 60 to l00 keV. As the impurity element for
imparUng the n-type conductivity, an element belonging to group I s.
typical ly. phosphorus (P) or arsenic (As) is used, but phosphorus is used
here. In thin case, the conductive layers 501l to Q016 become masks to the
impurity element to impart the n-type conductivity. and 20 first impurity
regions 5017 to Q020 are formed rn a self-aligning manner. The impurity
element to impart the n-type conductivity in the concentration range of l ~
10v" to I v L()-~ atoms;'cm; is added to the first impurity regions 5017 to
Q020. (Fig. ~B) Next, as shown in Fig. ~C, a second etching process is
performed without removing the resist mask Q010. The etching gas of the
mixture of CFA, Cl= and O= is used. 2 5 and the W film is selectively
etched. At this point, second shape conductive layers s()? l to Q026 (first
conductive layers ()21a to 026a and Second conductive layerv ~0?Ib to
~()?6b) are formed by the Second etching process. Regions of the gate
insulating him ~()()7. which are not covered with the second shape
conductive layers Q021 to i()26, are made thinner by about ?0 to ~() nm by
etching. 30 An etching reaction of the W Film or the Ta film by the mixture
`1as of CF: and C'I= can be guessed from a generated radical or ion species
and the vapor prcwun ut a tcac:tiun product. Whm the vapor pressures ut
lluoride and chlut ide ul W anti T a ,u~ compared ~,v UI; each other. thr
vapor preswre ut WF;, hang lluoride of W' n wtwmeU hi~~h. anti mhm WCI~.
TaF:, and TaCI~ have almon equal vapor pressutw. Thw. 111 the Illt\ILII'~
`gym W C I' 10   and Cl~, both the W film and the Ta l rim are etched.
However, when a witablc alllolllll of O~ is added to this mixture gas. CFA
and O~ react with each other to form CO and F. and a large number of F
radicala or F ions arc generated. As a result, an etching rate of the W
(rim having the high vapor pressure of fluoride is increased. On the other
hand, with respect to 5 Ta, even if F is increased, an increase of the
etching rate is relativcU small. Besides, srncc Ta is easily oxidized as
compared with W, the surface of Ta is oxidized by addition of O=. Since the
oxide of Ta does not react with fluorine or chlorine, the etching rate of
the Ta film is further decreased. Accordingly, it becomes possible to make
a difference between the etching rates of the W film and the Ta film, and
it becomes povsible to make the etching rate 10 of the W film higher than
that of the Ta film. Then, as shown in Fig. 6A, a second doping process is
performed. In this case. a dosage is made lower than that of the first
doping process and antler the condition of a high acceleration voltage, an
impurity element for imparting the n-type conductmitv is doped. For
example, the process is carried out with an acceleration voltage set to 70
to L?0 keV and 15 at a dosage of 1 x 10r' atoms/cm-, so that new impurity
regions are formed inside of the first impurity regions formed into the
island semiconductor layers in Fig. ~B. Doping is carried out .such that
the second shape conductive layers Q021 to i()26 are used as masks to the
impurity element and the impurity element is added also to the re~rons
under the tapered portions of the first conductive layers 5021a to 026a. In
this way, second impurity regions 20 Q027 to Q031 are formed. The
concentration of phosphorous (P) added to the second impurity regions Q027
to Q031 has a gentle concentration gradient in accordance with the
thickness of tapered portions of the first conductive layers 021a to
~()?6a. Note that in the semiconductor layer that overlap with the tapered
portions of the first conductive layers 5021a to 026a, the concentration of
impurity element slightly falls from the end portions of 2 5 the tapered
portions of the first conductive layers 021a to ()26a toward the inner
portions. but the concentration keeps almost the same level. As shown in
Fia. 6B: a third etching process is performed. This is performed by using a
reactive ion etching method (RIE method') with an etching gas of CHF~,. The
tapered portions of the first conductive Layers 021a to ()26a are partially
etched. and the 30 region in which the Cirst conductive layers overlap with
the vemiconductur layer is reduced by the third etching process. Third
shape conductive layer s ~() 3? to ~()s 7 ( first conduct me layers ~() ~2a
to ~f).~ 7a and s~cund c:unductive lavc:rs ~() =b ro ~()-~ ; h) mu farmed
by th;: third Wching pruccw. ~~t tht paint. rc~=tons ut the gate :wul,mn~~
:rln~ ~()(),. ~.v l~:c h mu nc,t c:ov~r~d with the third vhah~
c:uncluc.trv~ laverv s() ~~ to ~1).~^. ~rr~ much thrnnw tw ;ibuut =t) 11
to ~0 nm by etching. By the third etching process, in the second Impurity
regions 5()27 to i()31. second impurity regions 5027a to i()31 a which
overlap with the tirat conductive laver5 ~() 3?a Io 5()37a, and third
impurity regions s()27b to ~2 31b between the firat impurity regions and
the 5 second impurity regions are formed. Then, as shown in Fig. hC) by a
third doping process, tourth impurity regions ~().s9 to 5044 having a
conductivity type opposite to the first conductivity type are formed tn the
island semiconductor layers 50()4 forming p-channel TFTs. The third
conductive layers 



5033b are used as masks to an impurity element, and the impurity regions
are formed in a 10 self-aligning manner. At this time. the whole surfaces
of the island semiconductor layers 5003 and 5005 which form n-channel TFTs,
the storage capacitor portion J()()~~, and the wiring portion Q034 are
covered with a resist mask ~03~. Phosphorus is added to the impurity
regions 5039 to ~()4~1 at different concentrations, respectively. The
impurity regions are Formed by an ion doping method using diborane (B=H~,)
and the impurity 15 concentration is made 2 x 10? to 2 x 10`i atoms/em' in
any of the impurity regions. By the steps up to this, the impurity regions
are formed in the respective island Semiconductor layers. The third shape
conductive layers Q0:52. i(>33. ~()3~, and ~0 ~h overlapping with the
island semiconductor layers function as gatc electrodes. The numeral 5034
functions as an island source signal line. The numeral i()37 functions as a
capacitor 20 wiring. After the resist mask 3033 is removed, a step of
activating the impurity elements added in the respective island
semiconductor layers for the purpose of controlling the conductivity type.
This step is carried out by a thermal annealing method using a furnace
anneal. In addition, a laser annealing method or a rapid thermal annealing
method (RTA 25 method) can be applied. The thermal annealing method IS
performed in a nitrogen atmosphere having an oxygen concentration of 1 ppm
or less. preferably ().1 ppm or less and at 400 to 700C. typically Q00 to
f00C. In Embodiment ~. a heat treatment is conducted at 500C for 4 hours.
However. in the case where a wiri~na material used for the thud conductive
layers Q032 to Q03 7 is weak to heat. it is pi eferable that the activation
is 30 performed after formation of an interlayer insulating film
(containing ~Ilicon as its main ingredient) to protect the wrrin~~ line or
the like. Further, a heat treatment ut 5()() to -1~()C lt 1 to 12 hmm m
m>n~lucted m nn atmosphere containing hylro<~en ut .s to lf)()~~.. and a
ocp of h\CI1(7~~~rlaititl~, the wlunc vemiconductor laverv is conducted.
l'hw step r5 a uep of termmWn~, cfan~~lin~~ Imnd~ m ilw 12   semiconductor
layer by thermally excited hydrogen. As another means for hvclm~enatlon,
plasma hydrogenation (using hydrogen excited by plasma) may he carded out.
Next, a first Interlaver Insulating film ~U4~ of a silicon oxvnitride film
Is formed with a thickness of 10() to 20() nm. Then, a second interlayer
Insulating film ~()~lh of an 5 organic insulating material is formed
thereon. After that, etching is carried out to torm contact holes. Then, in
the driving circuit portion, source wirings Q047 and ~()4~ for contact with
the source regions of the island semiconductor layers, and a dram wiring
~()~9 for contact with the drain regions of the island semiconductor layers
are formed. In the pixel portion, a 10 connecting electrode 5050 and pixel
electrodes Q051 and Q052 are formed (Fig. 7A). The connecting electrode
5050 allows electric connection between the source signal line i()3=1 and
writing TFTs. Further, the pixel electrode ~0~2 and the storage capacitor
are in adjacent pixel. 



In this embodiment, though the writing TFT is shown as a double gate
structure. a 15 single gate structure, a triple gate structure or even a
multi gate structure can also be used. As described above, the driving
circuit portion having the n-channel TFT and the p-channel TFT and the
pixel portion having the writing TFT and the storage capacitor can be
formed on one substrate. Such a substrate is referred to as an active maul
substrate in this specification. 20 In this embodiment, end portions of the
pixel electrodes are overlapped with source signal lines and writing gate
Signal lines for the purpose of shleldlna from light spaces between the
pixel electrodes without using a black matrix. Further, according to the
process described in this embodiment, the number of photomasks necessary
for manufacturing an active matnx substrate can be set to five (a 25
pattern for the island semiconductor layers, a pattern for the first
wirings (source signal lines and storage capacitor wirings), a mask pattern
for the p-channel reoiow. a pattern for the contact holes, and a pattern
for the second wirmgs (including the pixel electrodes and the connecting
electrodes)). As a result, the process can be made vholter. the
manufacturing cost can be lowered, and the yield can be improved. 30 Next.
after the active matrix Substrate as Illustrawl in Fns ~E3 1, ohtained. on
orientation film ~()s ; is tormed on the active matrix suhstrat~ and a
mhhm~~ tr~mmcnt to carried out. Mi:awvhlle, an opposln<~ wbstratc ~()~-1 Is
prcpall (~;~Im :tlm i,mrv ~(l~~ to ~t)~7 and an overcoat layer ~()~s arc:
tolmed on the oppown~~ ~ulmit~ ply-( l~h~ ~olm 13   filter layers are
structured such that the red color filter layer ~()~~ and the bloc color
filter layer ~()SO overlap over the TFTs so as to serve also as a
ly~ht-vhieldina film. Since it i~ necessary to shield from light at least
spaces among the TFTs. the connecting electrodes, and the pixel electrodes)
it is preferable that the red color filter and the hlu c color filter arc 5
arranged so as to overlap such that these places are shielded from L i~~ht.
The red color filter layer i()55, the blue color filter layer ~()J(~, and
the green color filter layer i()57 are overlapped so as to align with the
connecting electrode ~()~() to form ~t spacer. The respective color filters
are formed by mixing pigments in an acrylic resin and are formed with a
thickness of 1 to 3 um. These color filters can be formed trom a 10
photosensitive material in a predetermined pattern using a mask. Taking
into consideration the thickness of the overcoat layer ~0~8 of 1 to 4 ttm,
the height of the spacer can be made to be 2 to 7 l.tm, preferably ~1 to ~
l.tm. This height forms a yap when the active matrix substrate and the
opposing substrate are adhered to each other. The overcoat layer ~1)~S t~
formed of a photosetting or thermosetting organic resin material such as a
polvimide resin or 15 an acrvl is resin. The arrangement of the spacer may
be arbitrarily determined. For example. as illustrated in Fig. 7B, the
spacer may be arranged on the opposing ~uhstrate ~()~~. so as to align with
the connecting electrode ~(1~~. Or. the spacer may be arran~~ecl on the
oppow~.T. substrate ~0~~ so as to align with a TFT of the driving circuit
portion. Such spacers may be 20 arranged over the whole surface of the
driving circuit portion. or may be arranged so as to cover the source
wirings and the drain wirings. After the overcoat layer Q058 is formed, an
opposing electrode ~()~O is patterned to be formed, an orientation film
Q060 is formed, and a rubbing treatment is carried out. Then, the active
matrix substrate which the pixel portion and the driving circuit 25 portion
are fotmted thereon is adhered to the opposing substrate using a sealant
~Of~2. Filler is mixed in the sealant Q062. The filler and the spacers help
the two substrates to be adhered to each other with a constant gap
therebetw~een. After that, a liquid crystal material ~(~ 1 is injected
between the substrates, and sealing agent (not shown) Wrriia out full
encapsulation. As the liquid crystal material i()61. a known liquid crystal
material mw be used. In thin 30 way, an active matrix liquid crystal
display device as illustrated in Ft~~ ?B m completed After the oppowng
whstrate is bonded to the <tctivc mint w wbnram. tlm wb5trnt~5 may b~
wparW~~l into tt pluialiU of r~ym.nv~ acWw m,otm cl!vhlm devicev. In thin
rc~~arcl. tt t, tuwthl~ tci uttliie the mWhcol cW a lmucl to ~~ ~ 1';o~m
~.~)5~.-t(W or O,()~)~).(?~' nltluni~~li oth~i mWhoclv may be uwcl. Entm
cltmlcum ul ~h~~~ 14   patents are incorporated herein by reference. It is
to be noted that, though the TFTs in the active matrix type liquid crystal
display device formed in the above processes are of a top-gate Uructurc.
thts embodiment 



may be applied to TFTs of a bottom-gate structure and of other uructurcs. 5
[Third Embodiment] The following will describe a case of manufacturing a
liquid crystal display apparatus using a glass substrate cutting from a
mother glaas in accordance with the invention, which is different From the
second embodiment discussed previously. 10 Although the display apparatus
according to the embodiment is illustrated as a liquid crystal display
apparatus, the invention is not limited to a liquid crystal display
apparatus, but can be adapted to an OLED-used display apparatus or a
glass-used dtsplav apparatus, such as a PDP apparatus. The following
description exemplifies the fabrication process in case where the 15
invention is adapted to a reflection type liquid crystal display apparatus.
which is different from the liquid crystal display apparatus of the second
embodiment. According to the second embodiment. an active matrw substrate
shuwn in Ftg. i3A (similar to the one shown in Fig. 7A) is prepared.
Subsequently. a resin ttlm is formed as a third interlaver insulating film
Q2()1 after which a contact hole is bored tn the 20 pixel electrode portion
and a reflection electrode Q2()2 is formed there. It is desirable to use a
material having an excellent retlectivitv. such as a film essentially
consisting of :11 or Ag or the lamination of those films. as the reelection
electrode ~?U2. An opposing substrate ~0~4 is prepared. In this embodiment.
an opposing electrode 520 is formed by patterning on the opposing substrate
~U~~I. The opposing 25 electrode ~20~ is formed as a transparent conductive
film. An available material for the transparent conductive film is a
compound of an indium oxide and tin oxide (which is called ITO) or a
compound of an indium oxide and zinc oxide. At the time of fabricating a
color liquid CCyStal dlSplal' apparatUS. color filter layers, though not
particularly illustrated, are formed. It is preierabl~ that adtoinin`~
color 30 filter layers of different colors be tormed one on the other to
verve a5 a lt~'~t sht~ldm~~ film for the TFT portion. Then. olt~tltlll;tlt
I 11n15 ~~t).~ anti ~~1)-1 urn torm~cl on tim nc.tv ~ matt m ~ulwmo~ and
the op~c~wn<~ suhsW m and Ih~ :mulW nt W uctmc m ~ul~;~c tint tc> a
ml~ion~_ II'wtt11n1 Thin. the acttm mmm whstratc on whtc:h thc: pmi:l pmmn
and elm cirm c:~rwn 15   portion are formed and the opposing Substrate arc
adhered by a vealant ~2()C,. r'1s a tiller is mixed in the sealant ~2t)(,
the two Substrates are adhered to~cther with a uniform distance provided by
the tiller and the spacer. Then, a liquol cryUal material Q2()7 n f-filled
between both substrates which are then completely sealed by a sealing
a~~ent (not 5 shown). A known liquol crystal material can be used for the
liquid crystal material ~'()7 A reflection type liquid crystal display
apparatus as shown in Fig. ~B ~s completed this way. After the opposing
Substrate is bonded to the active matrix substrate. the 



substrates may be separated into a plurality of respective active matrix
display devices. 10 The invention can adapted to a semi-transmission type
display apparatus where half the pixels are reflection electrodes and the
remaining half are transparent electrodev. GIfISS Substrates for display
apparatuses according to the related art suffered a low utilization factor
of a mother glass. According to the invention, the short side of a mother
glass is aligned with one 15 side of the glass substrate for a display
apparatus. Alternatively, l~n of the short side of the mother glass is
aligned with one side of the glass substrate. This improves the utilization
factor of the mother glass. Because the one side of the mother ~~IasS Is
ll~eCl directly as the one side of the glass substrate in the invention.
the mother glass m not wastefully used. This results in an improvement of
the utilization factor of the mother 20 glaSS. 16   What is claimed is: I.
A glass substrate prepared by cutting a rectangular mother `slaw. wherein
one side of the mother Qlass is one side of the `~IVSS substrate: and 5
wherein the mother glass has a length equal to a length ot- the one side of
the glass substrate. 2. A glass substrate according to claim 1, wherein the
length of the one side of the mother glass is equal to or greater than 1000
mm, 10 the glass substrate has an aspect ratio of 4 : ~, and the mother
glass has a utilization factor of 37% or greater. 3. A glass substrate
according to claim 1, wherein the length of the one side of the mother
glass is equal to or greater than I000 mm, 15 the glass substrate has an
aspect ratio of 16 : 9, and the mother glass has a utilization factor of
70% or greater. 4. A display apparatus using the glass substrate as recited
in claim 1. 20 ~. A liquid crystal display apparatus using the glass
substrate as recited in claim 6. A display apparatus having organic
light-emitting diodes, which uses the glass substrate as recited in claim
1. 25 7. A plasma-display panel display apparatus using the Mass substrate
as reci ted in claim 1. 8. .4 glass substrate prepared by cutting a
rectangular mother ~~lass. 30 wherein one side of the mother Mass is one
side of the ~~UtSS sttbsClate. and wherein a length of l;n of the one side
of the mother ~~fass is equa t~ a length e>I the one stdc of the `~l;~ss
suhstrate where n is a natural numhec ~clual tc> on `~mU~r than  ~) .-1
~~Imv subatrme .ic:c:uidm~~ tci alarm ~. whClOll1 the I~n~~th W thmone ~ul~
ul al~~ 17   mother glass is equal to or greater than 3000 mm and a length
of an other vide of thv mother glass is equal to or greater than ~2()U mm)
a plurality of panels obtained by dividing the gloss substrate have an
aspect race, of 4 : 3, and 5 the plurality of panels respect to the glass
substrate have a uttlczation factor of 70% or greater. 10. A glass
substrate according to claim 8, wherein the length of the one aide of the
mother glass is equal to or greater than 3000 mm and a length of an other
Side oC the 10 mother glass is equal to or greater than Q20() mm, a
plurality of panels obtained by dividing the glass substrate have an aspect
ratty 



of 1 G : 9, and the plurality of panels respect to the glass Substrate have
a utilization factor of 92% or greater. 15 11. A display apparatus using
the glass substrate as recited in claim 8. 12. A liquid crystal display
apparatus using the glass substrate as recited in claim 8. 20 13. A display
apparatus having organic light-emitting diodes. which uses the glass
substrate as recited in claim 8. 14. A plasma-display panel display
apparatus using the glass substrate as recited 25 in claim 8. 15. A method
of manutacturina a glass substrate compnscng: cutting the glass substrate
from a rectangular Shaped mother glass, wherein one side of the rectangular
shaped mother glass is alcgned with one wcl~ 30 of the glass substrate;
wherein the glass whstrate has a first cross point by wc~ mthcy~~nal sides
of the Ulaaa substrate; wherein tl;e r~etan`~ulm vhaped mother Ulaw has a
wcnnd cmvs poant by W a orthu`~onal wdev ut the r~ctan~~ulcu vhaped mother
glaw; and 18   wherein the Urst crow point is overlapped with the second
crags point. 1 ~~. A method of manufacturing a panel comprising the o~ps of
comprising: cutting a glass subatratc from a rectangular shaped mother
glass. wherein one side 5 of the rectangular shaped mother Glass is aligned
with one side of the ;~la~s substrate, and forming a display apparatus on
the glass substrate; anti forming a plurality of panels by dividing the
glass substrate; wherein the glass Substrate has a first cross point by two
orthogonal sides of the glass substrate; 10 wherein the rectangular shaped
mother glass has a second cross point by two orthogonal sides of the
rectangular shaped mother glass; and wherein the first cross point is
overlapped with the second truss point. 17. A method of manufacturing a
glass substrate compnstna the steps of: 15 preparing a rectangular shaped
mother glass by tloat method; and cutting a glass substrate from the
rectangular shaped mother Glass. wherein one side of the rectangular shaped
mother glass is aligned with one side of the glass substrate. wherein the
glass substrate has a first cross point by two orthogonal sides of the 20
glass substrate; 



wherein the rectangular shaped mother glass has a second cross point by two
orthogonal sides of the rectangular shaped mother glass; and wherein the
first cross point is overlapped with the second cross point. 25 18. A
method of manufacturing a glass substrate comprising: cutting a glass
substrate from a rectangular shaped mother glass, wherein a length of 1%n
of one side of the rectangular Shaped mother Qlass is aligned with one side
of the glass substrate where n is a natural number equal to or Greater than
?; 30 wherein the glass substrate has a first cross point by two
ortho~~onul sides ~t the ~~lav.s substrate: wlmt~~n the r~ca~tngulat shaped
mother v~la~~ has n ~~on~l c:m,v pant by m;~ oohp~unnl mde, of the
reemn`~ulur ,hoped mother ~Iws: and whwon the: W st c.rosv punt ~,
owrlappcd with the wc:oncl c:~c~w I;mnt. 19   19. A method of manutactunng
a panel comprising the steps of compr~n~~: cutting a gla as substrate from
a rectangular shaped mother ~~Inss. wherein a length of 1/n of one side of
the rectangular shaped mother glass is ali~~nc:d with one sick of the 5
glass substrate where n is a natural number equal to or greater than ?.
forming a display apparatus on the glass substrate; and forming a plurality
of panels by dividing the glass substrate: wherein the glass substrate has
a first cross point by two orthogonal sides of the glass substrate; 10
wherein the rectangular shaped mother glass has a .second cross point by
two orthogonal sides of the rectangular shaped mother glass; and wherein
the first cross point is overlapped with the second cross point. 20. A
method of manufacturing a glass substrate comprising the steps of: 15
preparing a rectangular shaped mother glass by float method: and cutting a
Glass substrate from the rectangular shaped mother glass. wherein a length
of 1%n of one side of the rectangular shaped mother Glass m aligned with
one aide of the glass Substrate. wherein the glass substrate has a first
cross point by two orthogonal sides of the 20 glass substrate; wherein the
rectangular shaped mother glass has a veconcl cCOSS point by two orthogonal
sides of the rectangular shaped mother glass; and wherein the first cross
point is overlapped with the second cross point. 25 
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