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IMAGE DISPLAY DEVICE
Abstract

PROBLEM TO BE SOLVED: To provide an image display device in which peripheral circuits
for a polysilicon TFT liquid crystal display device can be configured without increasing frame
area , thereby contributing to miniaturization and simplification of design by a user.

SOLUTION: In a polysilicon liquid crystal display device, a pixel region 1, a source driver 2 and
a gate driver 3 are formed on one substrate 5. An external connecting terminal 7 is formed in a
region 12 adjacent to a side 6 of the substrate 5 where the gate driver 3 is formed, and a flexible
circuit board 8 is connected to the external connecting terminal 7. An integrated circuit 10 is
disposed on an extension line of the terminal 7 along the side 6. Thereby, a peripheral region of
the substrate 5 can be effectively used, and an outer shape of the liquid crystal module including
the substrate 5 and peripheral circuits can be made compact.

Claims

1.

An image display device in which at least part of a driver circuit is integrally formed on a same
substrate as a pixel portion,

wherein an external connection terminal and an integrated circuit are formed along a side of the
substrate,

at least part of a mounting area of the integrated circuit overlaps with an extended area of the
external connection terminal extended along the side of the substrate.

2.

An image display device in which at least part of a driver circuit is integrally formed on a same
substrate as a pixel portion,

wherein at least one of a separate substrate on which an integrated circuit is mounted and an
external connection terminal is arranged on an area of the at least part of the driving circuit
integrally formed on the substrate.

3.

An image display device in which at least part of a driver circuit is integrally formed on a same
substrate as a pixel portion,
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wherein a separate substrate on which an integrated circuit is mounted faces the at least part of
the driver circuit integrally formed on the substrate, and arranged on an opposite side to a surface
side of the display.

4.

The image display device according to any one of claims 1 to 3, wherein the integrated circuit
comprises a video signal line of a driving circuit from on a glass substrate or a circuit for
supplying a signal to a data signal line.

5.

The image display device according to any one of claims 1 to 4, wherein the integrated circuit
has at least one function of multiphase processing the video signal supplied to the drive circuit or
function of converting a digital signal into an analog signal.

Detailed Description

[0001]

TECHNICAL FIELD
The present invention relates to an image display device.

[0002]

2. Description of the Related Art

Conventionally, in an a-Si (amorphous silicon) TFT liquid crystal display device, only pixel
TFTs (thin film transistors) could be formed on a glass substrate. Therefore, a driver for driving
the pixel TFTs is mounted around the pixel TFTs by TAB (tape automated bonding) or COG
(chip on glass).

[0003]

However, due to restrictions on pitches at which LSIs that make up the drive driver are mounted
on the glass substrate, when a module with a narrow pixel pitch is realized, an area of a non-
display area (so-called frame area) existing in a peripheral portion becomes large, only a module
with a large frame area compared to an image could be realized.

[0004]
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Therefore, in recent years, liquid crystal devices(LCD) in which drive circuits called source
drivers or gate drivers are integrally formed on a same glass substrate as a pixel portion using
polysilicon TFTs (thin film transistors) manufactured by a low-temperature process or a high-
temperature process have attracted attention.

[0005]

In an image display device using this polysilicon, a liquid crystal display device with a narrow
frame can be realized by being practically freed from restrictions on the mounting area.

[0006]

However, polysilicon TFTs have much lower driving capability than transistors formed using
single-crystal silicon. Therefore, an operating frequency of a driver formed using polysilicon
TFTs is approximately one-tenth that of a driver (LSI) formed using single-crystal silicon.

That is, the driver formed using single-crystal silicon has an operating speed of 30 MHz or more,
while the driver formed using polysilicon has a low operating speed of about 1.5 to 3 MHz..

[0007]

For example, in a VGA (Video Graphics Array) signal, since a dot clock frequency of the video
signal is 25 MHz or higher, the polysilicon driver cannot process the video signal as it is.

[0008]

For this reason, in LPS (low temperature process polysilicon) panels, a so-called phase
expansion circuit or time axis expansion circuit for lowering the video signal frequency to a
speed that could be processed by the monolithic driver was newly provided outside the panel for
driving.

[0009]
Thus, the LPS panel using the polysilicon driver formed of polysilicon has the advantage that the
driver is monolithically formed on the glass substrate and a frame can be made small, while also

has the disadvantage that the contribution to miniaturization of equipment is small, since such an
external circuit (LSI) is required.

[0010]
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SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide an image display device in which
peripheral circuits for a polysilicon TFT liquid crystal display device can be configured without
increasing frame area, thereby contributing to miniaturization and simplification of design by a
user.

[0011]

In order to achieve the above object, the image display device according to the invention of
claim 1 is an image display device in which at least part of a driver circuit is integrally formed on
a same substrate as a pixel portion, and an external connection terminal and an integrated circuit
are formed along a side of the substrate, at least part of a mounting area of the integrated circuit
overlaps with an extended area of the external connection terminal extended along the side of the
substrate.

[0012]

In the invention of claim 1, at least part of the mounting area of the integrated circuit overlaps
the extended area of the external connection terminal along the side of the substrate. As a result,
an empty area next to the external connection terminal can be used as the mounting area for the
integrated circuit. Therefore, if a phase expansion circuit or a time axis expansion circuit, which
are required when a polysilicon driver is employed, are formed by the integrated circuit,
peripheral circuits for a polysilicon TFT liquid crystal display device can be configured without
increasing frame area, thereby contributing to miniaturization and simplification of design by a
user

[0013]

Further, according to the invention of claim 2, in an image display device in which at least part
of a driver circuit is integrally formed on a same substrate as a pixel portion, at least one of a
separate substrate on which an integrated circuit is mounted and an external connection terminal
is arranged on an area of the at least part of the driving circuit integrally formed on the substrate.

[0014]

In the invention of claim 2, since the area where the drive circuit is integrally formed on the
substrate can be effectively utilized, the frame area can be reduced and the device can be made
compact.

[0015]
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Further, according to the invention of claim 3, in an image display device in which at least part
of a driver circuit is integrally formed on a same substrate as a pixel portion, a separate substrate
on which an integrated circuit is mounted faces the at least part of the driver circuit integrally
formed on the substrate, and arranged on an opposite side to a surface side of the display.

[0016]

In the invention of claim 3, since an area that does not need to be exposed to light can be
effectively used, the frame area can be reduced, and the drive circuit integrally formed on the
substrate can be prevented from being exposed to light. Malfunction of the drive circuit can be
prevented, and reliability can be improved. In addition, since an area next to the backlight can be
effectively used, a thickness of the device can be reduced.

[0017]

According to the invention of claim 4, in the image display device according to any one of
claims 1 to 3, the integrated circuit includes a video signal line of a driving circuit from on a
glass substrate or a circuit for supplying a signal to a data signal line.

[0018]

According to the f invention of claim 4, deterioration of video signals or data signals can be
suppressed, and deterioration of image quality can be suppressed.

[0019]

Further, according to the invention of claim 5, in the image display device according to any one
of claims 1 to 4, the integrated circuit has at least one of function of multiphase processing the
video signal supplied to the drive circuit or function of converting a digital signal into an analog
signal.

[0020]

In the invention of claim 5, the integrated circuit realizes at least one of the function of
multiphase processing the video signals supplied to the drive circuit or the function of converting
a digital signal into an analog signals. Therefore, according to the the invention of claim 5, the
video signal multiphase processing circuit and the D/A conversion circuit can be installed as
peripheral circuits of the polysilicon TFT liquid crystal display device without increasing the
frame area, thereby contributing to miniaturization and simplification of design by a user.
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[0021]

DETAILED DESCRIPTION OF THE INVENTION
The present invention will now be described in detail based on the illustrated embodiments.

[0022]

[First Embodiment] FIG. 1 shows a first embodiment of the present invention. This first
embodiment is a polysilicon TFT liquid crystal display device, in which a pixel section 1, a
source driver 2 and a gate driver 3 are formed on a same TFT substrate 5. An external connection
terminal 7 is formed in a region 12 adjacent to a side 6 of the substrate 5 on which the gate driver
3 is formed. The adjacent region 12 is a region inside the TFT substrate 5 and protruding outside
the counter substrate (not shown).

[0023]

A flexible wiring board (flexible printed circuit board, FPC) 8 is connected to the external
connection terminals 7. An integrated circuit (LSI) 10 is arranged on an extension line of the
external connection terminal 7 along the side 6. In other words, an area 11 next to the external
connection terminal 7 serves as a mounting area for the integrated circuit 10. In the region 11
next to the area where the external connection terminal 7 is mounted, normally only auxiliary
device evaluation patterns or markers are arranged. Therefore, by adopting the configuration of
this embodiment, an peripheral area of the substrate 5 can be effectively utilized, and an outer
shape of an liquid crystal module including the substrate 5 and peripheral circuits can be made
compact.

[0024]

In FIG. 1, arrows F1 and F2 indicate the flow of a video signal, and the video signal from the
outside is transmitted through the flexible wiring board 8, the external connection terminal 7, the
integrated circuit 10, and the source driver 2 in this order. The integrated circuit 10 has a circuit
for converting a video signal input from the flexible wiring board 8 via the external connection
terminal 7 into a signal to be supplied to the source driver (data driver) 2. Taking a model
corresponding to a VGA signal as an example, RGB signals as video signals from the outside are
converted into signals for 8 lines for each of R, G, and B, that is, a total of 24 signal lines. The
details of this operation will be described with reference to FIGS. 9 and 10. FIG.

[0025]

FIG. 9 shows a block diagram of the integrated circuit 10, and FIG. 10 shows a timing chart of
the integrated circuit 10. As shown in FIG. As shown in FIGs. 9 and 10, an n-bit digital video
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signal 101 for each of R, G, and B, which are the three primary colors for color display, is input
to a multiphase processing circuit 109. Furthermore, m sampling pulses 102 from m signal lines
are also input to the multiphase processing circuit 109. The m sampling pulses 102 are, as shown
in FIG. 10, a plurality of pulses having a same frequency and having shifted rise timings. Digital
video signals (R1-Rn, G1-Gn, B1-Bn) 101 are input to a multiphase processing circuit 109 and
data-sampled by sampling pulses (SMP1-SMPm) 102, respectively. As a result, sampling video
data (SMP_OUTI1 to SMPOUTm) 103 is obtained from the multiphase processing circuit 109.

[0026]

Then, each sampled video data 103 output from the multiphase processing circuit 109 is input to
a latch circuit 110. An output timing pulse (LATCH PLS) 104 is further input to the latch circuit
110, and digital data (LATCH OUT1 to LATCH OUTm) 105 is output in synchronization with
the timing of the output timing pulse (LATCH PLS) 104.

[0027]

The output digital data 105 is input to the digital/analog conversion circuit 106. There are various
methods for the digital/analog conversion circuit 106, but here, a method for converting digital
data to analog based on a plurality of reference voltage levels is adopted.

[0028]

In this method, in the digital data (LATCH OUT1 to LATCH OUTm) 105 input to the
digital/analog conversion circuit 106, reference voltages (V1 to Vx) 108 are selected by high-
order serveral bits, and remaining low-order serveral bits are used to determine an interpolated
value of the output voltage. As a result, the digital/analog conversion circuit 106 outputs an
analog video signal 107.

[0029]

In the first embodiment, the FPC and LSI are arranged avoiding the region where the drive
circuit are formed on the glass substrate. By arranging the components (FPC, LSI), the area on
the glass substrate can be used more effectively. This also applies to each of the following
embodiments.

[0030]

[Second Embodiment] Next, FIG. 2 shows a second embodiment of a polysilicon TFT liquid
crystal display device of the present invention. This second embodiment differs from the first
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embodiment described above only in that a relay substrate 21 is provided in the region 12
adjacent to the side 6 of the TFT substrate 5.

[0031]

In this second embodiment, once an external signal is input from the flexible wiring board 8 to
the relay board 21, a signal input to the relay substrate 21 is input from the source driver 2 to the
pixel section 1 via the integrated circuit 10 constituting the interface circuit. The integrated
circuit 10 forming the interface circuit is formed on the relay substrate 21. The relay substrate 21
may be connected to the external connection terminal 7 of the substrate 5 via the flexible wiring
board 8 or directly connected to the external connection terminal 7. According to the second
embodiment, since the relay substrate 21 is provided in the adjacent area 12, the mounting
density can be increased.

[0032]

[Third Embodiment] Next, FIG. 3 shows a polysilicon TFT liquid crystal display device
according to a third embodiment of the present invention. In this third embodiment, the position
of the external connection terminals 37 on the side 6 of the substrate 5 is different from that in

the second embodiment. In the third embodiment, the mounting area of the flexible wiring board
8 and the arrangement area of the integrated circuit 10 overlap in the area 12 adjacent to the side
6 of the substrate 5. In the third embodiment, the flexible wiring board 8, the integrated circuit 10,
and the relay substrate 31 are arranged in approximately half the area of the adjacent area 12, so
that the video signal transmission path can be shortened.

[0033]

[Fourth Embodiment] Next, FIG. 4 shows a polysilicon TFT liquid crystal display device
according to a fourth embodiment. In the fourth embodiment, an external connection terminal 47
is formed along the side 6 from a region facing the source driver 2 in the region 12 adjacent to
the side 6 of the substrate 5. A flexible wiring board 48 is connected to the external connection
terminals 47. Also, the integrated circuit 40 is mounted on this flexible wiring board 4. This
integrated circuit 40 is formed outside the adjacent region 12. In this embodiment, since the
integrated circuit 40 is arranged adjacent to the adjacent area 12 of the TFT substrate 5, the entire
adjacent area 12 becomes an empty area, thereby improving the degree of freedom in layout
design.

[0034]

[Fifth Embodiment] Next, FIG. 5 shows a polysilicon TFT liquid crystal display device
according to a fifth embodiment. This fifth embodiment includes a TFT substrate 61 and a
counter substrate 62. A region where the TFT substrate 61 and the counter substrate 62 face each
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other is a pixel portion 63. A separate substrate 68 is arranged in a region adjacent to the side 66
of the TFT substrate 61. The separate substrate 68 is connected to the TFT substrate 61 via a
flexible wiring board 70. Also, the separate substrate 68 is connected to a flexible wiring board
71 to which a video signal is input from the outside. The integrated circuit 60 is mounted on the
separate substrate 68 on an opposite side to the flexible wiring boards 70 and 71. In the separate
substrate 68, the flexible wiring boards 70, 71 and the integrated circuit 60 may be provided on a
same side, but as shown in FIG. 5, by mounting the integrated circuit 60 on the opposite side to
the flexible wiring boards 70 and 71, it is possible to achieve thinness and compactness.

[0035]

In addition, as shown in FIG. 5, the integrated circuit 60 mounted on the relay substrate 68 is
prevented from protruding outside an upper surface of the counter substrate 62 (an upper surface
of the display), so that the screen and the frame can be flattened.

[0036]

[Sixth Embodiment] Next, FIG. 6 shows a polysilicon TFT liquid crystal display device
according to a sixth embodiment. This sixth embodiment includes a TFT substrate 81 and a
counter substrate 82. A region where the TFT substrate 81 and the counter substrate 82 face each
other is a pixel portion 83. A driver 85 is formed on the TFT substrate 81. A separate substrate
86 is arranged on an opposite side to the driver 85 in the TFT substrate 81. This separate
substrate 86 is connected to a flexible wiring board 87. The integrated circuit 80 is mounted on
the separate substrate 86 on an opposite side to the TFT substrate 81. Further, a backlight or light
guide plate 88 is arranged in a region adjacent to the separate substrate 86 and facing the pixel
section 83. In addition, in FIG. 6, 84 and 89 are polarizing plates.

[0037]

According to the sixth embodiment, it is possible to prevent the backlight from hitting the driver
85.

In addition, if the integrated circuit 80 constitutes a phase expansion circuit and a time axis
expansion circuit are required when a polysilicon driver is employed, since the space next to the
backlight 88 can be used as a mounting area for the integrated circuit 80, it is possible to achieve
thinness of the device. Also, since the separate substrate 86 is directly connected to the TFT
substrate 81, the structure is simplified.

[0038]

[Seventh Embodiment] Next, FIG. 7 shows a polysilicon TFT liquid crystal display device
according to a seventh embodiment. This seventh embodiment includes a TFT substrate 91 and a
counter substrate 92. A region where the TFT substrate 91 and the counter substrate 92 face each
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other is a pixel portion 93. In this seventh embodiment, a separate substrate 96 is directly
connected to an adjacent region 95 on the TFT substrate 91 adjacent to the counter substrate 92.

[0039]

A flexible wiring board 97 is connected to the separate board 96 , and an integrated circuit 90 is
mounted on an opposite side to the flexible wiring board 97 , that is, on an opposite side to the
TFT substrate 91. An upper surface 90A of the integrated circuit 90 is set at a position lower than
the upper surface 92A of the counter substrate 92. As shown in FIG. As a result, the screen and
the frame portion can be flattened.

[0040]

Further, in the seventh embodiment, the separate substrate 96 is housed within the adjacent
region 95 of the TFT substrate 91, and the separate substrate 96 is directly connected to the TFT
substrate 91, so that the frame area can be reduced to achieve thinness and compactness.

[0041]

As shown in FIG. 8, when the separate board 99 protrudes outside the adjacent region 95, the
flexible wiring board 97 may be connected to tan lower surface 98 A of the protruding portion 98
of the separate board 99.

[0042]

INDUSTRIAL APPLICABILITY

As described above, the image display device according to the invention of claim 1 is an image
display device in which at least part of a driver circuit is integrally formed on a same substrate as
a pixel portion, and an external connection terminal and an integrated circuit are formed along a
side of the substrate, at least part of a mounting area of the integrated circuit overlaps with an
extended area of the external connection terminal extended along the side of the substrate.

[0043]

Thus, according to the invention of claim 1, an empty area next to the external connection
terminal can be used as the mounting area for the integrated circuit. Therefore, if a phase
expansion circuit or a time axis expansion circuit, which are required when a polysilicon driver is
employed, are formed by the integrated circuit, peripheral circuits for a polysilicon TFT liquid
crystal display device can be configured without increasing frame area, thereby contributing to
miniaturization and simplification of design by a user
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[0044]

Further, according to the invention of claim 2, in an image display device in which at least part
of a driver circuit is integrally formed on a same substrate as a pixel portion, at least one of a
separate substrate on which an integrated circuit is mounted and an external connection terminal
is arranged on an area of the at least part of the driving circuit integrally formed on the substrate.

[0045]

According to the invention of claim 2, since the area where the drive circuit is integrally formed
on the substrate can be effectively utilized, the frame area can be reduced and the device can be
made compact.

[0046]

Further, according to the invention of claim 3, n an image display device in which at least part of
a driver circuit is integrally formed on a same substrate as a pixel portion, a separate substrate
on which an integrated circuit is mounted faces the at least part of the driver circuit integrally
formed on the substrate, and arranged on an opposite side to a surface side of the display.

[0047]

In the invention of claim 3, since an area that does not need to be exposed to light can be
effectively used, the frame area can be reduced, and the drive circuit integrally formed on the
substrate can be prevented from being exposed to light. Malfunction of the drive circuit can be
prevented, and reliability can be improved. In addition, since an area next to the backlight can be
effectively used, a thickness of the device can be reduced.

[0048]

According to the invention of claim 4, in the image display device according to any one of
claims 1 to 3, the integrated circuit includes a video signal line of a driving circuit from on a
glass substrate or a circuit for supplying a signal to a data signal line.

[0049]

According to the f invention of claim 4, deterioration of video signals or data signals can be
suppressed, and deterioration of image quality can be suppressed.

[0050]

Further, according to the invention of claim 5, the integrated circuit realizes at least one of the
function of multiphase processing the video signals supplied to the drive circuit or the function
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of converting a digital signal into an analog signals. Therefore, according to the the invention of
claim 5, the video signal multiphase processing circuit and the D/A conversion circuit can be
installed as peripheral circuits of the polysilicon TFT liquid crystal display device without
increasing the frame area, thereby contributing to miniaturization and simplification of design by
a user.

FIG. 1 is a schematic diagram of a first embodiment of an image display device of the present
invention.

FIG. 2 is a schematic diagram of a second embodiment of an image display device of the present
invention.

FIG. 3 is a schematic diagram of a third embodiment of an image display device of the present
invention.

FIG. 4 is a schematic diagram of a fourth embodiment of an image display device of the present
invention.

FIG. 5 is a schematic diagram of a fifth embodiment of an image display device of the present
invention.

FIG. 6 is a schematic diagram of a six embodiment of an image display device of the present
invention.

FIG. 7 is a schematic diagram of a seven embodiment of an image display device of the present
invention.

FIG. 8 is a schematic diagram of a modification of the first embodiment of an image display
device of the present invention.

FIG. 9 is a block diagram of the integrated circuit in the first embodiment.

FIG. 10 is a timing chart of the integrated circuit 10.

Reference numerals:

1...pixel portion, 2...source driver, 3...gate driver, 5...substrate, 6...side, 7,7,47...external
connection terminal, 8,48,48 ...flexible printed circuit boards, 10,40... integrated circuit

11... area, 12... adjacent region, 21, 31... relay substrate, 60,80,90...integrated circuit,
61,81,91...pixel portion, 62,82,92...counter substrate, 63,83,93.. separate substrate, 66...side,
67...area, 68,86,96...separate substrate, 79,71,87,97.. .flexible wiring board, 85...driver,
F1,F2...arrow representing the flow of video signal

Page 12 of 21



Declaration Under 28 U.S.C. § 1746
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