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A liquid crystal display device enabling realization of
greater thinness, smaller area, and narrower frame and an
electronic device using the same are provided. For this
purpose, the liquid crystal display device of the present
invention comprises a first substrate (16), a pixel unit (12)
formed on the first substrate (16) and having pixels arranged
in a matrix, a second substrate (62) arranged facing the first
substrate (16), a liquid crystal composition (63) held
between the first substrate (16) and the second substrate
(62), and peripheral circuits formed on the first substrate
(16) for writing pixel signals to the pixel unit (12), at least
part of the peripheral circuits (13) of the above peripheral
circuits being formed by thin film transistors on the first
substrate (16), the remaining part of the peripheral circuits
(23, 24, 25) of the above peripheral circuits being formed by
semiconductor chips, and the semiconductor chips being
arranged on the first substrate (16) so that at least part of the
semiconductor chips overlap the regions of the peripheral

(BD) It CL7 oo G09G 3/10  circuits formed by the thin film transistors.
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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS COMPRISING IT

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device and an electronic device using the same, more
particularly relates to a liquid crystal display device used for
a portable electronic device where greater thinness, smaller
area, and a narrower frame are demanded and to an elec-
tronic device using the same as a display unit.

BACKGROUND ART

[0002] Thin, low power consuming panel displays have
come to be used in large numbers as display devices for
television receivers, computers, and portable terminals in
recent years.

[0003] As such a panel display, there is known an active
matrix type display device comprised of a large number of
pixels using for example TFTs (thin film transistors) as
switching elements arranged in a matrix on a glass substrate
or other transparent insulating substrate (panel) in combi-
nation with liquid crystals or other substances having an
electro-optic effect.

[0004] As such an active matrix type display device,
Japanese Unexamined Patent Publication (Kokai) No.
4-242724 provides a liquid crystal display device forming
part of the peripheral circuits formed on the substrate for
driving the pixel unit by complementary TFTs similar to the
active elements connected to the pixels and forming the
remaining peripheral circuits by semiconductor chips.

[0005] FIG. 1A is a schematic view of the configuration
of a liquid crystal display device as represented by the above
Japanese Unexamined Patent Publication (Kokai) No.
4-242724, while FIG. 1B is a sectional view along the line
A-Am FIG. 1A.

[0006] The liquid crystal display device shown in FIGS.
1A and 1B is a liquid crystal display device holding a liquid
crystal layer 63 between a transparent insulating substrate 16
formed with for example a horizontal driver (HD) 14,
vertical driver (VD) 13, and some other peripheral circuits
formed by TFTs and a transparent insulating substrate
arranged facing the same (counter substrate) 62, wherein the
remaining peripheral circuits formed by semiconductor
chips such as a timing controller (TC) 23, reference voltage
generation circuit (REF) 24, and DC-DC converter (DDC)
25, that is, IC chips 23 to 25, are attached to the surface of
the transparent insulating substrate 16 on the opposite side
to the surface formed with the peripheral circuits 13 and 14
and are electrically connected with the peripheral circuits 13
and 14 by using a flexible cable 8.

[0007] Alternatively, as shown in FIG. 2, the remaining
peripheral circuits formed by semiconductor chips such as
the timing controller (TC) 23, reference voltage generation
circuit (REF) 24, and DC-DC converter (DDC) 25, that is,
the IC chips 23 to 25, are attached to the same surface of the
transparent insulating substrate 16 formed with the horizon-
tal driver (HD) 14, vertical driver (VD) 13, and some other
peripheral circuits formed by TFTs and are electrically
connected with the peripheral circuits 13 and 14.

[0008] In the liquid crystal display devices shown in
FIGS. 1A and 1B, however, as shown in FIG. 1B, the
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thickness tb of the liquid crystal display device as a whole
ends up becoming greater by at least the extent of the
thickness ta of the IC chips 23 to 25 and the flexible cable
8, for example, by about 1 mm.

[0009] Therefore, the thickness of the device using the
liquid crystal display device as a display unit also ends up
becoming greater. In portable terminals, in particular mobile
phones, effort is being made to reduce the thicknesses of the
devices. If the thickness tb of the liquid crystal display
device used as the display unit of a mobile phone is great,
this would obstruct the reduction of thickness of the mobile
phone itself.

[0010] Further, in the liquid crystal display device shown
in FIG. 2, the total area of the peripheral circuits formed by
the TFTs and the remaining IC chips 23 to 25 becomes the
area of the periphery (frame), so there is the disadvantage
that compactness is impaired. Further, there is the disadvan-
tage that the ratio of the effective display area (liquid crystal
display unit) in the liquid crystal display device ends up
becoming smaller.

DISCLOSURE OF INVENTION

[0011] An object of the present invention is to provide a
liquid crystal display device enabling the realization of a
greater thinness, smaller area, and narrower frame of the
liquid crystal display device.

[0012] Another object of the present invention is to pro-
vide an electronic device enabling the realization of a greater
thinness, smaller area, and narrower frame overall by
mounting such a liquid crystal display device.

[0013] To achieve the above object, the liquid crystal
display device of the present invention comprises a first
substrate, a pixel unit formed on the first substrate and
having pixels arranged in a matrix, a second substrate
arranged facing the first substrate, a liquid crystal compo-
sition held between the first substrate and the second sub-
strate, and peripheral circuits formed on the first substrate
for writing pixel signals in the pixel unit, at least part of the
peripheral circuits of the above peripheral circuits being
formed by thin film transistors on the first substrate, the
remaining part of the peripheral circuits of the above periph-
eral circuits being formed by semiconductor chips, and the
semiconductor chips being arranged on the first substrate so
that at least part of the semiconductor chips overlap the
regions of the peripheral circuits formed by the thin film
transistors.

[0014] Further, to achieve the object, an electronic device
of the present invention has a display unit for giving a
desired display, an operation unit, and a signal processing
unit for causing the display unit to give a desired display in
accordance with the content of operations by the operation
unit, wherein the display unit has a first substrate, a pixel
unit formed on the first substrate and having pixels arranged
in a matrix, a second substrate arranged facing the first
substrate, a liquid crystal composition held between the first
substrate and the second substrate, and peripheral circuits
formed on the first substrate for writing pixel signals to the
pixel unit, at least part of the peripheral circuits of the above
peripheral circuits being formed by thin film transistors on
the first substrate, the remaining part of the peripheral
circuits of the above peripheral circuits being formed by
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semiconductor chips, and the semiconductor chips being
arranged on the first substrate so that at least part of the
semiconductor chips overlap the regions of the peripheral
circuits formed by the thin film transistors.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1A is a schematic view of the configuration
of a liquid crystal display device of a first prior art, while
FIG. 1B is a sectional view along the line A-A of FIG. 1A.

[0016] FIG. 2 is a schematic view of the configuration of
a liquid crystal display device of a second prior art.

[0017] FIG. 3A is a schematic view of the configuration
of circuits of a liquid crystal display device according to a
first embodiment, while FIG. 3B is a sectional view along
the line B-B in FIG. 3A.

[0018] FIG. 4 is a schematic view of the electrical con-
nections of circuits forming the liquid crystal display device
according to the first embodiment.

[0019] FIG. 5A is a sectional view of a bottom gate
structure polysilicon TFT, while FIG. 5B is a sectional view
of a top gate structure polysilicon TFT.

[0020] FIG. 6 is a block diagram of an example of the
configuration of a vertical driver in an active matrix type
liquid crystal display device of an analog dot sequential
driving system.

[0021] FIG. 7 is a block diagram of an example of the
configuration of a horizontal driver in an active matrix type
liquid crystal display device of an analog dot sequential
driving system.

[0022] FIG. 8A is a view for explaining a method of
connection of a control unit formed by silicon ICs and a
vertical driver formed by polysilicon TFTs, while FIG. 8B
is a sectional view of the connection portion.

[0023] FIG. 9 is a schematic view of the layout of the
circuits of the liquid crystal display device according to a
second embodiment.

[0024] FIG. 10 is a schematic view of electrical connec-
tions of circuits of the liquid crystal display device shown in
FIG. 9.

[0025] FIG. 11 is a block diagram of an example of the
configuration of a horizontal driver in an active matrix type
liquid crystal display device of a time-division driving
system according to the second embodiment.

[0026] FIG. 12 is a circuit diagram of an example of the
configuration of a time-division switch unit.

[0027] FIG. 13 is a perspective view of the schematic
configuration of for example a PDA as an electronic device
to which the present invention is applied.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0028] Preferred embodiments of the present invention
will be explained next referring to the attached drawings.
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[0029]

[0030] The present embodiment shows the application of
the present invention to an active matrix type liquid crystal
display device of an analog dot sequential driving system.

[0031] FIG. 3A is a schematic view of the configuration
of the circuits of a liquid crystal display device according to
the present embodiment, while FIG. 3B is a sectional view
along the line B-B in FIG. 3A.

[0032] Further, FIG. 4is a schematic view of the electrical
connections of the circuits forming the liquid crystal display
device according to the present embodiment.

[0033] Asshown in FIG. 3A and FIG. 4, the active matrix
type liquid crystal display device according to the present
embodiment has a liquid crystal display unit 12 comprised
of alarge number of pixels 11 arranged in a matrix, a vertical
driver (VD) 13 for sequentially selecting the pixels 11 of the
liquid crystal display unit 12 in row units, a horizontal driver
(HD) 14 for writing pixel signals into the pixels 11 selected
in row units, and a control unit 15 for controlling the vertical
and horizontal drivers 13 and 14 mounted on a transparent
insulating substrate 16.

[0034] In the liquid crystal display unit 12 on the trans-
parent insulating substrate 16, m rows worth of gate lines
(vertical selection lines) 17-1 to 17-m and n columns worth
of signal lines (source lines) 18-1 to 18-n are arranged in a
matrix. Further, a liquid crystal layer 63 is held with another
transparent insulating substrate 62 arranged facing the sub-
strate 16 across a predetermined distance. Pixels 11 are
arranged at the intersections of the gate lines 17-1 to 17-m
and the signal lines 18-1 to 18-x.

[0035] Each of the pixels 11 is comprised of a polysilicon
TFT (thin film transistor) 19 serving as a switching element
having a gate electrode connected to one of the gate lines
17-1 to 17-m and a source clectrode connected to one of the
signal lines 18-1 to 18-, a liquid crystal cell (liquid crystal
electrostatic capacity) 20 having a pixel electrode connected
to a drain electrode of the TFT 19, and auxiliary electrostatic
capacity 21 having one electrode connected to a drain
electrode of the TFT 19.

[0036] In the above pixel structure, the counter electrode
of the liquid crystal cell 20 is connected to a common line
22 along with the other electrode of the auxiliary electro-
static capacity 21.

[0037] The common line 22 is given a predetermined DC
voltage as a common voltage VCOM.

[0038] The polysilicon TFTs which are used as the tran-
sistors used as switching elements of the liquid crystal
display unit 12 and the transistors forming the vertical driver
(VD) 13, horizontal driver (HD) 14, and other drive units
include ones of bottom gate structures where the gate
electrodes are arranged under gate insulating films and ones
of top gate structures where the gate electrodes are arranged
over the gate insulating films.

[0039] FIG. 5A is a sectional view of a bottom gate
structure polysilicon TFT, while FIG. 5B is a sectional view
of a top gate structure polysilicon TFT.

[0040] In the bottom gate structure TFT shown in FIG.
5A, a gate electrode 42 is formed on the transparent insu-
lating substrate (glass substrate) 16, a polysilicon (Poly-Si)
layer 44 is formed over the gate electrode 42 through a gate

First Embodiment
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insulating film 43, and an interlayer insulating film 45 is
formed covering this polysilicon layer 44.

[0041] Further, a source region 46 and drain region 47
comprised of an n*diffusion layer are formed on the gate
insulating film 43 at the sides of the gate electrode 42, and
a source electrode 48 and drain electrode 49 comprised of
aluminum interconnections are connected to these source
and drain regions 46 and 47.

[0042] In the bottom gate structure TFT shown in FIG.
5B, a polysilicon layer 52 is formed on a transparent
insulating substrate (glass substrate) 16, a gate clectrode 54
is formed on the polysilicon layer 52 through a gate insu-
lating film 53, and an interlayer insulating film 55 is formed
covering the gate electrode 54.

[0043] Further, a source region 56 and a drain region 57
comprised of an n*diffusion layer are formed on the trans-
parent insulating substrate 16 at the sides of the polysilicon
layer 52, and a source electrode 58 and drain electrode 59
comprised of aluminum interconnections are connected to
these source and drain regions 56 and 57.

[0044] In the control unit 13, the timing controller (TC) 23
receives as input through a not shown TCP (tape carrier
package) a power source voltage VDD from a not shown
external power source unit, digital image data DATA from a
not shown external CPU, and a clock CLK from a not shown
external clock generator.

[0045] The timing controller 23 controls the timing while
supplying a vertical start pulse VST, vertical clock VCK,
and other clock signals and various control signals to the
vertical driver (VD) 13 and a horizontal start pulse HST, a
horizontal clock HCK, and other clock signals and various
control signals to the horizontal driver (HD) 14.

[0046] The reference voltage generation circuit (REF) 24
generates a plurality of reference voltages different in value
and gives these plurality of reference voltages as reference
voltages to the later mentioned reference voltage selection
type D/A converter 37 of the horizontal driver (HD) 14.

[0047] The DC-DC converter (DDC) 25 converts the low
level DC voltage (low voltage) to two or more high DC
voltages (high voltages) and gives them to the vertical driver
(VD) 13, horizontal driver (HD) 14, reference voltage
generation circuit 24, and other circuits.

[0048] In the present embodiment, as circuit parts driven
at a high speed or circuit parts with small variance in
characteristics, for example, the timing controller 23, refer-
ence voltage generation circuit 24, and DC-DC converter 25
of the control unit 15 are formed by single crystal silicon
chips (ICs).

[0049] Further, the silicon ICs 23 to 25, as shown in FIG.
3B, are mounted on the vertical driver (VD) 13 by for
example a COG (chip on glass) method.

[0050] The silicon ICs 23 to 25 formed by single crystal
silicon can be driven even by 100 MHz.

[0051] On the other hand, as circuit parts driven at a low
speed and with large variance in characteristics, for
example, the vertical driver (VD) 13 and horizontal driver
(HD) 14 are formed using polysilicon TFTs as explained
above.
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[0052] The vertical driver (VD) 13, for example, as shown
in FIG. 6, has a shift register 31, a level shifter 32, and a gate
buffer 33.

[0053] When input with the vertical start pulse VST, the
shift register 31 sequentially transfers the vertical start pulse
VST synchronized with the vertical clock VCK and sequen-
tially outputs shift pulses from the transfer stages.

[0054] The level shifter 32 boosts the shift pulses output
from the transfer stages of the shift register 31 and supplies
them to the gate buffer 33.

[0055] The gate buffer 33 sequentially applies the shift
pulses boosted at the level shifter 32 to the gate lines 17-1
to 17-m of the liquid crystal display unit 12 as vertical
scanning pulses and selectively drives the pixels 11 of the
liquid crystal display unit 12 in row units for vertical
scanning.

[0056] The horizontal driver (HD) 14, for example, as
shown in FIG. 7, has a shift register 34, a level shifter 35,
a data latch circuit 36, a D/A converter 37, and a buffer 38.

[0057] When input with the horizontal start pulse HST, the
shift register 34 sequentially transfers the horizontal start
pulse HST synchronized with the horizontal clock HCK and
sequentially outputs shift pulses from the transfer stages to
perform horizontal scanning.

[0058] The level shifter 35 boosts the shift pulses output
from the transfer stages of the shift register 34 and supplies
them to the data latch circuit 36.

[0059] The data latch circuit 36 responds to the shift
pulses given from the shift register 34 through the level
shifter 35 and sequentially latches predetermined bits of the
digital image data DATA input.

[0060] The D/A converter 37 is for example configured as
a reference voltage selection type which converts the digital
image data latched at the data latch circuit 36 to analog
image signals which it then gives to the signal lines 18-1 to
18- of the liquid crystal display unit 12 through the buffer
38

[0061] FIG. 8A is a view for explaining a method of
connection of the control unit 15 formed by the silicon ICs
23 to 25 and the vertical driver (VD) 13 formed by poly-
silicon TFTs. Further, FIG. 8B is a sectional view of the
connection portion.

[0062] As shown in FIG. 8A, to enable arrangement of the
silicon 1Cs 23 to 25, the vertical driver (VD) 13 is formed
with drive circuit areas 13a. Each drive circuit area 13a is
configured connected to a plurality of pads 13b.

[0063] On the other hand, the silicon ICs 23 to 25, as
shown in FIG. 8A, are formed with control circuit areas 251
on the silicon substrate 250. These control circuit areas 251
are configured electrically connected to bumps 252 through
a plurality of not shown pads. Note that in FIG. 8A, the
control circuit areas 251 and the bumps 252 are formed on
the reverse side of the paper.

[0064] Further, as shown in FIG. 8B, the drive circuit
areas 13a of the vertical driver (VD) 13 and the control
circuit areas 251 of the silicon ICs 23 to 25 are made to face
each other. By mounting the bumps of the silicon ICs 23 to
25 on the pads 13b of the vertical driver (VD) 13 through a
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conductive particle material 66, electrical connection
between the control circuits and the drive circuits is
achieved.

[0065] Further the pads 13b are connected to not shown
aluminum interconnections provided on the transparent
insulating substrate 16. These aluminum interconnections
are used for electrical connection between the IC chips 23 to
25 shown in FIG. 4 and electrical connection between the IC
chips 23 to 25 and the horizontal and vertical drivers 13 and
14.

[0066] Note that FIG. 8B shows an example where the
drive circuit area 13a is formed by complementary TFTs.
Accordingly, a drain region 47 comprised of an n* diffusion
layer of one TFT and a source region (drain region) 46a
comprised of a p* diffusion region of another TFT are
electrically connected by for example an aluminum inter-
connection 60. Further, a passivation film 61 is formed
covering the complementary type TFT.

[0067] The operation of the liquid crystal display device of
the above configuration will be explained next.

[0068] For example, image data DATA is input from an
external CPU to the timing controller 23, whereby that
image data DATA is supplied to the data latch circuit 36 of
the horizontal driver (HD) 14.

[0069] Further, the reference voltage generation circuit 24
generates a plurality of reference voltages for use in the D/A
converter 37 of the horizontal driver (HD) 14 and supplies
them to not shown reference voltage lines of the D/A
converter 37.

[0070] Next, a horizontal clock HCK and horizontal start
pulse HST are input to the shift register 34 of the horizontal
driver (HD) 14.

[0071] When input with the horizontal start pulse HST, the
shift register 34 sequentially transfers the horizontal start
pulse HST synchronized with the horizontal clock and
sequentially outputs shift pulses from the transfer stages to
the level shifter 35.

[0072] The level shifter 35 boosts the shift pulses output
from the transfer stages of the shift register and supplies
them to the data latch circuit 36.

[0073] The data latch circuit 36 responds to the shift
pulses given from the shift register 34 through the level
shifter 35 and sequentially latches predetermined bits of the
digital image data DATA input from the timing controller 23.

[0074] The image data latched at the data latch circuit 36
is supplied to a reference voltage selection type D/A con-
verter 37.

[0075] The D/A converter 37 selects the corresponding
reference voltage, converts the digital image data to analog
image signals, and supplies them as analog signals to the
signal lines 18-1 to 18- of the liquid crystal display unit 12
through the buffer 38.

[0076] When input with the vertical start pulse VST, the
vertical driver (VD) 13 sequentially transfers the vertical
start pulse VST synchronized with the vertical clock VCK
and sequentially outputs shift pulses from the transfer stages
to the level shifter 32.
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[0077] Next, the level shifter 32 boosts the shift pulses
output from the transfer stages of the shift register 31 and
supplies them to the gate buffer 33.

[0078] The gate buffer 33 sequentially applies the shift
pulses boosted at the level shifter 32 to the gate lines 17-1
to 17-m as vertical scanning pulses and selectively drives the
pixels 11 of the liquid crystal display unit 12 in row units.

[0079] Due to this, the image data is written in parallel to
the n number of pixels.

[0080] According to the liquid crystal display device
according to the present embodiment, as circuit parts driven
at a low speed and with large variance in characteristics, for
example, the vertical driver (VD) 13 and horizontal driver
(HD) 14 are formed using polysilicon TFTs, while as circuit
parts driven at a high speed or circuit parts with small
variance in characteristics, for example, the timing control-
ler 23, reference voltage generation circuit 24, and DC-DC
converter 25 of the control unit 15 are formed by single
crystal silicon chips (ICs). Further, the circuit parts formed
by ICs are mounted on the vertical driver (VD) 13 or other
drive circuit parts by for example the COG method. Due to
this, it is possible to reduce the frame portion of the liquid
crystal display device.

[0081] Further, as shown in FIG. 3B, by making the total
thickness tl of the vertical driver (VD) 13 and the IC chips
23 to 25 less than the total thickness t3 of the facing
transparent insulating substrate 62 and liquid crystal layer
63, the thickness t2 of the liquid crystal display device as a
whole is no longer dependent on the thickness of the IC
chips 23 to 25, so the liquid crystal display device can be
made thinner.

[0082] That is, the total thickness t2 of the transparent
insulating substrate 16, the transparent insulating substrate
62, and the liquid crystal layer 63 becomes the thickness of
the liquid crystal display device.

[0083] Further, by making the peripheral circuits by ICs
and mounting the IC chips on the transparent insulating
substrate 16, it is possible to reduce the locations for
electrical connection with outside circuits on the transparent
insulating substrate 16, so it is possible to improve the
reliability against mechanical vibration of the liquid crystal
display device and possible to suppress the occurrence of
defective electrical connections in the manufacturing pro-
cess.

[0084] Note that when mounting the IC chips 23 to 25 on
the transparent insulating substrate 16, a protective layer is
formed on the silicon ICs at the time of fabrication, so there
is no problem in reliability.

[0085]

[0086] The present embodiment shows application of the
present invention to an active matrix type liquid crystal
display device of a time-division driving system (selector
system).

[0087] FIG. 9 is a schematic view of the layout of the
circuits of an active matrix type liquid crystal display device
of the time-division driving system to which the present
invention is applied.

[0088] FIG. 10 is a schematic view of electrical connec-
tions of circuits of the liquid crystal display device shown in
FIG. 9.

Second Embodiment
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[0089] 1In FIG. 9 and FIG. 10, the liquid crystal display
device according to the present embodiment is comprised of
a liquid crystal display unit 12 comprised of a large number
of pixels 11 arranged in a matrix, a vertical driver (VD) 13
for sequentially selecting the pixels 11 of the liquid crystal
display unit 12 in row units, a horizontal driver (HD) 74 for
writing pixel signals into the pixels 11 selected in row units,
a time-division switch unit (SW) 75 for time-division driv-
ing, and a control unit 15 for controlling the vertical and
horizontal drivers 13 and 74 and the time-division switch
unit (SW) 75 mounted on a transparent insulating substrate

[0090] Each of the pixels 11 is comprised of a polysilicon
TFT 19 having a gate electrode connected to one of the gate
lines 17-1 to 17-m and a source electrode connected to one
of the signal lines 18-1 to 18-n, a liquid crystal cell 20
having a pixel electrode connected to a drain electrode of the
TFT 19, and auxiliary electrostatic capacity 21 having one
electrode connected to a drain electrode of the TFT 19.

[0091] In each of the pixels 11 of the above configuration,
the counter electrode of the liquid crystal cell 20 is con-
nected to a common line 22 along with the other electrode
of the auxiliary electrostatic capacity 21. The common line
22 is given a predetermined DC voltage as a common
voltage VCOM.

[0092] The control unit 15 for controlling the vertical
driver (VD) 13, the horizontal driver (HD) 74, and the
time-division switch unit (SW) 75 has a timing controller
(TC) 23, reference voltage generation circuit (REF) 24,
DC-DC converter (DDC) 25, etc.

[0093] The timing controller 23 receives as input through
a not shown TCP (tape carrier package) a power source
voltage VDD from a not shown external power source unit,
digital image data DATA from a not shown external CPU,
and a clock CLK from a not shown external clock generator.

[0094] The timing controller 23 controls the timing while
supplying a vertical start pulse VST, vertical clock VCK,
and other clock signals and various control signals to the
vertical driver (VD), a horizontal start pulse HST, a hori-
zontal clock HCK, and other clock signals and various
control signals to the horizontal driver (HD) 74, and gate
selection signals S1 to S3 and XS1 to XS3 to the time-
division switch unit (SW) 75.

[0095] The reference voltage generation circuit 24 gener-
ates a plurality of reference voltages different in value and
gives these plurality of reference voltages as reference
voltages to the later mentioned reference voltage selection
type D/A converter 88 of the horizontal driver (HD) 74.

[0096] The DC-DC converter 25 converts the low level
DC voltage (low voltage) to two or more high DC voltages
(high voltages) and gives them to the vertical driver (VD)
13, horizontal driver (HD) 74, reference voltage generation
circuit 24, and other circuits.

[0097] In the active matrix type liquid crystal display
device of the time-division driving system of the above
configuration, the transistors forming the vertical driver
(VD) 13 and the analog switches forming the time division
switch unit (SW) are formed on a transparent insulating
substrate 16 the same as that of the liquid crystal display unit
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12 by TFTs, in particular polysilicon TFTs the same as the
transistors of the switching elements of the liquid crystal
display unit 12.

[0098] On the other hand, the horizontal driver (HD) 74
and the timing controller 23, reference voltage generation
circuit 24, and DC-DC converter 25 of the control unit 15 are
formed by single crystal silicon ICs.

[0099] Further, the horizontal driver (HD) 74 formed by
the silicon IC is mounted on the time-division selection
switch unit 75, while the reference voltage generation circuit
24 and DC-DC converter 25 formed by silicon ICs are
mounted on the vertical driver (VD) 13—all by for example
the COG method.

[0100] Here, the time-division driving method will be
explained together with the operation of the liquid crystal
display of the present embodiment.

[0101] The “time-division driving method” is a method of
driving by dividing the signal lines in a liquid crystal display
unit 12 into units (blocks) of pluralities of adjoining lines
and outputting signal voltages given to the plurality of signal
lines in each block from the output terminals of the hori-
zontal driver (HD) 74 in time series, while providing a
time-division switch unit (SW) 75 dealing with units of
pluralities of signal lines and using that time-division switch
unit (SW) 75 to sample the time series signal voltages output
from the horizontal driver (HD) 74 and sequentially give
them to the plurality of signal lines.

[0102] To realize this time-division driving method, the
horizontal driver (HD) 74 is configured to deal with units of
pluralities of signal lines and output the signal voltages
given to a plurality of signal lines in time series.

[0103] FIG. 11 shows an example of the configuration of
the above horizontal driver 74.

[0104] The horizontal driver (HD) 74 shown in FIG. 11
has a shift register 84, a sampling switch group 85, a level
shifter 86, a data latch circuit 87, and a D/A converter 88. In
this embodiment, for example, it is configured to fetch the 5
bits of digital image data DATA1 to DATAS and the power
source voltages Vdd and Vss from the two sides of the shift
register 84 in the shift direction.

[0105] In the horizontal driver (HD) 74 of the above
configuration, when input with the horizontal start pulse
HST, the shift register 84 sequentially transfers the horizon-
tal start pulse HST in synchronization with the horizontal
clock HCK so as to sequentially output shift pulses from the
transfer stages and perform horizontal scanning.

[0106] The sampling switches in the sampling switch
group 85 respond to the shift pulses (sampling pulses)
sequentially output from the shift register 84 to sequentially
sample the input digital image data DATAIL to DATAS.

[0107] The level shifter 86 boosts the for example 5V
digital data sampled by the sampling switch group 85 to the
digital data of the liquid crystal drive voltage.

[0108] The data latch circuit 87 is a memory for storing 1H
worth of the digital data boosted by the level shifter 86.

[0109] The D/A converter 88 is for example configured as
a reference voltage selection type and outputs the 1H worth
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of digital image data output from the data latch circuit 87
converted to analog image signals.

[0110] Further, as the horizontal driver (HD) 74, one of a
so-called column inversion driving system is used.

[0111] The horizontal driver (HD) 74 realizes column
inversion driving by outputting a signal voltage inverted in
potential for each odd number and even number output
terminal and inverting the polarity of the signal voltage for
every field. Here, the “column inversion driving system” is
a driving system where pixels adjoining each other in the
horizontal direction have the same polarity and the states of
the pixel polarities are inverted for every field.

[0112] On the other hand, the time-division switch unit
(SW) 75 is configured by analog switches (transmission
switches) for sampling the time series signal voltages output
from the horizontal driver (HD) 74 by a time-division
method.

[0113] FIG. 12 shows an example of the configuration of
a time-division switch unit (SW) 75.

[0114] One of the time-division switch units (SW) shown
in FIG. 12 is provided for each output of the horizontal
driver (HD) 74. Further, here, the case of three-way time-
division driving for R (red), G (green), and B (blue) is shown
as an example.

[0115] The time-division switch unit (SW) 75 is com-
prised of analog switches 75-1, 75-2, and 75-3 of a CMOS
configuration where a p-channel MOS transistor and an
n-channel MOS transistor are connected in parallel.

[0116] Note that in the present embodiment, CMOS con-
figuration switches were used as the analog switches 75-1,
75-2, and 75-3, but it is also possible to use p-channel MOS
transistors or n-channel MOS transistors.

[0117] In the time-division switch unit (SW) 75, the input
ends of the three analog switches 75-1, 75-2, and 75-3 are
connected in common while the output ends are connected
to ends of the three signal lines 18-1, 18-2, and 18-3.

[0118] Further, the input ends of the analog switches 75-1,
75-2, and 75-3 are given signal potentials output in time
series from the horizontal driver (HD) 74.

[0119] Further, a total of six control lines 89-1 to 89-6, or
two for each analog switch, are arranged. Further, two
control input ends of the analog switches 75-1, that is, the
gates of the CMOS transistors, are connected to the control
lines 89-1 and 89-2, two control input ends of the analog
switches 75-2 are connected to the control lines 89-3 and
894, and two control input ends of the analog switch 75-3
are connected to the control lines 895 and 89-6.

[0120] The six control lines 89-1 to 89-6 are given gate
selection signals Si to S3 and XS1 to XS3 for sequentially
selecting the three analog switches 75-1, 75-2, and 75-4
from the timing controller (TC) 23 (see FIG. 10). Here, the
gate selection signals XS1 to XS3 are inverted signals of the
gate sclection signals S1 to S3.

[0121] The gate selection signals S1 to S3 and XS1 to XS3
sequentially turn on the three analog switches 75-1, 75-2,
and 75-3 in synchronization with the time series signal
potential output from the horizontal driver (HD) 74.
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[0122] Due to this, the analog switches 75-1, 75-2, and
75-3 supply the time series signal potentials output from the
horizontal driver (HD) 74 to the corresponding signal lines
18-1, 18-2, and 18-3 while sampling them by threeway
time-division in a 1H period.

[0123] In the liquid crystal display device according to the
present embodiment, as circuit parts driven at a low speed
and with large variance in characteristics, for example, the
vertical driver (VD) 13 and time-division switch unit (SW)
75 are formed using polysilicon TFTs, while as circuit parts
driven at a high speed or circuit parts with small variance in
characteristics, for example, the horizontal driver (HD) 74
and the timing controller 23, reference voltage generation
circuit 24, and DC-DC converter 25 of the control unit 15 are
formed by single crystal silicon chips (ICs). Further, the
circuit parts formed by ICs are mounted on the vertical
driver (VD) 13 or the time-division switch unit (SW) 75 by
for example the COG method. Due to this, it is possible to
obtain similar effects as in the first embodiment.

[0124] Third Embodiment

[0125] The liquid crystal display devices according to the
above first and second embodiments are suitable not only for
use as display units of personal computers, word processors,
and other office automation equipment or television receiv-
ers etc., but also particularly for use as display units of
portable electronic devices such as mobile phones and PDAs
(personal digital assistants), which are being made thinner
and thinner.

[0126] FIG. 13 is a perspective view of the schematic
configuration of for example a PDA as an electronic device
mounting a liquid crystal display device according to the
first and second embodiments.

[0127] The PDA according to this example is configured
with a display unit 92, a speaker unit 93, an operation unit
94, and a power source unit 95 arranged at the front surface
of the device housing 91.

[0128] Note that input to the PDA shown in FIG. 13 is
possible by a pen 96 etc. on the display unit 92.

[0129] While not shown, the device housing 91 houses
inside it a signal processing unit for performing desired
signal processing to make the display unit 92 exhibit a
desired display in accordance with the content of the opera-
tions and input by the operation unit 94 and pen 96 etc.

[0130] The display unit 92 of the PDA of this configura-
tion uses a liquid crystal display device according to the first
embodiment or second embodiment.

[0131] By using a liquid crystal display device of the
present invention as the display unit 92 in a PDA, mobile
phone, or other electronic device in this way, since the liquid
crystal display device is configured to be made thinner and
narrower in frame, there is the advantage that it can con-
tribute greatly to the increased thinness and narrower frame
of the housing of a portable electronic device such as a
mobile phone.

[0132] The present invention is not limited to the expla-
nation of the above embodiments.

[0133] Forexample, in the present embodiment, the CPU,
memory storing the image data, and clock generator were
provided outside of the liquid crystal display unit, but it is
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also possible to mount one or more of these on the liquid
crystal display unit as part of the control unit.

[0134] Further, in the present embodiment, the example
was shown of mounting the ICs of the control unit on the
vertical driver by the COG method, but the invention is not
limited to this. For example, mounting by the TAB (tape
automated bonding) method etc. or mounting on the hori-
zontal driver are also possible.

[0135] Various other modifications are possible within the
scope of the gist of the present invention.

Industrial Applicability

[0136] The present invention can be applied to a liquid
crystal panel or other display device or to an electronic
device provided with such a liquid crystal panel. Due to this,
it is possible to realize a greater thinness, smaller area, and
narrower frame of the display device and in turn the greater
thinness, smaller arca, and narrower frame of the ¢lectronic
device using this as a display unit.

Explanation of Reference Numerals

[0137] 11... pixel

[0138] 12 ... liquid crystal display unit (pixel unit)
[0139] 13 ... vertical driver

[0140] 14,74 ... horizontal driver

[0141] 15 ... control unit

[0142] 16 ... transparent insulating substrate
[0143] 19 ... polysilicon TFT

[0144] 20 ... liquid crystal cell

[0145] 23 ... timing controller

[0146] 24 ... reference voltage generation circuit
[0147] 25 ... DC-DC converter

[0148] 62 ... transparent insulating substrate
[0149] 63 ... liquid crystal layer

1. A liquid crystal display device comprising
a first substrate (16),

a pixel unit (12) formed on the first substrate (16) and
having pixels arranged in a matrix,

a second substrate (62) arranged facing the first substrate

(16),

a liquid crystal composition (63) held between the first
substrate (16) and the second substrate (62), and

peripheral circuits formed on the first substrate (16) for
writing pixel signals in the pixel unit (12),

at least part of the peripheral circuits (13) of the above
peripheral circuits being formed by thin film transistors
on the first substrate (16),

the remaining part of the peripheral circuits (23, 24, 25)
of the above peripheral circuits being formed by semi-
conductor chips, and

the semiconductor chips being arranged on the first sub-
strate (16) so that at least part of the semiconductor
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chips overlap the regions of the peripheral circuits
formed by the thin film transistors.
2. A liquid crystal display device as set forth in claim 1,
wherein said peripheral circuits formed by thin film transis-
tors include

a vertical driver (13) for sequentially selecting pixels of
said pixel unit in row units and

a horizontal driver (14) for writing pixel signals in the
pixels selected in row units by the vertical driver.
3. A liquid crystal display device as set forth in claim 1,
wherein

said peripheral circuits formed by thin film transistors
include a vertical driver (13) for sequentially selecting
pixels of said pixel unit in row units and

said peripheral circuits formed by semiconductor chips
include a horizontal driver (74) for writing pixel signals
in the pixels selected in row units by the vertical driver.

4. A liquid crystal display device as set forth in claim 2 or
3, wherein said peripheral circuits formed by semiconductor
chips include a timing controller (23) for controlling the
timing of selection of the pixels by the vertical driver (13)
and the timing for writing of the pixel signals to the pixels
by the horizontal driver.

5. A liquid crystal display device as set forth in any one
of claims 2 to 4, wherein said peripheral circuits formed by
semiconductor chips include a reference voltage generator
(24) for outputting a reference voltage to said horizontal
driver.

6. A liquid crystal display device as set forth in any one
of claims 2 to 5, wherein said peripheral circuits formed by
semiconductor chips include a DC-DC converter (25) for
generating at least two types of voltages higher than an input
voltage and giving power to at least the vertical driver and
the horizontal driver.

7. A liquid crystal display device as set forth in any one
of claims 1 to 6, wherein the semiconductor chips are
mounted on the first substrate by a COG method so that at
least part of the semiconductor chips overlap regions of said
peripheral circuits formed by thin film transistors.

8. A liquid crystal display device as set forth in claim 7,
wherein connection parts for connecting the semiconductor
chips by the COG method are formed at peripheral parts of
said peripheral circuits formed by thin film transistors.

9. A liquid crystal display device as set forth in any one
of claims 1 to 8, wherein as said peripheral circuits, the part
of the peripheral circuits driven at a low speed are formed by
thin film transistors, while the peripheral circuits driven at a
higher speed than that part of the peripheral circuits are
formed by semiconductor chips.

10. Aliquid crystal display device as set forth in any one
of claims 1 to 9, wherein a thickness of the semiconductor
chips is smaller than a combined thickness of said liquid
crystal composition on said first substrate and said second
substrate.

11. An electronic device having a display unit for giving
a desired display, an operation unit, and a signal processing
unit for causing said display unit to give a desired display in
accordance with the content of the operations by the opera-
tion unit, wherein

the display unit comprises

a first substrate (16),
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a pixel unit (12) formed on the first substrate (16) and
having pixels arranged in a matrix,

a second substrate (62) arranged facing the first substrate
(16),

a liquid crystal composition (63) held between the first
substrate (16) and the second substrate (62), and

peripheral circuits formed on the first substrate (16) for
writing pixel signals to the pixel unit (12),

at least part of the peripheral circuits (13) of the above
peripheral circuits being formed by thin film transistors
on the first substrate (16),

the remaining part of the peripheral circuits (23, 24, 25)
of the above peripheral circuits being formed by semi-
conductor chips, and

the semiconductor chips being arranged on the first sub-
strate (16) so that at least part of the semiconductor
chips overlap the regions of the peripheral circuits
formed by the thin film transistors.
12. An electronic device as set forth in claim 11, wherein
said peripheral circuits formed by thin film transistors
include

a vertical driver (13) for sequentially selecting pixels of
said pixel unit in row units and

a horizontal driver (14) for writing pixel signals in the
pixels selected in row units by the vertical driver.
13. An electronic device as set forth in claim 11, wherein

said peripheral circuits formed by thin film transistors
include a vertical driver (13) for sequentially selecting
pixels of said pixel unit in row units and

said peripheral circuits formed by semiconductor chips
include a horizontal driver (74) for writing pixel signals
in the pixels selected in row units by the vertical driver.

Mar. 27, 2003

14. An electronic device as set forth in claim 12 or 13,
wherein said peripheral circuits formed by semiconductor
chips include a timing controller (23) for controlling the
timing of selection of the pixels by the vertical driver (13)
and the timing for writing of the pixel signals to the pixels
by the horizontal driver.

15. An electronic device as set forth in any one of claims
12 to 14, wherein said peripheral circuits formed by semi-
conductor chips include a reference voltage generator (24)
for outputting a reference voltage to said horizontal driver.

16. An electronic device as set forth in any one of claims
12 to 15, wherein said peripheral circuits formed by semi-
conductor chips include a DC-DC converter (25) for gen-
erating at least two types of voltages higher than an input
voltage and giving power to at least the vertical driver and
the horizontal driver.

17. An electronic device as set forth in any one of claims
11 to 16, wherein the semiconductor chips are mounted on
the first substrate by a COG method so that at least part of
the semiconductor chips overlap regions of said peripheral
circuits formed by thin film transistors.

18. An clectronic device as set forth in claim 17, wherein
connection parts for connecting the semiconductor chips by
the COG method are formed at peripheral parts of said
peripheral circuits formed by thin film transistors.

19. An electronic device as set forth in any one of claims
11 to 18, wherein as said peripheral circuits, the part of the
peripheral circuits driven at a low speed are formed by thin
film transistors, while the peripheral circuits driven at a
higher speed than that part of the peripheral circuits are
formed by semiconductor chips.

20. An electronic device as set forth in any one of claims
11 to 19, wherein a thickness of the semiconductor chips is
smaller than a combined thickness of said liquid crystal
composition on said first substrate and said second substrate.

x ok ok ok %k
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