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(57) ABSTRACT 

A liquid crystal display device includes a ?rst substrate, a 
second substrate, and a liquid crystal supported between the 
?rst substrate and the second substrate. A signal line, a pixel 
electrode, and a thin ?lm transistor are formed on the ?rst 
substrate and electrically connected to the signal line and the 
pixel electrode, and a drain driver supplies a gray scale 
voltage to the pixel electrode. Plural voltage-dividing resis 
tance elements are formed on the ?rst substrate, and supply 
plural gray scale reference voltages to the drain driver. The 
plural voltage-dividing resistance elements and the signal 
line are constructed of a same Wiring material. 

J_~ i O Vcom 
Gr CL 
Driver _|_ PIX 

l 1‘ LTFI' Q 
~ D 

Gate 
Driver 

So V lta . . 

(Elia-Swill L‘, giigntgll A/ AR 
~ 100 

Gate‘ 
140 Driver . igna 

160 1 1O , 1:?0 
( 

Dividing Ti?iing 9 Drain Dra-n . . .. a D - - 

Circuit Controller Driver 7" Drivler L> " ' ' e Dill/‘2r 8113}; 
A \ 

Power Sourc l l 
rcuit L l l _| 

120 .Gray/ Scale 3 \ V | 15(0 
Reference (éigggcitsiage FPO-board Voltage 



Patent Application Publication Aug. 31, 2006 Sheet 1 0f 7 US 2006/0192738 A1 

FIG. 1 
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FIG’. 5 
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FIG. 7A 
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LIQUID CRYSTAL DISPLAY DEVICE AND 
MANUFACTURING METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. l0/253,930, ?led Sep. 25, 2002, the contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a liquid crystal 
display device; and, more particularly, the invention relates 
to a technique that is effective When applied to a driving 
circuit of the liquid crystal display device, in a system for 
transferring a digital signal betWeen driving circuits (drain 
drivers). 
[0003] A liquid crystal display module of the STN (super 
TWisted Nematic) system or the TFT (Thin ?lm Transistor) 
system, having a large-siZed liquid crystal display panel With 
a pixel number of e.g., 800x480><3, or more in a panel 
capable of producing a color display, is Widely used as a 
display device in a notebook type of personal computer, etc. 
These liquid crystal display devices have a liquid crystal 
display panel and a driving circuit for operating the liquid 
crystal display panel. 

[0004] For example, JP-A-6-l3724/l994, discloses a 
method (hereinafter called a digital signal sequential transfer 
method) in Which a digital signal (e.g., display data or a 
clock signal) is inputted to only the head driving circuit of 
cascade-connected driving circuits, and then the digital 
signal is sequentially transferred to the other driving circuits 
through the interior of the driving circuits in a liquid crystal 
display device. In the liquid crystal display device described 
in this publication (JP-A-6-l3724/ 1994), a semiconductor 
integrated circuit device (IC) constituting the driving circuit 
is directly mounted on a glass substrate of the liquid crystal 
display panel. 
[0005] FIG. 9 is a block diagram shoWing the basic 
construction of a liquid crystal display panel employed in a 
conventional liquid crystal display device using the digital 
signal sequential transfer method mentioned above. In the 
liquid crystal display panel shoWn in this ?gure, a timing 
controller (or a display control device) 110, a plurality of 
drain drivers 130 and a plurality of gate drivers 140 are 
respectively mounted on peripheral portions along tWo sides 
of a transparent insulating substrate (glass substrate) con 
stituting a TFT substrate of the liquid crystal display panel 
100. 

[0006] A digital signal (display data, a clock signal, etc.), 
that is sent from the timing controller 110, and a gray scale 
reference voltage, that is supplied from a poWer source 
circuit, are inputted to the head drain driver 130, and these 
signals are propagated in respective internal signal line 
Within each drain driver 130 and on respective transmission 
line paths (a Wiring layer on the glass substrate) betWeen the 
respective drain drivers 130, and are, in this Way, inputted to 
each drain driver 130. The source voltage of each drain 
driver 130 is supplied from a poWer source circuit 120 to 
each drain driver 130 through a ?exible printed Wiring board 
(hereinafter simply called an FPC board) 150. 

[0007] Similarly, the digital signal (clock signal, etc.) sent 
from the timing controller 110 is inputted to the head gate 

Aug. 31, 2006 

driver 140, and this signal is propagated in an internal signal 
line Within each gate driver 140 and a transmission line path 
betWeen the respective gate drivers 140, and is, in this Way, 
inputted to each gate driver 140. HoWever, on the gate driver 
side, the source voltage of the gate driver 140, that is 
supplied from the poWer source circuit 120, is also supplied 
to the head gate driver 140, and this voltage is supplied to 
each gate driver 140 through an internal poWer source line 
Within each gate driver 140 and a transmission line path 
betWeen the respective gate drivers 140. 

SUMMARY OF THE INVENTION 

[0008] The above-referenced poWer source circuit 120 has 
a DC-DC converter. Plural output voltages having respec 
tively different voltage levels are generated from an input 
voltage at a single voltage level by this DC-DC converter, 
and the plural output voltage are supplied as source voltages 
of each drain driver 130 and each gate driver 140. TWo 
output voltages generated by the DC-DC converter are 
divided by a resistance voltage-dividing circuit, so that 
plural gray scale reference voltages are generated. These 
gray scale reference voltages are supplied to the respective 
drain drivers 130. 

[0009] In the design of such a system, there is a possibility 
that the speci?cation of the source voltage to be supplied to 
each drain driver 130 and each gate driver 140 Will be 
changed betWeen the time of the product design starting 
stage and the time of the product forWarding stage. Further, 
there is the situation in Which the speci?cation of the number 
of gray scale reference voltages supplied to the respective 
drain drivers 130 Will need to be changed in response to, 
e.g., intended use, customer request, etc. HoWever, When the 
speci?cation of the poWer source circuit 120 is changed in 
response to such situations, problems exist in that the period 
until the forWarding of the liquid crystal display module to 
the customer is lengthened, and the cost of the poWer source 
circuit 120 is increased, so that the overall cost of the liquid 
crystal display module is increased. 

[0010] Thus, in the conventional liquid crystal display 
device, for example, problems exist When it is necessary to 
change the speci?cation of the poWer source circuit in 
accordance With a design change in the liquid crystal display 
panel, etc., With the result that the period until the forWard 
ing of the liquid crystal display device to the customer is 
long and the cost is further increased. 

[0011] To solve the above-described problems, an object 
of the present invention is to provide a technique that makes 
it possible to shorten the period until the product is ready for 
forWarding, and to reduce the cost involving various kinds 
of design changes, in comparison With the conventional case 
in the liquid crystal display device. 

[0012] The above and other objects and novel features of 
the present invention Will become more apparent from the 
folloWing description and the accompanying draWings. 

[0013] A summary of typical features of the invention 
disclosed in this application Will be brie?y described as 
folloWs. 

[0014] Namely, the present invention resides in a liquid 
crystal display device comprising a liquid crystal display 
panel having a liquid crystal material supported betWeen 
?rst and second substrates; plural semiconductor chips for 
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operating a plurality of liquid crystal display elements 
disposed in a matrix array in said panel; and a poWer source 
circuit; Wherein said ?rst substrate has a resistance voltage 
dividing circuit mounted on a peripheral portion at one side 
thereof, and said resistance voltage-dividing circuit operates 
to divide the voltage supplied from said poWer source circuit 
and to supply the divided voltage to each of said semicon 
ductor chips. 

[0015] In a preferred embodiment, the present invention is 
characterized in that said plural semiconductor chips are 
mounted at least on peripheral portions at tWo adjacent sides 
of said ?rst substrate. 

[0016] In a preferred embodiment, the present invention is 
also characterized in that said plural semiconductor chips are 
arranged as semiconductor chips of a ?rst group mounted on 
a peripheral portion of a ?rst side of said ?rst substrate, and 
semiconductor chips of a second group mounted on a 
peripheral portion of a second side, adjacent to said ?rst side, 
of said ?rst substrate; and said resistance voltage-dividing 
circuit operates to divide the voltage supplied from said 
poWer source circuit, to generate plural gray scale reference 
voltages, and to supply the plural gray scale reference 
voltages to the semiconductor chips of said ?rst group. 

[0017] In a preferred embodiment, the present invention is 
also characterized in that said plural semiconductor chips are 
disposed as semiconductor chips of a ?rst group arranged on 
a ?rst side of said ?rst substrate, and semiconductor chips of 
a second group arranged on a second side, adjacent to said 
?rst side, of said ?rst substrate; and said resistance voltage 
dividing circuit operates to divide the voltage supplied from 
said poWer source circuit, to generate plural gray scale 
reference voltages, and to supply the plural gray scale 
reference voltages to the semiconductor chips of said ?rst 
group. 

[0018] The present invention also resides in a method of 
manufacture of a liquid crystal display device comprising a 
liquid crystal display panel having a liquid crystal material 
supported betWeen ?rst and second substrates; plural semi 
conductor chips for operating a plurality of liquid crystal 
display elements disposed in a matrix array in said panel; 
and a poWer source circuit; Wherein said ?rst substrate has 
a resistance voltage-dividing circuit mounted on a peripheral 
portion at one side thereof; and said resistance voltage 
dividing circuit operates to divide the voltage supplied from 
said poWer source circuit and to supply the divided voltage 
to each of said semiconductor chips; the manufacturing 
method comprising a ?rst process for forming plural volt 
age-dividing resistance elements constituting said resistance 
voltage-dividing circuit on said ?rst substrate; and a second 
process for adjusting at least one resistance value among the 
plural resistance elements formed in said ?rst process. 

[0019] In a preferred mode, the present invention is also 
characterized in that said ?rst process includes a process for 
constructing at least one of said plural voltage-dividing 
resistance elements by use of a parallel resistance circuit 
having plural resistance elements electrically connected in 
parallel; and said second process is a process for retaining at 
least one of said plural resistance elements constituting said 
parallel resistance circuit, and separating the other resistance 
elements from said at least one resistance element. 

[0020] In a preferred mode, the present invention is also 
characterized in that said ?rst process includes a process for 
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constructing at least one of said plural voltage-dividing 
resistance elements by use of a ?rst resistance element and 
plural resistance elements arranged near said ?rst resistance 
element; and said second process is a process for electrically 
connecting at least one of said plural resistance elements in 
parallel to said ?rst resistance element. 

[0021] In a preferred mode, the present invention is also 
characterized in that said ?rst process includes a process for 
constructing at least one of said plural voltage-dividing 
resistance elements by use of a resistance element and an 
element for short-circuiting, having one end connected to 
one end of said resistance element and also having the other 
end in an open state; and said second process is a process for 
electrically connecting the other end of said element for 
short-circuiting to an arbitrary position of said resistance 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is an exploded perspective vieW shoWing 
the schematic construction of a liquid crystal display module 
according to an embodiment of the present invention; 

[0023] FIG. 2 is a block diagram shoWing the basic 
construction of a display panel of the liquid crystal display 
module according to the embodiment of the present inven 
tion; 

[0024] FIG. 3 is a schematic diagram illustrating a resis 
tance voltage-dividing circuit function of the embodiment of 
the present invention; 

[0025] FIG. 4 is a block diagram shoWing one example of 
the internal construction of the drain driver used in the 
embodiment shoWn in FIG. 2; 

[0026] FIG. 5 is a schematic circuit diagram illustrating 
one example of a method of adjusting each voltage-dividing 
resistance element constituting the resistance voltage-divid 
ing circuit used in the embodiment of the present invention; 

[0027] FIG. 6 is a schematic circuit diagram illustrating 
another example of a method of adjusting each voltage 
dividing resistance element constituting the resistance volt 
age-dividing circuit used in the embodiment of the present 
invention; 
[0028] FIG. 7A is a schematic circuit diagram and FIG. 
7B is a sectional vieW illustrating another example of a 
method of adjusting each voltage-dividing resistance ele 
ment constituting the resistance voltage-dividing circuit 
used in the embodiment of the present invention; 

[0029] FIG. 8 is a schematic sectional vieW illustrating 
another example of the liquid crystal display module to 
Which the present invention is applied; and 

[0030] FIG. 9 is a block diagram shoWing the basic 
construction of the display panel of a conventional liquid 
crystal display module. 

DETAILED DESCRIPTION 

[0031] Various embodiments of the present invention Will 
be explained in detail With reference to the draWings. In all 
of the ?gures, members having the same functions are 
designated by the same reference numerals, and any repeti 
tious explanation Will be omitted. 
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[0032] FIG. 1 is an exploded perspective vieW showing an 
example of the basic construction of a liquid crystal display 
module according to an embodiment of the present inven 
tion. As shoWn in this ?gure, the liquid crystal display 
module of this embodiment is constructed such that a liquid 
crystal display panel 100 is stored betWeen a frame (upper 
side case) 10, that is constructed by a metal plate and formed 
in a frame shape, and a back light unit 20. An interlace 
circuit substrate 30, having a poWer source circuit 120, is 
arranged on the rear side of the back light unit 20. 

[0033] The back light unit is generally constructed to 
include a cold cathode ?uorescent lamp, a Wedge-shaped 
(trapezoidal side-face-shaped) light guide body, a diffusion 
sheet, a prism sheet, a re?ection sheet, and a housing for 
each of the above parts. HoWever, since this construction of 
the back light unit does not relate to the present invention, 
a detailed explanation thereof is omitted. 

[0034] The poWer source circuit 120 is arranged in the 
interlace circuit substrate 30. For example, display data and 
a control signal (a clock signal, a horizontal synchronizing 
signal, a vertical synchronizing signal, a display timing 
signal) sent from the main frame of a computer, etc. are also 
supplied to this interlace circuit substrate 30. The display 
data and the control signal are supplied to a timing controller 
by connecting the interlace circuit substrate 30 and a glass 
substrate, constituting a TFT substrate of the liquid crystal 
display panel 100 through a ?exible Wiring board. 

[0035] FIG. 2 is a block diagram shoWing the basic 
construction of the liquid crystal display panel of the liquid 
crystal display module in the embodiment of the present 
invention. In FIGS. 2 and 9, reference numeral AR desig 
nates an effective display area. 

[0036] In the construction of the liquid crystal display 
panel 100, the TFT substrate, on Which there are formed a 
pixel electrode PIX, a thin ?lm transistor (TFT), etc., and a 
?lter substrate, on Which there are formed a counter elec 
trode, a color ?lter, etc., are spaced and overlapped With each 
other With a predetermined gap therebetWeen, and these 
substrates are stuck to each other by a sealing material 
arranged in a frame shape in the vicinity of a peripheral 
portion betWeen both substrates. A liquid crystal material is 
sealed and held inside the space de?ned by the sealing 
material betWeen both substrates, being injected into this 
space through a liquid crystal sealing port formed in one 
portion of the sealing material. Further, a respective polar 
izer plate is stuck to the outsides of both substrates. 

[0037] Each pixel has a pixel electrode PIX and a thin ?lm 
transistor (TFT), and is formed Within an area de?ned by a 
pair of gate signal lines (or scanning signal lines) G and a 
pair of drain signal lines (or video signal lines) D. In this 
embodiment, a holding capacitor CST is arranged in each 
pixel to hold the electric potential of the pixel electrode PIX. 
Reference numeral CL designates a capacity line for sup 
plying a reference voltage Vcom to the holding capacitor 
CST. 

[0038] In FIGS. 2 and 9, although only one pixel elec 
trode PIX is shoWn, this pixel electrode PIX, the thin ?lm 
transistor (TFT) and the holding capacitor CST constitute 
one of a plurality of pixels Which are arranged in a matrix 
shape. The gate signal line G of the previous line can be also 
used in place of the capacity line CL. In the thin ?lm 
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transistor (TFT) of each pixel, the source is connected to the 
pixel electrode PIX, and the drain is connected to the drain 
signal line D, and the gate is connected to the gate signal line 
G. The thin ?lm transistor (TFT) functions as a sWitch for 
supplying a display voltage (gray scale voltage) to the pixel 
electrode PIX. In the operation of the electrical circuitry, the 
designations of the source and the drain become reverse in 
relation to the bias, but the drain here is shoWn as being 
connected to the drain signal line D. 

[0039] The timing controller 110, the drain driver 130 and 
the gate driver 140 are respectively mounted on peripheral 
portions along tWo adjacent sides of the transparent insulat 
ing substrate (glass substrate) constituting the TFT substrate 
of the liquid crystal display panel 100. As mentioned above, 
the digital signal (display data, a clock signal, etc.) sent from 
the timing controller 110 is inputted to the head drain driver 
130, and this signal is propagated on an internal signal line 
Within each drain driver 130 and a transmission line path 
(Wiring layer on the glass substrate) betWeen the respective 
drain drivers 130, and, in this Way, is inputted to each drain 
driver 130 in serial fashion. The source voltage of each drain 
driver 130 is supplied from the poWer source circuit 120 to 
each drain driver 130 through the FPC board 150. 

[0040] Similarly, the digital signal (clock signal, etc.) sent 
from the timing controller 110 is inputted to the head gate 
driver 140, and this signal is propagated on an internal signal 
line Within each gate driver 140 and a transmission line path 
betWeen the respective gate drivers 140, and, in this Way, is 
inputted to each gate driver 140 in serial fashion. 

[0041] In this embodiment, as shoWn in FIG. 2, a resis 
tance voltage dividing circuit 160, that is conventionally 
arranged Within the poWer source circuit 120, is instead 
mounted on a peripheral portion of one side of the trans 
parent insulating substrate (glass substrate) constituting the 
TFT substrate of the liquid crystal display panel 100. 
[0042] FIG. 3 is a diagrammatic vieW illustrating the 
function of this resistance voltage-dividing circuit 160. As 
shoWn in FIG. 3, the resistance voltage dividing circuit 160 
divides an input voltage (Vin) at a single voltage level, and 
it generates one portion (V GH, VGL) of the source voltage to 
be supplied to each gate driver 140, and plural gray scale 
reference voltages (V1 to VD) to be supplied to each drain 
driver 130. The input voltage (Vin) at the single voltage level 
supplied to this resistance voltage-dividing circuit 160 is 
supplied from the poWer source circuit 120 through the 
above-material ?exible Wiring board. Further, in accordance 
With the present invention, the resistance value of each 
voltage-dividing resistance element constituting this resis 
tance voltage-dividing circuit 160 can be adjusted, as Will be 
described later. 

[0043] The source voltages (VGH, VGL) generated by the 
resistance voltage-dividing circuit 160 are supplied to the 
head gate driver 140, and these voltages are supplied to each 
gate driver 140 through the internal poWer line Within each 
gate driver 140 and the transmission line path betWeen the 
respective gate drivers 140. The gray scale reference volt 
ages (V1 to VD) generated by the resistance voltage-dividing 
circuit 160 are inputted to the head drain driver 130, and 
these voltages are propagated on the internal signal line 
Within each drain driver 130 and the transmission line path 
(Wiring layer on the glass substrate) betWeen the respective 
drain drivers 130, and, in this Way, are inputted to the 
respective drain drivers 130 in series fashion. 
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[0044] The timing controller 110 is constructed as one 
semiconductor integrated circuit (LSI), and it controls and 
operates the drain drivers 130 and the gate drivers 140 on the 
basis of the respective display control signals, including the 
clock signal, the display timing signal, the horiZontal syn 
chroniZing signal, the vertical synchronizing signal, and data 
(R G B) for display transmitted from the computer main 
frame side. 

[0045] FIG. 4 is a block diagram shoWing an example of 
the internal construction of a drain driver 130 shoWn in FIG. 
2. In FIG. 4, the index i designates a signal inputted from the 
exterior, and the index 0 designates a signal propagated 
Within the drain driver 130 and outputted to the exterior. For 
example, CL2i is a clock signal for a display data latch 
inputted from the exterior, and CL20 is a clock signal for a 
display data latch propagated Within the drain driver 130 and 
outputted to the exterior (the drain driver 130 at the next 
stage). 
[0046] A latch circuit (1) 135, as shoWn in this ?gure, 
sequentially latches the display data sent from a data taking 
in-arithmetic circuit 133 on the basis of a data taking-in 
signal sent from a latch address selector 132. The display 
data sent from the data taking-in-arithmetic circuit 133 is 
outputted to the exterior via a data output circuit 134. Here, 
the latch address selector 132 generates the data taking-in 
signal on the basis of a clock signal for a display data latch 
(CL2; hereinafter simply called a clock signal (CL2)) sent 
from a clock control circuit 131. 

[0047] A latch circuit (2) 136 takes-in the display data 
latched to the latch circuit (1) 135 on the basis of a clock 
(CL1) for output timing control sent from the clock control 
circuit 131, and it outputs the display data to a decoder 
circuit 137. The decoder circuit 137 selects a gray scale 
voltage corresponding to the display data sent from the latch 
circuit (2) 136 from the gray scale voltage of 64 gray scales 
supplied from a gray scale voltage generating circuit 139, 
and it outputs the gray scale voltage to an amplifying circuit 
138. The amplifying circuit 138 ampli?es (current-ampli 
?es) the gray scale voltage sent from the decoder circuit 137, 
and it supplies the ampli?ed gray scale voltage to each drain 
signal line D. 
[0048] The gate driver 140 sequentially supplies a select 
ing scanning voltage at a high level in turn to each gate 
signal line G of the liquid crystal display panel 100 for every 
one horiZontal scanning time on the basis of a frame starting 
direction signal (FLM) and a shift clock (CL3) sent from the 
timing controller 110. Thus, plural thin ?lm transistors 
(TFTs) connected to each gate signal line G of the liquid 
crystal display panel 100 are turned on for one horizontal 
scanning time, and the gray scale voltage supplied from the 
amplifying circuit 138 is applied to each pixel electrode PIX, 
so that an image is displayed in the liquid crystal display 
panel 100. 
[0049] The gray scale voltage generating circuit 139 gen 
erates the gray scale voltage of 64 gray scales of positive 
polarity on the basis of the gray scale reference voltage (V0 
to V4) of positive polarity supplied from the exterior, and it 
also generates the gray scale voltage of 64 gray scales of 
negative polarity on the basis of the gray scale reference 
voltage (V5 to V9) of negative polarity supplied from the 
exterior. 

[0050] As explained above, in this embodiment, the resis 
tance voltage-dividing circuit 160 is formed on the glass 
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substrate constituting the TFT substrate, and the resistance 
value of each voltage-dividing resistance element constitut 
ing this resistance voltage-dividing circuit 160 can be 
adjusted. Therefore, in this embodiment, for example, even 
When the source voltage supplied to each drain driver 130 
and each gate driver 140 is changed betWeen the time of the 
product design starting stage to the time of product forWard 
ing to the customer, it is possible to rapidly cope With this 
change by adjusting the resistance value of each voltage 
dividing resistance element of the resistance voltage-divid 
ing circuit 160. Similarly, even When the number of gray 
scale reference voltages supplied to each drain driver 130 is 
changed in response to particular uses, etc., it is possible to 
rapidly cope With this change by adjusting the resistance 
value of each voltage-dividing resistance element of the 
resistance voltage-dividing circuit 160. 

[0051] As a result, in this embodiment, it is possible to 
shorten the time until the forWarding of the liquid crystal 
display module to the customer is possible. Further, a single 
circuit can be used as the poWer source circuit 120, so that 
the cost of the liquid crystal display module is not increased. 

[0052] As mentioned above, the ?exible Wiring board is 
connected betWeen the interlace circuit substrate 30 and the 
glass substrate constituting the TFT substrate of the liquid 
crystal display panel 100. On the other hand, in recent years, 
With the advance in high de?nition in a liquid crystal display 
panel, the number of bits of display data has tended to 
increase. As a result, the number of terminals of the above 
mentioned ?exible Wiring board, that is connected to a 
terminal of the glass substrate constituting the TFT sub 
strate, has increased. 

[0053] The increase in the number of terminals on the 
above-mentioned ?exible Wiring board causes a reduction in 
the Wire thickness of the Wiring layer. Moreover, there are 
many cases in Which this ?exible Wiring board is bent on the 
rear side of the back light unit 20 due to a restriction on the 
product outer shape of the liquid crystal display module. 
Therefore, in the liquid crystal display module adopting the 
above-mentioned digital signal sequential transfer method, it 
has been understood that it is di?icult to secure a su?icient 
connection reliability betWeen the terminal of the glass 
substrate constituting the TFT substrate and the terminal of 
the ?exible Wiring board. 

[0054] HoWever, in this embodiment, the resistance volt 
age-dividing circuit 160 generates one portion (V GH, VGL) 
of the source voltage of each gate driver 140, and plural gray 
scale reference voltages (V 1 to Vn) are supplied, respec 
tively, to each drain driver 130. Accordingly, since the 
Wiring layer of the above-mentioned ?exible Wiring board 
can be deleted and reduced, it is possible to improve the 
connection reliability betWeen the terminal of the glass 
substrate constituting the TFT substrate and the terminal of 
the ?exible Wiring board. 

[0055] Each voltage-dividing resistance element constitut 
ing the resistance voltage-dividing circuit 160 is constructed 
by using a Wiring material similar to that of the conventional 
drain signal line D or gate signal line G. For example, each 
voltage dividing resistance element can be made by a 
method in Which the Wire thickness of the Wiring layer made 
of chromium (Cr) is reduced, etc. 

[0056] In accordance With the present invention, various 
examples of methods of adjusting each voltage-dividing 
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resistance element constituting the resistance voltage-divid 
ing circuit 160 Will be explained. 

[0057] FIG. 5 is a schematic circuit diagram illustrating 
one example of a method of adjusting each voltage-dividing 
resistance element constituting the resistance voltage-divid 
ing circuit 160 in accordance With the present invention. 

[0058] In the method illustrated in FIG. 5, each voltage 
dividing resistance element constituting the resistance volt 
age dividing circuit 160 is constructed by a parallel resis 
tance circuit having plural resistance elements, such as 
resistance elements Ra, Rb and Rc, electrically connected in 
parallel. When it is necessary to adjust the resistance value 
of this voltage-dividing resistance element, the resistance 
value is adjusted by changing combinations of the resistance 
elements Ra, Rb and Rc. For example, in the case of FIG. 
5, the resistance value is adjusted by cutting a portion 50 
using a laser, etc. 

[0059] FIG. 6 is a schematic circuit diagram illustrating 
another example of a method of adjusting each voltage 
dividing resistance element constituting the resistance volt 
age-dividing circuit 160 in accordance With the present 
invention. 

[0060] In accordance With this method, as shoWn in FIG. 
6, a ?rst resistance element Ra is arranged in the series 
circuit, and plural resistance elements, such as resistance 
elements Rb and Rc, are electrically connected in an open 
state to the resistance element Ra to form the voltage 
dividing resistance elements constituting the resistance volt 
age-dividing circuit 160. When it is necessary to adjust the 
resistance value of this voltage-dividing resistance element, 
the resistance value is adjusted by connecting the resistance 
element Rb, the resistance element Rc, or both of these 
resistance elements Rb and Rc, in parallel With the resistance 
element Ra. 

[0061] For example, in the case ofFIG. 6, one end of each 
of the resistance elements Rb and Rc is connected to one end 
of the resistance element Ra. The other end of each of the 
resistance elements Rb and Rc and a Wiring line 60 for 
short-circuiting, that is connected to the other end of the 
resistance element Ra, are arranged opposite to each other in 
an insulating state, being separated through an insulating 
?lm. When the resistance value is adjusted, a portion 51, as 
shoWn in FIG. 6, is cut by a laser, etc., and an electrically 
conductive ?lm is buried in this portion 51. The resistance 
value is adjusted by electrically connecting the other ends of 
at least one of the resistance elements Rb and Rc to the 
Wiring 60 for connecting the resistance element or elements 
in parallel With the resistance element Ra. 

[0062] FIGS. 7A and 7B are vieWs illustrating another 
example of a method of adjusting each voltage-dividing 
resistance element constituting the resistance voltage-divid 
ing circuit 160 in accordance With the present invention. 
FIG. 7A is a schematic circuit diagram, and FIG. 7B is a 
sectional vieW shoWing the actual structure. In FIG. 7B, 
reference numeral SUB designates a glass substrate consti 
tuting the TFT substrate. 

[0063] In the methods illustrated by FIGS. 5 and 6, the 
resistance value of each voltage-dividing resistance element 
is adjusted by adjusting the number of resistance elements 
constituting each voltage-dividing resistance element. HoW 
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ever, in the method illustrated in FIGS. 7A and 7B, the 
resistance value of each voltage-dividing resistance element 
itself is adjusted. 

[0064] Namely, as shoWn in FIG. 7A, a Wiring 60 for 
short-circuiting is formed such that one end of the Wiring 60 
is connected to one end of the voltage-dividing resistance 
elements Ra and Rb, and the other end of the Wiring 60 is 
superposed on the voltage-dividing resistance elements Ra 
and Rb through an insulating ?lm. When the resistance value 
is adjusted, a portion 53 shoWn in FIG. 7A is cut by a laser, 
etc., and an electrically conductive ?lm is buried in this 
portion 53. The resistance value is adjusted by short-circuit 
ing one portion of the resistance elements Ra and Rb. 

[0065] For example, in the case of FIG. 7B, a Wiring 60 
for short-circuiting is formed such that one end of the Wiring 
60 is connected to one end of the voltage-dividing resistance 
element Ra, and the other end of the Wiring 60 is superposed 
on the voltage-dividing resistance element Ra through an 
insulating ?lm 63. When the resistance value is adjusted, one 
portion (portion 53 shoWn in FIG. 7A) of the Wiring 60 is 
cut by a laser, etc., and an electrically conductive ?lm 65 is 
buried in this portion. The resistance value is adjusted by 
short-circuiting one portion of the resistance element Ra. 

[0066] The present invention has been explained With 
reference to various embodiments in Which the present 
invention is applied to a liquid crystal display device in 
Which the digital signal sequential transfer method is 
employed. However, the present invention is not limited to 
these embodiments. For example, the present invention also 
can be applied to a structure in Which each drain driver 130 
and each gate driver 140 are arranged on the side face of the 
glass substrate constituting the TFT substrate, as shoWn in 
FIG. 8. 

[0067] In FIG. 8, reference numerals 230, 240 designate 
driving circuit substrates, and reference numerals 231, 241 
designate tape carrier packages (normally called TCPs) each 
mounting a semiconductor chip constituting the drain driver 
130 and the gate driver 140. When the present invention is 
applied to a liquid crystal display module as shoWn in FIG. 
8, one portion (VGH, VGL) of the source voltage of each gate 
driver 140 generated by the resistance voltage-dividing 
circuit 160, and plural gray scale reference voltages (V1 to 
VD) supplied to each drain driver 130 are ?rst sent from the 
glass substrate constituting the TFT substrate to the driving 
circuit substrates (230, 240), and then they are inputted to 
each gate driver 140 and each drain driver 130. 

[0068] As mentioned above, the invention made by the 
present inventors is has been explained in detail on the basis 
of the above-described embodiments. HoWever, the present 
invention is not limited to the above-described embodi 
ments, but can be variously changed to an extent not 
deviating from its essential features. 

[0069] The effects obtained by typical features of the 
invention disclosed in the present application Will be brie?y 
set forth as folloWs. 

[0070] In accordance With the liquid crystal display device 
of the present invention, the period from the development 
through manufacture to product forWarding can be shortened 
in spite of various kinds of design changes implemented 
along the Way, and the cost can be reduced in comparison 
With the conventional case. 
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1. A liquid crystal display device comprising: 

a ?rst substrate, a second substrate, and a liquid crystal 
supported betWeen the ?rst substrate and the second 
substrate; 

a signal line, a pixel electrode, and a thin ?lm transistor 
formed on the ?rst substrate and electrically connected 
to the signal line and the pixel electrode, a drain driver 
supplying a gray scale voltage to the pixel electrode; 
and 

plural voltage-dividing resistance elements formed on the 
?rst substrate, and supplying plural gray scale reference 
voltages to the drain driver; 

Wherein the plural voltage-dividing resistance elements 
and the signal line are constructed of a same Wiring 
material. 

2. A liquid crystal display device according to claim 1, 
Wherein the signal line is a gate signal line. 

3. A liquid crystal display device according to claim 2, 
Wherein the plural voltage-dividing resistance elements 
comprise ?rst plural resistance elements, one side of the ?rst 
plural resistance elements being electrically connected and 
an other side of the ?rst plural resistance elements not being 
electrically connected. 

4. A liquid crystal display device according to claim 3, 
Wherein the other side of the ?rst plural resistance elements 
are cut by laser. 

5. A liquid crystal display device according to claim 4, 
Wherein the one side of the ?rst plural resistance elements 
are electrically connected by the same Wiring material. 

6. A liquid crystal display device according to claim 1, 
Wherein the plural voltage-dividing resistance elements 
comprise ?rst plural resistance elements, one side of the ?rst 
plural resistance elements being electrically connected and 
an other side of the ?rst plural resistance elements not being 
electrically connected. 
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7. A liquid crystal display device according to claim 6, 
Wherein the other side of the ?rst plural resistance elements 
are cut by laser. 

8. A liquid crystal display device according to claim 7, 
Wherein the one side of the ?rst plural resistance elements 
are electrically connected by the same Wiring material. 

9. A liquid crystal display device according to claim 1, 
further comprising a short-circuiting Wiring, and an insulat 
ing ?lm formed betWeen the short-circuiting Wiring and the 
plural voltage-dividing resistance elements; 

Wherein the plural voltage-dividing resistance elements 
comprises a other plural resistance elements, one side 
of the other plural resistance elements being electrically 
connected, and an other side of the other plural resis 
tance elements being electrically connected by the 
short-circuiting Wiring. 

10. A liquid crystal display device according to claim 9, 
Wherein the one side of the other plural resistance elements 
are electrically connected by the same Wiring material. 

11. A liquid crystal display device according to claim 1, 
further comprising a short-circuiting Wiring, and an insulat 
ing ?lm formed betWeen the short-circuiting Wiring and the 
plural voltage-dividing resistance elements; 

Wherein the plural voltage-dividing resistance elements 
comprise a further resistance element, one side of the 
further resistance element being electrically connected 
to the short-circuiting Wiring, and an other side of the 
further resistance element being electrically connected 
to the short-circuiting Wiring via a contact hole formed 
in the insulating ?lm, Wherein the contact hole is 
formed by laser cut. 


