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(57) ABSTRACT 
A method for forming a liquid crystal display device 
includes forming a metal ?lm over a drive substrate, and 
patterning the metal ?lm to form at least one pixel electrode 
and an optical shield ?lm. The optical shield ?lm is provided 
outside of a pixel electrode area and has a Width greater than 
a Width of each of the pixel electrode. A resin is deposited 
over the patterned metal ?lm, and the resin is patterned to 
form at least one pole spacer and strip spacer. The strip 
spacer surrounds the pixel electrode area and has a Width 
greater than a diameter of each of pole spacer. Liquid crystal 
material is supplied into an inside space Which is surrounded 
by the strip spacer, and a sealing material is ?lled at outer 
edges of the strip spacer for ?xing the drive substrate and a 
common substrate. 
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LIQUID CRYSTAL DISPLAY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of US. application Ser. No. 
09/370,245, ?led Aug. 9, 1999, the subject matter of Which 
is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to liquid 
crystal display devices; and, more particularly, the invention 
relates to a liquid crystal display device that maintains a 
uniform gap for a liquid crystal layer, to a liquid crystal 
display device that can prevent optical leakage in the display 
area, and to a liquid crystal display device that can prevent 
pollution in the liquid crystal composite material by the seal 
agent. 

[0003] Recently, display devices using a liquid crystal 
panel have become more Widely employed as display 
devices Which are capable of visually producing high 
precision color images adaptable for use in display devices 
of the projection type, in notebook personal computers, in 
monitor units and in other similar visual representation 
instruments. 

[0004] Currently available display devices using such a 
liquid crystal panel (liquid crystal display devices) typically 
include those of the simple matrix type, Which make use of 
a liquid crystal panel having a liquid crystal layer sand 
Wiched betWeen a pair of substrates With parallel electrodes 
formed on respective inner surfaces in a mutual crossover 
fashion, and other panels of the active matriX type Which 
employ a liquid crystal element (referred to also as “liquid 
crystal panel” hereinafter) that has sWitching elements for 
selection in units of piXels on only one of the pair of 
substrates. 

[0005] Active-matrix liquid crystal display devices are 
generally categoriZed into tWo groups: one group includes 
certain liquid crystal display devices of the so-called vertical 
electric-?eld type typically including the tWisted nematic 
(TN) scheme (also knoWn as TN active-matrix liquid crystal 
display devices) con?gured to include an ensemble of piXel 
selection electrodes formed on each of a pair of upper and 
loWer substrates, and a second group includes the so-called 
“lateral electric-?eld” liquid crystal display devices (gener 
ally called in-plane ?eld type IPS liquid crystal display 
devices) using a speci?c liquid crystal panel With piXel 
select electrodes formed on only one of a pair of upper and 
loWer substrates. 

[0006] Projection liquid crystal display devices are also 
knoWn as one type of liquid crystal display device applica 
tion equipment. Projection liquid crystal display devices 
include an optical system for magni?cation of an image 
generated on a liquid crystal panel of small siZe to provide 
an enlarged image Which is then projected onto a spaced 
apart second screen of large siZe. Such projection liquid 
crystal display devices include devices of the transmission 
type and those of the re?ection type, the former being 
designed such that tWo separate dielectric substrates making 
up a liquid crystal panel are both formed of transparent 
substrates, such as glass substrates by Way of eXample, for 
permitting rays of light to be emitted from the back surface 
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thereof to thereby cause resulting modulated transmission 
light images to be projected With enlarged siZes on an 
associative screen by use of an optical lens or combination 
thereof. On the other hand, the re?ective projectors employ 
one of such dielectric substrates as a re?ector plate for 
emitting light from the surface side to thereby produce an 
image Which consists of modulated re?ected light, Which in 
turn is projected by an optical system on a screen With a 
magni?ed scale. 
[0007] There are also display devices for use With note 
book PCs or direct vieW liquid crystal display devices for 
display monitors, Which are designed to employ as a re?ec 
tor plate either one of the dielectric substrates making up the 
liquid crystal panel and Which utiliZes incoming light from 
the display surface side. 

[0008] Typically, a liquid crystal panel constituting such a 
liquid crystal display device is arranged so that a liquid 
crystal layer made of a chosen liquid crystal material is 
sandWiched in a gap betWeen tWo separate dielectric sub 
strates Which are bonded together, such as glass substrates, 
for eXample, and thereafter the peripheral edges thereof are 
sealed using a chosen seal material. The gap betWeen tWo 
dielectric substrates is narroW and typically Will measure 
less than 4 to 7 micrometers for instance, Which gap 
Will be collectively referred hereinafter as a “cell gap”. One 
prior knoWn method of retaining this cell gap is to randomly 
distribute spherical spacers of substantially uniform diam 
eter, sometimes called beads, betWeen the substrates. 

[0009] Although controllability of the cell gap may readily 
be enhanced by increasing the requisite number of beads that 
are distributed, the distribution amount has generally been 
set at 150 pieces per square millimeter in vieW of the fact 
that random distribution of such beads inherently lacks 
uniformity thereby making it very dif?cult to completely 
prevent some beads from locally croWding together at a 
location. This can result in an increase in the number of 
optical dot-like dislocations, and the random bead distribu 
tion also causes an adverse reaction, such as creation of an 
undesired disturbance in the alignment of the liquid crystals 
near or around such beads, Which Would result in a contrast 
reduction becoming greater locally. 
[0010] While the beads may be made of an organic poly 
mer or quartZ, use of quartZ beads can cause destruction of 

any one of the protective ?lms, the electrodes, and the 
sWitching elements, such as TFTs, Which are fabricated on 
a dielectric substrate at a press-machining step for estab 
lishment of the cell gap, or alternatively result in unWanted 
creation of air holes or “bubbles” With a change in tempera 
ture due to a difference in the thermal eXpansion coef?cient 
betWeen the beads and a liquid crystal material being used. 
For this reason organic polymer beads are employed in most 
cases. 

[0011] In direct-vieW liquid crystal display devices, the 
beads Which are distributed often attempt to move or “drift” 
upon application of a stress to the dielectric substrate. In this 
respect, it Will be desirable for the liquid crystal layer to be 
kept at negative pressures relative to the atmospheric; hoW 
ever, presently available manufacturing technologies make 
it dif?cult to constantly maintain such a state in Which the 
liquid crystal panel products are constantly held in a nega 
tive pressure condition. 

[0012] On the other hand, small siZe liquid crystal display 
devices for use in projector equipment are burdened With a 
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problem in that certain beads distributed between dielectric 
substrates of its liquid crystal panel, Which reside in the 
panel’s display area, can unintentionally be projected on a 
screen as a magni?ed shadoW image, Which in turn results 
in a decrease in the quality of the picture images being 
displayed. One prior knoWn approach to avoiding such 
image quality reduction is to employ What is called a 
“beads-less” scheme Which uses a limited number of beads 
or ?bers only at the periphery of the liquid crystal panel’s 
display area to thereby retain the intended cell gap at such 
periphery only. Unfortunately, this beads-less approach suf 
fers from a dif?culty in maintaining the cell gap in the 
display area at a predetermined value, Which can result in a 
decrease in the production yield and in image quality. 

[0013] Further, in recent years, high-speed image display 
ability has been demanded, Which in turn calls for estab 
lishment of so-called “narroW gap” designs for further 
reduction of cell gaps With increased gap control accuracies 
of 0.1 pm or beloW. As such narroW-gap designs are becom 
ing more important, a need is felt to further increase the 
bead-spacer machining accuracy, Which hoWever is very 
dif?cult, especially in prior art re?ective liquid crystal 
panels, Wherein achievement of such high machining accu 
racy remains extremely difficult due to the fact that the cell 
gaps are nearly half the siZe of those in the devices of the 
transmission type. 

[0014] One proposed approach to avoiding the cell-gap 
problem is to form, by photolithography techniques, colum 
nar or pillar-shaped spacers (referred to hereinafter as “pole 
like spacers”) on a dielectric substrate at selected locations 
(certain portions that do not affect displayability, such as 
portions betWeen adjacent piXels or alternatively those 
immediately underlying a black matrix) in the display area 
thereof, Which spacers provide support betWeen the tWo 
dielectric substrates stacked over each other to thereby 
render the cell gap uniform. 

[0015] Use of such pole-like spacers eliminates local 
croWding and unWanted drift movement of distributed 
beads. Furthermore, as the fabrication accuracy of photoli 
thography is signi?cantly greater than the machining accu 
racy of beads by one order of magnitude or greater, the 
height of the pole spacers is simply determinable depending 
upon the thickness of the deposited photoresist ?lm consti 
tuting these pole spacers, Which in turn makes it possible to 
noticeably improve the cell gap accuracy. 

SUMMARY OF THE INVENTION 

[0016] Unfortunately, currently available photoresist 
materials can dissolve into a liquid crystal material, so as to 
undesirably reduce the electrical resistivity of the liquid 
crystal layer, Which Would result in a decrease in co 
useability or “congeniality” With respect to the liquid crystal 
materials. Alternative use of inorganic materials therefor can 
result in a mismatch of the thermal eXpansion coef?cient 
With the liquid crystal layer. All in all, no optimal materials 
adaptable for use in fabricating the intended spacers have 
been reported to date. 

[0017] One typical prior knoWn approach to controlling 
the cell gap is to miX either ?bers or beads made of organic 
polymer or quartZ as a ?ller into a seal material being 
deposited at the outer periphery of a display area. HoWever, 
this approach also creates a problem in that the use of a 
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quartZ ?ller(s) can result in destruction of the lead terminal 
electrodes and/or sWitching circuitry, as in the case of 
employing beads distributed Within the display area. While 
it is also considered effective to coat a seal material at 
speci?c portions lying outside of a sWitching circuitry 
formation region of the display area, this inherently creates 
a serious problem in that the resulting liquid crystal panel 
increases in siZe due to a need to reserve an eXtra area for 
seal portions. Another problem encountered in the prior art 
is dif?cultly in improving the accuracy of the cell gap 
because of the fact that organic polymer beads are readily 
collapsible; and, in vieW of this, it is a general approach to 
employ ?bers for the seal portions. 

[0018] A knoWn sealing method includes the steps of 
coating, by use of screen printing techniques or using 
dispensers or the like, one of tWo dielectric substrates With 
a ?ller-mixed seal material in a selected region along the 
outer periphery of its display area, laminating the other 
dielectric substrate over the seal material-coated substrate, 
pressing these substrates together at increased pressures to 
permit the seal material sandWiched therebetWeen to sheet 
against the substrate surface for establishment of the 
intended cell gap, and then hardening the seal material sheet. 
A disadvantage of this method is that it remains impossible, 
or at least greatly dif?cult, to attain the required accuracy of 
position alignment at the seal edge portions, Which results in 
the seal portions becoming irregular in shape. An optical 
blocking or shielding means must be additionally provided 
to preclude unintentional visualiZation of such an irregular 
seal edge shape. Especially With small siZe liquid crystal 
panels, use of such optical shield means can result in an 
increase in the surface area for use in sealing. 

[0019] An object of the present invention is to provide an 
improved liquid crystal display device Which is capable of 
eliminating display irregularities by avoiding random 
behavior (either local croWing or drift movement) of beads 
in a display area Which can occur When using beads, as Well 
as destruction of sWitching elements and electrodes or the 
like due to presence of ?llers contained in beads or seal 
materials, along With cell gap differences in the liquid crystal 
panel occurring in the display area and at sealed portions, 
While at the same time enabling achievement of high-quality 
displayability by precluding contamination of a liquid crys 
tal material due to unWanted contact betWeen the seal 
material and the liquid crystal layer. 
[0020] To attain the foregoing object the present inven 
tion, spaces are formed photolithographically both in a 
display surface area of one dielectric substrate of a liquid 
crystal panel constituting the liquid crystal display device 
and at sealed portions thereof at the same time. The spacers 
formed Within the display area are comprised of columnar or 
pole-like spacers While those formed at the sealed portions 
consists of a Zonal or band-shaped spacer Which has a Width 
Which is greater than the diameter of such pole spacers. A 
chosen sealing material containing no ?llers therein is 
deposited or coated at the outer periphery of this Zonal 
spacer, Which material is later hardened, thus alloWing both 
substrates to be tightly bonded together. 

[0021] With regard to the embodiments disclosed herein, 
some representative aspects of the invention Will be sum 
mariZed beloW. 

[0022] A liquid crystal display device in accordance With 
the instant invention is arranged to include a ?rst substrate 
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having thereon a great number of pixel electrodes in the 
form of a matrix, a second substrate opposing said ?rst 
substrate With a prede?ned gap de?ned betWeen them, a 
liquid crystal layer made of a liquid crystal composition 
material sealed into the gap betWeen said ?rst and second 
substrates, and an optical alignment ?lm formed on at least 
one of said ?rst and second substrates in contact With said 
liquid crystal layer for controlling the optical orientation or 
alignment of said liquid crystal material, Wherein the device 
further includes a plurality of columnar or pole-like spacers 
formed in the display surface area of said ?rst substrate for 
retaining the siZe of said gap betWeen said ?rst and second 
substrates at a preselected value, While also including a 
Zonal or band-shaped spacer made of the same material as 
that of said pole-like spacers for surrounding said display 
area and having a Width greater than the diameter of said 
pole-like spacers, With a seal material being ?lled at the 
outer periphery of said strip-like spacer for tightly bonding 
said ?rst and second substrates together. Note that providing 
the band spacer avoids the necessity for the seal material to 
contain therein beads or ?bers or any equivalents thereto for 
use in controlling the gap betWeen the tWo substrates. 

[0023] With such an arrangement, the spacer’s inherent 
random behavior Within the display area may be suppressed 
or eliminated, thereby retaining a more uniform resultant 
cell gap. Another advantage is that the seal material Will no 
longer come into contact With the liquid crystal layer thus 
precluding contamination of the liquid crystal material due 
to the presence of seal material, Which in turn makes it 
possible to avoid destruction of the electrodes and the like 
due to the beads in the display area or alternatively destruc 
tion of electrode extension leads and the like at the sealed 
portions due to presence of ?llers mixed into the seal 
material, thus improving the production yields and the 
reliability. 

[0024] A further advantage is that the pole spacers stay 
equal in height to the band spacer With an increased accuracy 
to thereby enable the cell gap to be Well controlled to a high 
accuracy over almost all regions of the display area, Which 
in turn makes it possible to eliminate visualiZation irregu 
larities during displaying of on-screen images, including 
?utter, moire, streaking, and pixel jitter at certain intensities. 

[0025] Additionally the present invention should not be 
limited only to the above-noted arrangements and may 
alternatively be modi?ed and altered in a variety of different 
forms Without departing from the technical concept of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a diagram illustrating, in cross-section, a 
liquid crystal panel of a liquid crystal display device in 
accordance With one embodiment of the present invention. 

[0027] FIG. 2 is a diagram depicting a plan vieW of the 
liquid crystal panel shoWn in FIG. 1 for explanation of a 
layout of columnar spacers and a Zonal spacer thereon. 

[0028] FIG. 3 is a microphotograph-based pictorial rep 
resentation of a plan vieW of one typical columnar spacer in 
accordance With the invention. 

[0029] FIG. 4 is a diagram shoWing a plan vieW of a liquid 
crystal panel of a liquid crystal display device in accordance 
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With a second embodiment of the invention, for explanation 
of a layout of columnar spacers and a Zonal spacer thereon. 

[0030] FIG. 5 is a diagram shoWing a plan vieW of a liquid 
crystal panel of a liquid crystal display device in accordance 
With a third embodiment of the invention, for explanation of 
a layout of columnar spacers and a Zonal spacer thereon. 

[0031] FIG. 6A is a plan vieW and FIG. 6B is a cross 
section on line VIB-VIB in FIG. 6A, shoWing an overall 
con?guration of a projection-type liquid crystal display 
device incorporating an actually implemented-liquid crystal 
display device of the invention. 

[0032] FIG. 7 is a diagram schematically depicting one 
exemplary structure of the projection liquid crystal display 
device employing the liquid crystal display device shoWn in 
FIG. 6. 

[0033] FIG. 8 is a plan vieW diagram of a liquid crystal 
panel constituting an active-matrix liquid crystal display 
device also incorporating the principles of the invention. 

[0034] FIG. 9 is an enlarged partial plan vieW diagram of 
the liquid crystal panel shoWn in FIG. 8 shoWing the upper 
left part thereof and its nearby portions With a seal section 
SL provided thereon. 

[0035] FIGS. 10A, 10B and 10C are diagram shoWing in 
cross-section main parts of a liquid crystal panel constituting 
the active-matrix liquid crystal display device embodying 
the invention. 

[0036] FIG. 11 is an exploded perspective vieW of a 
direct-vieW liquid crystal display apparatus employing a 
liquid crystal display device of the invention. 

[0037] FIG. 12 is a perspective vieW of a notebook 
computer for explanation of one embodiment of the liquid 
crystal display device of FIG. 11. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] Preferred embodiments of the present invention 
Will be explained in detail With reference to the accompa 
nying draWings. 

[0039] Referring noW to FIG. 1, there is illustrated in 
schematic cross section a liquid crystal panel in accordance 
With one embodiment of the instant invention. This liquid 
crystal panel is a re?ective liquid crystal panel adaptable for 
use in projection liquid crystal display devices, Wherein 
reference character “USUB” designates an upper-side sub 
strate (opposed substrate) representing a ?rst substrate; 
DSUB denotes a loWer-side substrate (drive substrate) rep 
resenting a second substrate; LC indicates a liquid crystal 
layer made of a chosen liquid crystal composition material; 
SUB2 represents the glass substrate making up the opposed 
substrate; ITO-C speci?es a transparent electrode (common 
electrode, or alternatively opposed electrode); ORI2 shoWs 
an upper-side optical orientation or “alignment” ?lm; SUBl 
is a single-crystalline silicon substrate constituting the drive 
substrate; AL-P denotes pixel electrodes; ORI1 denotes a 
loWer alignment ?lm; TM denotes a terminal section; PSV1 
denotes a protective ?lm; SPC-P denotes columnar or pole 
like spacers; SPC-S denotes Zonal or band strip-shaped 
spacers; SL denotes a sealing material; and SHF denotes a 
light shield ?lm. 
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[0040] It should be noted that the illustrated liquid crystal 
panel is assumed to be of the active matrix type, and that this 
panel also includes sWitching elements for pixel selection 
and storage capacitors or the like, not shoWn, on the drive 
substrate DSUB along With the pixel electrodes AL-P shoWn 
in FIG. 1. 

[0041] The liquid crystal layer LC is sealed and sand 
Wiched betWeen the opposed substrate USUB With the 
opposed electrodes ITO-C and alignment ?lm ORI2 formed 
thereon and the drive substrate DSUB on Which the pixel 
electrodes AL-P and protective ?lm PSV1 plus alignment 
?lm ORI1 are formed. The drive substrate DSUB is asso 
ciated With the columnar or pole-like spacers SPC-P Which 
are formed on the protective ?lm PSVl at selected locations 
excluding those of the pixel electrodes and also With the 
Zonal or band strip-shaped spacer SPC-S that is placed at the 
bonding periphery the both substrates; that is, along the 
outer peripheral sides of a display surface area With the pixel 
electrodes AL-P and the like formed therein. The strip-like 
spacer SPC-S is designed to have a prede?ned Width that is 
greater in siZe or dimension than the diameter of the pole 
spacers SPC-P to thereby receive the compressive pressures 
Which are applied When the tWo substrates are bonded and 
pressed together during assembly for accurately retaining a 
cell gap betWeen the substrates at the periphery thereof 
While controlling the cell gap of the display area, so that the 
gap is held at a prede?ned value in cooperation With the pole 
spacer SPC-P. 

[0042] More speci?cally, upon pressing both substrates 
together, the resultant gap space, i.e. the cell gap of the liquid 
crystal layer, may be accurately controlled by the height of 
the pole spacers SPC-P and strip spacer SPC-S. And, sealing 
the liquid crystal layer into the display area or region may be 
achieved by a method that includes the steps of dripping a 
liquid crystal composition into the display region prior to 
lamination of the substrates and then pressing the laminated 
substrates When bonding them together While permitting 
outWard draining of any extra liquid crystal material; or, 
alternatively, by another method including the steps of 
forming in advance or “preforming” an opening at part of the 
strip spacer SPC-S, superposing the substrates over each 
other, coating a chosen seal material containing therein no 
?llers along the outer edges of the strip spacer SPC-S, 
irradiating ultraviolet rays for effecting half-hardening 
thereof, injecting a liquid crystal material from the opening, 
While setting the atmosphere at a negative pressure, and 
thereafter effectuating pressing and thermal treatment for 
complete hardening of the seal material SL to thereby 
establish the required cell gap. 

[0043] Note that, although not speci?cally illustrated in 
the draWing, in the case of a projection liquid crystal display 
device, the terminal section TM is connected to those 
terminals of a ?exible printed circuit board for use in 
coupling electrical signals for driving the involved sWitching 
elements. 

[0044] FIG. 2 is a diagram shoWing a plan vieW of the 
liquid crystal panel shoWn In FIG. 1 for explanation of the 
planar layout pattern of the pole spacers and strip spacer. The 
layout of these spacers is indicated in positional relation 
With respect to the pixel electrodes associated thereWith. 

[0045] The pole spacers SPC-P that are to be formed in the 
display area are provided at crossover locations among the 
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pixel electrodes AL-P. In this embodiment, providing the 
pole spacers SPC-P in the spaces betWeen adjacent pixel 
electrodes precludes signi?cant reduction of the aperture 
ratio. In addition, since it is possible to provide the pole 
spacers SPC-P one by one in all the spaces among pixel 
electrodes, the resulting setup number of such spacers is 
increased by one order of magnitude or greater When com 
pared to the case of using beads to thereby permit achieve 
ment of enhanced cell gap controllability, Which in turn 
guarantees that any positional deviation or misalignment 
Will no longer take place betWeen the tWo substrates. 

[0046] The strip spacer SPC-S is formed to overlie the 
optical shield ?lm SHF at the outer periphery of the display 
area. The optical shield ?lm SHF is formed by the same 
layer as the pixel electrode. This strip spacer SPC-S is so 
formed as to surround the outer periphery of the display area 
While its Width is greater than the diameter of the pole 
spacers SPC-P. And, this strip spacer SPC-S has the function 
of sealing the liquid crystal layer LC While alloWing the seal 
material, this has traditionally been disposed in contact With 
the liquid crystal layer to be coated at the outer periphery of 
the strip spacer SPC-S. 

[0047] An explanation Will next be given of a method of 
forming the pole spacers and the strip spacer in the illus 
trated embodiment. 

[0048] In the embodiment, the pole spacers and the strip 
spacer are made of a chosen material, such as, for example, 
the chemical ampli?cation negative-type resist “BPR-113” 
(trade name) manufactured by Kabushiki Kaisha JRS. This 
resist material is comprised of a speci?c material Which is 
very similar to those materials Which have been employed 
for bead spacers in prior art liquid crystal panels, in that the 
material Will hardly attempt, after having hardened, to 
dissolve into the liquid crystal material, nor exhibit imbibi 
tion or sWelling activities. While simultaneously offering 
increased adaptability or congeniality With such liquid crys 
tal material, With the machinability also being enhanced. 

[0049] FIG. 3 is a pictorial representation of the shape of 
a typical one of the pole spacers used in the embodiment, 
Which has been prepared by illustrative duplication to mimic 
a corresponding microphotograph thereof. The pole spacer 
shoWn herein has been fabricated into a good shape at a 
crossing point or “intersection” of the spacers SSP betWeen 
the pixel electrodes AL-P. 

[0050] The “BPR-113” that becomes the material of the 
pole spacers and strip spacer is deposited by spin coat 
techniques on the protective ?lm PSV1 (see FIG. 1) of the 
drive substrate DSUB With the pixel electrodes AL-P formed 
thereon; then, the resultant structure is irradiated With i-rays; 
and next, development for fabrication is effected. 

[0051] The liquid crystal material is injected into the space 
surrounded by the strip spacer SPC-S of the drive substrate 
DSUB With the pole spacers and strip spacer formed 
thereon. In the case Where the strip spacer SPC-S has the 
shape as shoWn in FIG. 2, the liquid crystal material 
dropped into the space. The common substrate USUB is 
positioned While preventing it from coming into contact With 
the upper part of this drive substrate DSUB; and then, de-gas 
processing is carried out. After having removed any gases, 
both substrates are laminated over each other and are then 
processed together at increased pressures for tight contact 
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With each other. At this time, any extra components of the 
liquid crystal material behave to over?oW or extrude out of 
the strip spacer SPC-S. These extra extruded liquid crystal 
material components are Washed out; then, the seal material 
SL that contains no ?llers is deposited along the outer edges 
of the strip spacer SPC-S and betWeen both substrates and is 
then hardened. 

[0052] In the illustrative embodiment, use of the pole 
spacers SPC-P and the strip spacer SPC-S fabricated under 
the same conditions ensures that the cell gap in the display 
area is equal to that at the sealed portions, Which in turn 
makes it possible to eliminate undesired creation of display 
image irregularities otherWise occurring due to any possible 
cell gap differences. In addition, the liquid crystal material 
constituting the liquid crystal layer LC Will no longer come 
in direct contact With the seal material being used, Which in 
turn enables preclusion of contamination of the liquid crystal 
material due to the presence of a non-hardened or uncured 
part of the seal material; and in addition, it is no longer 
required that the seal material contain ?llers therein, Which 
guarantees that the electrode extension terminals are hardly 
open-circuited, While minimiZing the risks of destruction of 
other thin-?lms. 

[0053] FIG. 4 depicts a plan vieW of a liquid crystal panel 
used in a liquid crystal display device in accordance With a 
second embodiment of this invention, Which panel has on its 
surface pole spacers and a strip spacer formed into a planar 
pattern as shoWn herein. This embodiment is arranged so 
that a gap is provided at part of the strip spacer SPC-S 
formed at the outer periphery of the display area for use as 
a liquid crystal injection port IN]. The remaining arrange 
ment of the embodiment is similar to that of said ?rst 
embodiment and thus a further explanation thereof Will be 
omitted herein. Amanufacturing method of the liquid crystal 
panel of this embodiment Will be explained beloW. 

[0054] Fabrication of the drive substrate DSUB may be 
similar in principle to—that of said ?rst embodiment except 
that a process step is added of providing the liquid crystal 
injection port INJ in the strip spacer SPC-S. The opposed 
substrate USUB is bonded to this drive substrate DSUB; and 
then, the substrate are pressed together at high pressures to 
thereby bring these substrates into tight contact With each 
other. Under this condition, the atmosphere is pressure 
reduced for gas removal; and then, the liquid crystal material 
is injected thereinto from the liquid crystal injection port 
INJ. Thereafter, a chosen seal material is deposited along the 
outer edges of the strip spacer SPC-S including the liquid 
crystal injection port IN]; and then, it is alloWed to harden. 

[0055] Alternatively, a similar seal material may be depos 
ited at the liquid crystal injection port INJ for sealing prior 
to deposition of the seal material at the outer edges of the 
strip spacer SPC-S. Note that the liquid crystal injection port 
INJ may be replaced With an array of tWo or more liquid 
crystal injection ports INJ Where appropriate. The present 
embodiment is capable of attaining similar effects and 
advantages to those of said ?rst embodiment. 

[0056] It is noted that, although in both of the respective 
embodiments referred to above, the drive substrate DSUB 
has been described to be of the re?ection type using a 
single-crystalline silicon substrate, a similar arrangement 
may also be achieved either in the case of liquid crystal 
display devices of the transparent type With both substrates 
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formed as glass substrates or in the case of direct-vieW liquid 
crystal display devices With large display screen areas. 

[0057] FIG. 5 is a plan vieW of a liquid crystal panel used 
in a liquid crystal display device in accordance With a third 
embodiment of this invention, for explanation of the layout 
of pole spacers and a strip spacer thereon. This embodiment 
is arranged such that a built-in driver circuit DCT is directly 
mounted on the drive substrate DSUB at a location outside 
of the display surface area thereon, While letting the strip 
spacer SPC-S be formed overlying this driver circuit DCT. 
The pole spacers SPC-P are similar in nature to those in the 
?rst embodiment. 

[0058] With this embodiment the same effects and advan 
tages as those of the above-noted respective embodiments 
are obtainable; and additionally, it is possible to achieve a 
small-area liquid crystal display device as a Whole because 
of the fact that a space for driver circuitry to be mounted 
externally of the liquid crystal panel may be omitted. 

[0059] An explanation Will next be given of some 
examples Which are obtainable by implementation of each 
embodiment stated supra. 

[0060] FIGS. 6A and 6B shoW an overall arrangement of 
a liquid crystal display device of the projection type employ 
ing an actually implemented example of the liquid crystal 
display device in accordance With the invention, Wherein 
FIG. 6A is a partly cutaWay plan vieW, Whereas FIG. 6B is 
a cross-section taken along line VIB-VIB of FIG. GA. 

[0061] As shoWn in the draWing, this projection liquid 
crystal display device is arranged to have on its second 
substrate DSUB multiple pole-like spacers SPC-P and a strip 
spacer SPC-S With a liquid crystal layer LC sandWiched 
betWeen a ?rst substrate USUB and the second substrate 
DSUB for controlling the required cell gap using the pole 
spacers SPC-P and the strip spacer SPC-S. The re?ective 
liquid crystal panel having a seal material SL coated along 
outer edges of the strip spacer SPC-S, Which is then hard 
ened for tightly bonding both substrates together, is received 
inside of the cavity of a package PCG. The package PCG 
may preferably be constituted from a mold-machined prod 
uct made of resin materials, and a ?exible printed circuit 
board FPC for use in supplying one or more signals along 
With electrical poWer to one edge thereof is connected 
thereto at its one end. The package PCG is provided With a 
surface glass WG employed for covering the cavity to 
thereby provide a sealed environment therein. 

[0062] A heat release or heat sink plate PPB made of a 
chosen metal is disposed on the back surface of the package 
PCG in a manner such that the heat sink has its peripheral 
portions embedded therein at four loWer sides of the package 
main body PCG While letting the liquid crystal panel be 
received With a comparatively elastic or resilient heat radia 
tor sheet DPH placed betWeen it and the heat sink PPB. 
Accordingly, the back surface of the liquid crystal panel 
comes into tight contact With the heat sink PPB via the heat 
radiator sheet DPH to thereby provide the intended structure 
With enhanced heat radiation effects. 

[0063] The liquid crystal panel that is housed inside of the 
cavity of the package PCG is ?xed by adhesive ADH to a 
step-like portion on the back side of the ?rst substrate USUB 
thereof, Which portion is formed at the inner periphery on 
the bottom of this package PCG, While the surface glass WG 
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is adhered to a space plate SPB for ?xing the package PCG 
and ?exible printed circuit board FPC together. Note here 
that the space plate SPB is bonded to the ?exible printed 
circuit board FPC by adhesive, not shoWn. 

[0064] FIG. 7 is a pictorial representation for explanation 
of one exemplary con?guration of a proj ection liquid crystal 
display device using the liquid crystal display device that 
has been explained in conjunction With FIG. 6, Which 
includes housing, CAS a liquid crystal display device (liquid 
crystal module) MOD, illumination light source LSS, illu 
mination lens system LNS, ?rst optical polariZer plate 
POL1, re?ection mirror MIL, focusing lens system FLN, 
second optical polariZer plate POL2, optical diaphragm or 
iris ILS, and image-projection optical system PLN. 

[0065] Illumination light from the light source device LSS 
is guided by the illumination lens system LNS and ?rst 
polariZer plate POLI plus re?ection mirror MIL to the 
surface of the liquid crystal panel PNL constituting the 
liquid crystal display device MOD. Light Which arrives at 
the liquid crystal panel PNL is then subjected to modi?ca 
tion in a Way corresponding to an image signal at the pixel 
electrode of the liquid crystal panel PNL to thereby provide 
refection light Which is magni?ed for projection onto the 
screen SCN by Way of the focussing lens system FLN and 
second polariZer plate Pd2 plus iris ILS as Well as projection 
optical system PLN. 

[0066] An explanation Will next be given of an example 
Which applies the invention to a direct-vieW liquid crystal 
display device in terms of an active-matrix liquid crystal 
display device. 

[0067] FIG. 8 is a diagram shoWing a plan vieW of a liquid 
crystal panel constituting the active-matrix liquid crystal 
display device, Which depicts a main part around a matrix 
AR of a liquid crystal panel PNL including upper and loWer 
transparent glass substrates SUB2 (color ?lter substrate), 
SUB1 (active-matrix substrate) Which constitute the ?rst and 
second substrates; and FIG. 9 is an enlarged plan vieW of 
part near a seal section corresponding to the upper left corner 
portion of the liquid crystal panel shoWn in FIG. 8. 

[0068] In addition, FIGS. 10A, 10B and 10C are diagrams 
shoWing in cross-section main portions of the liquid crystal 
panel, Wherein FIG. 10A is a sectional vieW taken along line 
19a-19a of FIG. 9, FIG. 10B is a sectional vieW of a TFT 
section, and FIG. 10C is a sectional vieW near an external 
connection terminal DTM to Which image signal line driver 
circuitry is to be connected. 

[0069] In the manufacture of this liquid crystal panel, if it 
is of small siZe, then a single glass substrate is subject to 
simultaneous processing of a plurality of panels at one time 
and is the substrate then separated into plural pieces for 
throughput improvement; alternatively, if it is large in siZe, 
then a speci?c glass substrate having its siZe standardiZed 
for common use With a variety of types of products is 
employed Which is so processed and then made smaller into 
a proper siZe accommodating respective types of products 
for purposes of shared use of the production facility; in 
either case, the glass substrate is cut after having completed 
a series of speci?ed process steps. 

[0070] FIGS. 8 and 10 shoW the state after having com 
pleted a cut-off process of the upper and loWer substrates 
SUB2, SUB1; Whereas, FIG. 9 shoWs the state prior to the 
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cutoff process, Wherein LN designates the edge of a cut line 
of such glass substrate, and CT1 and CT2 denote certain 
positions at Which the glass substrates SUB1, SUB2 are to 
be cut, respectively. 

[0071] In either case, the ?nally manufactured state is such 
that at those portions Whereat external connection terminal 
groups Tg, Td (suf?x omitted) are located, the upper-side 
glass substrate SUB2 is limited in siZe so that it exists inside 
of the loWer-side glass substrate SUB1 to thereby alloW the 
terminal groups to be exposed to the outside. 

[0072] The external connection terminal groups Tg, Td are 
such that a plurality of components consisting essentially of 
scan circuit connection terminals GTM and image signal 
circuit connection terminals DTM along With electrical 
extension leads associated thereWith are organiZed into a 
group in units of tape carrier packages With driver circuits 
mounted thereon. Those extension leads of each group 
extending from the matrix section up to the external con 
nection terminal unit are so designed as to become slanted 
or tilted as they come closer to both ends. This is aimed at 
positional alignment of the terminals DTM, GTM of the 
liquid crystal panel PNL With the connection terminal pitch 
at respective tape carrier packages. 

[0073] Pole spacers SPC-P are formed in the display area 
AR betWeen the transparent glass substrates SUB1, SUB2 
Whereas a strip spacer SPC-S is formed in the seal section 
thereof along its edges, excluding the liquid crystal seal 
injecting portion INJ, in a such a manner as to seal the liquid 
crystal LC. And, a seal material SL is coated at the outer 
edges of the strip spacer SPC-S. This seal material is made 
of an epoxy resin, for example. Note that the pole spacers 
SPC-P are not visible in FIG. 10 because they are formed at 
the boundaries of pixels. 

[0074] A common transparent pixel electrode IT02 on the 
upper transparent glass substrate SUB2 is connected by a 
silver paste material SGP at least at one portion; here, at four 
corner edges of the liquid crystal panel to an extension lead 
INT that is formed on the loWer transparent glass substrate 
SUB 1. This extension lead INT is fabricated simultaneously 
during formation of gate terminals GTM and drain terminals 
DTM. 

[0075] Respective layers of alignment ?lms ORI1, ORI2 
and transparent pixel electrodes ITO1 plus common trans 
parent pixel electrodes ITO2 are formed inside of the strip 
spacer SPC-S. PolariZer plates POL1, POL2 are formed on 
outer surfaces of the loWer transparent glass substrate SUB1 
and upper transparent glass substrate SUB2, respectively. 

[0076] Liquid crystal LC is sealed in the display area AR 
Which is partitioned by the strip spacer SPC-S betWeen the 
loWer alignment ?lm ORI1 and upper alignment ?lm ORI2. 
The loWer alignment ?lm ORIL is formed on a protective 
?lm PSV1 on the side of the loWer transparent glass sub 
strate SUB1. 

[0077] This liquid crystal panel PNL is assembled through 
process steps of individually stacking various layers over 
each other on each side of the transparent glass substrate 
SUB1 and transparent glass substrate SUB2, laminating the 
loWer transparent glass substrate SUB1 and the upper trans 
parent glass substrate SUB2 over each other, injecting a 
chosen liquid crystal material via the opening INJ (liquid 
crystal seal injection port) of the strip spacer SPC-S, there 
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after sealing using the seal material SL, and then cutting the 
upper and loWer transparent glass substrates. 

[0078] Athin-?lm transistor TFT as shoWn in FIGS. 10A, 
10B and 10C operates in a Way such that, upon application 
of a positive bias to its gate electrode GT, the channel 
resistivity betWeen the source and drain thereof decreases; 
alternatively, the source-drain resistivity increases When the 
bias is set at Zero. 

[0079] The thin-?lm transistor TFT of each pixel is 
divided into tWo portions (plural parts) Within the pixel. In 
FIG. 10B only one of them is depicted. Each of the tWo 
thin-?lm transistors TFT is arranged to have substantially 
the same siZe (equal in channel length and in channel Width). 
Each of such divided thin-?lm transistors TFT has a gate 
electrode GT, gate insulation ?lm GI, i-type semiconductor 
layer AS made of intrinsic amorphous silicon (Si) With no 
conductivity type determination impurities doped therein, 
and a pair of source electrode SD1 and drain electrode SD2. 
Note here that the source and drain are inherently deter 
mined depending on the bias polarity betWeen them, and that 
such polarity Will possibly be inverted in this liquid crystal 
display device so that the source and drain are interchange 
able in nature. In the folloWing explanation hoWever, one of 
them is ?xedly represented by the source With the other 
called the drain for purposes of convenience in the discus 
sion herein. 

[0080] The gate electrode GT is designed to extend 
beyond respective active regions of the thin-?lm transistor 
TFT While respective gate electrodes GT of the thin-?lm 
transistors TFT are formed continuously. Here, the gate 
electrode GT is formed of a single-layer second conductive 
?lm g2. The second conductive ?lm g2 may be made for 
example of an aluminum ?lm as formed by sputtering 
techniques to a predetermined thickness ranging from 1,000 
to 5,500 Angstroms In addition, an anodiZed ?lm AOF 
of aluminum is provided on the gate electrode GT. 

[0081] This gate electrode GT is formed to have a slightly 
larger siZe than the i-type semiconductor layer AS to thereby 
completely cover it (When looking from the loWer side 
thereof). Accordingly, in case a backlight BL, such as a 
?uorescent tube, is attached to the loWer part of the loWer 
transparent glass substrate SUB1, the gate electrode GT 
consisting of such opaque aluminum ?lm serves to block 
rays of light emitted from the backlight BL thus preventing 
the light from falling onto the i-type semiconductor layer 
AS, Which in turn makes it possible to minimiZe the possi 
bility of conduction phenomena due to light irradiation, i.e. 
reduction of the turn-off characteristics of the thin-?lm 
transistor TFT. Additionally, the inherent siZe of the gate 
electrode GT is such that it has a Width minimally required 
to alloW the gate electrode to span or “bridge” betWeen the 
source electrode SD1 and drain electrode SD2 (also includ 
ing margins for position alignment betWeen the gate elec 
trode GT and the source and drain electrodes SD1, SD2) 
Whereas the depth thereof Which determines the resultant 
channel Width W is determinable depending on hoW the ratio 
of it to a distance (channel length) L betWeen the source 
electrode SD I and drain electrode SD2; namely a factor W/L 
determining the mutual conductance or transconductance 
gm is designed. Obviously the actual siZe of the gate 
electrode GT in this liquid crystal display device is made 
greater than the inherent siZe noted above. 
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[0082] Scan signal lines are constituted from a second 
conductive ?lm g2. This second conductive ?lm g2 of such 
scan signal lines is fabricated simultaneously during forma 
tion of the second conductive ?lm g2 of gate electrodes GT 
While alloWing the former to be integral With the latter. An 
anodiZed ?lm AOF of aluminum is also provided overlying 
the scan signal lines. 

[0083] A dielectric ?lm GI is employed to function as the 
gate insulation ?lm of each of the thin-?lm transistors TFT, 
and is formed to overlie the gate electrodes GT and scan 
signal lines. The dielectric ?lm GI is made for example of a 
silicon nitride ?lm fabricated by plasma chemical vapor 
deposition (CVD) techniques to a thickness of from 1,200 to 
2,700 A (preferably 2,000 A in this liquid crystal(display 
device). As shoWn in FIG. 9, the gate insulation ?lm GI is 
so formed as to entirely surround a matrix section AR With 
its peripheral portions removed aWay thus alloWing the 
external connection terminals DTM, GTM to be exposed to 
the outside. 

[0084] The i-type semiconductor layer AS is used as a 
channel formation region of each of tWo thin-?lm transistors 
TFT. The i-type semiconductor layer AS is formed of either 
an amorphous silicon ?lm or a polycrystalline silicon ?lm of 
about 200 to 220 A in thickness (about 200 A thick in this 
liquid crystal display device). 
[0085] This i-type semiconductor layer AS is fabricated 
continuously to effect formation of the dielectric ?lm GI 
made of Si2N4 for use as the gate insulation ?lms While 
varying feed gas components in the same plasma CVD 
equipment Without causing external exposure from such 
plasma CVD equipment. 

[0086] In addition, an N(+) type semiconductor layer do 
With a chosen impurity for ohmic contact such as phospho 
rus (P) doped therein at 2.5% is also formed continuously to 
a thickness ranging from 200 to 500 A (about 300 A in this 
liquid crystal display device). Thereafter, the loWer trans 
parent glass substrate SUB1 is removed from the CVD 
apparatus to the outside to carry out photolithographical 
patterning processes so that the N(+) type semiconductor 
layer do and i-type semiconductor layer AS are patterned 
into several independent islands. 

[0087] The i-type semiconductor layer AS is also provided 
betWeen both intersections (crossover portions) of the scan 
signal lines With respect to image signal lines associated 
thereWith. The i-type semiconductor layer AS at the inter 
sections acts to reduce electrical short-circuiting betWeen the 
scan signal lines and the image signal lines at such inter 
sections. 

[0088] A transparent pixel electrode ITO1 (corresponding 
to AL-P in FIG. 1) constitutes one of those pixel electrodes 
of the liquid crystal panel. The transparent pixel electrode 
ITO1 is connected to the source electrode SDl of each of the 
tWo thin-?lm transistors TFT. Due to this, even Where a 
defect occurs at any one of such tWo thin-?lm transistors 
TFT, the operation reliability may be guaranteed in a Way 
such, that if such defect can result in secondary operation 
failures or malfunction, then an appropriate portion is cut 
aWay, such as by laser light, otherWise no particular actions 
Will be taken due to the fact that the remaining thin-?lm 
transistor TFT is operating normally. Additionally, it Will 
rarely happen that both of tWo thin-?lm transistors TFT 
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experience defects at the same time, so that use of the 
redundancy scheme makes it possible to greatly reduce the 
possibility of occurrence of point defects and/or line defects. 

[0089] The transparent pixel electrode ITOI is comprised 
of a ?rst conductive ?lm dl. This ?rst conductive ?lm dl is 
made of a transparent conductive ?lm (indium-tin-oxide or 
ITO ?lm, or Nesa ?lm) that Was formed by sputtering 
techni ues to a thickness of from 1,000 to 2,000 A (about 
1,400 A in this liquid crystal display device). 
[0090] The source electrode SDI and drain electrode SD2 
of each of the tWo thin-?lm transistors TFT are provided so 
as to be spaced apart from each other on the i-type semi 
conductor layer AS. 

[0091] The individual one of the source electrode SDI and 
drain electrode SD2 is arranged by sequentially laminating 
or stacking a second conductive ?lm d2 and third conductive 
?lm d3, as seen from the loWer layer side, in contact With the 
N(+) type semiconductor layer do. The second conductive 
?lm d2 and third conductive ?lm d3 of the source electrode 
SDI are fabricated at the same process step or steps during 
formation of the second conductive ?lm d2 and third con 
ductive ?lm d3 of the drain electrode SD2. 

[0092] The second conductive ?lm d2 may be a chromium 
(Cr) ?lm that is formed to a thickness of 500 to 1,000 A 
(approximately 600 A in this liquid crystal display device). 
The Cr ?lm is adapted for use as a so-called barrier layer to 
be described later, Which prevents unWanted outdiffusion of 
aluminum A1 of the third conductive ?lm d3 into the N(+) 
type semiconductor layer do. The second conductive ?lm d2 
may be made of, in the alternative, a Cr ?lm, a ?lm of 
high-melting-point metal (Mo, Ti, Ta, W, and the like), a 
layer of high-melting-point suicide (MoSi2, Tisi2, TaSi2, 
WSi2 or else), or any other similar suitable materials. 

[0093] The third conductive ?lm d3 is formed by sputter 
ing of aluminum Al to a thickness of from 3,000 to 5,000 A 
(about 4,000 A in this liquid crystal panel). Aluminum Al 
?lms are less in stress than chromium Cr ?lms and for this 
reason are capable of formation to large ?lm thicknesses 
While being arranged to reduce the electrical resistance 
values of the source electrode SDl and drain electrode SD2, 
as Well as the image signal lines DL. The third conductive 
?lm d3 may alternatively be made from, other than ordinary 
aluminum, an aluminum containing therein silicon or copper 
(Cu) as additive materials. 

[0094] After completion of the intended patterning pro 
cessing of the second conductive ?lm d2 and third conduc 
tive ?lm d3 using the same mask pattern, the N(+) type 
semiconductor layer do is removed by using the same mask 
or alternatively using the second conductive ?lm d2 and 
third conductive ?lm d3 as a mask therefor. In single terms, 
certain portions of the N(+) type semiconductor layer d0 
Which reside on the i-type semiconductor layer AS other 
than those on the second conductive ?lm d2 and third 
conductive ?lm d3 Will be removed in a self-align fashion. 
At this time the N(+) type semiconductor layer d0 Will be 
etched aWay so that its thickness portions are all removed so 
that the i-type semiconductor layer AS Will likeWise be 
etched aWay at the surface portion thereof; hoWever, the 
degree of such etching treatment may be controlled based on 
the length of the etching processing time. 

[0095] The source electrode SDI is connected to the 
transparent pixel electrode ITOI. The source electrode SDI 
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is arranged along the i-type semiconductor layer AS’s step 
like difference portion (a step-like surface con?guration 
corresponding to a ?lm thickness equivalent to the total sum 
of the ?lm thickness of the second conductive ?lm d2 and 
the ?lm thickness of the anodiZed ?lm AOF plus the ?lm 
thickness of the i-type semiconductor layer AS as Well as the 
?lm thickness of the N(+) type semiconductor layer d0). 
Practically, the source electrode SDI consists of the second 
conductive ?lm d2, formed along the step-like difference of 
the i-type semiconductor layer AS, and the third conductive 
?lm d3 formed to overlie this second conductive ?lm d2. 
The third conductive ?lm d3 of the source electrode SDI is 
arranged to permit climbing over the i-type semiconductor 
layer AS in vieW of the fact that the Cr ?lm of the second 
conductive ?lm d2 is incapable of being made thicker due to 
an increase in stress and also is incapable of climbing over 
the step-like difference of the i-type semiconductor layer AS. 
In other Words, thickening the third conductive ?lm d3 
improves the step coverage. Since the third conductive ?lm 
d3 is capable of formation to increased thicknesses, this 
signi?cantly contributes to reduction of the resistance value 
of the source electrode SDI (the same goes With the drain 
electrode SD2 and/or image signal lines DL). 

[0096] Aprotective ?lm PSVI is provided so as to overlie 
the thin-?lm transistors TFT and transparent pixel electrodes 
ITO. The protective ?lm PSVl is formed in order to protect 
mainly the thin-?lm transistors TFT against moisture; to this 
end, the one that is high in transparency and has good 
resistance to humidity must be used therefor. The protective 
?lm PSVI is made, for example, of a silicon oxide ?lm or 
silicon nitride ?lm Which is formed by plasma CVD appa 
ratus to a thickness of about 1 pm. 

[0097] As shoWn in FIG. 9, the protective ?lm PSVI is 
formed to surround the entire matrix section AR, With its 
peripheral portions remove so as to alloW the external 
connection terminals DTM, GTM to be exposed to the 
outside and also With those portions removed Which are used 
to connect a common electrode COM (corresponding to the 
transparent electrode ITO-C of FIG. I) of the upper trans 
parent glass substrate SUB2 to an external connection 
terminal extension lead INT of the loWer transparent glass 
substrate SUBI using silver paste. With regard to the thick 
ness relationship of the protective ?lm PSVI versus the gate 
insulation ?lm GI, the former is made thicker in light of 
protection effect enhancement, Whereas the latter is made 
thinner in vieW of the transconductance gm of the transis 
tors. Accordingly, as shoWn in FIG. 9. the protective ?lm 
PSVI, Which is high in protection effects, is fabricated so 
that it is larger in siZe than the gate insulation ?lm GI to 
ensure that its periphery offers enhanced protectability over 
an extended area that is as Wide as possible. 

[0098] On the side of the upper transparent glass substrate 
SUB2, an optical shield ?lm BM is provided to prevent 
unWanted entry or incidence of incoming external light into 
the i-type semiconductor layer AS that is used as the channel 
formation region. 

[0099] The optical shield ?lm BM is made of either an 
aluminum ?lm or chromium ?lm or any equivalents thereof, 
Which, is high in optical blocking ability. In this liquid 
crystal display device, the chromium ?lm is formed by 
sputtering to a thickness of 1,300 A, more or less. Addi 
tionally this shield ?lm is different from the shield ?lm SHF 
in FIG. I. 
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[0100] Consequently, the i-type semiconductor layer AS 
of thin-?lm transistor TFT is sandwiched betWeen the over 
lying shield ?lm BM and the underlying gate electrode GT 
of slightly larger siZe so that such portion Will no longer 
receive any externally attendant natural light nor any rays of 
backlight. As indicated by hatching in FIG. 19, the shield 
?lm BM is formed around a pixel; in other Words, the shield 
?lm BM is formed to have a lattice or grid-like pattern 
(knoWn as black matrix), Which grid de?nes by partition the 
effective or net display area of a single pixel. Use of such 
shield ?lm BM makes the contour of each pixel clear and 
“crisp” to thereby improve the contrast. In summary, the 
shield ?lm BM functions to offer optical shielding With 
respect to the i-type semiconductor layer AS While simul 
taneously serving as the black matrix for improvement of the 
contrast by providing partitions betWeen color ?lters FIL 
(R), FIL (G), FIL 

[0101] In addition, since part of the transparent pixel 
electrode ITO1 Which opposes the root-side edge portion in 
the rubbing direction is optically blocked or “shuttered” by 
the shield ?lm BM, any domains that can occur at such part 
are invisible, Which in turn ensures that the display charac 
teristics are free from any possible degradation. 

[0102] Where necessary, the backlight may alternatively 
be attached to the upper transparent glass substrate SUB2 
While alloWing the loWer transparent glass substrate SUB1 
to be on the observation side (external exposure side). 

[0103] The shield ?lm BM is also formed at the peripheral 
section to have a ?at rectangular frame-like pattern Which 
resembles a WindoW frame in planar shape and is formed 
continuously With the pattern of the matrix section that has 
a plurality of openings or apertures in the form of dots. The 
shield ?lm at this part is similar in function to the shield ?lm 
SHF. The shield ?lm BM at the periphery is extended 
beyond the strip spacer SPC-S toWard the outside of the seal 
material SL, thereby precluding undesired entrance or “inva 
sion” of leakage light, such as re?ection light otherWise 
occurring in actually implemented equipment, such as per 
sonal computers or the like. On the other hand, this shield 
?lm BM is forced to reside inside of the edge of the upper 
transparent glass substrate SUB2 by approximately 0.3 to 
1.0 mm and is formed to avoid passing through cut regions 
of the upper transparent glass substrate SUB2. 

[0104] The color ?lters FIL(R), FIL(G), FIL(B) are com 
prised of a dyeing or stain base made of a resin material such 
as acrylic resin or the like With color development effected 
thereto using dyestuff. Note that the color ?lter FIL(B) is not 
depicted in FIGS. 10A, 10B or 10C. These color ?lters 
FIL(R), FIL(G), FIL(B) are formed at speci?ed positions 
corresponding to pixels to have a stripe shape, and are 
individually colored into respective colors of red (R), green 
(G) And Blue The color ?lters FIL(R), FIL(G), FIL(B) 
are formed to have a prede?ned siZe large enough to cover 
all of the transparent pixel electrodes ITO1 Whereas the 
shield ?lm BM is formed inside of the peripheral edges of 
such transparent pixel electrodes ITO1 to thereby overlap 
those edge portions of the transparent pixel electrodes ITO1. 

[0105] The color ?lters FIL(R), FIL(G), FIL(B) may alter 
natively be formed in the folloWing Way. First, a chosen 
dyeing base is formed on the surface of the upper transparent 
glass substrate SUB2; then, certain portions of the dyeing 
base residing in speci?ed regions other than the red-color 
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?lter formation regions are photolithographically removed. 
Thereafter, the dyeing base is dyed With red dyestuff and 
then ?xing or sticking treatment is carried out thus forming 
the red color ?lters FIL(R). Next, similar treatment pro 
cesses are performed to sequentially form the green color 
?lters FIL(G) and blue color ?lters FIL(B). 

[0106] A protective ?lm PSV2 is provided for preventing 
the dyestuff used to dye the color ?lters FIL(R), FIL(G), 
FIL(B) ]into different colors from attempting to leak into the 
liquid crystal layer LC. This protective ?lm PSV2 is made 
of transparent resin materials typically including acrylic 
resin or epoxy resin or the like. 

[0107] A common transparent pixel electrode IT02 
opposes transparent pixel electrodes ITO1 that are provided 
on the loWer transparent glass substrate SUB1 in units of 
pixels, Wherein the optical state of the liquid crystal layer LC 
varies or changes in response to a voltage potential differ 
ence (electric ?eld) betWeen each pixel electrode ITO1 and 
common transparent pixel electrode ITO2. This common 
transparent pixel electrode ITO is arranged to receive a 
common voltage Vcom as applied thereto. Although the 
common voltage Vcom is set here at an intermediate poten 
tial betWeen a loW-level drive voltage Vdmin and high-level 
drive voltage Vdmax applied to the image signal lines, if the 
poWer supply voltage of an integrated circuit for use in 
image signal line drive circuitry is required to decrease 
doWn to about half then an AC voltage may be applied 
thereto. Additionally, part of the planar shape of the common 
transparent pixel electrode ITO2 is shoWn in FIG. 9. 

[0108] It should be noted that the gate terminals GTM are 
composed of a chromium Cr layer g1 having excellent 
adhesiveness With a silicon oxide SIO layer and having a 
higher resistance to electrolytic corrosion than aluminum Al, 
and a transparent conductive layer d1 lying at the same level 
as the pixel electrodes ITO1 (same layer, simultaneous 
fabrication) While protecting the surface of the former. Also 
note that conductive layers d2 and d3 that are formed on the 
gate insulation ?lm GI and sideWalls thereof are the ones 
Which reside as a result of coverage of such regions by a 
photoresist to preclude the conductive layers g2 and g1 from 
being etched aWay due to presence of pinholes during 
etching of such conductive layers d2 and d3. Additionally 
the ITO layer d1 that is designed to extend in the right 
direction beyond the gate insulation ?lm GI is for further 
enhancing such similar remedy. 
[0109] As shoWn in FIG. 9, the drain terminals DTM 
constitute a terminal group Td (suf?x omitted), Which ter 
minals are arranged to further extend beyond a cut line CT1 
of the loWer transparent glass substrate SUB1 and all of 
Which are electrically short-circuited together by a lead SHd 
in order to prevent electrostatic breakdoWn or destruction 
during the manufacturing processes. 
[0110] The drain terminals DTM are each formed of tWo 
layers including a chromium Cr layer g1 and ITO layer d1 
for the same reasons as in the gate terminals GTM and are 
connected to an image signal line DL at a speci?ed part from 
Which the gate insulation ?lm GI has been removed aWay. 
The semiconductor layer AS is formed to overlie the edge of 
the gate insulation ?lm GI for image-signal etching the edge 
of the gate insulation ?lm GI into a tapered shape. Of course, 
the protective ?lm PSV1 for providing interconnection With 
external circuitry has been removed at locations overlying 
the drain terminals DTM. 






