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[Scope of Patent Claims] 
[Claim 1] 
A mounting structure used in connection with a panel 
comprising two screens—a first screen and a second 
screen—each having i first lines and a plurality of second 
lines intersecting the first lines, and an electro-optical 
material sandwiched between two substrates facing each 
other, and each screen having an input terminal group 
comprising i connection terminals connected to the first lines 
and non-connection terminals, the mounting structure 
comprising: 
A drive IC that drives the i first lines using part of a plurality 
of IC output terminals and is capable of reversing the scan 
direction; 
At least i + 1 board output terminals connected to the input 
terminal group, where i terminals each conductively connect 
to the i first lines when connected to the panel; and wiring 
that connects a portion of the IC output terminals and the 
board output terminals such that the number of unused IC 
output terminals is symmetrical on the left and right sides, 
wherein the structure is characterized by the above 
configuration. 
[Claim 2] 
A mounting structure used in connection with a panel 
comprising two screens—a first screen and a second 
screen—each having i first lines and a plurality of second 
lines intersecting the first lines, and an electro-optical 
material sandwiched between two substrates facing each 
other, and each screen having an input terminal group 
comprising i connection terminals connected to the first lines 
and one non-connection terminal, 
the mounting structure comprising: 
A drive IC that drives the i first lines using part of n IC 
output terminals and is capable of reversing the scan 
direction of the first lines; i + 1 board output terminals 
connected to the input terminal group; and i + 1 wirings that 
connect the IC output terminals from the (m + 1)-th to the 
(m + i + 1)-th to the board output terminals respectively, 
wherein the integers n and i satisfy the relation n - i = 2m + 
1 (with m being a non-negative integer), 
and the structure is characterized by the above configuration. 

[Claim 3] 
An electro-optical device comprising: 
A first screen and a second screen, each having i first lines 
and a plurality of second lines intersecting the first lines, 
with an electro-optical material sandwiched between two 
opposing substrates; a panel comprising: a first input 
terminal group located at an edge of the first screen, 
including connection terminals connected to the i first lines 
and non-connection terminals; and a second input terminal 
group located at an edge of the second screen, also including 
connection terminals connected to the i first lines and non-
connection terminals ;a first mounting structure and a second 
mounting structure, wherein: the first mounting structure 
includes: a drive IC that drives the i first lines of the first 
screen using part of multiple IC output terminals in a 
forward scan direction; at least i + 1 board output terminals 
connected to the first input terminal group, i of which are 
conductively connected to the i first lines of the first screen, 
and wiring that connects a portion of the IC output terminals 
to the board output terminals such that the number of unused 
IC output terminals is symmetrical on the left and right 
sides; the second mounting structure includes: a drive IC 
that drives the i first lines of the second screen using part of 
multiple IC output terminals in a  

reverse scan direction; at least i + 1 board output terminals connected 
to the second input terminal group, i of which are conductively 
connected to the i first lines of the second screen, and wiring that 
connects a portion of the IC output terminals to the board output 
terminals such that the number of unused IC output terminals is 
symmetrical on the left and right sides;  
[Claim 4] 
An electro-optical device comprising: a first screen and a second 
screen, each having i first lines and a plurality of second lines 
intersecting the first lines, with an electro-optical material sandwiched 
between two opposing substrates; a panel comprising: a first input 
terminal group at the end of the first screen, including i connection 
terminals connected to the i first lines and one non-connection 
terminal; and a second input terminal group at the end of the second 
screen, including i connection terminals connected to the i first lines 
and one non-connection terminal; a first mounting structure and a 
second mounting structure, wherein: the first mounting structure 
includes: a drive IC that drives the i first lines of the first screen in a 
forward scan direction using part of n IC output terminals; i + 1 board 
output terminals connected to the first input terminal group; i + 1 
wirings that connect the IC output terminals from the (m + 1)-th to the 
(m + i + 1)-th to the board output terminals respectively; the second 
mounting structure includes: a drive IC that drives the i first lines of 
the second screen in a reverse scan direction using part of n IC output 
terminals; i + 1 board output terminals connected to the second input 
terminal group; i + 1 wirings that connect the IC output terminals 
from the (m + 1)-th to the (m + i + 1)-th to the board output terminals 
respectively; wherein n and i satisfy the relationship: 
n - i = 2m + 1 (m is a non-negative integer). 
[Claim 5] 
The electro-optical device according to claim 3 or 4, wherein the first 
lines are data electrodes, the second lines are scanning electrodes, and 
the electro-optical material is sandwiched between the respective data 
electrodes and scanning electrodes. 
[Claim 6] 
The electro-optical device according to claim 3 or 4, wherein the first 
lines are scanning electrodes, the second lines are data electrodes, and 
the electro-optical material is sandwiched between the respective data 
electrodes and scanning electrodes. 
[Claim 7] 
The electro-optical device according to claim 3 or 4, wherein the panel 
includes: i data lines as the first lines; a plurality of scanning lines as 
the second lines; pixel electrodes and switching elements arranged in a 
matrix corresponding to the intersections of the data lines and the 
scanning lines. 
[Claim 8] 
The electro-optical device according to claim 3 or 4, wherein the panel 
includes :i scanning lines as the first lines; a plurality of data lines as 
the second lines; pixel electrodes and switching elements arranged in a 
matrix corresponding to the intersections of the scanning lines and the 
data lines. 
[Claim 9] 
A method of connecting a drive IC, the IC driving i first lines of a 
panel, the panel comprising a first screen and a second screen with i 
first lines and a plurality of intersecting second lines and an electro-
optical material sandwiched between two opposing substrates, and for 
each screen an input terminal group comprising i connection terminals 
connected to the first lines and non-connection terminals, wherein the 
method comprises: connecting the drive IC, which drives the i first 
lines using part of a plurality of IC output terminals and can reverse 
the scan direction of the first lines, connecting some of the IC output 
terminals to the input terminal group so that the number of unused IC 
output terminals is symmetrical on both the left and right sides. 
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[Claim 10] 
A connection method for a driving IC, wherein an electro-
optical material is sandwiched between two substrates facing 
each other, and which comprises a first screen and a second 
screen each having i number of first lines and a plurality of 
second lines intersecting the first lines. A panel is provided 
with an input terminal group for each screen, consisting of i 
connection terminals connected to the i first lines and one 
non-connection terminal. The connection method involves 
using a portion of n IC output terminals to drive the i first 
lines and connecting a driving IC capable of reversing the 
scanning direction of the first lines. The method connects the 
(m + 1)th to the (m + i + 1)th IC output terminals to the input 
terminal group respectively, wherein the relationship between 
n and i satisfies the equation n - i = 2m + 1 (where m is an 
integer equal to or greater than zero).  
[Claim 11] 
An electronic device comprising the electro-optical device 
according to any one of Claims 3 through 8. 
[Detailed Description of the Invention] 
[0001] 
Field of the Invention 
The present invention relates to an implementation structure 
suitable for a panel comprising two screens, an electro-optical 
device, an electronic apparatus, and a method for connecting 
a driving IC (Integrated Circuit). 
[0002] 
Background Art 
Generally, a passive matrix-type liquid crystal display device 
is mainly composed of: a first substrate on which a plurality 
of scanning electrodes (common electrodes) are arranged; a 
second substrate on which a plurality of data electrodes 
(segment electrodes) are formed so as to intersect the 
scanning electrodes; and liquid crystal filled in the region 
enclosed by sealant material between the two substrates. A 
liquid crystal layer is thus formed between the scanning 
electrodes and the data electrodes, and pixels are formed by 
the liquid crystal layer held in the intersection region and the 
electrodes corresponding to that region. 
[0003] 
In such matrix-type liquid crystal display devices, a known 
technology for implementing a drive circuit that drives the 
scanning and data electrodes is the TAB (Tape Automated 
Bonding) method. In the TAB method, copper-foil leads 
formed on an FPC (flexible printed circuit) using a base such 
as polyimide are collectively bonded to the gold bumps of a 
driver IC using metallic eutectic bonding. Thereafter, the 
driver IC and the bonded part are molded and solidified. The 
resulting package of the driver IC is referred to as a TCP 
(Tape Carrier Package). 

[0004] 
In some liquid crystal display (LCD) devices, a single LCD panel is 
vertically divided so that the upper first screen and the lower second 
screen can be driven independently. In such cases, a driver IC for the 
upper first screen and a driver IC for the lower second screen are 
used. The upper edge of the LCD panel is provided with a group of 
driving terminals for the upper first screen, while the lower edge is 
provided with a group of driving terminals for the lower second 
screen. A Tape Carrier Package (TCP) is then connected to each 
group of terminals. If the same TCP can be used for both the upper 
first screen and the lower second screen, the productivity of the 
TCPs can be improved, ultimately reducing the overall cost of the 
LCD device. 
[0005] 
However, when driver ICs are connected individually to the upper 
and lower driving terminals, the relative positional relationship 
between the driver IC and the scanning or data electrodes becomes 
reversed. Therefore, to use the same TCP for both cases, a driver IC 
that can reverse the scanning direction of the scanning or data 
electrodes is required. 
[0006] 
There are various methods for dividing an LCD panel, but if the 
panel is divided so that the display capacities of the upper first 
screen and lower second screen match, the number of scanning 
electrodes and data electrodes will be the same for both screens. In 
such a case, by using a dedicated driver IC (one that has output 
terminals matching the number of scanning and data electrodes for 
both screens) and reversing the scan direction as needed, it becomes 
possible to use the same TCP for both the upper first screen and the 
lower second screen. 
[0007] Problems the Invention Aims to Solve 
However, because LCD panels come in a wide variety of display 
capacities, it would be more convenient not to design and 
manufacture dedicated driver ICs for each panel, but instead to use 
existing driver ICs. 
[0008] 
Specifically, consider the case where a driver IC with n output 
terminals for data electrodes (where n > i) is used to drive an LCD 
display panel with i data electrodes. If n - i is an odd number, and 
the i output terminals are connected to the data electrodes via a TCP, 
then it is not possible to distribute the unconnected terminals evenly 
on both sides. As a result, if such a TCP is used in a panel 
comprising an upper first screen and a lower second screen, the 
display screens may become laterally misaligned between the top 
and bottom sections, thereby preventing shared use of the TCP and 
creating problems. 
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[0009] 
On the other hand, it is conceivable to eliminate the lateral 
misalignment by adjusting the timing of the data signals or 
gradation data supplied to the driver IC. However, in such a 
case, the program software controlling the data signals or 
gradation data must be modified, resulting in increased 
software workload. 
[0010] 
The present invention has been made in view of such 
circumstances. Its objective is to provide an implementation 
structure, an electro-optical device, an electronic apparatus, and 
a method for connecting a driver IC, all of which are suitable 
for a panel comprising two screens. 
[0011] 
Means for Solving the Problem 
To achieve the above objective, the implementation structure of 
the present invention is configured for use in connection with a 
panel comprising a first screen and a second screen that include 
an electro-optical material sandwiched between two opposing 
substrates, and having i first lines and a plurality of second 
lines intersecting the first lines. For each screen, the panel is 
provided with an input terminal group consisting of i 
connection terminals connected to the i first lines and at least 
one non-connection terminal. This structure comprises: a driver 
IC using part of a plurality of IC output terminals to drive the i 
first lines and capable of reversing the scanning direction of the 
first lines, and at least i + 1 board output terminals connected to 
the input terminal group when connected to the panel, with i of 
those terminals being electrically connected to the i first lines, 
and wiring that connects part of the IC output terminals to the 
board output terminals in such a manner that the number of 
unused IC output terminals is symmetrically distributed on both 
sides. 
[0012] 
According to this configuration, assume that under normal 
scanning direction (forward), a certain one of the i first lines is 
connected to the Pth IC output terminal from one end of the IC 
output terminals. When the scanning direction is reversed, that 
line will then be connected to the Pth IC output terminal from 
the other end. Therefore, simply by reversing the scanning 
direction, the same implementation structure for the first screen 
can be used as the implementation structure for the second 
screen. As a result, no software changes for scan timing 
adjustment are required, and the same implementation structure 
can be easily configured for both the first and second screens 
using an existing driver IC. 
[0013] 
Additionally, the implementation structure of the present 
invention is used in connection with a panel comprising a first 
screen and a second screen, with an electro-optical material 
sandwiched between two opposing substrates, and i first lines 
and a plurality of second lines intersecting the first lines. Each 
screen has an input terminal group comprising i connection 
terminals connected to the i first lines and one non-connection 
terminal. The structure comprises: a driver IC that drives the i 
first lines using part of n IC output terminals and is capable of 
reversing the scanning direction of the first lines; i + 1 board 
output terminals connected to the input terminal group; and i + 
1 wires connecting the *(m + 1)*th to *(m + i + 1)*th IC output 
terminals to the respective board output terminals, 
where the relationship between n and i satisfies the equation n - 
i = 2m + 1 (where m is an integer equal to or greater than 0). 

[0014] 
This configuration is used when the difference between the 
number n of IC output terminals of the driver IC and the number i 
of first lines is an odd number. In such cases, only one extra 
wiring line, substrate output terminal, and terminal forming the 
input terminal group is used. As a result, assuming that in the case 
of the normal scan direction of the driver IC, a certain one of the i 
first lines is connected to the P-th terminal from one end of the IC 
output terminals, then in the reversed scan direction, the same line 
would be connected to the P-th terminal from the opposite end of 
the IC output terminals. Therefore, by adding only the minimal 
configuration, the implementation structures for both the first 
screen and the second screen can be shared. 
[0015] 
Furthermore, the electro-optical device of the present invention 
comprises two substrates facing each other, with an electro-optical 
material in between, and a first screen and a second screen each 
having i first lines and a plurality of second lines intersecting the 
first lines. The panel includes: a first input terminal group at the 
edge of the first screen, which has connection terminals connected 
to the i first lines and a non-connection terminal, a second input 
terminal group at the edge of the second screen, which also has 
connection terminals connected to the i first lines and a non-
connection terminal. 
The device also includes a first implementation structure and a 
second implementation structure. The first implementation 
structure comprises a driver IC that drives the first lines of the first 
screen in the normal scan direction using a part of the multiple IC 
output terminals. It is connected to the first input terminal group 
and has at least i + 1 terminals, with i terminals each electrically 
connected to the first lines of the first screen. The wiring is 
configured so that the number of unused IC output terminals is 
symmetrical on both left and right sides by connecting part of the 
IC output terminals to the substrate output terminals. The second 
implementation structure is configured similarly, with a driver IC 
that drives the first lines of the second screen in the reversed scan 
direction. It connects to the second input terminal group and also 
has at least i + 1 terminals, with i terminals each conducting to the 
first lines of the second screen. The wiring is arranged such that 
the number of unused IC output terminals is also symmetrical. 
[0016] 
With this configuration, by simply switching the scan direction of 
the driver IC, the first implementation structure can be used as the 
second implementation structure and vice versa. Moreover, since 
the number of IC output terminals of the driver IC is greater than 
the number of first lines, an existing driver IC can be used. 
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[0017] 
Furthermore, the electro-optical device of the present 
invention comprises two substrates facing each other, between 
which an electro-optical material is provided, along with a 
first screen and a second screen, each having i first lines and a 
plurality of second lines intersecting the first lines. The device 
includes: a panel provided with a first input terminal group at 
the end of the first screen, which has i connection terminals 
connected to the i first lines and one non-connection terminal, 
a second input terminal group at the end of the second screen, 
which also has i connection terminals connected to the i first 
lines and one non-connection terminal, a first implementation 
structure and a second implementation structure. The first 
implementation structure includes: a driver IC that drives the 
first lines of the first screen in the normal scan direction using 
part of the n IC output terminals, i + 1 substrate output 
terminals connected to the first input terminal group, i + 1 
wiring lines that connect each of the IC output terminals from 
the (m + 1)th to the (m + i + 1)th terminal to the substrate 
output terminals. The second implementation structure 
includes: a driver IC that drives the first lines of the second 
screen in the reverse scan direction using part of the n IC 
output terminals, i + 1 substrate output terminals connected to 
the second input terminal group, i + 1 wiring lines that 
connect each of the IC output terminals from the (m + 1)th to 
the (m + i + 1)th terminal to the substrate output terminals. 
The parameters n and i satisfy the relation: n - i = 2m + 1 
(where m is an integer equal to or greater than 0). 
[0018] 
According to this configuration, by merely switching the scan 
direction of the driver IC, the first implementation structure 
and the second implementation structure can be used 
interchangeably. Moreover, an existing driver IC can be used, 
and only one additional wiring line is needed to connect the 
driver IC to the substrate output terminals, minimizing the 
required increase in wiring pitch. 
[0019] 
In the electro-optical device of the present invention, the first 
lines may be data electrodes and the second lines may be scan 
electrodes, with the electro-optical material sandwiched 
between each of the data electrodes and scan electrodes. 
Alternatively, the first lines may be scan electrodes and the 
second lines may be data electrodes. 
[0020] 
In the electro-optical device of the present invention, the panel 
may include i data lines as the first lines, a plurality of scan 
lines as the second lines, and pixel electrodes and switching 
elements arranged in a matrix corresponding to the 
intersections of the data lines and scan lines. In this case, the 
first lines may instead be i scan lines, and the second lines 
may be multiple data lines. 
[0021] 
The present invention can also be interpreted as an invention 
related to a driver IC connection method. In this invention, 
between two substrates facing each other, an electro-optical 
material and a first screen and second screen are provided, 
each comprising i first lines and a plurality of intersecting 
second lines. A panel with input terminal groups, each 
consisting of i connection terminals and one non-connection 
terminal connected to the i first lines of each screen, is also 
provided. A driver IC is connected, using part of the multiple 
IC output terminals, to drive the i first lines and enable 
reversal of the scan direction of the first lines. It is 
characterized in that the IC output terminals and the input 
terminal groups are connected such that the number of unused 
IC output terminals is symmetrical on the left and right sides. 

[0022] 
Another invention concerning the connection method of the driver 
IC includes a structure in which an electro-optical material, i first 
lines, and a plurality of second lines intersecting the first lines are 
disposed between two opposing substrates, forming a first screen 
and a second screen. Each screen is equipped with a panel that has 
an input terminal group consisting of i connection terminals 
connected to the i first lines and one non-connection terminal. 
Under the assumption that a driver IC capable of reversing the 
scan direction is connected to drive the i first lines using a portion 
of n IC output terminals, the IC output terminals from the (m + 
1)th to the (m + i + 1)th are respectively connected to the input 
terminal group. A relationship of  (where m is a 
non-negative integer) is satisfied between n and i. 
[0023] 
Furthermore, the electronic apparatus of the present invention is 
characterized by being equipped with the electro-optical device 
described in any of the inventions above. Examples of electronic 
apparatuses to which such an electro-optical device can be applied 
include mobile phones, car navigation systems, information 
terminals, and various other types of electronic devices. 
[0024] 
[Embodiment of the Invention] 
Hereinafter, embodiments of the present invention will be 
described with reference to the drawings. 
[0025] 
<1. First Embodiment> 
-1. Overview of a Liquid Crystal Display Device- 
FIG. 1 is a block diagram showing the general configuration of 
key components of a liquid crystal display device according to the 
first embodiment. 
[0026] 
As shown in the figure, the liquid crystal display device is 
generally composed of: a passive matrix-type liquid crystal 
display panel 10,first and second scan electrode drive circuits 
100A and 100B,first and second data electrode drive circuits 110A 
and 110B, a control circuit 120, and a power supply circuit 130. 
[0027] 
First, the liquid crystal display panel 10 comprises a first panel 
(first screen) 10A and a second panel (second screen) 10B. Each 
panel includes i data electrodes (segment electrodes) X1 to Xi and 
j scan electrodes (common electrodes) Y1 to Yj. 
At each intersection of the data electrodes X1–Xi and the scan 
electrodes Y1–Yj, a pixel region 16 is formed. Each pixel region 
16 consists of a liquid crystal display element (a liquid crystal 
layer 18 to be described later). 
[0028] 
The scan electrodes Y1–Yj of the first panel 10A are driven by the 
first scan electrode drive circuit 100A, and those of the second 
panel 10B are driven by the second scan electrode drive circuit 
100B. 
Meanwhile, the data electrodes X1–Xi of the first panel 10A are 
driven by the first data electrode drive circuit 110A, and those of 
the second panel 10B are driven by the second data electrode drive 
circuit 110B, respectively. 
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[0029] 
As will be described later, the first scan electrode drive circuit 
100A and first data electrode drive circuit 110A, as well as the 
second scan electrode drive circuit 100B and second data electrode 
drive circuit 110B, are each configured as a single-chip driver IC. 
Each driver IC is mounted on two TCPs (Tape Carrier Packages): 
one TCP is connected from the upper side of the liquid crystal 
display panel 10, and the other is connected from the lower side of 
the liquid crystal display panel 10. 
[0030] 
Next, the first and second scan electrode drive circuits 100A and 
100B each have j output terminals Y1' to Yj', which match the 
number of scan electrodes of the first and second panels 10A and 
10B, respectively. On the other hand, the first and second data 
electrode drive circuits 110A and 110B each have n output 
terminals X1' to Xn'. 
Here, the number of output terminals n and the number of data 
electrodes i satisfy the relationship: 
n = i + 2m + 1 (where m is a non-negative integer). 
In other words, the number of output terminals exceeds the 
number of data electrodes by 2m + 1. 
Therefore, a data electrode drive circuit with more output 
terminals than data electrodes of the liquid crystal display panel 10 
can be used. 
[0031] 
As described above, each TCP is connected from either the upper 
or lower direction of the liquid crystal display panel 10. As a 
result, in the first panel 10A and second panel 10B, the connection 
orientation of the data electrodes X1 to Xi and scan electrodes Y1 
to Yj is reversed. 
Specifically, for the first panel 10A, the data electrodes X1, X2, ..., 
Xi are connected in order to the output terminals Xm+1', 
Xm+2', ..., Xm+i' of the first data electrode drive circuit 110A. 
In contrast, for the second panel 10B, the data electrodes X1, 
X2, ..., Xi are connected in reverse order to the output terminals 
Xm+i+1', Xm+i', ..., Xm+2' of the second data electrode drive 
circuit 110B. 
Similarly, the scan electrodes Y1, Y2, ..., Yj of the first panel 10A 
are connected in order to the output terminals Y1', Y2', ..., Yj' of 
the first scan electrode drive circuit 100A. 
In contrast, the scan electrodes Y1, Y2, ..., Yj of the second panel 
10B are connected in reverse order to the output terminals Yj', Yj-
1', ..., Y1' of the second scan electrode drive circuit 100B. 
[0032] 
Next, the first and second scan electrode drive circuits 100A and 
100B include so-called bidirectional shift registers. Based on the 
power supply voltage V, Y shift start pulse YS, Y shift clock 
YCLK, and control signal CTLY, these bidirectional shift registers 
generate scan signals with a specified pulse width and timing. The 
scan signals are supplied sequentially line-by-line to the scan 
electrodes Y1, Y2, ..., Yj.  
[0033] 
At this time, the shift register starts shifting in response to the Y 
shift start pulse YS supplied every vertical scanning period and 
performs shifting operations in synchronization with the Y shift 
clock YCLK supplied every horizontal scanning period. As the 
shifting proceeds, the scan signals are sequentially generated in 
each horizontal scanning period. 

[0034] 
Therefore, the first and second scan electrode drive circuits 100A and 
100B can fix the transfer direction (scan direction of the electrodes) of 
the above-mentioned bidirectional shift register to either the forward or 
reverse direction, based on the transfer direction control signal 
included in the control signal CTLY. 
As a result, scan signals can be output to the output terminals Y1', 
Y2', ..., Yj' either in top-to-bottom order (forward direction) or in 
bottom-to-top order (reverse direction). 
[0035] 
In this example, the transfer direction control signal is supplied so that 
the first scan electrode drive circuit 100A operates in the forward 
direction, and the second scan electrode drive circuit 100B operates in 
the reverse direction. 

second scan electrode drive circuit 100B are connected to the scan 
electrodes Y1, Y2, ..., Yj of the second panel 10B in reverse order as 
described above, the scan signals will still be supplied to the second 
panel 10B in the same top-to-bottom order as the first panel 10A: 

. 
[0036] 
Next, the first and second data electrode drive circuits 110A and 110B, 
like the scan electrode drive circuits, include bidirectional shift 
registers. 
Based on various power supply voltages V, X-shift start pulse XS, X-
shift clock XCLK, gradation data Da, and control signal CTLX, they 
generate data signals of appropriate pulse widths and timing, 
corresponding to the values of the gradation data Da, and supply them 
to the data electrodes X1, X2, ..., Xi. 
In addition, the transfer direction of the above-mentioned bidirectional 
shift register can be fixed to either forward or reverse based on the 
transfer direction control signal included in the control signal CTLX, 
so that the output terminals X1', X2', ..., Xn' generate data signals 
either from left to right (forward direction) or from right to left 
(reverse direction). 
[0037] 
In this example, the first data electrode drive circuit 110A is supplied 
with a transfer direction control signal to operate in the forward 
direction, while the second data electrode drive circuit 110B is 
controlled to operate in the reverse direction. 
Here, the data electrode X1 of the first panel 10A is connected to the 
m-th output terminal, Xm+1', of the output terminals starting from X1', 
and the data electrode X1 of the second panel 10B is connected to the 
m-th output terminal counted from Xn, that is, Xm+i+1'. 
Thus, even though the output terminals Xm+i+1', Xm+i', ..., Xm+2' of 
the second data electrode drive circuit 110B are connected in reverse 
order to the data electrodes X1, X2, ..., Xi of the second panel 10B as 
described above, the second panel 10B still receives data signals in the 
same left-to-right order as the first panel 10A: 

. 
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[0038] 
 Next, the control circuit 120 generates the Y shift start pulse YS, 
Y shift clock YCLK, control signal CTLY, X shift start pulse XS, 
X shift clock XCLK, gradation data Da, and control signal CTLX 
described above. 
[0039] 
 In addition, the power supply circuit 130 generates various power 
supply voltages V used for generating the scanning signals and 
data signals. 
[0040]  
<1-2. Liquid Crystal Display Panel> 
Next, the liquid crystal display panel will be described. 
Figure 2 is a plan view showing the configuration of the liquid 
crystal display panel, and Figure 3 is a cross-sectional view taken 
along line H-H in Figure 2. 
[0041]  
As shown in the figure, the liquid crystal display panel 10 
includes a substrate 11 and a counter substrate 12 that is shorter in 
the vertical direction than the substrate 11. The substrate 11 and 
counter substrate 12 are made of, for example, glass or plastic. 
On the substrate 11, a sealing section 13 is provided along its 
edges, and inside this, a light-shielding film 14 is formed to 
surround the non-display region around the display region in 
parallel. 
As for the sealing section 13, an ultraviolet-curable adhesive or a 
thermosetting adhesive containing anisotropic conductive 
microparticles is used. Liquid crystal is injected into the inside of 
the sealing section 13, thereby forming a liquid crystal layer 18. 
[0042]  
Furthermore, at the lower edge of the substrate 11, an input 
terminal group 21 for the first panel 10A is provided, while at the 
upper edge of the substrate 11, an input terminal group 22 for the 
second panel 10B is provided. 
The input terminal group 21 includes: 
– Input terminals y1 to yk and input terminals yk+1 to yj, 
connected respectively to the scanning electrodes Y1 to Yk and 
Yk+1 to Yj of the first panel 10A, 
– Input terminals x1 to xi, connected respectively to the data 
electrodes X1 to Xi of the first panel 10A, and 
– An input terminal NC that is adjacent to terminal xi but not 
connected to any scanning or data electrode. 
Here, it is desirable to set k to approximately half of j. For 
example, if there are 65 scanning electrodes, k should be set to 32. 
[0043]  
As described above, the reason for dividing the input terminals for 
the scanning electrodes into y1 to yk and yk+1 to yj and placing 
them at the left and right ends of the input terminal group 21 is 
due to the pin layout of the driver IC. It is necessary to balance the 
number of TCP (Tape Carrier Package) lead wires on both sides, 
and it is also desirable to make the internal wiring of the first 
panel 10A symmetric. 
[0044]  
Note that the input terminals in input terminal group 22 are 
composed similarly to those in group 21, namely y1 to yk, yk+1 
to yj, x1 to xi, and NC. However, their arrangement differs from 
group 21 as shown in the figure. For example, in group 22, the NC 
terminal is placed adjacent to terminal x1, whereas in group 21, 
the NC terminal is adjacent to terminal xi. 

[0045] 
Next, Figure 4 is a plan view showing the input terminals y1 to 
yj, x1 to xi, NC, and data electrodes X1 to Xi formed on the 
substrate 11 that constitutes the first panel 10A, together with the 
sealing section 13 and light-shielding film 14. 
As shown in this figure, the input terminals y1 to yj extend from 
the edge of substrate 11 to the inside of the sealing section 13. 
The data electrodes X1 to Xi are formed vertically in the image 
display area, which is inside the light-shielding film 14, and are 
connected to the input terminals x1 to xi. Furthermore, the input 
terminal NC is shorter in the vertical direction compared to the 
input terminals y1 to yj and does not extend into the interior of 
the sealing section 13. 
[0046] 
Next, Figure 5 is a plan view showing the data electrodes Y1 to 
Yj formed on the lower surface of the counter substrate 12 that 
constitutes the first panel 10A, together with the sealing section 
13 and light-shielding film 14. 
As shown in this figure, the data electrodes Y1 to Yk are routed 
around from the left side of the image display area, using the 
region from the inner perimeter of the sealing section 13 to the 
inner perimeter of the light-shielding film 14, reaching the outer 
bottom edge of the sealing section 13. On the other hand, the data 
electrodes Yk+1 to Yj are routed around from the right side of the 
image display area to the outer bottom edge of the sealing section 
13. 
[0047] 
Here, when the counter substrate 12 is stacked on top of the 
substrate 11, the data electrodes Y1 to Yj located at the bottom 
edge of the sealing section 13 are positioned to face the input 
terminals y1 to yj formed on the substrate 11. The data electrodes 
Y1 to Yj and input terminals y1 to yj are electrically connected 
via the anisotropic conductive microparticles contained in the 
sealing section 13 when the substrate 11 and counter substrate 12 
are pressed and bonded together. 
[0048] <1-3. TCP> 
Next, the TCP (Tape Carrier Package) will be described. 
Since the liquid crystal display panel 10 in this example consists 
of two screens, with an input terminal group 21 for the first panel 
10A and an input terminal group 22 for the second panel 10B, 
two TCPs are required corresponding to each of the input 
terminal groups 21 and 22. 
Here, the TCP used in connection with the first panel 10A will be 
referred to as the first TCP 31, and the one used in connection 
with the second panel 10B will be referred to as the second TCP 
32. 
Since the first TCP 31 and second TCP 32 have the same 
configuration, the following explanation will describe the first 
TCP 31, and the explanation of the second TCP 32 will be 
omitted. 
[0049] 
Figure 6 is a transparent plan view of the TCP used in this 
embodiment. 
Figure 7 is a cross-sectional view of the TCP. 
[0050] 
As shown in the figures, the first TCP 31 is roughly composed of 
a driver IC 311 and a substrate 313. 
This driver IC 311 contains the first scanning electrode driving 
circuit 100A and the first data electrode driving circuit 110A 
shown in Figure 1. 
Its input and output terminals are formed by gold bumps 312 
protruding from the bottom surface of the driver IC 311. 
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[0051] 
Next, the substrate 313 is composed of a base substrate 314, 
input terminal group 315, output terminal group 316, 
connection leads 317, resist film 318, and mold 319. 
As the material for the base substrate 314, a plastic such as a 
polyimide film is preferably used. This allows the first TCP 31 
to be bent, enabling flexible mounting. 
[0052] 
Next, on the rear side of the base substrate 314, wiring is 
provided to connect the input and output terminal groups 315 
and 316 to each connection lead 317. This wiring is formed by 
patterning copper foil using a photo-etching method. A resist 
film 318 is also formed over the wiring. Additionally, the 
connection leads 317 are plated with tin. 
[0053] 
Next, the electrical connection between the gold bumps 312 of 
the driver IC 311 and the connection leads 317 is achieved 
through a metallic eutectic bond between the tin-plated layer of 
the connection leads 317 and the gold bumps 312. A method 
called "gang bonding," which allows for simultaneous 
connection of all bumps at once, is employed. 
Compared to wire bonding, which connects one pin at a time, 
this method significantly shortens the processing time. 
[0054] 
Next, the mold 319 is formed by pouring it from the rear side 
of the base substrate 314 after the driver IC 311 and the 
connection leads 317 have been connected. This both affixes 
the driver IC 311 to the base substrate 314 and protects the 
connection area. 
[0055] 
The connection between the output terminal group 316 of the 
first TCP 31 and the input terminal group 21 of the first panel 
10A is made using an anisotropic conductive film (ACF), 
which contains conductive microparticles in an adhesive. 
<1-4. Connection Between Driver IC and Liquid Crystal 
Display Panel> 
[0056] 
Next, the connection between the driver IC and the liquid 
crystal display panel is described. 
Figure 8 is a schematic diagram illustrating the connection 
state. 
In the following explanation, the driver IC 317 provided in the 
first TCP 31 is referred to as the first driver IC 17a, and the 
driver IC 317 provided in the second TCP 31 is referred to as 
the second driver IC 17b. 
[0057] 
As shown in this figure, among the output terminals of the first 

electrodes Y1 to Yj of the first panel 10A via the input 
terminals y1 to yj that form the input terminal group 21. 

driver IC 17b are connected to the scanning electrodes Yj to Y1 
of the second panel 10B. 
In other words, the connection order of the scanning electrodes 
Y1 to Yj is reversed between the first panel 10A and the second 
panel 10B. 
second panel 10B. 
[0058] 
Next, among the output terminals of the first driver IC 17a, 

of the first panel 10A via the input terminals x1 to xi that form 

connected to the input terminal NC. 

the second driver IC 17b are connected to the data electrodes 
X1 to Xi of the second panel 10B. Additionally, the output 

erminal NC. 
erminal NC. 

[0059] 
Here, regarding the first and second driver ICs 7a and 7b, although 
the number of data electrodes to be driven is i, output terminals 

—i + 1 terminals in total—are wired to the 
output terminal groups 316 of the first or second TCPs 31 or 32. The 

the input terminal NC will be explained with reference to Figure 9. 
Figure 9 is a schematic diagram showing the correspondence 
between each output terminal of the first driver IC 7a and the second 
driver IC 7b and the data electrodes, along with the transfer 
direction (scanning direction). 
[0060] 

IC 7a is the m-
it drives the data electrode X1 of the first panel 10A. 
Here, the transfer directions of the first driver IC 7a and the second 
driver IC 7b are reversed: 
– The first driver IC 7a scans from left to right (ascending order of 
terminal numbers), 
– The second driver IC 7b scans from right to left (descending order 
of terminal numbers). 
[0061] 
In this case, if the timing for the data signals or gradation data Da 
supplied to the first and second driver ICs 7a and 7b is to be set in 
the same way—that is, if the transfer timing of the data signals or 
gradation data Da is to be controlled without modifying the program 
software—then the data electrode X1 to be driven by the second 
driver IC 7b must be the m-th terminal from the rightmost output 

 
Therefore, the data electrode X1 must be connected to the output 

 
[0062] 
Accordingly, as shown in Figure 9, if the data electrodes X1 to Xi of 

the second panel 10B must be connected to the output terminals 
 

Thus, in order to make the first and second TCPs 31 and 32 

terminal groups 316 of the first or second TCPs 31 or 32. 
[0063] 

not connected to any data electrodes X1 to Xi, it is connected to an 
input terminal NC. 
In other words, the input terminal group 21 is structured so that the 
terminal adjacent to the input terminal xi, to which the output 

 

7b is not connected to any data electrodes X1 to Xi, it is connected 
to an input terminal NC. 
In other words, the input terminal group 22 is structured so that the 
terminal adjacent to the input terminal xl, to which the output 
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[0064] 
As described above, by wiring the output terminals XI to Xn on the 
TCP (Tape Carrier Package) so that the number of unused terminals 
is evenly distributed on both sides, it becomes possible to use the 

data electrodes i. Furthermore, by providing the non-connected 
input terminals NC in the input terminal groups 21 and 22, it is 
possible to select which output terminals of the driver IC to use for 
each panel. 
Thus, in the first TCP 31 (where the scanning direction is forward), 

—which 
drives the first data electrode X1—and the leftmost output terminal 

—which drives the first data electrode Xi in the 
second TCP 32 (where the scanning direction is reversed)—and the 

 
[0065] 
As a result, compatibility between the first TCP 31 and the second 
TCP 32 can be achieved without modifying the program software. 
Moreover, a driver IC 317 with more output terminals n than the 
number of data electrodes i can be used. 
Therefore, existing driver ICs can be reused without the need to 
newly design and manufacture a dedicated driver IC for the LCD 
panel 10. Consequently, this improves the productivity of both the 
first and second TCPs 31 and 32 and enables cost reduction. 
[0066] 
Furthermore, because the first and second TCPs 31 and 32 are 
compatible, there is no need to distinguish between the TCPs 
connected to input terminal group 21 and those connected to input 
terminal group 22 during the manufacturing process of the LCD 
device. 
This simplifies the manufacturing of the LCD display device, and 
combined with the cost reduction of the TCPs, it enables an overall 
reduction in the cost of the LCD display device. 
[0067] 
Additionally, in this example, only one extra wire needs to be added 
to the TCP substrate, and only one NC input terminal needs to be 
provided for each of the first panel 10A and the second panel 10B. 
This minimizes the increase in wiring pitch and input terminal pitch 
on the TCP, making it highly suitable for high-density mounting. 
[0068] 
<2. Second Embodiment> 
In the first embodiment described above, the LCD device used a 
driver IC with more output terminals for data electrodes than the 
number of data electrodes. 
In contrast, the second embodiment uses a driver IC with more 
output terminals for scan electrodes than the number of scan 
electrodes. 
[0069] 
In this example, the LCD device is configured similarly to the one 
in the first embodiment, except for the layout of the NC input 
terminals in input terminal groups 21 and 22. The driver IC 317 is 
provided with i 
S (= j + 2t + 1, where t 
electrodes (Y1 to Ys). 
Therefore, detailed explanation is omitted, and the connection 
between the driver IC and the LCD panel will be described. 
Figure 10 is a schematic diagram illustrating the connection state 
between the driver IC and the LCD panel in the second 
embodiment. 

[0070] 

first driver IC 7a are connected to the data electrodes X1 to Xi 
of the first panel 10A via the input terminals xl to xi of input 
terminal group 21. 

IC 7b are connected to the data electrodes Xi to X1 of the first 
panel 10A via the input terminals xi to xl of input terminal 
group 21. 
Therefore, by scanning the first driver IC 7a in the forward 
direction and the second driver IC 7b in the reverse direction, 
both the first panel 10A and the second panel 10B can be 

 
[0071] 

second driver ICs 7a and 7b are wired up to the output terminal 
groups 316 of the first and second TCPs 31 and 32, 
respectively, so that they can be connected to input terminal 
groups 21 and 22. 

connected to the scan electrodes Y1 to Yj of the first panel 10A 
via the input terminals yl to yj. 

adjacent input terminal NC, next to terminal yj. 

does not contribute to driving the scan electrodes, and the scan 

 
[0072] 

second driver IC 7b are connected to the scan electrodes Yj to 
Y1 of the second panel 10B via the input terminals yj to yl. 

input terminal NC next to terminal yj. 

does not contribute to driving the scan electrodes, and the scan 

 
[0073] 

is connected to scan electrode Y1 of the first panel 10A, is the 
t-th  
Therefore, the output terminal of the second driver IC 7b that is 
connected to scan electrode Y1 of the second panel 10B must 
also be the t-th terminal from the output terminal Ys. 

 
[0074] 
Thus, this second embodiment replaces the data electrode 
output terminals with scan electrode output terminals, and, like 
the first embodiment, achieves compatibility between the first 
and second TCPs 31 and 32 without requiring changes to the 
program software. It therefore produces the same beneficial 
effects as the first embodiment. 
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[0081] <5. Electronic Device: Part 3> 
Next, an example of applying the liquid crystal display panel to a 
mobile phone will be described. 
Figure 13 is a perspective view of this mobile phone. 
As shown in this figure, the mobile phone 1300 is equipped with a 
liquid crystal display panel 10. When a user presses the button 1302 
to input a phone number, the corresponding number and connection 
status are displayed on the liquid crystal display panel 10. 
[0082] 
In addition to the electronic devices described with reference to 
Figures 11 through 13, other examples of electronic devices include 
liquid crystal televisions, video tape recorders with viewfinder or 
direct monitor types, car navigation systems, electronic notebooks, 
calculators, word processors, workstations, pagers, video phones, 
POS terminals, and devices equipped with touch panels, among 
others. Needless to say, the display technology is applicable to these 
types of electronic devices as well. 
[0083]  <6. Variations> 
The present invention is not limited to the embodiments described 
above and can be modified in various ways as outlined below. 
[0084] (1) 
In the above embodiments, the driver IC 317 was configured to 
internally include both the scan electrode driving circuit and the 
data electrode driving circuit. However, the invention is not limited 
to this configuration. It is also possible to separately use one TCP 
for driving the scan electrodes and another TCP for driving the data 
electrodes. 
[0085] (2) 
Also, in the above embodiments, the liquid crystal display panel 10 
was explained as an example of a passive matrix type that includes 
scan and data electrodes. However, the invention is not limited to 
this; it can of course be applied to an active matrix-type liquid 
crystal display panel as well. 
[0086] 
Such an active matrix liquid crystal panel typically consists of: a 
device array substrate, in which switching elements are provided for 
each pixel electrode arranged in a matrix pattern; a counter substrate 
on which a color filter or the like is formed; and liquid crystal filled 
between the two substrates. The liquid crystal layer is thus formed 
between the pixel electrode and the counter substrate. 
[0087] 
In this structure, when a signal voltage in the ON (selected) state is 
applied to a switching element, the element enters a conductive 
state, and a predetermined charge is stored in the liquid crystal layer 
connected to that switching element. After the charge is stored, even 
when an OFF (non-selected) signal voltage is applied and the 
switching element turns off, the charge can be maintained in the 
liquid crystal layer if its resistance is sufficiently high. By driving 
each switching element and controlling the amount of charge 
stored, the orientation state of the liquid crystal in each pixel can be 
changed, enabling the display of desired information. Since the ON-
state signal voltage only needs to be applied during part of the time, 
it is possible to use time-division selection for the scan lines. This 
enables multiplex driving, where scan and data lines can be shared 
across multiple pixels. Switching elements are mainly classified 
into: Three-terminal elements such as Thin Film Transistors (TFTs), 
and Two-terminal nonlinear elements such as Thin Film Diodes 
(TFDs). The latter, two-terminal nonlinear elements, have 
advantages in that: There is no crossing of wires, so short-circuit 
failures between wires are fundamentally avoided; The number of 
film deposition steps and photolithography processes can be 
reduced. 

[0075] <3. Electronic Device: Part 1> 
Next, several examples are presented in which the 
aforementioned liquid crystal display device is used in 
electronic equipment. 
[0076] 
First, an explanation is given of a video projector that uses this 
liquid crystal display device as a light valve. 
Figure 11 is a plan view showing an example configuration of 
the video projector. 
[0077] 
As shown in this figure, the inside of the video projector 1100 
is equipped with a lamp unit 1102, which comprises a white 
light source such as a halogen lamp. 
The projection light emitted from the lamp unit 1102 is 
separated into the three primary colors—R (red), G (green), 
and B (blue)—by a series of mirrors 1106, 1106, ... and two 
dichroic mirrors 1108 placed within the light guide 1104. This 
separated light is then directed to the corresponding liquid 
crystal panels 1110R, 1110B, and 1110G, each acting as a light 
valve. 
[0078] 
The structure of the liquid crystal panels 1110R, 1110B, and 
1110G is the same as that of the previously described liquid 
crystal display panel 10, and each panel is driven by primary 
color signals R, G, and B supplied from an unshown circuit. 
The light modulated by these liquid crystal panels enters a 
dichroic prism 1112 from three directions. In the dichroic 
prism 1112, the red and blue light are refracted at 90 degrees, 
while the green light passes straight through. 
As a result, the images in each color are combined and 
projected as a full-color image onto a screen or similar surface 
via a projection lens 1114. 
[0079] 
Note that, because light corresponding to the R, G, and B 
primary colors is directed onto the liquid crystal panels 1110R, 
1110B, and 1110G by the dichroic mirrors 1108, there is no 
need to incorporate a color filter into the counter substrate 12. 
[0080] <4. Electronic Device: Part 2> 
Furthermore, an example will be described in which the liquid 
crystal display device is applied to a personal computer. 
Figure 12 is a front view showing the configuration of this 
personal computer. 
In the figure, the personal computer 1200 is composed of a 
main body 1204 equipped with a keyboard 1202, and a liquid 
crystal display 1206. 
This liquid crystal display 1206 is constructed by adding a 
color filter and a backlight to the previously described liquid 
crystal display panel 10. 
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[0088] (3) 
In the above-described embodiments, liquid crystal is used as one 
example of an electro-optical material. However, the present 
invention is not limited to this and can also be applied to devices 
such as plasma displays and field emission devices. 
[0089] (4) 
In the above-described embodiments, since the difference between 
the number of electrodes to be driven and the number of output 
terminals of the driver IC is an odd number, one additional output 
terminal (compared to the number of electrodes) is routed from the 
output terminal group of the TCP to the input terminal group of the 
panel. The input terminal connected to the unused output terminal is 
not connected to any electrode. 
In this case, the number of output terminals routed to the output 
terminal group does not necessarily have to be “number of 
electrodes + 1.” 
The key point is that, when the scan direction is reversed, electrodes 
are selected at the same timing. Therefore, a portion of the output 
terminals of the driver IC should be routed to the output terminal 
group so that the number of unconnected output terminals is 
symmetric between left and right. 
In this case, multiple unconnected terminals may be provided in the 
input terminal group, and corresponding electrodes in the first panel 
(10A) and the second panel (10B) should be scanned 
simultaneously. 
[0090] (5) 
The above-described embodiment divides a single liquid crystal 
panel in the vertical direction, but the present invention is not 
limited to this. It can also be applied by considering a configuration 
where the panel is divided in the horizontal direction or rotated by 
90 degrees. 
[0091] [Effects of the Invention] 
As explained above, according to the present invention, it is 
possible to use the implementation structure for the first screen as 
that for the second screen simply by reversing the scan direction. 
As a result, software modifications to adjust scan timing become 
unnecessary, and it becomes easy to configure a shared 
implementation structure for both the first and second screens using 
an existing driver IC. 
[Brief Description of the Drawings] 
Figure 1: Block diagram showing a schematic configuration of the 
main parts of the liquid crystal display device according to the first 
embodiment of the present invention. 
Figure 2: Plan view showing the configuration of the liquid crystal 
display panel in the same embodiment. 
Figure 3: Cross-sectional view taken along line H-H in Figure 2, 
showing the liquid crystal display panel. 
Figure 4: Plan view showing the input terminals and data electrodes 
X formed on the substrate constituting the first panel in the same 
embodiment, along with the sealing section and light-shielding film. 
Figure 5: Plan view showing the data electrodes formed on the 
bottom surface of the counter substrate constituting the first panel in 
the same embodiment, along with the sealing section and light-
shielding film. 
Figure 6: Transparent plan view of the TCP used in the same 
embodiment. 
Figure 7: Cross-sectional view of the TCP used in the same 
embodiment. 
Figure 8: Schematic diagram for explaining the connection state 
between the driver IC and the liquid crystal display panel used in 
the same embodiment. 

[Figure 9] 
A schematic diagram showing the correspondence between each 
output terminal of the first driver IC and the second driver IC and 
the data electrodes, together with the transfer direction (scan 
direction), as used in the same embodiment. 
[Figure 10] 
A schematic diagram explaining the connection state between the 
driver IC and the liquid crystal display panel used in the second 
embodiment. 
[Figure 11] 
A cross-sectional view showing the configuration of a liquid 
crystal projector, which is an example of an electronic device to 
which a liquid crystal display panel is applied. 
[Figure 12] 
A front view showing the configuration of a personal computer, 
which is an example of an electronic device to which a liquid 
crystal display panel is applied. 
[Figure 13] 
A perspective view showing the configuration of a mobile phone, 
which is an example of an electronic device to which a liquid 
crystal display panel is applied. 
[Description of Symbols] 
10: Liquid crystal display panel 
Xi: Data electrodes 
Y1–Yj: Scan electrodes 
16: Pixel area (pixel) 
18: Liquid crystal layer 
21, 22: Input terminal groups 
31, 32: First TCP, Second TCP (mounting structures) 
100A, 100B: First and second scan electrode driving circuits 
110A, 110B: First and second data electrode driving circuits 
120: Control circuit 
130: Power supply circuit 
317: Driver IC 
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Figure 7

Figure 4

Figure 6

Figure 2

Figure 13

Figure 9
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Figure 8

Figure 12
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