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FLAT PANEL DISPLAY HAVING AN EMI 
SHIELD AND THERMAL SENSORS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/849,065, filed Aug. 31, 2007 now U.S. Pat. 
No. 7,750,994 issued Jul. 6, 2010; which is a continuation of 
U.S. application Ser. No. 10/769,843 filed Feb. 2, 2004, now 
U.S. Pat. No. 7,265.809 issued Sep. 9, 2007; which is a 
continuation in part of U.S. application Ser. No. 10/679,977 
filed Oct. 7, 2003 now U.S. Pat. No. 7,495,714 issued Feb. 24, 
2009, all of which are hereby incorporated by reference as if 
fully recited herein. 
0002 BACKGROUND AND SUMMARY OF THE 
INVENTION 
0003. The present invention relates to a liquid crystal flat 
panel display. More particularly, in one embodiment, the flat 
panel display of the present invention has layers of Indium Tin 
Oxide (ITO), or other optically transparent electrically con 
ductive materials, coated on the front and rear external glass 
surfaces under the front and rear polarizers. The ITO layer at 
the front of the display acts as an electro-magnetic interfer 
ence (EMI) filter or shield. The ITO layer at the back of the 
display is used as a heater. Each ITO layer may or may not be 
overcoated on one or both sides with index matching dielec 
trics to improve optical transmission through the ITO coat 
ings, and/or reduce the optical reflections at the front and/or 
rear surfaces of the ITO layers. 
0004. In an alternative embodiment, the ITO heater layer 

is placed on the inside Surface of the rear glass plate allowing 
the ITO heater layer to be closer to the liquid crystal layer. 
This reduces the thermal resistance between the ITO layer 
and the liquid crystal layer thus reducing the amount of power 
necessary to heat the liquid crystal layer. In the preferred 
embodiment, bus bars are placed along predetermined edges 
of the ITO heater layer. The bus bars allow for the uniform 
injection of current into the ITO heater layer. It is also pre 
ferred that thermal sensors be placed on the inside portion of 
the glass and in close proximity to the ITO layer to detect the 
heat being inputted into the liquid crystal layer. 
0005. In another alternative embodiment, an integral 
metal heater is used instead of the ITO heater layer. The metal 
heater is applied to the TFT layer and is in close proximity to 
the liquid crystal layer to provide improved and efficient 
heating capabilities. 
0006. In another alternate embodiment, a black mask EMI 
layer is interposed between the front and backglass plates. In 
the preferred embodiment, the EMI layer is isolated from 
Vcom and tied to Zero potential. It is preferred that the integral 
metal heater be placed behind the black mask EMI layer so 
that no portion of the heater is visible and no portion of the 
heater interferes with the pixel apertures. 
0007. In another alternate embodiment, integral thermal 
sensors may also be layered onto the TFT array layer prefer 
ably under the black mask EMI layer. In this embodiment, 
thermal resistivity between the integral heater and the thermal 
sensor(s) is reduced leading to faster thermal sensor response 
times. It is appreciated, as discussed in further detail below, 
that features of the alternate embodiments discussed above 
may be combined to form additional alternative flat panel 
display designs. For example, a flat panel display may be 
configured with all of the inventions of the isolated black 
mask EMI layer, integral thermal sensor and integral heater 
combined in one flat panel display. 
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0008. In addition to the features mentioned above, objects 
and advantages of the present invention will be readily appar 
ent upon a reading of the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 Novel features and advantages of the present inven 
tion, in addition to those mentioned above, will become 
apparent to those skilled in the art from a reading of the 
following detailed description in conjunction with the accom 
panying drawings wherein similar reference characters refer 
to similar parts and in which: 
0010 FIG. 1 illustrates a known flat panel display system; 
0011 FIG. 2 illustrates one embodiment of the flat panel 
display of the present invention; 
0012 FIG. 3 illustrates an alternative embodiment of the 
flat panel display of the present invention; 
0013 FIG. 4 illustrates an alternative embodiment of the 
flat panel display of the present invention; 
0014 FIG. 5 illustrates a plan view of one example of a flat 
panel display of the present invention showing flexible TCP 
connections; 
0015 FIG. 6 illustrates a perspective blow-up view of one 
embodiment of a display incorporating the flat panel display 
of the present invention; 
0016 FIG. 7 illustrates a plan view of one embodiment of 
the black mask EMI shield layer of the present invention; 
0017 FIG. 8 illustrates a plan view of one embodiment of 
a metal heater layer of the present invention; 
(0018 FIG. 9 illustrates one example embodiment of a 
heater circuit of the present invention; 
(0019 FIGS. 10A-B illustrate other integral heater 
designs; 
(0020 FIG. 11 illustrates one embodiment of a TFT design 
of the present invention with integral heater; 
0021 FIG. 12 illustrates one embodiment of a thermal 
sensor diode array of the present invention; 
0022 FIG. 13 illustrates a plan view of a flat panel display 
showing thermal sensor placement; 
0023 FIG. 14 illustrates an example block diagram of the 
electrical components and connections of a display incorpo 
rating the flat panel display of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT(S) 

0024. The preferred system herein described is not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed. They are chosen and described to 
explain the principles of the invention, and the application of 
the method to practical uses, so that others skilled in the art 
may practice the invention. 
0025 FIG. 1 illustrates a known display system. In known 

flat panel displays, the polarizer layers are placed directly on 
the front and back plates. FIG. 2 illustrates one embodiment 
of the flat panel display 10 of the present invention. According 
to known flat panel display technology, the display is com 
prised of a front plate 12 and a back plate 14. In one embodi 
ment of the present invention, layers of Indium Tin Oxide 
(ITO) layers 18, 20 (with or without additional index of 
refraction matching dielectric layers) are placed between the 
outside surfaces of the front and back plates and the polarizer 
layers 16. In one embodiment, the front plate is a liquid 
crystal display (LCD) color filter (CF) plate and the back plate 
is an LCD thin film transistor (TFT) plate. In one embodiment 
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the front and back plates are transparent glass Substrates. 
According to known principles, a layer of liquid crystals are 
placed between the plates. 
0026. In the embodiment of FIG. 2, the front EMI shield 
ITO coating 18 is preferably a constant 15-20 ohms/sq value. 
A first index matching dielectric layer 22 may be placed 
between the EMI shield ITO layer and the front polarizer 
layer. A second index matching dielectric layer 24 may be 
placed between the EMI shield ITO layer and the front plate. 
When electrically bonded or grounded to the associated metal 
or electrically conductive chassis of the complete LCD 
assembly and/or its associated product chassis, this front ITO 
coating acts as an EMI shield. This ITO EMI shield signifi 
cantly reduces radiated emissions originating from the LCD 
itself, as well as shields, or reduces the susceptibility of the 
LCD from the effects of externally imposed electro-magnetic 
fields. 

0027. In the embodiment of FIG. 2, the rear heater ITO 
coating 20 is preferably sandwiched between a first index 
matching dielectric layer 26 and a second index matching 
dielectric layer 28. The first index matching dielectric layer 
26 may be placed between the heater ITO layer and the rear 
polarizer layer. The second index matching dielectric layer 28 
may be placed between the heater ITO layer and the back 
plate. The index matching layers are for matching the index of 
refraction between the heater ITO layer and the glass and 
between the heater ITO layer and the Pressure Sensitive 
Adhesive (PSA) layers 40, 42 of the polarizer, respectively. 
Index matching helps keep the specular reflection to an abso 
lute minimum, which also increases the optical transmission 
of the entire optical stack. The rear ITO layer is actively 
driven by circuitry to function as a heater. The ohm/sq value 
of this ITO layer may vary as desired based on performance 
needs and size variables. 
0028. In the preferred embodiment of FIG. 2, the outer 
edges 30 of the front ITO layer and the front plate extend past 
(e.g., 0.25-0.50 mm) the outer edges 32 of the front polarizer 
and first dielectric layer (if present) 18. This exposes the front 
ITO layer for electrical contact outboard of the polarizer 
edges. Similarly, two opposed outer edges 34 of the back ITO 
layer and the back plate extend past the outer edges 36 of the 
back polarizer layer and the dielectric layer (if present) 20. 
Thus the ITO layer is exposed for connection of the drive 
circuitry for the heater function. 
0029 Placing the ITO layers and the index matching lay 
ers between the polarizers and the LCD plates provides 
advantages over known flat panel displays (i.e., current 
known processes apply the coatings on separate glass plates 
(not directly on the LCD plates). The separate front EMI plate 
can be mounted free standing in front of the LCD or laminated 
with optical adhesive directly to the front polarizer of the 
LCD. The separate rear heater plate is laminated with optical 
adhesive directly to either the front or rear polarizer of the 
LCD in order to facilitate adequate heat transfer from the ITO 
heating layer to the liquid crystal fluid. In some known con 
figurations, the heater ITO is decoupled (radio frequency 
(RF)) to the chassis ground of the LCD, so that it functions as 
both the EMI shield and the heater. In these cases, the heater 
element is typically laminated to the front polarizer of the 
LCD. 

0030 Placing the ITO layers, with or without index 
matching layers, directly on the plates results in significant 
cost, weight, and thickness savings, as well as improved 
optical performance. The process embodied in this invention 
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also provides a more efficient coupling of the heater ITO to 
LCD fluid, reducing the power density required to heat the 
LCD fluid to a given temperature over a given period of time. 
This improved coupling results from having the ITO heater 
coated directly on the surface of the LCD glass, thereby 
eliminating the thermal resistance caused in known imple 
mentations by the optical adhesive, polarizer and polarizer 
PSA. In typical known configurations, a power density of 2 
watts per square inch of display image area is required to heat 
the LCD fluid from -54° C. to -20°C. in s 10 minutes. With 
the ITO coated directly on the rear surface of the LCD, this 
same heating of the LCD fluid can be accomplished with a 
power density of 1.8 watts per square inch of display image 
aca. 

0031. In known flat panel display systems, where ITO 
layers are coated on separate glass plates that are then lami 
nated to the outside of the polarizer, the lamination process 
often results in layers that contain bubbles or particulates. 
Displays having bubble or particulate contamination are 
scrapped as unsatisfactory displays. Because the contamina 
tion is not detectable until the adhesive is dry and the display 
is fully assembled, a contaminated laminate layer results in 
the loss of an entire LCD assembly. Coating the ITO, with or 
without index matching layers, directly on the external front 
and rear Surfaces of the LCD glass (i.e., plates) avoids this 
high yield loss. 
0032 Placing the index matching ITO layers directly on 
the plates also prevents the undesirable effects of lamination 
induced window framing (LIWF). In known flat panel dis 
plays, the ITO layers are coated directly onto separate glass 
plates, which are typically then laminated permanently with 
optical adhesive to the external surfaces of the front and/or 
rear polarizer(s). Due to the shrinkage of the optical adhesive 
during its cure, and/or differential coefficients of thermal 
expansion (Cte) of the ITO cover glass(es), optical adhesive, 
polarizer and LCD glass, the LCD glass bends or bows, 
changing the cell gap between the front and rear glass plates 
of the LCD. This cell gap deformation locally changes the 
image contrast, typically causing “whitening’ or "darkening 
degradation of contrast around the edge or periphery of the 
display area (i.e., "halo' effect). This effect is known as 
LIWF. The severity of this degradation changes with the age 
and operating temperature of the display. By skipping the step 
oflaminating ITO coated glass plates to the outside surface of 
the polarizer layer, LIWF is avoided. 
0033 Placing the index matching ITO layers directly on 
the plates also enhances optical performance. The present 
invention has a reduced specular reflection and increased 
contrast over known displays which have ITO coated glass 
plates laminated to the outside surface of the polarizers. By 
placing the front ITO layer under the front polarizer layer, less 
light is reflected from the display. In other words, because the 
front polarizer is transmitting only a portion of the light from 
the outside (e.g., 42% of the light is transmitted by the polar 
izer), a corresponding Smaller amount of that transmitted 
light is reflected by the ITO layer between the polarizer and 
the front plate. 
0034. The ITO layers and the index matching dielectric 
layers of the present invention are applied using known manu 
facturing processes such as sputtering or vapor deposition. 
0035 FIG.3 illustrates another embodiment of a flat panel 
display 50 of the present invention. In this embodiment, the 
display is preferably comprised of the following layers: a 
front polarizer 52, a pressure sensitive adhesive layer 54, an 



US 2010/0271570 A1 

LCD color plate or glass layer 56, a black mask layer 58 
(preferably chrome), a color filter layer 60, a Vicom ITO 62, a 
first and second Polyamide Alignment Layer 64, a layer of 
liquid crystals 65, a TFTarray layer 66, and insulator layer 68, 
an ITO heater layer 70, a LCD TFT plate or glass 72, a second 
pressure sensitive adhesive layer 74, a rear polarizer layer 76, 
and anti-reflective coating layers 78. 
0036. In the embodiment of FIG.3, the ITO heater layer is 
preferably placed on the inside Surface of the glass plate 
allowing the ITO heater layer to be closer to the liquid crystal 
layer. This reduces the thermal resistance between the ITO 
layer and the liquid crystal layer thus reducing the amount of 
power necessary to heat the liquid crystal layer. Furthermore, 
since there are fewer intervening layers between the ITO 
heater and the liquid crystallayer, less power is needed to heat 
the liquid crystal layer. Because of the lower power require 
ments for powering the ITO layer, the ohms/square and there 
fore thickness or density of the ITO may be reduced, thereby 
increasing the optical transmission. 
0037. In the preferred embodiment of FIG.3, bus bars are 
placed along predetermined edges of the ITO heater layer. 
The bus bars provide a low impedance connection along 
predetermined edges of the ITO heater layer. The bus bars 
allow for the uniform injection of current into the ITO heater 
layer. In one embodiment, silk screen epoxy is laid onto the 
ITO heater layer which is then placed in an oven and heated. 
Accordingly, the resulting bus bars become embedded into 
the ITO layer. 
0038. In this embodiment, it is preferred that the black 
mask layer, preferably comprised of chrome, be electrically 
tied to the Zero potential chassis. Accordingly, the black mask 
layer acts as an EMI layer. In an alternate embodiment, index 
matching dielectric layers can be sandwiched around the ITO 
heater layer to provide the benefits discussed earlier. The 
insulator layer could also be used as an index matching 
dielectric layer. In one embodiment, the black mask layer is 
applied through known vapor deposition or sputtering tech 
niques. 
0.039 FIG. 4 illustrates another alternative embodiment of 
the flat panel glass and display illustrated in FIG. 3. FIG. 4 is 
the preferred embodiment of the flat panel display of the 
present invention. In the preferred embodiment, the LCD is a 
TFT active matrix liquid crystal display (AMLCD) with 
source and gate drive flexible tape carrier package (TCP) 
connections 84. In the embodiment of FIG.4, the heater layer 
80 and thermal sensors (shown generally at 82) are integral to 
the flat panel display as they are applied to the TFT array 
structure. The flat panel display of FIG. 4 avoids the high 
yield loss and LIWF issues of the prior art displays as previ 
ously discussed. 
0040. In the embodiment of FIG. 4, the LCD is comprised 
of a black mask EMI shield interposed between the front and 
rear glass plates. LCDs radiate EMI (radiated emissions) and 
are also susceptible to high strength EMI fields (radiated 
Susceptibility). To guard against these EMI problems in sen 
sitive environments (i.e., military applications, aircraft appli 
cations, etc.), an optically transmissive, low electrical resis 
tance layer is used to cover the entire active area of the 
displayed image. Historical Solutions have involved optically 
laminating or bonding a cover glass to the front of the LCD 
that has either been coated with an 8-20 ohm/square Indium 
Tin Oxide (ITO) layer or contains a low resistance black 
oxide wire mesh. The EMI shield absorbs and conducts the 
interference signal from the display. Using a cover glass is 
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costly and electrical termination is labor intensive due to the 
use of electrically conductive bus bars and associated wire/ 
foil leads. The use of cover glasses also creates optical prob 
lems because the ITO or wire mesh reduces optical trans 
mission and increases ambient light reflections that both 
contribute to reduced image luminance and contrast. To com 
pensate for the reduced luminance and contrast, higher inten 
sity backlights are used which leads to greater system costs, 
higher display operating temperature (reduced life) and 
greater system power consumption (more increased system 
costs). Furthermore, with wire mesh, image moire (i.e., opti 
cally distracting black and white moving pattern caused by 
optical interference between the mesh and pixel structures) 
can never be eliminated. 

0041. In the preferred embodiment of the black mask EMI 
shield, the gate, source, heater bus lines, pixel capacitors, and 
pixel feed-throughs are covered by the low reflection, electri 
cally conductive (e.g., less than or equal to 10.0 ohms/square) 
black mask when viewed from any angle, preferably over the 
entire viewing area. Electrical connection to the black maskis 
preferably accomplished through the source TCPs and 
through a flex printed circuit (FPC) across the display. 
0042. The black mask is preferably applied with the 
known process of Sputtering or evaporating (i.e., vacuum 
deposition). The layers are preferably applied to reduce the 
ohms/square resistance from approximately 20-30 ohms/ 
square to 8-10 ohms/square. Accordingly, in the preferred 
embodiment, the black mask is the very first layer deposited 
and adhered to the inside of the front plate (i.e., color plate) of 
the LCD. V.com, on most LCD panels, is some positive volt 
age around 4-7 volts. By isolating the black mask from Vcom, 
the Vcom electrical potential (and normal functions of the 
LCD) is left undisturbed. By connecting the black mask to 
chassis ground, a low DC and RF (radio frequency) resis 
tance/impedance Faraday cage or EMI shield is established 
between the “outside' world and the TFT transistors of the 
LCD. Therefore, the isolated and chassis grounded black 
mask forms an EMI shield between the active electronics of 
the LCD and the outside world. This reduces the radiated 
emissions from the LCD panel, as well as increases the resis 
tance of the LCD panel to radiated Susceptibility (i.e., image 
degradation caused by the influence of external electrical 
fields), without having to add some external feature (i.e., a 
laminated ITO coated piece of cover glass). In addition, since 
the black mask does not cover or obscure the active pixel 
aperture, the integral EMI shield does not reduce any light 
transmission through the LCD (i.e., an externally laminated 
ITO coated piece of glass has less than 100% optical trans 
mission and thereby reduces light transmission through the 
LCD). Also, an externally laminated ITO piece of coverglass 
has a specular and diffuse reflection of >0.0%, thereby 
increasing the reflectivity of the LCD, which reduces image 
contrast (particularly when combined with the reduced light 
transmission of the laminated cover glass). None of these 
optical degradations occur with our integral EMI shield (i.e., 
no increase in specular and diffuse reflectance, no reduction 
in LCD optical transmission, and no reduction in image con 
trast). 
0043. The black mask (BM) EMI shield of the present 
invention uses an existing structure within the LCD to per 
form an additional function. Other than the very low cost 
addition of an optically clear resin dielectric (insulating) layer 
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83 between the black mask and the Vicom ITO (already exist 
ing structures within the LCD) there are no items added to 
degrade the image quality. 
0044 FIG. 5 illustrates one example embodiment of a flat 
panel display having flexible TCP connections. Connections 
to the internal EMI shield are accomplished through the TCP. 
In this example embodiment, heater channels: 4-60, 89-145, 
174-230, 259-315 (total: 228 channels); black mask chan 
nels: 65-84, 150-169, 235-254 (total: 60 channels); dummy 
channels: 1-3, 61-64, 85-88, 146-149, 170-173, 231-234, 
255-258, 316-318 (total: 30 channels) are used. The source 
and gate drive flexible tape carrier package (TCP) connec 
tions are shown at 84. The EMI bonding pads are illustrated at 
86. FIG. 6 illustrates a perspective blow-up view of one 
embodiment of the flat panel display of the present invention 
illustrating the TCP connections. 
0045 FIG. 7 illustrates a plan view of one embodiment of 
the black mask EMI shield layer of the present invention. It is 
preferred that the black mask resistivity be <10 ohms per 
square. In one embodiment the black mask is comprised of a 
CrOx/CrNx/Cr, 350/350/1020 A, layer. 
0046. In the embodiment of FIG. 4, an integral metal 
heater 80 (shown in black) is used instead of the ITO heater 
layer. In the preferred embodiment, metal heater is patterned 
on top of the passivation layer of the thin film transistors 
(TFTs) and then overcoated with another passivation layer to 
electrically isolate the metal layer from the pixel capacitors. 
Because the heater layer is closer to the liquid crystal layer, 
thermal resistance is reduced between the heater and the 
liquid crystal layer thus reducing the amount of power nec 
essary to heat the liquid crystal layer. Again, since there are 
fewer intervening layers between the heater and the liquid 
crystal layer, less power is needed to heat the liquid crystal 
layer. 
0047 FIG. 8 illustrates a plan view of one embodiment of 
a metal heater layer of the present invention. It is preferred 
that the integral metal heater be hidden behind the black mask 
EMI layer so that no portion of the heater is visible and no 
portion of the heater interferes with the pixel apertures. The 
LCD liquid crystal (LC) fluid is heated to preserve response 
time (i.e., prevent image Smearing of rapid image movement) 
at lower display module temperatures (usually somewhere 
below 0 degrees C.). To accomplish this, historic solutions 
have involved optically laminating or bonding a coverglass to 
the front or rear of the LCD that is coated with an Indium Tin 
Oxide (ITO) layer whose electrical resistance is selected to 
produce a power dissipation of typically 2 watts/square inch 
of image area when the heater Voltage is applied. This typical 
method is costly (e.g., the heater glass is expensive) and 
electrical termination is labor intensive (i.e., required electri 
cally conductive bus bars and associated wire/foil leads). 
Furthermore, the typical heating technologies are prone to 
handling damage resulting in unusable LCDs. These historic 
heater technologies also created optical problems due to 
reduced optical transmission and increased ambient light 
reflections. Accordingly, these typical LCDs have reduced 
image luminance and contrast. 
0048. The integral metal heater of the present invention is 
comprised of structure within the LCD to perform the heater 
function. The integral metal heater is preferably made by two 
additional photolithography steps, which does increase the 
cost of the LCD cell, but to only a fraction of the cost of an 
external heater. The metal heater is preferably optically hid 
den under the black mask (BM). Therefore, there is no reduc 
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tion in LCD optical transmission and image luminance, no 
increase in ambient light reflections, no degradation in image 
contrast, and no issues with heater electrical termination. 
Electrical termination is preferably accomplished automati 
cally with known TCP and anisotropic conductive film (ACF) 
termination. The TCP connection between the LCD and dis 
play electronics is advantageous as it provides a flexible con 
nection. 
0049 Preferably, the heater pattern is comprised of a hori 
Zontal and Vertical grid of controlled resistance heater con 
ductors, with low resistance horizontal “heater+” bus bar at 
the top of the vertical grid (e.g., preferably less than or equal 
to 0.5 ohms) and a low resistance “heater-' bus bar at the 
bottom of the vertical grid. It is preferred that all portions of 
the heater grid be outside of the active pixel aperture and 
hidden from view under the black mask. The exact heater grid 
pattern is located to minimize capacitive coupling between 
the heater grid and the gate and source bus lines. In the 
preferred embodiment, there are heater grid lines under each 
horizontal and vertical leg of the black mask. 
0050 Preferably, the heater grid is over-coated with an 
insulating dielectric having a breakdown potential of over 
100 volts DC. Connections to the heater- (i.e., the bottombus 
adjacent to the source TCPs) are preferably routed to associ 
ated traces on the source TCPs. Heater- is preferably con 
nected, in the source PCB, to ground potential. Connections 
to the heater+(i.e., top bus bar or the bar on the edge opposite 
the source TCPs) are preferably routed to pads on the exposed 
areas of the front side of the rear glass (i.e., TFT plate) for 
ACF connection to the heater and black mask EMI FPC. 
0051 During heater operation, heater+ is preferably con 
nected to 28 VDC through the heater and black mask EMI 
FPC. When the heater is not operating, the heater+ connection 
is preferably connected to heater- and ground. 
0052. In the preferred embodiment, all features of the pat 
terned heater, including the heater+ and heater- bars are 
covered by the black mask in the assembled LCD cell so that 
no heater pattern or heater bus bar features are visible in the 
display image. FIG. 9 illustrates one example embodiment of 
a heater circuit of the present invention. 
0053 FIGS. 10A-B illustrate otherintegral heater designs. 
FIG. 10A illustrates a vertical parallel heater design. In this 
embodiment, the heater conductors preferably lie directly 
under source bus lines. The heater lines are preferably nar 
rower than the bus lines and do not intrude into the sub-pixel 
apertures. This minimizes capacitive coupling to the pixel 
capacitor and eliminates reduction in panel transmission by 
the heater. FIG. 10B illustrates one example grid design hav 
ing 525 horizontal and 525 vertical lines. In this embodiment, 
the heater conductors preferably lie directly under source and 
gate bus lines and are narrower than the bus lines and do not 
intrude into the sub-pixel apertures. In alternate embodi 
ments, the number of horizontal and vertical heater lines may 
vary. For example, the heater grid pattern may be 525 hori 
Zontal and 1,573 vertical lines; 525 horizontal and 787 verti 
cal lines; or 768 half-width horizontal lines and 1,536 vertical 
lines. In an alternate embodiment, the heater grid patterns 
may be varied to provide a greater heater grid density around 
the periphery of the display. The heater grid density would 
decrease moving towards the center of the display. Placing a 
higher density grid patternaround the periphery allows for the 
application of more heat around the edges of the display to 
account for the higher thermal mass due to the bezel attach 
ment around the periphery of the display. In other words, due 
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to the bezel attachment, more heat is required around the 
periphery of the display to achieve the same degree of display 
heating. Accordingly, the thermal rise of the display is Sub 
stantially consistent for the edges and center of the display. 
0054 As discussed, the integral metal heater of the present 
invention is applied by known bus metallization techniques. 
FIG. 11 illustrates one embodiment of a TFT design of the 
present invention with integral heater. 
0.055 As shown in the embodiment illustrated in FIG.4, it 

is also preferred that thermal sensors 82 be placed on the 
inside portion of the glass plates. Preferably, the sensors are in 
close proximity to the heater layer to detect the heat being 
inputted into the liquid crystal layer so as to provide timely 
feedback to the system. The integral thermal sensors are also 
applied onto the TFT array layer preferably under the black 
mask EMI layer. In this embodiment, thermal resistivity is 
reduced leading to faster thermal sensor and heater control 
response times. 
0056. The integral thermal sensor of the present invention 
provides an efficient, low cost solution as there are no separate 
thermal sensor components that must be purchased. Further 
more, there is no process time or labor required to attach a 
thermal sensor to the LCD or to attach thermal sensor wires to 
a circuit. With the integral thermal sensor, signal attachment 
automatically occurs with ACF attachment of the TCP attach 
ment. The intimate contact between sensor and LCD fluid 
provides higher accuracy and reduced time lag between 
actual fluid temperature and thermal sensor readings. 
0057. In the preferred embodiment, a series/parallel array 
of diodes is embedded within the TFT array to sense the 
temperature of the LC fluid. FIG. 12 illustrates one embodi 
ment of a diode array 88 of the present invention. In this 
embodiment, the thermal sensors are comprised of a diode 
array (e.g., 3 in series, 10 parallel) built into the TFT array 
layer. 
0058. The anodes of the top array are preferably connected 

to a common node and brought out of the source TCP as 
“Thermal Sensor--'. The cathodes at the bottom of the diode 
array are preferably connected to common node and brought 
out of the source TCP as "Thermal Sensor-”. 

0059. The number of diodes in each array may vary, how 
ever in the preferred embodiment, the number of diodes shall 
be selected to provide a nominal 2.5V to 5.0V change in the 
diode string forward bias potential as the LC fluid changes 
from -60 degrees C. to +100 degrees C. 
0060. In the preferred embodiment, a thermal sensor diode 
array according to the present invention is located and elec 
trically connected between each source TCP. For example, if 
there are four TCPs there will be three thermal sensor diode 
arrays. FIG. 13 illustrates a plan view of a flat panel display 
showing thermal sensor placement. 
0061 FIG. 14 illustrates an example block diagram of the 
electrical components and connections of a display incorpo 
rating the flat panel display of the present invention. 
0062 Having shown and described a preferred embodi 
ment of the invention, those skilled in the art will realize that 
many variations and modifications may be made to affect the 
described invention and still be within the scope of the 
claimed invention. Thus, many of the elements indicated 
above may be altered or replaced by different elements which 
will provide the same result and fall within the spirit of the 
claimed invention. It is the intention, therefore, to limit the 
invention only as indicated by the scope of the claims. 
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What is claimed is: 
1. A flat panel LCD display, having a front and a rear LCD 

plate, comprising: 
a layer of liquid crystal interposed between said front and 

rear LCD plates: 
a TFT array interposed between said rear LCD plate and 

said layer of liquid crystal; 
at least one thermal sensor, and 
an EMI layer applied directly to a surface of said front LCD 

plate opposite said liquid crystal. 
2. The flat panel LCD display according to claim 1, 

wherein said EMI layer is an ITO layer. 
3. The flat panel LCD display according to claim 1, 

wherein said EMI layer is a less than or equal to about 15-20 
ohms/sq. 

4. The flat panel LCD display according to claim 1, 
wherein said each thermal sensor is embedded into said TFT 
array. 

7. The flat panel LCD display according to claim 1, 
wherein said each thermal sensor is a diode array. 

8. The flat panel LCD panel display according to claim 7. 
wherein said diode array is a series/parallel array. 

9. The flat panel LCD display according to claim 1, 
wherein said each thermal array provides a nominal 2.5V to 
5.0 V changes in bias potential as the liquid crystal tempera 
ture changes from -60 degrees Celsius to 100 degrees Cel 
S1S. 

10. The flat panel LCD panel display according to claim 1, 
wherein said TFT array comprises source and gate drive TCP 
connections. 

11. The flat panel LCD display according to claim 10, 
wherein said each thermal sensor is located between and in 
electrical communication with each said source TCP connec 
tion. 

12. A flat panel display, having a front and a rear plate, 
comprising: 

a layer of liquid crystal interposed between said front and 
rear plates; 

a TFT array interposed between said rear plate and said 
layer of liquid crystal, said TFT array including Source 
and gate drive TCP connections; 

at least one thermal sensor embedded into said TFT array: 
and 

an EMI layer applied directly to a surface of said front plate 
opposite said liquid crystal. 

13. The flat panel LCD display according to claim 12, 
wherein said EMI layer is an ITO layer. 

14. The flat panel LCD display according to claim 12, 
wherein said EMI layer is a less than or equal to about 15-20 
ohms/sq. 

15. The flat panel LCD display according to claim 12, 
wherein said each thermal sensor is a diode array. 

16. The flat panel LCD panel display according to claim 15, 
wherein said diode array is a series/parallel array. 

17. A flat panel display comprising: 
a front and rear plate: 
a layer of liquid crystal interposed between said front and 

rear plate; 
a TFT array interposed between said front and rear plates: 
at least one thermal sensor embedded into said TFT array: 

and 
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a transparent EMI layer applied directly to a surface of said 
front plate opposite said liquid crystal. 

18. The flat panel display according to claim 17, wherein 
said each thermal sensor is a series/parallel diode array. 

19. The flat panel display according to claim 17, further 
comprising source and gate drive TCP connections in electri 
cal communication with said TFT array. 
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20. The flat panel display according to claim 19, wherein 
said at least one thermal sensor is located between and in 
electrical communication with each said source TCP 
connection. 


