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DESCRIPTION

ACTIVE MATRIX SUBSTRATE AND DISPLAY PANEL INCLUDING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to active mmasubstrates and display panels
including active matrix substrates, and particyléol a technique for narrowing a frame in an
active matrix substrate with a three-side-freecitne and a display panel including such an
active matrix substrate.

BACKGROUND ART

[0002] In recent years, display panels such asdiguystal display panels are used for
various types of electronic equipment. In paracuklectronic equipment for mobile use,
such as cellular phones, needs to narrow a fragierreat the outer periphery of a display
screen, i.e., needs to narrow the frame and, thietebreduce the size of the electronic
equipment.

[0003] A liquid crystal display panel of an actiweatrix drive type includes an active
matrix substrate and a counter substrate that gpesed to each other, and a liquid crystal
layer sandwiched between the active matrix sulestiatl the counter substrate. The active
matrix substrate includes, in a rectangular displagion corresponding to the above-
described display screen, a plurality of gate diinas extending in parallel with one another
and a plurality of source signal lines extendingparallel with one another in a direction
orthogonal to the gate signal lines. The activérimaubstrate has a terminal region on its
surface projecting from the counter substrate.

[0004] In order to reduce the device size and tlialyer of components, typical mobile

electronic equipment including a display panel ofaative matrix drive type has a so-called
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“three-side-free structure” in which a terminalicegis disposed only on one of the four sides
of an active matrix substrate and no terminal negjiare disposed on the other three sides.
On the active matrix substrate with the three-$ide-structure, one gate control circuit is
monolithically provided along each of the two oppdsides on which no terminal regions are
disposed, one source control circuit is monolitihycarovided on one side on which the
terminal region is disposed, and a driver integtatiecuit (IC) connected to the gate control
circuits and the source control circuit is mountied,example. The gate control circuits are
connected to gate signal lines. The source coaoiralit is connected to source signal lines.
The source control circuit includes, for every thradjacent source signal lines, a
demultiplexer circuit for splitting display soursggnals from video signal lines connected to
the driver IC to color elements of RGB, an insp@&tiircuit for inputting an inspection signal
to the demultiplexer circuit, and a protection gitdor protecting the demultiplexer circuit,
the inspection circuit, and thin film transistorF{'s) provided in subpixels, which are
minimum units of an image, for example.

[0005] For example, Patent Document 1 describdsatluivice substrate with a three-side-
free structure can be designed such that an RG&lswircuit corresponding to the above-
described demultiplexer circuit and a protectiortwdt for video signals are separated from
each other and the pitch of arrangement in theeptioin circuit for video signals is smaller
than that in the RGB switch circuit. This designintended to reduce the size of the frame
region of the substrate by creating a redundaniomefpr disposing circuits, such as a
protection circuit for general-purpose signals, dimets near both ends of components
arranged in the protection circuit for video siglaés.

CITATION LIST

PATENT DOCUMENT

[0006] PATENT DOCUMENT 1. International Patent Puahtion No. WO2008/053622
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(FIG. 1)

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0007] Inthe device substrate described in Pdd@cument 1, however, a plurality of lines
(video signal lines) disposed between the protactiocuit for video signals and the source
driver IC are simply collected near the sourceealriC, and thus, there is room for narrowing
the frame.

[0008] It is therefore an object of the presenteimion to minimize the width of a frame
region along a terminal region in an active mastkstrate with a three-side-free structure.
SOLUTION TO THE PROBLEM

[0009] To achieve the object, according to the gmegnvention, the arrangement pitch of
outer ones of unit circuit sections constitutingegipheral circuit section is larger than that of
inner ones of the unit circuit sections.

[0010] Specifically, an active matrix substrate@ding to the present invention includes:
a rectangular display region in which an imageoid¢ displayed; a frame region defined
around the display region; a terminal region ineldidn the frame region, defined along one
side of the display region, and located near anoétide substrate; a mount region included in
the terminal region and defined along the sidenefdisplay region; a plurality of signal lines
located in the display region and extending in lravith one another in a direction
perpendicular to the side of the display regiopggpheral circuit section located in a portion
of the frame region between the display regionthrednount region and including a plurality
of unit circuit sections that are monolithicallyopided and are aligned along the side of the
display region; a plurality of first lines locat&u a portion of the frame region between the
display region and the peripheral circuit sectiod &aving an outline that narrows from the

signal lines toward the unit circuit sections; anplurality of second lines located in a portion
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of the frame region between the peripheral cirsadtion and the mount region and having an
outline that narrows from the unit circuit sectiotmvard the mount region, and an
arrangement pitch of outer ones of the unit cireetttions is larger than that of inner ones of
the unit circuit sections.

[0011] In this configuration, in the region extemglialong the terminal region near the
substrate end and included in the frame regiomddfaround the rectangular display region,
the peripheral circuit section is provided betwdendisplay region and the mount region that
is a part of the terminal region. In the peripherauit section, the monolithically provided
unit circuit sections are aligned along one sidéhefdisplay region. The arrangement pitch
of the outer unit circuit sections is larger thhattof the inner unit circuit sections. Thus,
suppose the length of the peripheral circuit secttong one side of the display region is
common and the number of unit circuit sectionsudel in the peripheral circuit section is
common, for example, then the narrowing of theinatbf the entire second lines becomes
gentle, i.e., the angle formed by the outermosbrsgdine with the side of the display region
is reduced, as compared to a case where the amang@itches of the unit circuit sections
are uniform at an average value. In this manrtes, length of the outline of the entire
second lines in a direction perpendicular to tie sif the display region can be reduced. As
a result, the width of the frame region along theminal region can be minimized in the
active matrix substrate with the three-side-freecsure.

[0012] The active matrix substrate may further ued a demultiplexer circuit section
located in a portion of the frame region betweendlsplay region and the peripheral circuit
section and including a plurality of first unit cuits that are monolithically provided for each
predetermined number of adjacent ones of the sigred and are aligned along the side of
the display region. In this case, the first unitwuts are connected to the predetermined

number of adjacent ones of the signal lines, theairtuit sections are a plurality of second
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unit circuits individually connected to the firshiti circuits through the first lines, the first
lines are a plurality of first video signal lindsat are arranged in a portion of the frame region
between the demultiplexer circuit section and tleeigmeral circuit section such that an
outline of the first video signal lines narrowsrfrahe first unit circuits toward the second unit
circuits, and the second lines are a pluralityssfond video signal lines.

[0013] The signal lines may be a plurality of saustgnal lines.

[0014] Specifically, an active matrix substrate@ding to the present invention includes:

a rectangular display region in which an imagm® ise displayed,;

a frame region defined around the display region;

a terminal region included in the frame regiorfjrag along one side of the display
region, and located near an end of the substrate;

a mount region included in the terminal region aedined along the side of the
display region;

a plurality of source signal lines located in ttisplay region and extending in
parallel with one another in a direction perpenidicto the side of the display region;

a demultiplexer circuit section located in a puntof the frame region between the
display region and the mount region and includinglwality of first unit circuits that are
monolithically provided for, and are connected @ach predetermined number of adjacent
ones of the source signal lines and are alignetgatee side of the display region;

a peripheral circuit section located in a portmmnthe frame region between the
demultiplexer circuit section and the mount regand including a plurality of second unit
circuits that are monolithically provided, indivially connected to the first unit circuits, and
aligned along the side of the display region;

a plurality of first video signal lines that areranged in a portion of the frame

region between the demultiplexer circuit sectiod #re peripheral circuit section such that an
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outline of the first video signal lines narrowsrfrahe first unit circuits toward the second unit
circuits; and

a plurality of second video signal lines that areanged in a portion of the frame
region between the peripheral circuit section d@lrhount region such that an outline of the
second video signal lines narrows from the secamidcircuits toward the mount region, and

an arrangement pitch of outer ones of the secaitdcircuits is larger than that of
inner ones of the second unit circuits.
[0015] In this configuration, in the region extemglialong the terminal region near the
substrate end and included in the frame regiomddfaround the rectangular display region,
the peripheral circuit section is provided betwdle® demultiplexer circuit section near the
display region and the mount region that is a pathe terminal region. In the peripheral
circuit section, the monolithically provided secamtit circuits are aligned along one side of
the display region. The arrangement pitch of thieiosecond unit circuits is larger than that
of the inner second unit circuits. Thus, suppdeeléngth of the peripheral circuit section
along one side of the display region is common #rel number of second unit circuits
included in the peripheral circuit section is conmtor example, then the narrowing of the
outline of the entire second video signal linesdmees gentle, i.e., the angle formed by the
outermost second video signal line with the sidéhefdisplay region is reduced, as compared
to a case where the arrangement pitches of thendaaat circuits are uniform at an average
value. In this manner, the length of the outlifighe entire second video signal lines in a
direction perpendicular to the side of the displagion can be reduced. As a result, the
width of the frame region along the terminal regman be minimized in the active matrix
substrate with the three-side-free structure.
[0016] Each of the second unit circuits may incladléeast one of an inspection circuit for

inputting an inspection signal to an associated ainthe first unit circuits or a protection
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circuit for protecting at least an associated dr@efirst unit circuits.

[0017] In this configuration, since each of themw®t unit circuits includes an inspection
circuit and/or a protection circuit, an active nmasubstrate in which each second unit circuit
includes an inspection circuit and a protectiosudir an active matrix substrate in which each
second unit circuit includes an inspection circaitan active matrix substrate in which each
second unit circuit includes a protection circaibbtained.

[0018] A length of the peripheral circuit sectidorag the side of the display region may be
smaller than a length of the demultiplexer circdttion along the side of the display region.
[0019] In this configuration, since the length lbétperipheral circuit section along one side
of the display region is smaller than the lengthh&f demultiplexer circuit section along the
side of the display region, it is possible to obtisufficient space for disposing other circuits
and lines, such as a level shift circuit, a buffiecuit, a protection circuit for a general signal,
a control signal line for a demultiplexer circiafjd a protection circuit for the control signal,
near the both ends of the peripheral circuit sactio

[0020] Another active matrix substrate accordingthe present invention includes: a
rectangular display region in which an image isb® displayed; a frame region defined
around the display region; a terminal region ineldidh the frame region, defined along one
side of the display region, and located near anoétide substrate; a mount region included in
the terminal region and defined along the sidenefdisplay region; a plurality of signal lines
located in the display region and extending in lravith one another in a direction
perpendicular to the side of the display regioffirst peripheral circuit section located in a
portion of the frame region between the displayae@nd the mount region and including a
plurality of first unit circuit sections that areomolithically provided and are aligned along
the side of the display region; a second peripharalit section located in a portion of the

frame region between the first peripheral circeitt®on and the mount region and including a
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plurality of second unit circuit sections that am®nolithically provided, are individually
connected to the first unit circuit sections, arelaigned along the side of the display region;
a plurality of first lines located in a portion tife frame region between the display region
and the first peripheral circuit section and havamgoutline that narrows from the signal lines
toward the first unit circuit sections; a plurality second lines located in a portion of the
frame region between the first peripheral circ@ittion and the second peripheral circuit
section and having an outline that narrows from fire unit circuit sections toward the
second unit circuit sections; and a plurality afdhines located in a portion of the frame
region between the second peripheral circuit secéind the mount region and having an
outline that narrows from the second unit circaitt®ons toward the mount region, and an
arrangement pitch of outer ones of the first umtust sections is larger than that of inner
ones of the first unit circuit sections, and/oraarangement pitch of outer ones of the second
unit circuit sections is larger than that of inonees of the second unit circuit sections.

[0021] In this configuration, in the region extemglialong the terminal region near the
substrate end and included in the frame regiomddfaround the rectangular display region,
the first peripheral circuit section and the secqadipheral circuit section are provided
between the display region and the mount regionisha part of the terminal region. In the
first peripheral circuit section and the secondigsral circuit section, the monolithically
provided first unit circuit sections and the motiatally provided second unit circuit sections
are aligned along one side of the display regiofhe arrangement pitch of the outer first unit
circuits is larger than that of the inner first waircuits, and/or the arrangement pitch of the
outer second unit circuits is larger than thathef inner second unit circuits. Thus, suppose
the length of the first peripheral circuit sectialong one side of the display region is
common, the number of first unit circuit sectiomeluded in the first peripheral circuit

section is common, the length of the second pergbharcuit section along one side of the
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display region is common, and the number of seaamtl circuit sections included in the
second peripheral circuit section is common, faregle, then the narrowing of the outline of
the entire second and/or third lines becomes geidle the angle formed by the outermost
second and/or third line with the side of the dagplegion is reduced, as compared to a case
where the arrangement pitches of the first andrs®cmit circuit sections are uniform at an
average value. In this manner, the length of th#ine of the entire second and/or third
lines in a direction perpendicular to the side lué tisplay region can be reduced. As a
result, the width of the frame region along theri@al region can be minimized in the active
matrix substrate with the three-side-free structure

[0022] The active matrix substrate may further wde: a demultiplexer circuit section
located in a portion of the frame region betwees display region and the first peripheral
circuit section and including a plurality of firghit circuits that are monolithically provided
for each predetermined number of adjacent onebeo§ignal lines and are aligned along the
side of the display region. In this case, thetfimgit circuits are connected to the
predetermined number of adjacent ones of the sigres, the first unit circuit sections are a
plurality of second unit circuits individually coacted to the first unit circuits through the
first lines, the second unit circuit sections arplarality of third unit circuits individually
connected to the second unit circuits through do®isd lines, the first lines are a plurality of
first video signal lines that are arranged in atipar of the frame region between the
demultiplexer circuit section and the first peripecircuit section such that an outline of the
first video signal lines narrows from the first uaircuits toward the second unit circuits, the
second lines are a plurality of second video sidjnak that are arranged in a portion of the
frame region between the first peripheral circwittion and the second peripheral circuit
section such that an outline of the second vidgaadilines narrows from the second unit

circuits toward the third unit circuits, and therdhlines are a plurality of third video signal
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lines.

[0023] The signal lines may be a plurality of saustgnal lines.

[0024] Specifically, the active matrix substrate@ding to the present invention further
includes:

a rectangular display region in which an imagm® ise displayed,;

a frame region defined around the display region;

a terminal region included in the frame regiorfjraE along one side of the display
region, and located near an end of the substrate;

a mount region included in the terminal region aedined along the side of the
display region;

a plurality of source signal lines located in ftisplay region and extending in
parallel with one another in a direction perpenfdicto the side of the display region;

a demultiplexer circuit section located in a pmmtof the frame region between the
display region and the mount region and includinglwality of first unit circuits that are
monolithically provided for, and are connected @ach predetermined number of adjacent
ones of the source signal lines and are alignetgatoe side of the display region;

a first peripheral circuit section located in atfmm of the frame region between the
demultiplexer circuit section and the mount regand including a plurality of second unit
circuits that are monolithically provided, indivially connected to the first unit circuits, and
aligned along the side of the display region;

a second peripheral circuit section located irodign of the frame region between
the first peripheral circuit section and the moregion and including a plurality of third unit
circuits that are monolithically provided, indivially connected to the second unit circuits,
and aligned along the side of the display region;

a plurality of first video signal lines that areranged in a portion of the frame
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region between the demultiplexer circuit sectiod #me first peripheral circuit section such
that an outline of the first video signal lines noavs from the first unit circuits toward the
second unit circuits;

a plurality of second video signal lines that areanged in a portion of the frame
region between the first peripheral circuit secteord the second peripheral circuit section
such that an outline of the second video signaslinarrows from the second unit circuits
toward the third unit circuits; and

a plurality of third video signal lines that argamged in a portion of the frame
region between the second peripheral circuit secitd the mount region such that an outline
of the third video signal lines narrows from th&dhunit circuits toward the mount region,
and

an arrangement pitch of outer ones of the secaiitdcircuits is larger than that of
inner ones of the second unit circuits, and/or mangement pitch of outer ones of the third
unit circuits is larger than that of inner onestd third unit circuits.

[0025] In this configuration, in the region extemglialong the terminal region near the
substrate end and included in the frame regiomddfaround the rectangular display region,
the first peripheral circuit section and the secqadipheral circuit section are provided

between the demultiplexer circuit section neardisplay region and the mount region that is
a part of the terminal region. In the first peepd circuit section and the second peripheral
circuit section, the monolithically provided secomait circuits and/or third unit circuits are

aligned along one side of the display region. ahmngement pitch of the outer second
and/or third unit circuits is larger than that detinner second and/or third unit circuits.
Thus, suppose the length of the first periphenadud section along one side of the display
region is common, the number of second unit cisciuitluded in the first peripheral circuit

section is common, the length of the second pergbharcuit section along one side of the
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display region is common, the number of third wmituits included in the second peripheral
circuit section is common, for example, then theowing of the outline of the entire second
and/or third video signal lines becomes gentle, itee angle formed by the outermost second
and/or third video signal line with the side of ttieplay region is reduced, as compared to a
case where the arrangement pitches of the secahdhad unit circuits are uniform at an
average value. In this manner, the length of th#ine of the entire second and/or third
video signal lines in a direction perpendiculathe side of the display region can be reduced.
As a result, the width of the frame region along terminal region can be minimized in the
active matrix substrate with the three-side-freecsure.

[0026] Each of the second unit circuits may be maspeéction circuit for inputting an
inspection signal to an associated one of the €irst circuits, and each of the third unit
circuits may be a protection circuit for protectiagleast an associated one of the first unit
circuits.

[0027] In this configuration, since each of them®t unit circuits is an inspection circuit
and each of the third unit circuits is a protectaacuit, an active matrix substrate in which
the demultiplexer circuit section, the first pempal circuit section including the inspection
circuits, and the second peripheral circuit sectiooluding the protection circuits are
arranged in this order from the display region dioard the mount region in the frame
region along the terminal region is obtained.

[0028] Each of the second unit circuits may bedaemtion circuit for protecting at least an
associated one of the first unit circuits, and eafdine third unit circuits may be an inspection
circuit for inputting an inspection signal to ars@siated one of the first unit circuits.

[0029] In this configuration, since each of them®t unit circuits is a protection circuit
and each of the third unit circuits is an inspectarcuit, an active matrix substrate in which

the demultiplexer circuit section, the first pempal circuit section including the protection
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circuits, and the second peripheral circuit sectinoluding the inspection circuits are
arranged in this order from the display region dioard the mount region in the frame
region along the terminal region is obtained.

[0030] A length of the first peripheral circuit $en along the side of the display region
may be smaller than a length of the demultiplex@ud section along the side of the display
region, and may be larger than a length of thers@peripheral circuit section along the side
of the display region.

[0031] In this configuration, the length of thesfiperipheral circuit section along one side
of the display region is smaller than the lengthh&f demultiplexer circuit section along the
side of the display region, and is larger thanléimgth of the second peripheral circuit section
along the side of the display region. Thus, ip@ssible to obtain a sufficient space for
disposing other circuits and lines, such as a lehét circuit, a buffer circuit, a protection
circuit for a general signal, a control signal liloe a demultiplexer circuit, and a protection
circuit for the control signal, near the both enfl®ach of the first peripheral circuit section
and the second peripheral circuit section.

[0032] A display panel according to the preseneimion includes: one of the active matrix
substrates described above; a counter substraiteg fite active matrix substrate; and a
display medium layer located between the activeimatibstrate and the counter substrate.
[0033] In this configuration, the display panelludes the active matrix substrate with the
three-side-free structure in which the width of trene region along the terminal region can
be minimized, the counter substrate facing thevactnatrix substrate, and the display
medium layer sandwiched between these substrafidais, in a display panel including an
active matrix substrate with a three-side-freecétne, such as a liquid crystal display panel
or an organic electro luminescence (EL) panelwitth of a frame region along a terminal

region can be minimized.
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[0034] The display medium layer may be a liquidstay layer.

[0035] In this configuration, since the display nued layer is a liquid crystal layer, the

liquid crystal display panel as a display pan&bgained.

ADVANTAGES OF THE INVENTION

[0036] In the present invention, since the arrarng@npitch of outer ones of unit circuit

sections constituting a peripheral circuit sectioarger than that of inner ones of the unit
circuit sections, the width of a frame region al@aterminal region can be minimized in an
active matrix substrate with a three-side-freecétme.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] [FIG. 1] FIG. 1 is a perspective view illteing a liquid crystal display panel

according to a first embodiment.

[FIG. 2] FIG. 2 is a cross-sectional view of theulid crystal display panel taken along the
line [I-11'in FIG. 1.

[FIG. 3] FIG. 3 is a plan view of an active matsubstrate constituting the liquid crystal
display panel of the first embodiment.

[FIG. 4] FIG. 4 is an enlarged plan view of a regiRa in FIG. 3.

[FIG. 5] FIG. 5 is an enlarged plan view of a regRb in FIG. 3.

[FIG. 6] FIG. 6 is an enlarged plan view of a regkc in FIG. 3.

[FIG. 7] FIG. 7 is an enlarged plan view of a regid in FIG. 3.

[FIG. 8] FIG. 8 is an enlarged plan view of a ragiRe in FIG. 3.

[FIG. 9] FIG. 9 is an enlarged plan view of a regkf in FIG. 3.

[FIG. 10] FIG. 10 is an enlarged plan view of aioegRg in FIG. 3.

[FIG. 11] FIG. 11 is a plan view schematically dteating features of the active matrix
substrate of first embodiment.

[FIG. 12] FIG. 12 is an equivalent circuit diagraha demultiplexer circuit section and a
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peripheral circuit section constituting the actimeatrix substrate of the first embodiment.
[FIG. 13] FIGS. 13(a)-13(c) are equivalent ciradiigrams of protection circuits constituting
the peripheral circuit section of the active maswbstrate of the first embodiment.
[FIG. 14] FIG. 14 illustrates advantages obtaingdubing the active matrix substrate of the
first embodiment.
[FIG. 15] FIG. 15 is a plan view of an active matsubstrate according to a second
embodiment.
[FIG. 16] FIG. 16 is a plan view of an active matrsubstrate according to a third
embodiment.
[FIG. 17] FIG. 17 is a plan view of an active matsubstrate according to a fourth
embodiment.
[FIG. 18] FIG. 18 is a plan view of an active matsubstrate according to a fifth embodiment.
DESCRIPTION OF EMBODIMENTS
[0038] Embodiments of the present invention will Bescribed with reference to the
drawings. The present invention is not limitedhe following embodiments.
[0039] <<First embodiment>>

FIGS. 1-14 illustrate an active matrix substratel a display panel including the
active matrix substrate according to a first embaadit of the present invention. FIG. 1is a
perspective view of a liquid crystal display paBélof this embodiment. FIG. 2 is a cross-
sectional view of the liquid crystal display pabéltaken along the line II-1l in FIG. 1. FIG.
3 is a plan view of an active matrix substrate @0astituting the liquid crystal display panel
50. FIGS. 4-10 are enlarged plan views of regRaskg in FIG. 3. FIG. 11 is a plan view
schematically illustrating features of the activeatrix substrate 20a. FIG. 12 is an
equivalent circuit diagram of a demultiplexer citcection 3 and a peripheral circuit section

4 constituting the active matrix substrate 20a.G%l 13(a)-13(c) are equivalent circuit
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diagrams of protection circuits 9e (9ea-9ec) ctunitig the peripheral circuit section 4.

[0040] As illustrated in FIGS. 1 and 2, the liquidystal display panel 50 includes: an
active matrix substrate 20a and a counter subs3tathat are opposed to each other; a liquid
crystal layer 40 serving as a display medium laamndwiched between the active matrix
substrate 20a and the counter substrate 30; asaliag material 45 bonding the active matrix
substrate 20a and the counter substrate 30 togatlddnaving a frame shape for enclosing the
liquid crystal layer 40 between the active matukstrate 20a and the counter substrate 30.
[0041] Asi illustrated in FIG. 1, in the active matsubstrate 20a, the counter substrate 30,
and the liquid crystal display panel 50 includirg tactive matrix substrate 20a and the
counter substrate 30, a display region D wherenaage is to be displayed is defined as a
rectangular shape inside the sealing material é& F4GS. 2 and 3) and a frame region F is
defined as a frame shape around the display rdgionAs illustrated in FIGS. 1 and 3, in the
frame region F of the active matrix substrate 208erminal region T is defined at an end of
the substrate such that the terminal region T elet@hong the bottom, in the drawings, of the
display region D and projects from the counter sabs 30. As illustrated in FIGS. 1 and 3,
a mount region M on which the driver IC is to beunted is defined in a center portion of the
terminal region T of the active matrix substratea 2thd extends along the bottom, in the
drawings, of the display region D.

[0042] As illustrated in FIGS. 2 and 3, the actiugatrix substrate 20a includes: a
transparent substrate 10 such as a glass substiglteality of gate signal lines 14c extending
in the lateral direction in FIG. 3 in parallel witne another in the display region D and
located above the transparent substrate 10 withnaerlying film 11 and a gate insulating
film 13 interposed therebetween; an interlayer lm#ng film 15 of an inorganic insulating
film covering the gate signal lines 14c; a plusakiff source signal lines 16a extending in

parallel with one another in the direction (i.é¢ tvertical direction in FIG. 3) perpendicular
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to the gate signal lines 14c in the display rediband located on the interlayer insulating
film 15; a plurality of thin film transistors (TFT$10t shown) disposed at each intersection
between the gate signal lines 14c and the sougcalsines 164, i.e., in each subpixel, which
IS a minimum unit of an image; a protective insualgtfilm 17 of an organic insulating film
covering the TFTs; a plurality of pixel electrodB®a arranged in matrix on the protective
insulating film 17 in the display region D and iwdiually connected to the TFTs; and an
alignment film (not shown) covering the pixel electes 18a.

[0043] Each of the TFTs provided in the subpixaldudes, for example, an island-shaped
semiconductor layer on the underlying film 11, thate insulating film 13 covering the
semiconductor layer, a gate electrode located ergtte insulating film 13 and overlapping
part of the semiconductor layer, the interlayeuiasng film 15 covering the gate electrode,
and source and drain electrodes that are locatethennterlayer insulating film 15 and
separated from each other. The TFTs have sulaitgrithe same configuration as a TFT 5
of a first unit circuit 3u, which will be describddter. The gate electrodes are part of, or
laterally extending projections of, the gate sighiés 14c in the subpixels. The source
electrodes are part of, or laterally extending gebpns of, the source signal lines 16a in the
subpixels. The drain electrodes are connectedha@pixel electrodes 18a through contact
holes (not shown) formed in the protective insalgtilm 17.

[0044] As illustrated in FIG. 3, the ends of eadlihe gate signal lines 14c are connected
to gate control circuits 1 in the frame region F.

[0045] As illustrated in FIG. 3, the gate contrakaits 1 are monolithically formed along
the left side and the right side, in the drawinighe display region D. As illustrated in FIG.
3, accessory wiring circuits 2 including a levelftskircuit, a buffer circuit, a protection
circuit for a general signal are monolithically picded near the gate control circuits 1. This

configuration for driving from both ends of the gatignal lines 14c can reduce crosstalk

17 S13-017



10

15

20

25

(shadowing) that might occur with an increase sohation of a pixel array.

[0046] As illustrated in FIG. 3, the source sigriales 16a are connected to the
demultiplexer circuit section 3 in the frame regkn

[0047] Asi illustrated in FIGS. 3 and 11, the dempldtxer circuit section 3 is located in the
frame region F between the display region D andribant region M and between the display
region D and a peripheral circuit section 4, whial be described later. As illustrated in
FIGS. 4, 8, and 11, the demultiplexer circuit sEtt includes a plurality of first unit circuits
3u arranged at an identical pitch #ong one side (i.e., the bottom side in FIG. dfLl}he
display region D. In addition, as illustrated imGF 3, the accessory wiring circuits 2
including the level shift circuit, the buffer cintuthe protection circuit for a general signal,
the control signal line for a demultiplexer cirguand a protection circuit for a control signal
of the demultiplexer circuit are monolithically pided near the demultiplexer circuit section
3. In this embodiment, as illustrated in FIG.hE pitch refers a distance between the center
lines of adjacent units. Here, the pitch is bdbkidhe distance between the center lines of
adjacent units, but may be a distance between f@mi@ed locations on adjacent units (e.g.,
one end of each of the adjacent units).

[0048] As Iillustrated in FIG. 12, the first unitrcuits 3u are monolithically and
individually provided for adjacent three sourcensiglines 16a, i.e., a source signal line 16aR
for displaying red, a source signal line 16aG fmptaying green, and a source signal line
16aB for displaying blue, and are connected talihee source signal lines 16a (16aR, 16aG,
and 16aB). As illustrated in FIG. 12, the firstitunircuits 3u include three TFTs 5
respectively connected to the source signal lireRl®r displaying red, the source signal line
16aG for displaying green, and the source signal li6aB for displaying blue. In response
to a control signal for the demultiplexer circuite first unit circuits 3u distribute, to the

individual RGB color elements, source signals figpthy that have been input through video
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signal lines 8 including first video signal linea 8nd second video signal lines 8b, which will
be described later, and through the peripheralitisection 4.

[0049] As llustrated in FIG. 2, each of the TFTs ibcludes: an island-shaped
semiconductor layer 12a on the underlying film #tfe gate insulating film 13 covering the
semiconductor layer 12a; a gate electrode 14addcah the gate insulating film 13 and
overlying part of the semiconductor layer 12a; mterayer insulating film 15 covering the
gate electrode 14a; and a source electrode (16 anain electrode 16b that are located on
the interlayer insulating film 15 and separatedrfreach other.

[0050] The semiconductor layer 12a includes a cearggion (not shown) overlying the
gate electrode 14a and source and drain regiortssfrawn) that are separated from each
other with the channel region sandwiched therebstwe A lightly doped drain (LDD)
region may be provided between the channel regidneach of the source region or the drain
region in the semiconductor layer 12a.

[0051] As illustrated in FIG. 2, the source elede#d16a) of the TFT 5 is connected to the
source region of the semiconductor layer 12a throagcontact hole 15a formed in the
multilayer film composed of the gate insulatingrfill3 and the interlayer insulating film 15,
and serves as an end of the source signal line 16a.

[0052] As illustrated in FIG. 2, the drain electeodl6b of the TFT 5 is connected to the
drain region of the semiconductor layer 12a throwgltontact hole 15b formed in the
multilayer film composed of the gate insulatingrfill3 and the interlayer insulating film 15,
and connected to an interconnect layer 14b cotistitiihe video signal lines 8 through a
contact hole 15c formed in the interlayer insulgtitm 15. The source electrode (16a) and
the drain electrode 16b of the TFT 5 are made wfetal material having a low resistance,
such as aluminium or chromium. The interconnegéldal4b is made of a metal material

having a high corrosion resistance, such as tungsteantalum.
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[0053] As illustrated in FIGS. 3 and 11, the peepl circuit section 4 is located in the
frame region F between the demultiplexer circuittise 3 and the mount region M. As
illustrated in FIGS. 5, 7, 9, 11, and 12, the geenal circuit section 4 includes a plurality of
second unit circuits 4u (4ua and 4ub) aligned alomg side (i.e., the bottom side in FIG. 11)
of the display region D as a plurality of unit aifcsections. As illustrated in FIG. 11, the
accessory wiring circuits 2 including the levelfsigircuit, the buffer circuit, the protection
circuit for a general signal, the control signaielifor the demultiplexer circuit, and the
protection circuit for a control signal of the ddimplexer circuit may be monolithically
provided near the peripheral circuit section 4.

[0054] As illustrated in FIGS. 5, 7, 9, and 11, tbecond unit circuits 4u include: a
plurality of second unit circuits 4ua arrangedrabater side at a relatively large pitch &nd

a plurality of second unit circuits 4ub arrangedatinner side at a relatively small pitch P
and are monolithically provided.

[0055] Asi illustrated in FIG. 12, the second umitgits 4u include: an inspection circuit 6e
for inputting an inspection signal to the first waircuits 3u; and a protection circuit 9e for
protecting, for example, the first unit circuits, 3e inspection circuit 6e, and TFTs provided
in the individual subpixels.

[0056] As illustrated in FIG. 12, the inspectiorrceiit 6e includes one TFT having
substantially the same configuration as that offtR&s 5 of the first unit circuits 3u, and in
response to a control signal for inspection, in@utsnspection signal to an associated one of
the first unit circuits 3u.

[0057] The protection circuit 9e is, for examplepratection circuit 9ea in which four n-
channel TFTs are provided between a high-potepbaler supply line Vdd for supplying a
relatively high voltage and a low-potential powepgly line Vss for supplying a relatively

low voltage as illustrated in FIG. 13(a), a proi@ctcircuit 9eb in which two n-channel TFTs
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and two p-channel TFT are provided between a hagkgial power supply line Vdd and a
low-potential power supply line Vss as illustraiad=IG. 13(b), or a protection circuit 9ec in
which four p-channel TFTs are provided betweenga-potential power supply line Vdd and
a low-potential power supply line Vss as illustchie FIG. 13(c).

[0058] As illustrated in FIGS. 3-5, 7-9, and 11e fecond unit circuits 4u are individually
connected to the first unit circuits 3u throughlarality of first video signal lines 8a serving
as a plurality of first lines.

[0059] As illustrated in FIGS. 3 and 11, the fivatleo signal lines 8a are arranged such
that the outline of the first video signal linest@arows from the first unit circuits 3u toward
the second unit circuits 4u (4ua and 4ub). Sp=alij, first, as illustrated in FIG. 4, the first
video signal lines 8a extend in parallel with ometaer at an arrangement pitchfRom the
first unit circuits 3u arranged at an arrangemetthpP, in a direction intersecting with one
side (i.e., the bottom side in FIG. 3) of the digptegion D at an angk. Thereafter, as
illustrated in FIGS. 5 and 7-9, the first videoraglines 8a bend in a direction perpendicular
to the side (i.e., the bottom side in FIG. 3) &f thsplay region D, and then extend in parallel
with one another at arrangement pitcheari®l R.  In this manner, the first video signal lines
8a reach the second unit circuits 4ua and the seaoit circuits 4ub.

[0060] As illustrated in FIGS. 3, 5-7, and 9-11e thecond unit circuits 4u (4ua and 4ub)
are individually connected to a plurality of termi® 7 in the mount region M, through a
plurality of second video signal lines 8b servirsgagplurality of second lines.

[0061] Asi illustrated in FIGS. 3 and 11, the secwoitto signal lines 8b are arranged such
that the outline of the second video signal linbsn@rrows from the second unit circuits 4u
(4ua and 4ub) toward the mount region M. Spedificéirst, as illustrated in FIG. 5, outer
ones of the second video signal lines 8b extergarallel with one another at an arrangement

pitch B from the second unit circuits 4ua arranged atreangement pitch Fn a direction
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intersecting with the side (i.e., the bottom sidd-IG. 3) of the display region D at an angle
0p. Thereafter, as illustrated in FIG. 6, the oudecond video signal lines 8b bend in a
direction perpendicular to the side (i.e., thedmtside in FIG. 3) of the display region D, and
then extend in parallel with one another in an ragyeanent pitch £ In this manner, the
second video signal lines 8b reaches the terminasranged at the arrangement pitgh P
As illustrated in FIGS. 7 and 9, inner ones of #eeond video signal lines 8b extend in
parallel with one another at the arrangement pRclirom the second unit circuits 4ub
arranged at the arrangement pitghrPa direction perpendicular to the side (i.ee bottom
side in FIG. 3) of the display region D. In thisnmer, the inner second video signal lines
8b reach the terminals 7 arranged at the arrangepiteh R. In the mount region M, as
illustrated in FIG. 2, a metal conductive layer B a transparent conductive layer 18b are
stacked at an end of the interconnect layer 14istitating the second video signal lines 8b
over a contact hole 15d formed in the interlayesuiating film 15. In this manner, the
terminals 7 are formed.

[0062] Asillustrated in FIG. 2, the video signialds 8 are covered with the multilayer film
composed of the interlayer insulating film 15 ahd protective insulating film 17 to a region
projecting from the counter substrate 30. Thus;oston of the video signal lines 8 can be
reduced. In addition, even when an end surfagesafbstrate to be the counter substrate 30
comes into contact with the video signal lines 8iwiding the substrate, damage of the video
signal lines 8 can be reduced. To reduce damagigeofideo signal lines 8, the protective
insulating film (17) may cover the entire surfacé tbe active matrix substrate 20a.
However, to prevent the protective insulating fi(t7) from peeling off and becoming a
foreign substance in a subsequent step, an un@eggssrtion of the protective insulating
film (17) corresponding to the terminal region Tpeeferably removed beforehand. The

configuration in which the protective insulatingrfi1l7 is made of the organic insulating film
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is effective in the case of forming a pixel eledeancluding a reflecting electrode with an
uneven surface and the case of designing pixelmdavhigh aperture ratio with a pixel-on-
passivation structure, for example.

[0063] The parallel arrangement of the video sidmas 8 is not necessarily composed of
simply linear parallel lines. For example, theeadsignal lines 8 may extend in parallel
with one another toward the mount region M whilghgly winding in order to uniformize the
line lengths of the video signal lines 8. In anidif each of the video signal lines 8 may be
deformed within an arbitrary short distance in ortieadjust the line position. That is, the
term "parallel lines" herein refers to a concegtedent from that of the term "extend in
parallel with one another,” and the term "extengamallel with one another" herein has a
broader meaning than the term "parallel lines."

[0064] As illustrated in FIG. 5, in order to reduadength H of the second video signal
lines 8b along a direction perpendicular to thee dice., the bottom side in FIG. 3) of the
display region D extending in a direction intergggtwith the side (i.e., the bottom side in
FIG. 3) of the display region D at an an@lg the angled, needs to be reduced based on the
relationship:

tan0p = H/W.

To reduce the anghy, based on the relationship:

sin 6, = Py/P,,

the arrangement pitch.Hs increased because the arrangement pitclis Restricted by
manufacturing apparatus and manufacturing processes

[0065] On the other hand, to obtain a sufficierdcgpfor other circuits and lines, e.g., the
level shift circuit, the buffer circuit, the protemn circuit for a general signal, the control
signal line for the demultiplexer circuit, and fmtection circuit for a control signal, near the

both ends of the peripheral circuit section 4, piteh of the unit circuits 4u constituting the
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peripheral circuit section 4 is reduced. Howe¥fdhe arrangement pitch of the unit circuits
4u is uniformly reduced, the arrangement pitgliétreases, resulting in an increase in length
H.

[0066] To prevent such a situation, in the presewention, the arrangement pitch of the
outer second unit circuits 4u is made larger thaat bf the inner second unit circuits 4u.
Specifically, as illustrated in FIG. 11, the arrangent pitch P of the outer second unit
circuits 4ua is larger than the arrangement pitclofRthe inner second unit circuits 4ub.
Thus, a sufficient space for providing other citsuwind lines is obtained near the both ends of
the peripheral circuit section 4, and the lengtbftthe second video signal lines 8b along the
direction perpendicular to the side (i.e., the dotside in FIG. 3) of the display region D.
[0067] The counter substrate 30 includes, for exapgtransparent substrate (not shown)
such as a glass substrate, a black matrix (not shawanged in a lattice on the transparent
substrate, a plurality of colored layers (not shpsuch as a red layer, a green layer, and a
blue layer provided at individual units of the ilzdt of the black matrix, a common electrode
(not shown) covering the black matrix and the cadolayers, a plurality of columnar photo
spacers (not shown) located on the common electrani# an alignment film (not shown)
covering the common electrode and the photo spacers

[0068] The liquid crystal layer 40 is made of, éorample, a nematic liquid crystal material
having electrooptic properties.

[0069] In each of the subpixels of the liquid cafstlisplay panel 50 with the above-
described configuration, when a gate signal frommghate control circuit 1 is sent to the gate
electrode through the gate signal lines 14c sotti@@ FT turns on, a source signal from the
driver IC mounted on the mount region M is senth® source electrode through the video
signal lines 8, the demultiplexer circuit sectiona®d the source signal lines 16a, and a

predetermined amount of charge is written in theelpielectrodes 18a through the
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semiconductor layer and the drain electrode. Attilme, in the liquid crystal display panel
50, a potential difference occurs between eacheptxel electrodes 18a of the active matrix
substrate 20a and the common electrode of the eosabstrate 30, and a predetermined
voltage is applied to the liquid crystal layer 40n each of the subpixels of the liquid crystal
display panel 50, the alignment state of the ligurgstal layer 40 is changed depending on
the voltage applied to the liquid crystal layerst@h that the light transmittance of the liquid
crystal layer 40 is adjusted and an image is dygalan the display region D.
[0070] A method for fabricating a liquid crystalsgiay panel 50 according to this
embodiment will now be described. The method faoricating a liquid crystal display
panel 50 of this embodiment includes an active imatrbstrate fabrication process, a counter
substrate fabrication process, and a liquid crysfattion process.
[0071] <Active Matrix Substrate Fabrication Process

First, a silicon nitride film, a silicon oxide fiil, or a multilayer film of the silicon
nitride film and the silicon oxide film, for exanglis deposited by chemical vapor deposition
(CVD) over a transparent substrate 10 such asss glabstrate to a thickness of about 50 nm,
thereby forming an underlying film 11.
[0072] Next, an intrinsic amorphous silicon film deposited by, for example, CVD to a
thickness of about 50 nm over the entire substatehich the underlying film 11 is formed,
and then polycrystallized by annealing such agliateon with laser light, thereby forming a
polysilicon film. The polysilicon film is subjeadie to photolithography, etching, and
removal of a resist, thereby forming a semiconduletger 12a and other components.
[0073] Thereafter, a silicon nitride film, a silicaxide film, or a multilayer film of the
silicon nitride film and the silicon oxide film, f@example, is deposited by, for example, CVD
to a thickness of about 100 nm over the entiretsateson which the semiconductor layer 12a

and other components are formed, thereby formiggta insulating film 13.
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[0074] Subsequently, a metal film such as a tumgéiten is deposited by, for example,
sputtering to a thickness of about 300 nm over é¢h@re substrate on which the gate
insulating film 13 is formed, and is subjected tolithography, etching, and removal of a
resist, thereby forming, for example, gate signaéd 14c, a gate electrode 14a, and an
interconnect layer 14b.

[0075] Then, the semiconductor layer 12a and atberponents on the substrate on which
the gate signal lines 14c, for example, is formed doped with an impurity such as
phosphorus and boron with the gate electrode 1dd as a mask, thereby forming a channel
region, a source region, and a drain region inef@mple, the semiconductor layer 12a.
[0076] Thereafter, an inorganic insulating film buas a silicon nitride film, a silicon oxide
film, or a multilayer film of the silicon nitrideilm and the silicon oxide film is deposited by,
for example, CVD to a thickness of about 700 nmrabe entire substrate in which the
channel region, the source region, and the drgjioneare formed in the semiconductor layer
12a. Then, the inorganic insulating film and theteginsulating film 13 underlying the
inorganic insulating film are subjected to photadiggraphy, etching, and removal of a resist,
thereby forming an interlayer insulating film 15ciading contact holes 15a, 15b, 15c, and
15d.

[0077] Then, a metal film such as an aluminium filen deposited by, for example,
sputtering to a thickness of about 350 nm overdhire substrate on which the interlayer
insulating film 15 is formed, and is subjected twiwlithography, etching, and removal of a
resist, thereby forming, for example, source sigmas 16a, a drain electrode 16b, and a
metal conductive layer 16¢. In this manner, TFTsarld first unit circuits 3u of a
demultiplexer circuit section 3 including the TFbsare formed. In this process, TFTs
provided in individual subpixels, a gate controtcait 1, and inspection circuits 6e and

protection circuits 9e constituting second unituits 4u of a peripheral circuit section 4 are
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also formed.
[0078] Further, a photosensitive acrylic resin fisnapplied by, for example, spin coating
or slit coating to a thickness of aboututh over the entire substrate on which the source
signal lines 16a, for example, is formed, and tiseprebaked, exposed to light, developed,
and postbaked, thereby forming a protective inguddilm 17 having a contact hole.
[0079] Then, a transparent conductive film suchaasindium tin oxide (ITO) film is
deposited by, for example, sputtering to a thicknefsabout 100 nm over the entire substrate
on which the protective insulating film 17 is fordheand is subjected to photolithography,
etching, and removal of a resist, thereby forminxgelpelectrodes 18a and a transparent
conductive layer 18b.
[0080] Lastly, a polyimide resin film is applied ,dpr example, spin coating, slit coating,
or printing onto the entire substrate on which pieel electrodes 18a, for example, are
formed, and the polyimide resin film is subjectedbbking and rubbing, thereby forming an
alignment film.
[0081] In the foregoing manner, an active matriksttate 20a of this embodiment can be
fabricated.
[0082] <Counter Substrate Fabrication Process>

First, a black-colored photosensitive resin isliggpby, for example, spin coating
or slit coating onto the entire surface of a tramept substrate such as a glass substrate, and
then is exposed to light and developed, therebyifoy a black matrix to a thickness of about
1pum.
[0083] Then, ared-, green-, or blue-colored phentsgtive resin is applied by, for example,
spin coating or slit coating onto the entire suddstion which the black matrix is formed, and
then is exposed to light and developed, therebmifty a colored layer of a selected color

(e.g., a red layer) with a thickness of about 8. Similar processes are repeatedly
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performed for the other two colors, thereby formoaored layers of the other two colors
(e.g., a green layer and a blue layer) each wikiickness of about 13m.
[0084] Subsequently, a transparent conductive $ilich as an ITO film is deposited by, for
example, sputtering to a thickness of about 100wittm a mask, over the entire substrate on
which the colored layers are formed, thereby fograrcommon electrode.
[0085] Then, a photosensitive acrylic resin filmaplied by, for example, spin coating or
slit coating to a thickness of aboutpdn onto the entire substrate on which the common
electrode is formed, and then is prebaked, exptuskght, developed, and postbaked, thereby
forming photo spacers.
[0086] Lastly, a polyimide resin film is applied ,bpr example, spin coating, slit coating,
or printing onto the entire substrate on which gh®to spacers are formed, and then is
subjected to baking and rubbing, thereby forminglamment film.
[0087] In the foregoing manner, a counter substi@@e of this embodiment can be
fabricated.
[0088] <Liquid Crystal Injection Process>

First, a sealing material 45 of an ultraviolet (\itllermosetting resin is printed in a
frame shape on the surface of the counter subs¥@tmabricated in the counter substrate
fabrication process, for example, and then a ligquidtal material (40) is dropped inside the
frame of the sealing material 45.
[0089] Subsequently, the counter substrate 30 dnohathe liquid crystal material (40) has
been dropped and the active matrix substrate 20@céded in the active matrix substrate
fabrication process are bonded together underweedpressure to form a bonded assembly.
This bonded assembly is then exposed to the aieruad atmospheric pressure, thereby
pressurizing the front and back surfaces of thelbdrassembly.

[0090] Furthermore, the sealing material 45 enddsethe bonded assembly is irradiated
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with UV light, and then the bonded assembly is ééathereby curing the sealing material 45.
[0091] Lastly, the bonded assembly enclosing theedsealing material is cut by, for
example, dicing, and unwanted portions thereofemsved.

[0092] In the foregoing manner, a liquid crystadplay panel 50 of this embodiment can
be fabricated.

[0093] Next, the difference between the width of finame region F along the terminal
region D in an active matrix substrate 20 of a pcatexample of this embodiment and the
width of a frame region F along a terminal regionnDan active matrix substrate 120 of a
comparative example will be described. FIG. ldsiitates advantages obtained by using the
active matrix substrate 20 of this embodiment. FIG. 14, outlines of the entire first video
signal lines 8a and 108a and the second videoldigea 8b and 108b are shown.

[0094] In the active matrix substrate 20 in FIG, f#e second video signal lines 8b are
divided into two portions, i.e., a left portion aadright portion, and the other part of the
configuration of the active matrix substrate 20sisbstantially the same as the above-
described active matrix substrate 20a. As illdsttain FIG. 14, in the active matrix
substrate 120, second unit circuits 104u constigut peripheral circuit section 104 are
arranged at a uniform arrangement pitch, and therqiart of the configuration of the active
matrix substrate 120 is substantially the saméeasittive matrix substrate 20.

[0095] Suppose the active matrix substrate 20 dedactive matrix substrate 120 are
deigned as indicated in Table 1. Specifically, dbgve matrix substrate 20 is designed such
that the arrangement pitch of 132 outer ones ofsdwnd unit circuits 4ua constituting the
peripheral circuit section 4 is 8im and the arrangement pitch of 456 inner ones ef th
second unit circuits 4ub is 38n and the active matrix substrate 120 is desigoeH that the
arrangement pitch of 720 second unit circuit 10dnstituting the peripheral circuit section

104 is 54.5um. Then, a frame dimension Ha of second videoasigmes 8b is 141@m in
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the active matrix substrate 20 and a frame dimaenisio of second video signal lines 108b is

1770um in the active matrix substrate 120. Then, @defirmed that the width of the frame

region F along the final terminal region D is reedd¢o 36Qum (= 6710um — 6350um).

[0096]

[Table 1]

\

Practical Example

Comparative Example

Subpixel Size

27 4 mx81 tm

27 fmx81 ttm

Number of Subpixels

720xRGBx1280

720xRGBx1280

Screen Size (Diagonal)

4.68 inches (118.9mm)

4.68 inches (118.9mm)

Demultiplexer |Height of Unit Circuits | 300 4 m 300 m

Circuit

Section Pitch of Unit Circuits | 27 m X 2160 27 m X 2160
Peripheral Height of Unit Circuits | 1000 ¢ m 1000 ¢ m
Circuit

Section Pitch of Unit Gircuits | 5 100 + 81 1rom x 19| 5454m X 720
Driver IC (Pitch of Output Terminals) | 28 4 m 28U m

Design Rule of Video Signal Line L/S=about 4 g m/4um |L/S=about 4 um/4tm

Display Region to Demultiplexer
Circuit Section 90 90
Demultiplexer Circuit Section 300 300
First Video Signal Line 1000 1000
Frame
Rpglon Peripheral Circuit Section 1000 1000
Size
(tm) |Second Video Signal Line 1410 1770
Mount Region 1360 1360
IC to Glass End 1190 1190
Total (Display Region to Glass End) 6350 6710
[0097] As described above, in the active matrixsttdte 20a (20) and the liquid crystal

display panel 50 including the active matrix suditstr20a (20) of this embodiment, in the
frame region F along the terminal region T near shbstrate end in the frame region F
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defined around the rectangular display region [@, gkripheral circuit section 4 is provided
between the demultiplexer circuit section 3 neardisplay region D and the mount region M
that is a part of the terminal region T. In theipleeral circuit section 4, the monolithically
provided second unit circuits 4u are aligned along side of the display region D. The
arrangement pitch of outer ones of the secondainauits 4u is larger than that of inner ones
of the second unit circuits 4u. Thus, supposeléhgth of the peripheral circuit section 4
(104) along one side of the display region D is swn and the number of second unit
circuits 4u (104u) included in the peripheral cit@ection 4 (104) is common, for example,
then the narrowing of the outline of the entirecsetvideo signal lines 8b becomes gentle,
i.e., the anglé#, formed by the outermost second video signal liben@h the side of the
display region D is reduced, as compared to a vds®e the arrangement pitches of the
second unit circuits 104u are uniform at an averagee. In this manner, the length H of
the outline of the entire second video signal li@ksn a direction perpendicular to the side of
the display region D is reduced. As a result, whéth of the frame region F along the
terminal region T can be minimized in the activenmasubstrate 20a with the three-side-free
structure and the liquid crystal display panel®€luding the active matrix substrate 20a.
[0098] In the active matrix substrate 20a of thisbediment, a length of the peripheral
circuit section 4 along one side of the displayioed is smaller than of the demultiplexer
circuit section 3 along the side of the displayioagD. Thus, it is possible to obtain a
sufficient space for disposing other circuits aned, such as the level shift circuit, the buffer
circuit, the protection circuit for a general sigrthe control signal line for the demultiplexer
circuit, and the protection circuit for the contsagnal, near the both ends of the peripheral
circuit section 4.

[0099] The active matrix substrate 20a of this edupent includes the peripheral circuit

section 4 in which the inspection circuit 6e and gnotection circuit 9e are disposed in this
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order from the demultiplexer circuit section 3 @ck of the unit circuits 4u. Alternatively,
each of the unit circuits 4u of the peripheral wirsection 4 may be designed such that the
protection circuit (9e) and the inspection cirgi@ie) may be disposed in this order from the
demultiplexer circuit section 3.
[0100] <<Second Embodiment>>

FIG. 15 is a plan view of an active matrix sultstrdOb according to a second
embodiment. In the following embodiments, compdseaiready described with reference
to FIGS. 1-14 are denoted by the same referenceadieas, and description thereof is not
repeated.
[0101] The first embodiment is directed to the \aetmatrix substrate 20a in which the
peripheral circuit section 4 includes the inspetiiircuits 6e and the protection circuits 9e.
On the other hand, in the second embodiment, ameantatrix substrate 20b includes a
peripheral circuit section 6 in which only inspecticircuits are provided.
[0102] As illustrated in FIG. 15, in the active matsubstrate 20b, second unit circuits 6u
constituting the peripheral circuit section 6 aedvBlg as unit circuit sections correspond to
the inspection circuits 6e of the active matrix stdte 20a of the first embodiment, and the
other part of the configuration of the active masubstrate 20b is substantially the same as
that of the active matrix substrate 20a of the #rabodiment.
[0103] As described above, in a manner similarhte first embodiment, in the active
matrix substrate 20b of this embodiment, the aramgnt pitch of outer ones of the second
unit circuits 6u constituting the peripheral citcséction 6 is larger than that of inner ones of
the second unit circuits 6u. Thus, in the activerm substrate 20b with the three-side-free
structure, the width of a frame region F alongranteal region T can be minimized.
[0104] <<Third Embodiment>>

FIG. 16 is a plan view of an active matrix subtstra0c according to a third
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embodiment.
[0105] The second embodiment is directed to thivachatrix substrate 20b in which only
the inspection circuits are provided in the perrgheircuit section 6. On the other hand, in
the third embodiment, an active matrix substrate ig6ludes a peripheral circuit section 9 in
which only protection circuits are provided.
[0106] As illustrated in FIG. 16, in the active matsubstrate 20c, second unit circuits 9u
constituting the peripheral circuit section 9 aedvBlg as unit circuit sections correspond to
the protection circuits 9e of the active matrix studte 20a of the first embodiment, and the
other part of the configuration of the active masubstrate 20c is substantially the same as
that of the active matrix substrate 20a of the #rabodiment.
[0107] As described above, in a manner similahtoftrst and second embodiments, in the
active matrix substrate 20c of the third embodimémg arrangement pitch of outer ones of
the second unit circuits 9u constituting the pegalhcircuit section 9 is larger than inner ones
of the second unit circuits Qu. Thus, in the actiwatrix substrate 20c with the three-side-
free structure, the width of a frame region F alartgrminal region T can be minimized.
[0108] <<Fourth Embodiment>>

FIG. 17 is a plan view of an active matrix sultstrd0d according to a fourth
embodiment.
[0109] The foregoing embodiments are directed ® dhtive matrix substrates 20a, 20b,
and 20c in each of which one peripheral circuittisec4, 6, or 9 is provided between the
demultiplexer circuit section 3 and the mount regld. On the other hand, the fourth
embodiment is directed to an active matrix subst2@d in which two peripheral circuit
sections are provided between a demultiplexer itisaction 3 and a mount region M.
[0110] Asi illustrated in FIG. 17, in the active matsubstrate 20d, a first peripheral circuit

section 6a is provided in a frame region F betwibendemultiplexer circuit section 3 and the
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mount region M. As illustrated in FIG. 17, thesfirperipheral circuit 6a includes, as a
plurality of first unit circuit sections, a plurgfiof second unit circuits 6au aligned along one
side (i.e., the bottom side in FIG. 17) of a digpglagion D. In addition, as illustrated in FIG.
17, accessory wiring circuits 2 such as a levdt shrcuit, a buffer circuit, a protection circuit
for a general signal, a control signal line foreamdiltiplexer circuit, and a protection circuit
for the control signal are monolithically providedar the first peripheral circuit section 6a.
The arrangement pitch of outer ones of the secaitccincuits 6au is larger than that of inner
ones of the second unit circuits 6au. The secaitdcircuits 6au are substantially the same
as the inspection circuits 6e of the active matulkstrate 20a of the first embodiment.

[0111] As illustrated in FIG. 17, in the active matsubstrate 20d, a second peripheral
circuit section 9a is provided in part of the framregion F between the first peripheral circuit
section 6a and the mount region M. As illustratedlG. 17, the second peripheral circuit
9a includes, as a plurality of second unit ciragttions, a plurality of third unit circuits 9au
aligned along one side (i.e., the bottom side i®6.FL7) of the display region D. The
arrangement pitch of outer ones of the third umduit 9au is larger than that of inner ones of
the third unit circuit 9au. The third unit circslifau are substantially the same as the
protection circuits 9e of the active matrix subttr20a of the first embodiment.

[0112] As illustrated in FIG. 17, the second unitugits 6au are individually connected to
the first unit circuits 3u through a plurality ofst video signal lines 8a serving as a plurality
of first lines.

[0113] Asiillustrated in FIG. 17, the third unitaiits 9au are individually connected to the
second unit circuits 6au through a plurality of aet video signal lines 8b serving as a
plurality of second lines.

[0114] Asiillustrated in FIG. 17, the second vigggnal lines 8b are arranged such that the

outline of the second video signal lines 8b narrénem the second unit circuits 6au toward
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the third unit circuits 9au.

[0115] As illustrated in FIG. 17, the third unitr@iits 9au are connected to a plurality of
terminals (7) on the mount region M through a gdityaf third video signal lines 8c serving
as a plurality of third lines.

[0116] As illustrated in FIG. 17, the third videmsal lines 8c are arranged such that the
outline of the third video signal lines 8c narrofism the third unit circuits 9au toward the
mount region M.

[0117] As described above, in the active matrixsstate 20d of this embodiment, in the
frame region F along the terminal region T near shbstrate end in the frame region F
defined around the rectangular display region B,fitst peripheral circuit section 6a and the
second peripheral circuit section are provided betwthe demultiplexer circuit section 3 near
the display region D and the mount region M tha isart of the terminal region T. In the
first peripheral circuit section 6a and the secpadpheral circuit section, the monolithically
provided second unit circuits 6au are aligned, #rel monolithically provided third unit
circuits 9au are also aligned, along one side efdisplay region D. The arrangement pitch
of the outer second unit circuits 6au is largenth@at of the inner second unit circuits 6au,
and the arrangement pitch of the outer third uintuds 9au is larger than the inner third unit
circuits 9au. Thus, suppose that the length ofiteeperipheral circuit section 6a along one
side of the display region D is common, the nundfesecond unit circuits 6au included in the
first peripheral circuit section 6a is common, teegth of the second peripheral circuit 9a
along the side of the display region D is commorg the number of third unit circuits 9au
included in the second peripheral circuit sectian i9 common, for example, then the
narrowing of the outlines of the second video didine@s 8b and the third video signal lines
8c becomes gentle, i.e., the angle formed by eatheocoutermost second video signal lines

8b and the outermost third video signal line 8dwtiite side of the display region D is reduced,
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as compared to a case where the arrangement pi€hles second unit circuit and the third
unit circuit are uniform at an average value. his manner, the lengths of the outlines of the
second video signal lines 8b and the third vidgoailines 8c in a direction perpendicular to
the side of the display region D is reduced. A®sult, the width of the frame region F
along the terminal region T can be minimized in #otive matrix substrate 20d with the
three-side-free structure.
[0118] In addition, in the active matrix substrafed of this embodiment, the length of the
first peripheral circuit section 6a along one sidi¢he display region D is smaller than that of
the demultiplexer circuit section 3 along the sideghe display region D, and is larger than
that of the second peripheral circuit section @am@lthe side of the display region D. Thus,
it is possible to obtain a sufficient space fompdising other circuits and lines such as a level
shift circuit, a buffer circuit, a protection ciiicfior a general signal, a control signal line éor
demultiplexer circuit, and a protection circuit #icontrol signal near the both ends of each of
the first peripheral circuit section 6a and theoselcperipheral circuit section 9a.
[0119] In the active matrix substrate 20d of tmsb@diment, the arrangement pitch of the
outer second unit circuits 6au is larger than tdighe inner second unit circuits 6au, and the
arrangement pitch of the outer third unit circl@tu is larger than that of the inner third unit
circuits 9au. Alternatively, the arrangement pitdélihe outer second unit circuits 6au or the
third unit circuits 9au may be larger than thathef inner second unit circuits 6au or the third
unit circuits 9au.
[0120] <<Fifth Embodiment>>

FIG. 18 is a plan view of an active matrix sulistr@0e according to a fifth
embodiment.
[0121] The fourth embodiment is directed to thevactnatrix substrate 20d in which the

first peripheral circuit section 6a serving as aspection circuit and the second peripheral

36 S13-017



10

15

20

25

circuit section 9a serving as a protection circaie disposed in this order from the
demultiplexer circuit section 3 between the derplétier circuit section 3 and the mount
region M. On the other hand, the fifth embodimierdirected to the active matrix substrate
20e in which a first peripheral circuit section $#rving as a protection circuit and a second
peripheral circuit section 6b serving as an indpactircuit are disposed in this order from a
demultiplexer circuit section 3 between the derpldtier circuit section 3 and a mount region
M.

[0122] As illustrated in FIG. 18, in the active matsubstrate 20e, the first peripheral
circuit section 9b is provided in a frame regiobdiween the demultiplexer circuit section 3
and the mount region M. As illustrated in FIG. & first peripheral circuit 9b includes, as
a plurality of first unit circuit sections, a pllitg of second unit circuits 9bu aligned along
one side (i.e., the bottom side in FIG. 18) of spliiy region D. In addition, as illustrated in
FIG. 18, accessory wiring circuits 2 such as allstédt circuit, a buffer circuit, a protection
circuit for a general signal, a control signal liloe a demultiplexer circuit, and a protection
circuit for the control signal are monolithicallyqvided near the first peripheral circuit
section 9b. The arrangement pitch of outer ongeeosecond unit circuits 9bu is larger than
that of inner ones of the second unit circuits 9bthe second unit circuits 9bu are
substantially the same as the protection circubfithe active matrix substrate 20a of the first
embodiment.

[0123] As illustrated in FIG. 18, in the active matsubstrate 20e, the second peripheral
circuit section 6b is provided in part of the franegion F between the first peripheral circuit
section 9b and the mount region M. As illustratedrIG. 18, the second peripheral circuit
6b includes, as a plurality of second unit cir@attions, a plurality of third unit circuits 6bu
aligned along one side (i.e., the bottom side i®6.F18) of the display region D. The

arrangement pitch of outer ones of the third umduits 6bu is larger than that of inner ones
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of the third unit circuits 6bu. The third unit @it 6bu is substantially the same as the
inspection circuits 6e of the active matrix sulist20a of the first embodiment.

[0124] As illustrated in FIG. 18, the second unitgits 9bu are individually connected to
the first unit circuits 3u through a plurality ofst video signal lines 8a serving as a plurality
of first lines.

[0125] Asiillustrated in FIG. 18, the third unit@uits 6bu are individually connected to the
second unit circuits 9bu through a plurality of @st video signal lines 8b serving as a
plurality of second lines.

[0126] Asi illustrated in FIG. 18, the second vidggnal lines 8b are arranged such that the
outline of the second video signal lines 8b narrénesn the second unit circuits 9bu toward
the third unit circuits 6bu.

[0127] As illustrated in FIG. 18, the third unitrcuits 6bu are connected to a plurality of
terminals (7) on the mount region M through a gdityaf third video signal lines 8c serving
as a plurality of third lines.

[0128] As illustrated in FIG. 18, the third videmsal lines 8c are arranged such that the
outline of the third video signal lines 8c narrofsem the third unit circuits 6bu toward the
mount region M.

[0129] As described above, in a manner similarh@ fourth embodiment, in the active
matrix substrate 20e of this embodiment, the aearent pitch of outer ones of the second
unit circuits 9bu constituting the first periphecalcuit section 9b is larger than that of inner
ones of the second unit circuits 9bu, and the gearent pitch of outer ones of the third unit
circuits 6bu constituting the second peripheratigirsection 6b is larger than that of inner
ones of the third unit circuits 6bu. Thus, in #aive matrix substrate 20e with the three-
side-free structure, the width of the frame reglralong the terminal region T can be

minimized.
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[0130] In the active matrix substrate 20e of thmsbediment, the arrangement pitch of the
outer second unit circuits 9bu is larger than tifahe inner second unit circuits 9bu, and the
arrangement pitch of the outer third unit circtsi is larger than that of the inner third unit
circuits 6bu.  Alternatively, the arrangement pitflthe outer second unit circuits 9bu or the
third unit circuits 6bu may be larger than thatha# inner second unit circuits 9bu or the third
unit circuits 6bu.

[0131] The foregoing embodiments are directed ®odhbtive matrix substrates in each of
which the demultiplexer circuit is monolithicallyqvided in the frame region. The present
invention is also applicable to an active matriksate including no demultiplexer circuit,
i.e., an active matrix substrate that directly dsiva source signal by using a driver IC.

[0132] The foregoing embodiments are directed todhbtive matrix substrates in each of
which the width of the source-side part of the feanegion F is reduced. The present
invention is also applicable to an active matribsate in which the width of a gate-side
portion of the frame region F is reduced.

[0133] The foregoing embodiments are directed ®dhtive matrix substrates in each of
which the line arrangement is symmetric with resp@the center line C of the display region
D. The present invention is also applicable to amtive matrix substrate with a line
arrangement that is asymmetric with respect tacémter line C of a display region D.

[0134] Inthe foregoing embodiments, the liquidstay display panel is used as an example
of a display panel. The present invention is a@pgplicable to other display panels such as
organic electro luminescence (EL) display panetgrganic EL display panels, plasma
display panels, and electronic paper, and alsartgeldisplay panels to be used as monitors,
such as television screens and electronic signbpasdwell as display panels for mobile use
that needs reduction in panel size.

[0135] The foregoing embodiments are directed qaidl crystal display panels in which
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each pixel has three subpixels (e.g., red, greed,bdue). The present invention is also
applicable to display panels in which each pixed faur or more subpixels (e.g., red, green,
blue, and yellow, or red, green, blue, and white).

[0136] In the foregoing embodiments, each of thevaanatrix substrates uses electrodes
of the TFTs connected to the pixel electrodes amdelectrodes. The present invention is
also applicable to active matrix substrates in Whatectrodes of TFTs connected to pixel
electrodes are used as source electrodes.

INDUSTRIAL APPLICABILITY

[0137] As described above, the present inventionmaimize the width of a frame region
along a terminal region in an active matrix sulistsgith a three-side-free structure, and thus,
the present invention is useful for display pamettuded in mobile electronic equipment.

DESCRIPTION OF REFERENCE CHARACTERS

[0138] D display region
F frame region
M mount region
T terminal region
3 demultiplexer circuit section
3u first unit circuit
4 peripheral circuit section
4u, 4ua, 4ub second unit circuit (unit circuittssT)
6 peripheral circuit section
6a first peripheral circuit section
6au second unit circuit (first unit circuit sect)o
6u second unit circuit (unit circuit section)
6b second peripheral circuit section

4C S13-017



10

15

6bu

third unit circuit (second unit circuit sect)o

6e inspection circuit

8 video signal line

8a first video signal line (first line)

8b second video signal line (second line)

8c third video signal line (third line)

9 peripheral circuit section

9a second peripheral circuit section

Qau third unit circuit (second unit circuit sectjo
9b first peripheral circuit section

9bu second unit circuit (first unit circuit sectjo
u second unit circuit (unit circuit section)
9e, 9ea-9ec protection circuit

16a source signal line

20, 20a-20e active matrix substrate

30 counter substrate

40 liquid crystal layer (display medium layer)
50 liquid crystal display panel

41
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CLAIMS

1. An active matrix substrate comprising:

a rectangular display region in which an imagm® ise displayed,;

a frame region defined around the display region;

a terminal region included in the frame regiorfjrai along one side of the display
region, and located near an end of the substrate;

a mount region included in the terminal region aedined along the side of the
display region;

a plurality of signal lines located in the displagion and extending in parallel with
one another in a direction perpendicular to the sidthe display region;

a peripheral circuit section located in a portmthe frame region between the
display region and the mount region and includinguaality of unit circuit sections that are
monolithically provided and are aligned along thieef the display region;

a plurality of first lines located in a portion tife frame region between the display
region and the peripheral circuit section and hgnan outline that narrows from the signal
lines toward the unit circuit sections; and

a plurality of second lines located in a portidntlee frame region between the
peripheral circuit section and the mount region hading an outline that narrows from the
unit circuit sections toward the mount region, veier

an arrangement pitch of outer ones of the un@udirsections is larger than that of

inner ones of the unit circuit sections.

2. The active matrix substrate of claim 1, furtbemprising:

a demultiplexer circuit section located in a pmmtof the frame region between the
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display region and the peripheral circuit sectiod ancluding a plurality of first unit circuits
that are monolithically provided for each predet@ed number of adjacent ones of the signal
lines and are aligned along the side of the dispaion, wherein

the first unit circuits are connected to the ptedained number of adjacent ones of

5 the signal lines,

the unit circuit sections are a plurality of segamit circuits individually connected
to the first unit circuits through the first lines,

the first lines are a plurality of first video egg lines that are arranged in a portion
of the frame region between the demultiplexer direection and the peripheral circuit

10 section such that an outline of the first videansiglines narrows from the first unit circuits

toward the second unit circuits, and

the second lines are a plurality of second vidgoas lines.

3. The active matrix substrate of claim 1 or 2evein
15 the signal lines are a plurality of source sigimeds.
4. The active matrix substrate of claim 2 or 3evdin

each of the second unit circuits includes at lesst of an inspection circuit for
inputting an inspection signal to an associated a@nthe first unit circuits or a protection

20 circuit for protecting at least an associated dr@first unit circuits.

5. The active matrix substrate of any one of ctaiv, wherein
a length of the peripheral circuit section alohg side of the display region is
smaller than a length of the demultiplexer ciragittion along the side of the display region.

25
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6. An active matrix substrate comprising:

a rectangular display region in which an imagm® ibe displayed,;

a frame region defined around the display region;

a terminal region included in the frame regiorfjrai along one side of the display
region, and located near an end of the substrate;

a mount region included in the terminal region aedined along the side of the
display region;

a plurality of signal lines located in the displagion and extending in parallel with
one another in a direction perpendicular to the sidthe display region;

a first peripheral circuit section located in atfm of the frame region between the
display region and the mount region and includinguaality of first unit circuit sections that
are monolithically provided and are aligned aldmg side of the display region;

a second peripheral circuit section located irodign of the frame region between
the first peripheral circuit section and the motegion and including a plurality of second
unit circuit sections that are monolithically prded, are individually connected to the first
unit circuit sections, and are aligned along tle sif the display region;

a plurality of first lines located in a portion tife frame region between the display
region and the first peripheral circuit section draving an outline that narrows from the
signal lines toward the first unit circuit sectipns

a plurality of second lines located in a portidrittee frame region between the first
peripheral circuit section and the second perigh@reuit section and having an outline that
narrows from the first unit circuit sections towdh@ second unit circuit sections; and

a plurality of third lines located in a portion thie frame region between the second
peripheral circuit section and the mount region hading an outline that narrows from the

second unit circuit sections toward the mount negwherein
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an arrangement pitch of outer ones of the firgt circuit sections is larger than that
of inner ones of the first unit circuit sectionadéor an arrangement pitch of outer ones of the

second unit circuit sections is larger than thahoér ones of the second unit circuit sections.

7. The active matrix substrate of claim 6, furtbemprising:

a demultiplexer circuit section located in a pmmtof the frame region between the
display region and the first peripheral circuit ts@t and including a plurality of first unit
circuits that are monolithically provided for eagtedetermined number of adjacent ones of
the signal lines and are aligned along the sidbeflisplay region, wherein

the first unit circuits are connected to the ptedained number of adjacent ones of
the signal lines,

the first unit circuit sections are a plurality sécond unit circuits individually
connected to the first unit circuits through thstflines,

the second unit circuit sections are a pluralitytrord unit circuits individually
connected to the second unit circuits through dweisd lines,

the first lines are a plurality of first video sg lines that are arranged in a portion
of the frame region between the demultiplexer airsaction and the first peripheral circuit
section such that an outline of the first videansaiglines narrows from the first unit circuits
toward the second unit circuits,

the second lines are a plurality of second vidgaoas lines that are arranged in a
portion of the frame region between the first pleei@l circuit section and the second
peripheral circuit section such that an outlineghs second video signal lines narrows from
the second unit circuits toward the third unit gits, and

the third lines are a plurality of third video & lines.
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8. The active matrix substrate of claim 6 or 7evdin

the signal lines are a plurality of source sigimeds.

9. The active matrix substrate of claim 7 or 8evein
5 each of the second unit circuits is an inspectiocuit for inputting an inspection
signal to an associated one of the first unit ¢isgand
each of the third unit circuits is a protectiomcuit for protecting at least an

associated one of the first unit circuits.

10 10. The active matrix substrate of claim 7 or Bevein
each of the second unit circuits is a protectionud@ for protecting at least an
associated one of the first unit circuits, and
each of the third unit circuits is an inspectiarcwat for inputting an inspection
signal to an associated one of the first unit aiscu
15
11. The active matrix substrate of any one ohetar-10, wherein
a length of the first peripheral circuit sectidorgy the side of the display region is
smaller than a length of the demultiplexer ciragttion along the side of the display region,
and is larger than a length of the second periploeauit section along the side of the display

20 region.

12. A display panel comprising:
the active matrix substrate of any one of clairisl 1
a counter substrate facing the active matrix satestand

25 a display medium layer located between the actia&rix substrate and the counter
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substrate.

13. The display panel of claim 12, wherein

the display medium layer is a liquid crystal layer
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