
US 20080165311A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0165311 A1 

Abileah et al. (43) Pub. Date: Jul. 10, 2008 

(54) 

(76) 

(21) 

(22) 

LIGHT SENSITIVE DISPLAY Related US. Application Data 

_ _ (63) Continuation of application No. 11/407,545, ?led on 
Inventors? A‘llel Ablleah: Portland, OR (Us); Apr. 19, 2006, Which is a continuation of application 

wlllem den Boer, Hlllsborm OR NO. 10/442,433, ?led on May 20, 2003, noW Pat. No. 
(US); Pat Green, Beaverton, OR 7,053,961 

(Us) (60) Provisional application No. 60/383,040, ?led on May 
23, 2002. 

Correspondence Address: _ _ _ _ 

CHERNOFF, VILHAUER, MCCLUNG & STEN- Publlcatlon classl?catlon 

ZEL (51) Int. C1. 
1600 ODS TOWER, 601 SW SECOND AVENUE G09G 3/36 (200601) 
PORTLAND, OR 97204-3157 G021? 1/13357 (200601) 

(52) US. Cl. .......................... .. 349/116; 345/102; 345/55 

Appl. No.1 11/977,829 (57) ABSTRACT 

Filed: Oct. 26, 2007 A light sensitive display. 

_.1' —"1 ' 1 i 1 1 ' ? 

UB1 11 1:11:11 11 05L 1 E1131 11 UB0; 11 [ml j 

4114 4111 l l, I W 
J i 1' { Elly |_|_| I 

-c11:1! 11 1T3! 1 1313 :— JEIUL l1 1:11:1l% E11 BE 11 

1114 [E14 114 , 1114 11.4 104 , 
J1‘ 1:1 T1‘ // :1 1:11 131 W 

PhotoTFT 
ReadoutTFT 
Capacitor CST2 



Patent Application Publication Jul. 10, 2008 Sheet 1 0f 16 US 2008/0165311 A1 

F60 
j"\63 
7"“64 
T"\6l 
W62 
F56 
A52 

50 

FIG. 1 



Patent Application Publication Jul. 10, 2008 Sheet 2 0f 16 US 2008/0165311 Al 

N .05 

1F . 1r . F 55% 

LTHL * F LJL * F IJLF 0H0 “m0 O~U “mu , DMD wwU 

20228 a . H . a 

8m AS 8m 8/“ J8 \2 N 
F /r . cl kumimm 

NNN U. :u|\ SN g M /.H in W\ SN Q U :uk 8N 

Z0228 \ \ 

EN (EN EN (EN §\ 2m (3m 55 <55 55 



Patent Application Publication Jul. 10, 2008 Sheet 3 0f 16 US 2008/0165311 Al 

200 

“3 gm gm gm gm ‘19TH T r T l I r ‘ w 

[-113 [:11 1| 1:1 5] IF‘F‘i 1u u Ell IF [3 ml 1H3 ml 



Patent Application Publication Jul. 10, 2008 Sheet 4 0f 16 US 2008/0165311 A1 

5-? no: 

Cw .GE zoemouwc 0C 

n? .65 EN .GE 

zoEwEmQ 4 

. 55 EB: .. E3055 25103553 
i. .t . i .. . _ ; .t wzoEmPmo 

+ 55 A . \ zouzmifq 

...I:SSE M 2837i . 

MQESWZQEQ 

‘ ,. 55 A . 2959mm 

...E_SEE EBEEQ 





Patent Application Publication Jul. 10, 2008 Sheet 6 0f 16 US 2008/0165311 A1 

202200 202200 

@ .0E mmimzmz< o 
[M50042 m0m<m0 mowmmuomm 1|! / ,. 

. AU 

lr. . . F Ll lTHL :1 lTHL 0 F lTHL % F 
20 EU 20 a 05 m 

EH80? P 

N50 

EFEQEQW: E 
L1 L1 [F l :1 i :1 |_ :1 

06 mu 06 a U6 3 

H H U A U <H<Q 5km <H<Q 

HUmAmm 





US 2008/0165311 A1 A l'cation Publication Jul. 10, 2008 Sheet 8 0f 16 Patent pp 1 

a GE 

conwoofvm 

0 Sn 

2% 
5 2x 

Um 3A CA 

couhoo?uw 

\\ Emmi 

MC”. 

i? E n; 

. Wm 

835mm l\ 

FZmEmQ/E EUHE 



Patent Application Publication Jul. 10, 2008 Sheet 9 0f 16 US 2008/0165311 A1 

2 GE 

couwoofvm 

coumooiw 



Patent Application Publication Jul. 10, 2008 Sheet 10 0f 16 US 2008/0165311 A1 

awioivmmm @QBodmE awgavmg GHSJEEVME Eng/0d m9 GEMNEQME 
l +++++ 

21m: N5; HTm: 21m: 97m; wolmz “om: wolmg 
A3 2: 



Patent Application Publication Jul. 10, 2008 Sheet 11 0f 16 US 2008/0165311 A1 

9532.? 
2% 

ow» 

‘ i 0; 

coumoozm 

2x . 

2x :x Q E Q Q 

an 
o Nd v.0. Q0 w.@ M 

N; . 



Patent Application Publication Jul. 10, 2008 Sheet 12 0f 16 US 2008/0165311 A1 

52in 

2 .UE mag? 

<20 7N? 
< 

NEEE2< z?m 
|l0b00<m2 00550 f 0% 

momwmuo? H .3 3; 
H 50 m0 . 

I! w m %/w:< 

p.20 

Ll H Ll l. :0 i F 1T1? 
20 16 20 16 20 16 

202200 \ 

. E26 0 L F 

wow . 1| NHmU ?téqm?l A 0| Sq F / _ w p. i :1 ll :1 o; vcv 2:“ |_ :l 
20 i6 20 16 06 16 

202200 

[O3 <20 <20 <50 

HUmAmm HUmQmm 



Patent Application Publication Jul. 10, 2008 Sheet 13 0f 16 US 2008/0165311 A1 

Row i 

Row i+l 

C0lumnj+l J "1 

write Data read write 
previous 
frame 

FIG. 14 

Row i H // H 
// 

on 7;! 
LED off 

‘ Odd frame 7‘ Even frame 

FIG. 16 



Patent Application Publication Jul. 10, 2008 Sheet 14 0f 16 US 2008/0165311 A1 

FIG. 15 



Patent Application Publication Jul. 10, 2008 Sheet 15 0f 16 US 2008/0165311 A1 

LAMP ‘ 

mew @RE 
I 

9) I j /LCD 
REFLECTOR LI 7 n] 

FIG. 17 

TOTAL INTERNAL 

REFLECTIONS (TIR) 

/ 
/ 

FIG. 18 

FIG.19 



Patent Application Publication Jul. 10, 2008 Sheet 16 0f 16 US 2008/0165311 A1 



US 2008/0165311A1 

LIGHT SENSITIVE DISPLAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/407,545, ?ledApr. 19, 2006, Which is 
a continuation of US. patent application Ser. No. 10/442,433, 
?led May 20, 2003, now US. Pat. No. 7,053,967, Which 
application claims the bene?t of US. Provisional App. No. 
60/383,040, ?led May 23, 2002. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to touch sensitive dis 
plays. 
[0003] Touch sensitive screens (“touch screens”) are 
devices that typically mount over a display such as a cathode 
ray tube. With a touch screen, a user can select from options 
displayed on the display’s viewing surface by touching the 
surface adjacent to the desired option, or, in some designs, 
touching the option directly. Common techniques employed 
in these devices for detecting the location of a touch include 
mechanical buttons, crossed beams of infrared light, acoustic 
surface Waves, capacitance sensing, and resistive materials. 
[0004] For example, Kasday, US. Pat. No. 4,484,179 dis 
closes an optically-based touch screen comprising a ?exible 
clear membrane supported above a glass screen Whose edges 
are ?tted With photodiodes. When the membrane is ?exed into 
contact With the screen by a touch, light Which previously 
Would have passed through the membrane and glass screen is 
trapped betWeen the screen surfaces by total internal re?ec 
tion. This trapped light travels to the edge of the glass screen 
Where it is detected by the photodiodes Which produce a 
corresponding output signal. The touch position is deter 
mined by coordinating the position of the CRT raster beam 
With the timing of the output signals from the several photo 
diodes. The optically-based touch screen increases the 
expense of the display, and increases the complexity of the 
display. 
[0005] Denlinger, US. Pat. No. 4,782,328 on the other 
hand, relies on re?ection of ambient light from the actual 
touch source, such as a ?nger or pointer, into a pair of pho 
tosensors mounted at corners of the touch screen. By measur 
ing the intensity of the re?ected light received by each pho 
tosensor, a computer calculates the location of the touch 
source With reference to the screen. The inclusion of the 
photosensors and associated computer increases the expense 
of the display, and increases the complexity of the display. 
[0006] May, US. Pat. No. 5,105,186, discloses a liquid 
crystal touch screen that includes an upper glass sheet and a 
loWer glass sheet separated by spacers. SandWiched betWeen 
the glass sheets is a thin layer of liquid crystal material. The 
inner surface of each piece of glass is coated With a transpar 
ent, conductive layer of metal oxide. Af?xed to the outer 
surface of the upper glass sheet is an upper polariZer Which 
comprises the display’s vieWing surface. A?ixed to the outer 
surface of glass sheet is a loWer polariZer. Forming the back 
surface of the liquid crystal display is a trans?ector adjacent 
to the loWer polariZer. A trans?ector transmits some of the 
light striking its surface and re?ects some light. Adjacent to 
trans?ector is a light detecting array of light dependent resis 
tors Whose resistance varies With the intensity of light 
detected. The resistance increases as the light intensity 
decreases, such as occurs When a shadoW is cast on the vieW 
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ing surface. The light detecting array detect a change in the 
light transmitted through the trans?ector caused by a touch 
ing of vieWing surface. Similar to touch sensitive structures 
a?ixed to the front of the liquid crystal stack, the light sensi 
tive material a?ixed to the rear of the liquid crystal stack 
similarly pose potential problems limiting contrast of the 
display, increasing the expense of the display, and increasing 
the complexity of the display. 
[0007] Touch screens that have a transparent surface Which 
mounts betWeen the user and the display’s vieWing surface 
have several drawbacks. For example, the transparent surface, 
and other layers betWeen the liquid crystal material and the 
transparent surface may result in multiple re?ections Which 
decreases the display’s contrast and produces glare. More 
over, adding an additional touch panel to the display increases 
the manufacturing expense of the display and increases the 
complexity of the display. Also, the incorporation of the touch 
screen reduces the overall manufacturing yield of the display. 
[0008] Accordingly, What is desired is a touch screen that 
does not signi?cantly decrease the contrast ratio, does not 
signi?cantly increase the glare, does not signi?cantly 
increase the expense of the display, and does not signi?cantly 
increase the complexity of the display. 
[0009] The foregoing and other objectives, features, and 
advantages of the invention Will be more readily understood 
upon consideration of the folloWing detailed description of 
the invention, taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0010] FIG. 1 is a cross sectional vieW of a traditional active 
matrix liquid crystal display. 
[0011] FIG. 2 is a schematic of the thin ?lm transistor array. 
[0012] FIG. 3 is a layout of the thin ?lm transistor array of 
FIG. 2. 
[0013] FIGS. 4A-4H is a set of steps suitable for construct 
ing pixel electrodes and amorphous silicon thin-?lm transis 
tors. 

[0014] FIG. 5 illustrates pixel electrodes, color ?lters, and a 
black matrix. 
[0015] FIG. 6 illustrates a schematic of the active matrix 
elements, pixel electrode, photo TFT, readout TFT, and a 
black matrix. 
[0016] FIG. 7 illustrates a pixel electrode, photo TFT, read 
out TFT, and a black matrix. 
[0017] FIG. 8 is a layout of the thin ?lm transistor array of 
FIGS. 6 and 7. 
[0018] FIG. 9 is a graph of the capacitive charge on the light 
sensitive elements as a result of touching the display at high 
ambient lighting conditions. 
[0019] FIG. 10 is a graph of the capacitive charge on the 
light sensitive elements as a result of touching the display at 
loW ambient lighting conditions. 
[0020] FIG. 11 is a graph of the photo-currents in an amor 
phous silicon TFT array. 
[0021] FIG. 12 is a graph of the capacitive charge on the 
light sensitive elements as a result of touching the display and 
providing light from a light Wand. 
[0022] FIG. 13 is an alternative layout of the pixel elec 
trodes. 
[0023] FIG. 14 illustrates a timing set for the layout of FIG. 
13. 
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[0024] FIG. 15 illustrates a handheld device together With 
an optical Wand. 
[0025] FIG. 16 illustrates even/odd frame addressing. 
[0026] FIG. 17 illustrates a front illuminated display. 
[0027] FIG. 18 illustrates total internal re?ections. 
[0028] FIG. 19 illustrates a small amount of diffraction of 
the propagating light. 
[0029] FIG. 20 illustrates signi?cant diffraction as a result 
of a plastic pen. 
[0030] FIG. 21 illustrates a shadoW of a pointing device and 
a shadoW With illuminated region of a pointing device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0031] Referring to FIG. 1, a liquid crystal display (LCD) 
50 (indicated by a bracket) comprises generally, a backlight 
52 and a light valve 54 (indicated by a bracket). Since liquid 
crystals do not emit light, most LCD panels are backlit With 
?uorescent tubes or arrays of light-emitting diodes (LEDs) 
that are built into the sides or back of the panel. To disperse the 
light and obtain a more uniform intensity over the surface of 
the display, light from the backlight 52 typically passes 
through a diffuser 56 before impinging on the light valve 54. 
[0032] The transmittance of light from the backlight 52 to 
the eye of a vieWer 58, observing an image displayed on the 
front of the panel, is controlled by the light valve 54. The light 
valve 54 normally includes a pair of polariZers 60 and 62 
separated by a layer of liquid crystals 64 contained in a cell 
gap betWeen glass or plastic plates, and the polariZers. Light 
from the backlight 52 impinging on the ?rst polariZer 62 
comprises electromagnetic Waves vibrating in a plurality of 
planes. Only that portion of the light vibrating in the plane of 
the optical axis of the polariZer passes through the polariZer. 
In an LCD light valve, the optical axes of the ?rst 62 and 
second 60 polariZer are typically arranged at an angle so that 
light passing through the ?rst polariZer Would normally be 
blocked from passing through the second polariZer in the 
series. HoWever, the orientation of the translucent crystals in 
the layer of liquid crystals 64 can be locally controlled to 
either “tWist” the vibratory plane of the light into alignment 
With the optical axes of the polariZer, permitting light to pass 
through the light valve creating a bright picture element or 
pixel, or out of alignment With the optical axis of one of the 
polariZes, attenuating the light and creating a darker area of 
the screen or pixel. 
[0033] The surfaces of the a ?rst glass substrate 61 and a 
second glass substrate 63 form the Walls of the cell gap are 
buffed to produce microscopic grooves to physically align the 
molecules of liquid crystal 64 immediately adjacent to the 
Walls. Molecular forces cause adjacent liquid crystal mol 
ecules to attempt to align With their neighbors With the result 
that the orientation of the molecules in the column of mol 
ecules spanning the cell gap tWist over the length of the 
column. LikeWise, the plane of vibration of light transiting the 
column of molecules Will be “tWisted” from the optical axis of 
the ?rst polariZer 62 to a plane determined by the orientation 
of the liquid crystals at the opposite Wall of the cell gap. If the 
Wall of the cell gap is buffed to align adjacent crystals With the 
optical axis of the second polariZer, light from the backlight 
52 can pass through the series of polariZers 60 and 62 to 
produce a lighted area of the display When vieWed from the 
front of the panel (a “normally White” LCD). 
[0034] To darken a pixel and create an image, a voltage, 
typically controlled by a thin ?lm transistor, is applied to an 
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electrode in an array of transparent electrodes deposited on 
the Walls of the cell gap. The liquid crystal molecules adjacent 
to the electrode are attracted by the ?eld produced by the 
voltage and rotate to align With the ?eld. As the molecules of 
liquid crystal are rotated by the electric ?eld, the column of 
crystals is “untWisted,” and the optical axes of the crystals 
adjacent to the cell Wall are rotated progressively out of align 
ment With the optical axis of the corresponding polariZer 
progressively reducing the local transmittance of the light 
valve 54 and attenuating the luminance of the corresponding 
pixel. In other Words, in a normally White tWisted nematic 
device there are generally tWo modes of operation, one With 
out a voltage applied to the molecules and one With a voltage 
applied to the molecules. With a voltage applied (e.g., driven 
mode) to the molecules the molecules rotate their polarization 
axis Which results in inhibiting the passage of light to the 
vieWer. Similarly, Without a voltage applied (e.g., non-driven 
mode) the polarization axis is not rotated so that the passage 
of light is not inhibited to the vieWer. 

[0035] Conversely, the polariZers and bu?ing of the light 
valve can be arranged to produce a “normally black” LCD 
having pixels that are dark (light is blocked) When the elec 
trodes are not energiZed and light When the electrodes are 
energiZed. Color LCD displays are created by varying the 
intensity of transmitted light for each of a plurality of primary 
color (typically, red, green, and blue) sub-pixels that make up 
a displayed pixel. 
[0036] The aforementioned example Was described With 
respect to a tWisted nematic device. HoWever, this description 
is only an example and other devices may likeWise be used, 
including but not limited to, multi-domain vertical alignment, 
patterned vertical alignment, in-plane sWitching, and super 
tWisted nematic type LCDs. In addition other devices, such as 
for example, plasma displays, organic displays, active matrix 
organic light emitting display, electroluminescent displays, 
liquid crystal on silicon displays, re?ective liquid crystal 
devices may likeWise be used. For such displays the light 
emitting portion of the display, or portion of the display that 
permits the display of selected portions of light may be con 
sidered to selectively cause the pixels to provide light. 
[0037] For an active matrix LCD (AMLCD) the inner sur 
face of the second glass substrate 63 is normally coated With 
a continuous electrode While the ?rst glass substrate 61 is 
patterned into individual pixel electrodes. The continuous 
electrode may be constructed using a transparent electrode, 
such as indium tin oxide. The ?rst glass substrate 61 may 
include thin ?lm transistors (TFTs) Which act as individual 
sWitches for each pixel electrode (or group of pixel elec 
trodes) corresponding to a pixel (or group of pixels). The 
TFTs are addressed by a set of multiplexed electrodes running 
along the gaps betWeen the pixel electrodes. Alternatively the 
pixel electrodes may be on a different layer from the TFTs. A 
pixel is addressed by applying voltage (or current) to a 
selected line, Which sWitches the TFT on and alloWs charge 
from the data line to ?oW onto the rear pixel electrodes. The 
combination of voltages betWeen the front electrode and the 
pixel electrodes sets up a voltage across the pixels and turns 
the respective pixels on. The thin-?lm transistors are typically 
constructed from amorphous silicon, While other types of 
sWitching devices may likeWise be used, such as for example, 
metal-insulator-metal diode and polysilicon thin-?lm transis 
tors. The TFT array and pixel electrodes may alternatively be 
on the top of the liquid crystal material. Also, the continuous 
electrode may be patterned or portions selectively selected, as 
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desired. Also the light sensitive elements may likewise be 
located on the top, or otherwise above, of the liquid crystal 
material, if desired. 
[0038] Referring to FIG. 2, the active matrix layer may 
include a set of data lines and a set of select lines. Normally 
one data line is included for each column of pixels across the 
display and one select line is included for each row of pixels 
down the display, thereby creating an array of conductive 
lines. To load the data to the respective pixels indicating 
which pixels should be illuminated, normally in a row-by-row 
manner, a set of voltages are imposed on the respective data 
lines 204 which imposes a voltage on the sources 202 of 
latching transistors 200. The selection of a respective select 
line 210, interconnected to the gates 212 of the respective 
latching transistors 200, permits the voltage imposed on the 
sources 202 to be passed to the drain 214 of the latching 
transistors 200. The drains 214 of the latching transistors 200 
are electrically connected to respective pixel electrodes and 
are capacitively coupled to a respective common line 221 
through a respective Cst capacitor 218. In addition, a respec 
tive capacitance exists between the pixel electrodes enclosing 
the liquid crystal material, noted as capacitances Clc 222 
(between the pixel electrodes and the common electrode on 
the color plate). The common line 221 provides a voltage 
reference. In other words, the voltage data (representative of 
the image to be displayed) is loaded into the data lines for a 
row of latching transistors 200 and imposing a voltage on the 
select line 210 latches that data into the holding capacitors 
and hence the pixel electrodes. 
[0039] Referring to FIG. 3, a schematic layout is shown of 
the active matrix layer. The pixel electrodes 230 are generally 
grouped into a “single” effective pixel so that a corresponding 
set of pixel electrodes 230 may be associated with respective 
color ?lters (e.g., red, green, blue). The latching transistors 
200 interconnect the respective pixel electrodes 230 with the 
data lines and the select line. The pixel electrodes 230 may be 
interconnected to the common line 221 by the capacitors Cst 
218. 

[0040] Referring to FIG. 4, the active matrix layer may be 
constructed using an amorphous silicon thin-?lm transistor 
fabrication process. The steps may include gate metal depo 
sition (FIG. 4A), a photolithography/etch (FIG. 4B), a gate 
insulator and amorphous silicon deposition (FIG. 4C), a pho 
tolitho graphy/ etch (FIG. 4D), a source/ drain metal deposition 
(FIG. 4E), a photolithography/etch (FIG. 4F), an ITO depo 
sition (FIG. 4G), and a photolithography/ etch (FIG. 4H). 
Other processes may likewise be used, as desired. 
[0041] The present inventors considered different potential 
architectural touch panel schemes to incorporate additional 
optical layers between the polariZer on the front of the liquid 
crystal display and the front of the display. These additional 
layers include, for example, glass plates, wire grids, transpar 
ent electrodes, plastic plates, spacers, and other materials. In 
addition, the present inventors considered the additional lay 
ers with different optical characteristics, such as for example, 
birefringence, non-birefringence, narrow range of wave 
lengths, wide range of wavelengths, etc. After an extensive 
analysis of different potential con?gurations of the touch 
screen portion added to the display together with materials 
having different optical properties and further being applied 
to the different types of technologies (e.g., mechanical 
switches, crossed beams of infrared light, acoustic surface 
waves, capacitance sensing, and resistive membranes), the 
present inventors determined that an optimiZed touch screen 
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is merely a tradeoff between different undesirable properties. 
Accordingly, the design of an optimiZed touch screen is an 
ultimately unsolvable task. In contrast to designing an 
improved touch screen, the present inventors came to the 
realiZation that modi?cation of the structure of the active 
matrix liquid crystal device itself could provide an improved 
touch screen capability without all of the attendant drawbacks 
to the touch screen con?guration located on the front of the 
display. 
[0042] Referring to FIG. 5, with particular attention to the 
latching transistors of the pixel electrodes, a black matrix 240 
is overlying the latching transistors so that signi?cant ambient 
light does not strike the transistors. Color ?lters 242 may be 
located above the pixel electrodes. Ambient light striking the 
latching transistors results in draining the charge imposed on 
the pixel electrodes through the transistor. The discharge of 
the charge imposed on the pixel electrodes results in a 
decrease in the operational characteristics of the display, fre 
quently to the extent that the display is rendered effectively 
inoperative. With the realiZation that amorphous silicon tran 
sistors are sensitive to light incident thereon, the present 
inventors determined that such transistors within the active 
matrix layer may be used as a basis upon which to detect the 
existence of or non-existence of ambient light incident 
thereon (e.g., relative values thereto). 
[0043] Referring to FIG. 6, a modi?ed active matrix layer 
may include a photo-sensitive structure or elements. The pre 
ferred photo-sensitive structure includes a photo-sensitive 
thin ?lm transistor (photo TFT) interconnected to a readout 
thin-?lm transistor (readout TFT). A capacitor Cst2 may 
interconnect the common line to the transistors. Referring to 
FIG. 7, a black matrix may be in an overlying relationship to 
the readout TFT. The black matrix is preferably an opaque 
material or otherwise the structure of the display selectively 
inhibiting the transmission of light to selective portions of the 
active matrix layer. Preferably the black matrix is completely 
overlying the amorphous silicon portion of the readout TFT, 
and at least partially overlying the amorphous silicon portion 
of the readout TFT. Preferably the black matrix is completely 
non-overlying the amorphous silicon portion of the photo 
TFT, and at least partially non-overlying the amorphous sili 
con portion of the photo TFT. Overlying does not necessarily 
denote direct contact between the layers, but is intended to 
denote in the general sense the stacked structure of materials. 
In some embodiments, the black matrix inhibits ambient light 
from impacting the amorphous silicon portion of the readout 
TFT to an extent greater than inhibiting ambient light from 
impacting the amorphous silicon portion of the photo TFT. 
[0044] As an example, the common line may be set at a 
negative voltage potential, such as —l0 volts. During the 
previous readout cycle, a voltage is imposed on the select line 
which causes the voltage on the readout line to be coupled to 
the drain of the photo TFT and the drain of the readout TFT, 
which results in a voltage potential across Cst2. The voltage 
coupled to the drain of the photo TFT and the drain of the 
readout TFT is approximately ground (e.g., Zero volts) with 
the non-inverting input of the operational ampli?er connected 
to ground. The voltage imposed on the select line is removed 
so that the readout TFT will turn “off”. 

[0045] Under normal operational conditions ambient light 
from the front of the display passes through the black matrix 
and strikes the amorphous silicon of the photo TFT. However, 
if a person touches the front of the display in a region over the 
opening in the black matrix or otherwise inhibits the passage 
















