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inputted from the outside is changed into n bit digital video data for gradation voltage, Both a circuit
which supplies said n bit digital video data to said source driver, and (m and n are two or more
positive numbers and m>n) display devices which it has, and said source driver, It has a D/A
conversion circuit which changes said n bit digital video data into analog gradation voltage, A display

device performing a time gradation display and obtaining a gradation display of a passage (2m (2™

P=1)) by forming an image of one frame by a subframe of a 27" individual:
[Claim 7]An active matrix circuit where two or more pixels TFT have been arranged at matrix form,
A source driver and a gate driver which drive said active matrix circuit, a circuit (m.) which changes
into n bit digital video data for gradation voltage m bit digital video data inputted from the outside A
D/A conversion circuit which both n changes two or more positive numbers, m>n, and said n bit
digital video data into an analog video data, and is inputted into said source driver and to carry out,
A display device which is a display device which *%¥*x* and is characterized by performing a time
gradation display by forming an image of one frame by a subframe of a 2™ individual.
[Claim 8]An active matrix circuit where two or more pixels TFT have been arranged at matrix form,
A source driver and a gate driver which drive said active matrix circuit, a circuit (m.) which changes
into n bit digital video data for gradation voltage m bit digital video data inputted from the outside A
D/A conversion circuit which both n changes two or more positive numbers, m>n, and said n bit
digital video data into an analog video data, and is inputted into said source driver and to carry out,
A display device being a display device which *¥¥*, performing a time gradation display by forming
an image of one frame by a subframe of a 2™ ™" individual, and obtaining a gradation display of a
passage (2™M- (2™ "-1)).

[Claim 9]The display device according to any one of claims 1 to 8, wherein said m is 8 and said n is
2. :
[Claim 10]The display device according to any one of claims 1 to 8, wherein said m is 10 and said n
is 2.

[Claim 11]The display device according to any one of claims 1 to 8, wherein said m is 12 and said n
is 4.

[Claim 12]A rear projector provided with the three display devices according to any one of claims 1
to 11.

[Claim 13]A front projector provided with the three display devices according to any one of claims 1
to 11.

[Claim 14]A single plate type rear projector provided with the one display device according to any
one of claims 1 to 11.

[Claim 15]A goggles type display provided with the display device according to any one of claims 1
to 11 two.

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

— 1.This document has-been translated by computer. So the translation may not reflect the original- - - -
precisely.
2 ¥¥*¥* shows the word which can not be translated.
3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]
[0001]

[Field of the Invention]

[0002]This invention relates to a display device. It is related with the display device which performs
a gradation display by both gradation voltage and time gradation especially.

[0003]

[Description of the Prior Art]

[0004]The semiconductor device which formed semiconductor membrane on the inexpensive glass
substrate recently, for example, the technology which produces a thin film transistor (TFT), is
progressing quickly. The Reason is because the demand of active matrix type displays has
increased.

[0005]The pixel TFT is arranged in tens arranged at matrix form — the picture element region of 1
million numbers, respectively, and an active matrix type display controls the electric charge which
frequents the picture element electrode connected to each pixel TFT by the switching function of
the pixel TFT.

[0006]In recent years, the multi—gradation display which can perform a full color display desirably is
called for with highly—-minute—izing of a picture, and high resolution—ization.

[0007]The active matrix type display of the digital drive system in which a high speed drive is
possible has attracted attention with highly—minute—izing of a display device, and high—-resolution—
izing also in an active matrix type display.

[0008]

[Problem to be solved by the invention]

[0009]The D/A conversion circuit (DAC) which changes into analog data (gradation voltage) the
digital video data inputted from the outside is required for the active matrix type display of a digital
drive system. Various kinds of things exist in a D/A conversion circuit.

[0010]The capability of this D/A conversion circuit, i.e., a D/A conversion circuit, depends for the
multi—tone display ability of an active matrix type display on whether the digital video data which
what bit is is convertible for analog data. For example, if it is a display device which generally has a

D/A conversion circuit which processes a 2-bit digital video data, a 22=4 gradation display can be

performed, if 8 bits becomes, a 28=256 gradation display can be performed, and if it is n bit, a 2"
gradation display can be performed.

[0011]However, in order to improve the capability of a D/A conversion circuit, the circuitry of a D/A
conversion circuit becomes complicated, and a layout area becomes large. These days, the display
device which forms a D/A conversion circuit by poly—Si TFT on the same substrate as an active
matrix circuit has been reported. However, if the circuitry of a D/A conversion circuit becomes
complicated in this case, the yield of a D/A conversion circuit will fall and the yield of a display
device will also fall. If the layout area of a D/A conversion circuit becomes large, it will become
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difficult to realize a small display device.

[0012]

[Means for solving problem]

[0013]Then, this invention is made in view of an above—mentioned problem, and provides the display
device which can realize the display of multi—tone.

—{0014]First, drawing 1 is referred to. The outline block diagram of the display device of this invention -
is shown in drawing 1. 101 is a display panel which has a digital driver. 101-1 is a source driver, 101-
2 and 101-3 are gate drivers, and 1014 is an active matrix circuit where two or more pixels TFT
have been arranged at matrix form. The source driver 101-1, the gate driver 101-2, and 101-3 drive
an active matrix circuit. 102 is a digital video data time gradation processing circuit.

[0015]The digital video data time gradation processing circuit 102 changes the digital video data of n
bit into the digital video data for the gradation voitage of n bit among m bit digital video datas
inputted from the outside. The gradation information of a low rank (m—n) bit is expressed by time
gradation among the digital video datas of m bit.

[0016]n bit digital video data changed by the digital video data time gradation processing circuit 102
is inputted into the display panel 101. n bit digital video data inputted into the display panel 101 is
inputted into a source driver, is changed into analog gradation data in the D/A conversion circuit in
a source driver, and is supplied to each source signal line.

[0017]Next, another example of the display device of this invention is shown in drawing 2. In drawing
2, 201 is a display panel which has an analog driver. 201-1 is a source driver, 201-2 and 201-3 are
gate drivers, and 201-4 is an active matrix circuit where two or more pixels TFT have been arranged
at matrix form. The source driver 201-1, the gate driver 201-2, and 201-3 drive an active matrix
circuit. 202 is an A/D conversion circuit and changes into m bit digital video data the analog video
data supplied from the outside. 203 is a digital video data time gradation processing circuit. The
digital video data time gradation processing circuit 203 charjges the digital video data of n bit into
the digital video data for the gradation voltage of n bit among m bit digital video datas inputted. The
gradation information of a low rank (m—n) bit is expressed by time gradation among the digital video
datas of m bit inputted. n bit digital video data changed by the digital video data time gradation
processing circuit 203 is inputted into the D/A conversion circuit 204, and is changed into an analog
video data. The analog video data changed by the D/A conversion circuit 204 is inputted into the
display panel 201. The analog video data inputted into the display panel 201 is inputted into a source
driver, is sampled by the sampling circuit in a source driver, and is supplied to each source signal
line.

[0018]The details of operation of the display device of this invention will be later mentioned using an
embodiment.

[0019]The composition of this invention is described below.

{0020]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
according to this invention, The source driver and gate driver which drive said active matrix circuit,
It is a display device which **¥#¥%, and top n bits of m bit digital video data inputted from the outside
are used as information on gradation voltage, a low rank (m—n) bit is used as information on time
gradation, and a display device, wherein both m and n are two or more positive numbers and m>n is
provided. .

[0021]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
according to this invention, The source driver and gate driver which drive said active matrix circuit,
m bit digital video data inputted from the outside is changed into n bit digital video data for gradation
voltage, the circuit (m.) which supplies said n bit digital video data to said source driver Both n is
two or more positive numbers and a display device which has m>n, and the display device
performing a time gradation display is provided by forming the image of one frame by the subframe
of a 2™ " individual.

[0022]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
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according to this invention, The source driver and gate driver which drive said active matrix circuit,
m bit digital video data inputted from the outside is changed into n bit digital video data for gradation
voltage, the circuit (m.) which supplies said n bit digital video data to said source driver Both n is
two or more positive numbers and a display device which has m>n, a time gradation display is

device obtaining the gradation display of a passage (2™~ (2™ "-1)) is provided.

[0023]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
according to this invention, The source driver and gate driver which drive said active matrix circuit,
Top n bits of m bit digital video data which is a display device which *%¥¥* and is inputted from the
outside as information on gradation voltage, And a display device, wherein said source driver has a
D/A conversion circuit which changes said n bit digital video data into analog gradation voltage is
provided, using a low rank (m—n) bit as information on time gradation (both m and n are two or more
positive numbers and m>n).

[0024]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
according to this invention, The source driver and gate driver which drive said active matrix circuit,
m bit digital video data inputted from the outside is changed into n bit digital video data for gradation
voltage, Both the circuit which supplies said n bit digital video data to said source driver, and (m and
n are two or more positive numbers and m>n) display devices which it has, and said source driver, It
has a D/A conversion circuit which changes said n bit digital video data into analog gradation
voltage, and the display device performing a time gradation display is provided by forming the image

of one frame by the subframe of a 2™ ™" individual.

[0025]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
according to this invention, The source driver and gate driver which drive said active matrix circuit,
m bit digital video data inputted from the outside is changed into n bit digital video data for gradation
voltage, Both the circuit which supplies said n bit digital video data to said source driver, and (m and
n are two or more positive numbers and m>n) display devices which it has, and said source driver, It
has a D/A conversion circuit which changes said n bit digital video data into analog gradation

voltage, By forming the image of one frame by the subframe of a 2M™M individual, a time gradation

display is performed and the display device obtaining the gradation display of a passage (2m- (2m -
1)) is provided.

[0026]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
according to this invention, The source driver and gate driver which drive said active matrix circuit,
the circuit (m.) which changes into n bit digital video data for gradation voltage m bit digital video
data inputted from the outside The D/A conversion circuit which both n changes two or more
positive numbers, m>n, and said n bit digital video data into an analog video data, and is inputted into
said source driver and to carry out, It is a display device which *¥x* and the display device
performing a time gradation display is provided by forming the image of one frame by the subframe
of a 2™ " individual.

[0027]The active matrix circuit where two or more pixels TFT have been arranged at matrix form
according to this invention, The source driver and gate driver which drive said active matrix circuit,
the circuit (m.) which changes into n bit digital video data for gradation voltage m bit digital video
data inputted from the outside The D/A conversion circuit which both n changes two or more
positive numbers, m>n, and said n bit digital video data into an analog video data, and is inputted into
said source driver and to carry out, It is a display device which %k, and by forming the image of

one frame by the subframe of a 2™ " individual, a time gradation display is performed and the display

device obtaining the gradation display of a passage (2™~ (2™™"-1)) is provided.
[0028]Said m may be 8 and said n may be 2.
[0029]Said m may be 10 and said n may be 2.
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[0030]Said m may be 12 and said n may be 4.
[0031]
[Mode for carrying out the invention]
[0032]The display device of this invention is explained with an embodiment below. However, the
display device of this invention is not necessarily limited to following embodiments.
—[0033]}(Embodiment 1) : - -
[0034]The outline block diagram of the display device of this embodiment is shown in drawing 3. In
this embodiment, since explanation is simple, the display device in which a 4-bit digital video data is
supplied from the exterior is taken for an example.
[0035]301 is a display panel which has a digital driver. 301-1 is a source driver, 301-2 and 301-3 are
gate drivers, and 3014 is an active matrix circuit where two or more pixels TFT have been arranged
at matrix form.
[0036]The digital video data time gradation processing circuit 302 changes the digital video data of 2
bits of higher ranks into the digital video data for the gradation voltage of 2 bits among the 4-bit
digital video datas inputted from the outside. The gradation information of 2 bits of low ranks is
expressed by time gradation among 4-bit digital video datas.
[0037]The top 2-bit digital video data changed by the digital video data time gradation processing
circuit 302 is inputted into the display panel 301. The 2-bit digital video data inputted into the
display panel 301 is inputted into a source driver, is changed into analog gradation data in the D/A
conversion circuit (not shown) in a source driver, and is supplied to each source signal line. The D/A
conversion circuit built in the display panel of this embodiment changes a 2-bit digital video data
into analog gradation voltage.
[0038]Here, the case where the display panel of this embodiment is a liquid crystal panel using the
liquid crystal as an expression medium is explained. The circuitry of the display panel 301, especially
the active matrix circuit 301-4 are explained using drawing 4.
[0039]The active matrix circuit 301-4 has a pixel of an individual (xxy). Marks, such as the expedient
top of explanation, P1, 1, P2, 1, .., Py, and x, are attached to each pixel. Each pixel has pixel
TFT301-4-1 and retention volume 301-4-3. The liquid crystal is inserted between the active matrix
substrate and counter substrate in which the source driver 301-1, the gate driver 301-2, 301-3, and
the active matrix circuit 301—4 are formed. The liquid crystal 3006 shows the liquid crystal
corresponding to each pixel typically.
[0040]The digital driver display panel of this embodiment performs what is called a line sequential
drive that drives simultaneously the pixel for one line (for example, P1, 1, P1, 2, .., P1, x). In other
words, analog gradation voltage is simultaneously written in the pixel for one line. The time taken to
write analog gradation voltage in all the pixels (P1, 1 — Py, x) will be called 1 frame period (Tf). The
period which quadrisected 1 frame period (Tf) will be called a subframe period (Tsf). The time taken
to write analog gradation voltage in the pixel for one line (for example, P1, 1, P1, 2, ..., P1, x) will be
called 1 line period (Tsfl).
[0041]The gradation display of the display device of this embodiment is explained. The digital video
data supplied to the display device of this embodiment from the outside is 4 bits, and has the
information on 16 gradation. Here, drawing 5 is referred to. The gradation display level of the display
device of this embodiment is shown in drawing 5. Voltage—level VL is the minimum voltage level
inputted into a D/A conversion circuit, and the voltage level VH is the highest voltage level inputted
into a D/A conversion circuit.
[0042]In this embodiment, in order to realize the voltage level of 4 gradation, between the voltage
level VH and voltage—level VLs was mostly divided into equal voltage level, and the step of the
voltage level was set to alpha. It is alpha=(VH-VL) /4. Therefore, the gradation voltage level which
the D/A conversion circuit of this embodiment outputs, When the address of a digital video data is
(00), it is set to VL, when the address of a digital video data is (01), it becomes VL+alpha, when the
address of a digital video data is (10), it is set to VL+2alpha, and it is set to VL+3alpha when the
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address of a digital video data is (11).
[0043]The gradation voltage level which can output the D/A conversion circuit of this embodiment
is four kinds, VL, VL+alpha, VL+2alpha, and VL+3alpha, as mentioned above. Then, in this invention,
the number of the gradation display levels of a display device can be raised by combining a time
gradation display. In this embodiment, the gradation display level equivalent to the gradation voltage
—tevetwhich divided - Step alpha of the voltage level into about four equally is realizable-by-having——— —
information for 2 bits of the 4—bit digital video datas in a time gradation display, and being. The
display device of this embodiment That is, VL, VL+alpha/4, VL+2alpha/4, VL+3alpha/4, VL+alpha,
The gradation display level equivalent to-the gradation voltage level of VL+5alpha/4, VL+6alpha/4,
VL+7alpha/4, VL+2alpha, VL+9alpha/4, VL+10alpha/4, VL+11alpha/4, and VL+3alpha is realizable.
[0044]Here, correspondence with the 4-bit digital video data address inputted from the outside, the
digital video data address after time gradation processing and the gradation voltage level
corresponding to it, and the gradation display level which combined time gradation is shown in the
following table 1.
[0045]
[Table 1]
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PR AT s (AR |mmmme
bt [F4E| 1st Ts | 2nd Tsfl | 3rd Tsfl | 4th Ts | FEERERL AL
00| 00.(VL) | 00(VL) | 00(VL) [ 00 (VL) VL
01 00 (VL) 00 (VL) 00 (VL) |01 (ViL+a) Vit a /4
% 10 | 00 (VL) | 00 (VL) |01 (Vis+a) |O1 (Vite) Vit2a/4
11 | 00 (VL) |01 (VL+a)|0t (Vita) {01 (Vita) Vi3 o /4
00 |01 (Vi+a) |01 (VL+a) |01 (Vv a) |01 (Vita) Vita
01 |01 (Vi+a) |01 (Vi+ra) |01 (Vite) {10 (Vir2a)| Vissa/s
o 10 |01 (Vi+a) {01 (Vira) 1O (Vit2za) 1O (Vir2a) Vit a /4
11 |01 (Vira) 10 (Virza) [1O (Vis2a) [10 (Vis2 o) VisTa /4
00 [10 (Vis2a) 10 (Vieza) 10 (Vivza) [10 (Visza)|  Vivza
01 NO (Vie2a) 10 (V2a) 10 (Vis2a ) |11 (ViLt3a) Vi+9 /4
10 10 [10 (VL+2a )10 (Vis2a) [11 (VL3 a){11 (Vi a) VL+10a /4
11 {10 (Vie2a) [11 (Vis3a)|11 (Viszad|11 (Vissa)|  Vitila/a
00 [11 (Visaa)[l1 (Viaa) i1 (Vissa) [11 (Visda) Vitda
01 {11 (Visaa)[i1 (Vaa) i1 (Vissa) [11 (Visza) Visaa
" 10 [i1 (VL+30)‘|| (Visza) 11 (Vsaa) [11 (Viesa) Vi+3a
11 11 (Va1 (Vissa) [I1 (Vs a) (11 (Vs a) Vi+3a

[0046]The display device of this embodiment shows by dividing the 1 frame period Tf during [ four ]
the subframe (1st Tsf, 2nd Tsf, 3rd Tsf, and 4th Tsf). Since the display device of this embodiment
performs a line sequential drive, gradation voltage is written during 1 line period (Tsfl) in each pixel.
Therefore, each subframe period (3 rd Tsf 2 nd Tsf 1 stTsf) And each subframe line period
corresponding to 4th Tsf (1 st Tsfl) The address of the 2-bit digital video data after time gradation
processing is inputted into a D/A conversion circuit, and gradation voltage is outputted to 2nd Tsfl,
3rd Tsfl, and 4th Tsfl from a D/A conversion circuit. Four subframe line periods (2 nd Tsfl 1 st Tsfl)
Four displays of a subframe will be performed at high speed by the gradation voltage written in 3rd
Tsfl and 4th Tsfl, and the gradation display of one frame will be what carried out the time average of
the total of the gradation voltage level of each subframe line period as a result.

[0047]As shown in Table 1, in this embodiment, the gradation voltage level (VL+3alpha) in which the
address of — (1100) (1111) of a 4-bit digital video data is the same is outputted.
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[0048]Therefore, in the display device of this embodiment, even when the D/A conversion circuit

treating a 2-bit digital video data is carried out, the gradation level of 3= 24-13 gradation can be
displayed.

[0049]The drive timing chart of the display device of this embodiment is shown in drawing 6. The
pixel P1, 1 — the pixel Py, and 1 take for an example, and they are shown in drawing 6.

~ [0050]When it explains taking the case of the pixel P1 and 1, to the pixel P1 and 1. The digital video
data 1, 1-1, 1, 1-2, 1, 1-3 and 1, and 1-4 are written in each subframe line period (1st Tsfl, 2nd Tsfl,
3rd Tsfl, and 4th Tsfl), respectively. These digital video datas 1, 1-1,1,1-2, 1, 1-3 and 1, and 1-4
are the 2-bit digital video datas which carried out time gradation processing of the 4-bit digital video
datas 1 and 1.

[0051]Such operation is performed about all the pixels.

[0052]Here, drawing 7 is referred to. Drawing 7 shows the relation between the gradatlon voltage
level written in a certain pixel (for example, the pixel P1, 1), and a subframe period and a frame
period.

[0053]First, if its attention is paid to 1 frame—period eye, the gradation voltage of VL+alpha will be
written in the 1st subframe line period (1stTsfl), and the picture corresponding to gradation voltage
VL+alpha will be displayed on the 1st subframe period (1st Tsf). Next, the gradation voltage of
VL+2alpha is written in the 2nd subframe line period (2nd Tsfl), and the picture corresponding to
gradation voltage V0L+2alpha is displayed on the 2nd subframe period (2nd Tsf). Next, the gradation
voltage of VL+2alpha is written in the 3rd subframe line period (3rd Tsfl), and the picture
corresponding to gradation voltage VL+2alpha is displayed on the 3rd subframe period (3rdTsf).
Next, the gradation voltage of VL+2alpha is written in the 4th subframe line period (4th Tsfl), and the
picture corresponding to gradation voltage VL+2alpha is displayed on the 4th subframe period (4th
Tsf). Therefore, the gradation display level of the 1st frame serves as a gradation display
corresponding to the gradation voltage level of VL+7alpha/4.

[0054]Next, if its attention is paid to 2 frame—period eye, the gradation voltage of VL+2alpha will be
written in the 1st subframe line period (1stTsfl), and the picture corresponding to gradation voltage
VL+2alpha will be displayed on the 1st subframe period (1stTsf). Next, the gradation voltage of
VL+2alpha is written in the 2nd subframe line period (2nd Tsfl), and the picture corresponding to
gradation voltage VL+2alpha is displayed on the 2nd subframe period (2nd Tsf). Next, the gradation
voltage of VL+3alpha is written in the 3rd subframe line period (3rd Tsfl), and the picture
corresponding to gradation voltage VL+3alpha is displayed on the 3rd subframe period (3rd Tsf).
Next, the gradation voltage of VL+3alpha is written in the 4th subframe line period (4thTsfl), and the
picture corresponding to gradation voltage VL+3alpha is displayed on the 4th subframe period
(4thTsf). Therefore, the gradation display level of the 2nd frame serves as a gradation display
corresponding to the gradation voltage level of VL+10alpha/4.

[0055]Thus, it is understood that 13 kinds of gradation displays are performed.

[0056]In this embodiment, in order to realize the voltage level of 4 gradation, divided mostly between
the voltage level VH and voltage—level VLs into equal voltage level, and set the step of the voltage
level to alpha, but. Even when between the voltage level VH and voltage—level VLs is not divided
into equal voltage level but is set up arbitrarily, there is an effect of this invention.

[0057]The gradation voltage leve! written in each subframe line period was set up as shown in Table
1, but it may be made for this embodiment to be shown in the following table 2.

[0058]

[Table 2]
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| e ma (Ar) |mmmsms
L4 | FHL| 1st Tsf | 2nd Tsfl | 3rd Tsfl | 4th Tsfl E‘%%*%Ef»
—f —- 00| 00-(Vu) | 00 (VL) 00 (VL) 00 (VL) VL
01 |01 (Vira) | 00 (VL) 00 (VU 00 (VL) Vit /4
® 10 |01 (Vira) {01 (Vira) | 00 (VL) 00 (VL) Vi a/4
11 |01 (Vi+a) |01 (Vi+a) |01 (Vira) | 00 (VL) Vi3 a /8
00 |01 (Vi+ra) |01 (Vira) |01 (Vire) |01 (Vita) Vit
01 [10 (Vir2a)|01 (Vire) |01 (Vita) |01 (Vita) Vit5 /4
o 10 [10 (Vi+2a) {10 (VL+2a) |01 (VL+a) |01 (Vita) VL6 a /4
11 [10 (Vi+2a) 10 (V2 ) 10 (ViH2a) |01 (Vit ) Vi+7a/4
00 [10 (Vieza)[10 (Vir2a) [10 (Vir2 ) [10 (Vis2ax) Vie2a
01 [11 (Vie3a )10 (VL+2a) 1O (VL+2a) [10 (VL+2a) Vi a /4
0 10 |11 (Vie3a) |11 (Vis3a){10 (Vir2a) 10 (Vi) VL+10a /4
11 11 (Vie3a)[11 (Vissa)[11 (V3 a)[10 (Vis2a) Vi1 a/4
00 [11 (Visaa)fi1 (Vissa) 11 (Vs ) 11 (Vi3 a) Vi3 a
01 H1 (Viesa)11 (Vissa) (11 (Visaa) |11 (Visza) Vitsza
" 10 11 (Vs a) i1 (Vissa) i1 (Visaa) (11 (Vs a) Vi+3a
11 [11 (Viesa) i1 (Vissa) | 1 (Visa) |11 (Visa) Vi3 a

Page 8 of 32

[0059]The address (or gradation voltage level) of the digital video data written in each subframe line
period (1st Tsfl, 2nd Tsfl, 3rd Tsfl, and 4th Tsfl) may be set up also with combination other than
Table 1 or table 2.
[0060]In this embodiment, among the 4-bit digital video datas inputted from the outside, the digital
video data of 2 bits of higher ranks, It changes into the digital video data for the gradation voltage of
2 bits, and the gradation information of 2 bits of low ranks was expressed by time gradation among
4-bit digital video datas. Here, generally, a top n bit digital video data is changed into the digital
video data for gradation voltage for the digital video data of m bit from the exterior by the time
gradation processing circuit, and the gradation information of a low rank (m—n) bit considers the
case where it is expressed by time gradation. Both m and n are two or more integers, and are taken

as mon.

[0061]In this case, the relation between a frame period (Tf) and a subframe period (Tsf) serves as
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Tf=2"" and Tsf, and can perform the gradation display of a passage (2™- (2™ "-1)).

[0062]m= 12 and n= 4 may be sufficient.

[0063](Embodiment 2)

[0064]In this embodiment, the display device into which an 8-bit digital video data is inputted is
explained. Drawing 8 is referred to. The outline block diagram of the display device of this

embodiment is shown in drawing 8. 801 is a panel which has a digital driver. 801-1 and 801-2 are
source drivers, 801~3 is a gate driver, 801-4 is an active matrix circuit where two or more pixels
TFT have been arranged at matrix form, and 8015 is a digital video data time gradation processing
circuit.

[0065]The digital video data time gradation processing circuit 801-5 changes a 6-bit digital video
data into the digital video data for the gradation voltage of 6 bits among the 8-bit digital video datas
inputted from the outside. 2-bit gradation information is expressed by time gradation among 8-bit
digital video datas.

[0066]The 6-bit digital video data changed by the digital video data time gradation processing circuit
801-5, It is inputted into the source driver 801-1 and 801-2, and is changed into analog gradation
voltage in the D/A conversion circuit (not shown) in a source driver, and each source signal line is
supplied. The D/A conversion circuit built in the display device of this embodiment changes a 6-bit
digital video data into analog gradation voltage.

[0067]In the display device of this embodiment, the source driver 801—1 and 801-2, the gate driver
801-3, the active matrix circuit 801—4, and the digital video data time gradation processing circuit
801-5 are really formed on the same substrate.

[0068]Here, drawing 9 is referred to. The circuitry of the display device of this embodiment is shown
in drawing 9 in more detail. The source driver 801-1 has shift-register—circuit 801-1-1, the latch
circuitry 1 (801-1-2), the latch circuitry 2 (801-1-3), and a D/A conversion circuit (801-1-4). In
addition, it has a buffer circuit and a level shifter circuit (neither is illustrated). The level shifter
circuit is included in expedient top [ of explanation ], and D/A conversion circuit 801-1-4.
[0069]The source driver 801-2 has the same composition as the source driver 801-1. The source
driver 801-1 supplies a picture signal (gradation voltage) to the odd—numbered source signal line,
and the source driver 801-2 supplies a picture signal to the even—numbered source signal line.
[0070]In the active matrix type display of this embodiment, provided the two source drivers 801-1
and 801-2 so that the upper and lower sides of an active matrix circuit might be inserted on
account of a circuit layout, but. As long as it is possible, it may be made to form only one source
driver on a circuit layout.

[0071]801-3 is a gate driver and has a shift register circuit, a buffer circuit, a level shifter circuit
(neither is illustrated), etc.

[0072]The active matrix circuit 801-4 has a pixel of 1920x1080 (horizontal x length). The
composition of each pixel is the same as that of what was explained by the above—mentioned
Embodiment 1.

[0073]The display device of this embodiment has D/A conversion circuit 801-1-4 treating a 6—bit
digital video data. Among the 8-bit digital video datas supplied from the outside, the information for
2 bits of low ranks is used in order to perform time gradation. About time gradation, it is the same
as that of above—mentioned Embodiment 1.

[0074]Therefore, the display device of this embodiment can perform the gradation display of 28—
3=253 kind.

[0075](Embodiment 3)

[0076]In drawing 10, 1001 is a display panel which has an analog driver. 1001-1 is a source driver,
1001-2 and 1001-3 are gate drivers, and 1001-4 is an active matrix circuit where two or more pixels
TFT have been arranged at matrix form.

[0077]The digital video data time gradation processing circuit 1002 changes the digital video data of
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2 bits of higher ranks into the digital video data for the gradation voltage of 2 bits among the 4-bit
digital video datas inputted from the outside. The gradation information of 2 bits of low ranks is
expressed by time gradation among 4-bit digital video datas.

[0078]The top 2-bit digital video data changed by the digital video data time gradation processing
circuit 1002 is inputted into the D/A conversion circuit 1003, and is changed into an analog vndeo
“data. It pushes and this analog video data is inputted into the panel 1001.

[0079]Here, the case where used the liquid office for the display panel 1001 of this embodiment as
an expression medium, and it is considered as a liquid crystal panel is explained. The circuit circuitry
of the display panel 1001 of this embodiment, especially the active matrix circuit 1001-4 are
explained using drawing 11.

[0080]The active matrix circuit 1001-4 has a pixel of an individual (xxy). Marks, such as the
expedient top of explanation, P1, 1, P2, 1, ..., Py, and x, are attached to each pixel. Each pixel has
pixel TFT1001-4-1 and retention volume 1001 -4-3. The liquid crystal is inserted between the active
matrix substrate and counter substrate in which the source driver 1001-1, the gate driver 1001-2,
1001-3, and the active matrix circuit 1001-4 are formed. Liquid crystal 1001-4-2 shows the liquid
crystal corresponding to each pixel typically.

[0081]The analog driver liquid crystal panel of this embodiment performs what is called the dot order
following drive that drives one pixel in order. The time taken to write analog gradation voltage in all
the pixels (P1, 1 — Py, x) will be called 1 frame period (Tf). The period which quadrisected 1 frame
period (TF) will be called a subframe period (Tsf). The time taken to write analog gradation voltage in
the pixel for one (for example, P1, 1, P1, 2, ..., P1, x) will be called 1 subframe dot period (Tsfd).
[0082]The gradation display of the display devnce of this embodiment is explained. The digital video
data supplied to the display device of this embodiment from the outside is 4 bits, and has the
information on 16 gradation. Since the gradation display level of the display device of this
embodiment is the same as that of what was shown in drawing 5, drawing 5 is referred to.
[0083]The drive timing chart of the display device of this embodiment is shown in drawing 12. The
pixel P1, 1, P1, 2, P1, 3 and the pixel Py, and x take for an example, and are shown in drawing 12.
[0084]When it explains taking the case of the pixel P1 and 1, to the pixel P1 and 1. The digital video
data 1, 1-1, 1, 1-2, 1, 1-3 and 1, and 1-4 are written in each subframe dot period (1st Tsfd, 2nd
Tsfd, 3rd Tsfd, and 4th Tsfd). These digital video datas 1, 1-1, 1, 1-2, 1, 1-3 and 1, and 1-4 are the
analog video datas which carried out analogue conversion of the 2-bit digital video data which
carried out time gradation processing of the 4-bit digital video datas 1 and 1.

[0085]Such operation is performed about all the pixels.

[0086]Therefore, also in the display device of this embodiment, the gradation display of 13 gradation
can be performed like above—mentioned Embodiment 1.

[0087]What is necessary is to carry out digital video data conversion of the analog video data
inputted, and just to make it input into the digital video data time gradation processing circuit 1002,
when an analog video data is inputted into the display device of this embodiment from the exterior.
[0088]Generally also in this embodiment, the digital video data of m bit from the exterior by a time
gradation processing circuit. A top n bit digital video data is changed into the digital video data for
gradation voltage, and the gradation information of a low rank (m=n) bit considers the case where it
is expressed by time gradation. Both m and n are two or more integers, and are taken as m>n.
[0089]In this case, the relation between a frame period (Tf) and a subframe period (Tsf) serves as

Tf=2M"" and Tsf and can perform the gradation display of a passage (2™- (2™ "-1)).
[0090J(Embodiment 4)

[0091]This embodiment explains below the example of a making process of the display device (or
liquid crystal panel) of this invention explained by above—mentioned Embodiments 1-3. This
embodiment shows the example which forms two or more TFT(s) on the substrate which has an
insulation surface, and forms an active matrix circuit, a source driver, a gate driver, other peripheral
circuits, etc. on the same board to drawing 13 — drawing 16. The following examples show signs that
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the one pixel TFT of an active matrix circuit and the CMOS circuit which is basic circuits of other
circuits (a source driver, a gate driver, and other peripheral circuits) are formed simultaneously.
Although the following examples explain the making process about the case where P channel type
TFT and N channel type TFT are provided with one gate electrode in the CMOS circuit,
respectively, The CMOS circuit by TFT provided with two or more gate electrodes like a double—

— ~gate mold or a triple gate type is producible similarly. In the following examples, the pixel TFT is -
good also as TFT(s), such as a single gate, a triple gate, etc. which are N channel type TFT of
DABURUGEITO. It may be made to form simultaneously a digital video data time gradation
processing circuit like the display device of the above—mentioned Embodiment 2.

[0092]Drawing 13 (A) is referred to. First, the quartz substrate 5000 is prepared as a substrate
which has an insulation surface. The silicon substrate which formed the oxidizing film instead of the
quartz substrate can also be used. It is very good in a method which once forms an amorphous
silicon film on a quartz substrate, oxidizes it thermally thoroughly, and is used as an insulator layer.
The quartz substrate, the ceramic board, or the silicon substrate in which the silicon nitride film was
formed may be used as an insulator layer. Next, the ground film 5001 is formed. According to this
embodiment, silicon oxide (SiO?_) was used for the ground film 5001. Next, the amorphous silicon film

5003 is formed. The amorphous silicon film 5003 is adjusted so that final thickness (thickness in
consideration of the film decrease after thermal oxidation) may be set to 10-75 nm (preferably 15—
45 nm).

[0093]it is important to manage the impurity concentration in a film thoroughly when forming the
amorphous silicon film 5003. In the case of this embodiment, in the amorphous silicon film 5003,
Each concentration of C (carbon) and N (nitrogen) which are the impurities which check next

crystallization is less than 5x10'8atoms/cm? (below 5x10'7atoms/cm? typically.). Preferably, below
2x10'7atoms/cm?® manages O (oxygen) so that less than 1.5x10"%toms/cm? (typically below

1x10'8atoms/cm? preferably below 5x10'7atoms/cm?) may become. It is because it will become the
cause of having an adverse effect in the case of next crystallization, and reducing the membraneous
quality after crystallization if each impurity exists by the concentration beyond this. The above—
mentioned impurity element concentration in a film is defined [ be / it / under / this / Description /
setting ] by the minimum in the measurement result of SIMS (secondary mass ion analysis).
[0094]As for the decompression heat CVD furnace used by this embodiment, in order to obtain the
above—-mentioned composition, it is desirable to perform dry cleaning periodically and to attain
defecation of a membrane formation room. Dry cleaning passes the CIF3 (chlorine fluoride) gas of

100 - 300sccm in the furnace heated at about 200-400 **, and should just clean a membrane
formation room with the fluoride generated by the pyrolysis.

[0095]When according to these people’s knowledge it is considered as the degree of furnace
temperature of 300 ** and the flow of CIF3 gas is set to 300sccm, the affix (the main ingredients of

the silicon are mainly carried out) of about 2—micrometer thickness can be removed thoroughly in 4
hours.

[0096]1t seems that the hydrogen concentration in the amorphous silicon film 5003 is also a very
important parameter, and the film it is [ crystallinity ] better to stop a hydrogen content low is
obtained. Therefore, as for membrane formation of the amorphous silicon film 5003, it is preferred
that it is a decompression heat CVD method. It is also possible to use plasma CVD method by
optimizing a film formation condition.

[0097]Next, the crystallization stage of the amorphous silicon film 5003 is performed. Technology
given in JP,H7-130652,A is used as a means of crystallization. Although which means of the working
example 1 of the gazette and Embodiment 2 may be used, in this embodiment, it is preferred to use
the technical contents (detailed to JP,H8—78329,A) indicated in the working example 2 of the
gazette.
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[0098]Technology given in JP,H8-78329 A forms in 150 nm the mask insulator layer 4004 which
chooses the addition field of a catalyst element first. The mask insulator layer 4004 has two or more
openings, in order to add a catalyst element. The position of this opening can determine the position
of a crystalline region (drawing 13 (B)).

[0099]And the solution (nickel acetate ethanol solution) 5005 which contained nickel (nickel) as a

~ —catalyst element which promotes crystallization of the amorphous silicon film 5003 is applied with a
spin coat method. As a catalyst element, cobalt (Co), iron (Fe), palladium (Pd), germanium
(germanium), platinum (Pt), copper (Cu), gold (Au), etc. can be used besides nickel (drawing 13 (B)).
[0100]The ion implantation or the plasma doping method for having used the resist mask can also be
used for the addition process of the above—mentioned catalyst element. In this case, since reduction
of the occupation area of an addition field and control of the growth distance of the lateral growth
region mentioned later become easy, it becomes effective technology when the miniaturized bottom
constitutes a circuit.

[0101]If the addition process of a catalyst element is completed next, into after hydrogen *#¥x of
about 1 hour, an inert atmosphere, a hydrogen atmosphere, or oxygen environment, heat-treatment
of 4 to 24 hours will be added at 450 ** at the temperature of 500~960 ** (typically 550—-650 %),
and the amorphous silicon film 5003 will be crystallized. At this embodiment, a nitrogen atmosphere
performs heat—treatment of 14 hours at 570 *x,

[0102]At this time, crystallization of the amorphous silicon film 5003 advances preferentially from
the core generated in the field 4006 which added nickel, and the crystalline region 5007 which
consists of a polycrystalline silicon film grown—up almost in parallel to the substrates face of the
substrate 5000 is formed. This crystalline region 5007 is called a lateral growth region. Since each
crystals have gathered in the state where it gathered comparatively, a lateral growth region has the
advantage of excelling in overall crystallinity.

[0103]nickel acetic acid solution can be applied to the front face of an amorphous silicon film, and it
can also be made to crystallize without using the mask insulator layer 5004.

[0104]Drawing 13 (D) is referred to. Next, the gettering process of a catalyst element is performed.
First, phosphorous ion is doped selectively. A phosphorus is doped where the mask insulator layer
5004 is formed. Then, a phosphorus is doped by only the portion 5008 which is not covered with the
mask insulator layer 5004 of the polycrystalline silicon film (the field of these is called the
phosphorus addition field 5008). The accelerating voltage of doping and the thickness of the mask
which changes with an oxide film are optimized, and a phosphorus is kept from running through the
mask insulator layer 5004 at this time. Although this mask insulator layer 5004 may not necessarily
be an oxide film, since an oxide film does not cause contamination even if it touches an active layer
directly, it is convenient.

o15from 1x10'4

[0105]The dose of a phosphorus is good to consider it as a 1x1 ions/cm? grade.

According to this embodiment, the dose of 5x10'%ons/cm? was performed using ion doping
equipment.

[0106]Accelerating voltage in the case of an ion dope was set to 10keV. If it is the accelerating
voltage of 10keV, the phosphorus can hardly pass a 150-nm mask insulator layer.

[0107]Drawing 13 (E) is referred to. Next, thermal annealing was carried out in a 600 ** nitrogen
atmosphere for 1 to 12 hours (this embodiment 12 hours), and gettering of the nickel element was
performed. By carrying out like this, as drawing 13 (E) is shown by the arrow, nickel will be drawn
close by the phosphorus. Although a phosphorus atom hardly moves under 600 ** temperature ina
film, the nickel atom can move about several 100 micrometers or the distance beyond it. He can
understand from this that a phosphorus is one of the elements which fitted the gettering of nickel
most.

[0108]Next, the process of patterning a polycrystalline silicon film is explained with reference to
drawing 14 (A). The addition field 5008 of a phosphorus, i.e., the field where gettering of the nickel
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was carried out, is kept from remaining at this time. Thus, the active layers 5009-5011 of the
polycrystalline silicon film which hardly contains a nickel element were obtained. The active layers
5009-5011 of the obtained polycrystalline silicon film turn into an active layer of TFT behind.
[0109]Drawing 14 (B) is referred to. If the active layers 5009-5011 are formed, the gate dielectric
film 5012 which comes on it with the insulator layer containing silicon will be formed to 70 nm. And
~"in an oxidizing atmosphere, it heat-treats at 800—1100 ** (preferably 950-1050 *%), and an oxidizing
film (not shown) is formed in the interface of the active layers 5009-5011 and the gate dielectric
film 5012. ‘,
[0110]Heat—treatment (gettering process of a catalyst element) for carrying out gettering of the
catalyst element may be performed in this stage. In that case, heat—treatment includes a halogen in
a treatment atmosphere, and uses the gettering effect of the catalyst element by a halogen. In order
to fully acquire the gettering effect by a halogen, it is preferred to perform the above—~mentioned
heat—treatment at the temperature over 700 **. Below at this temperature, disassembly of the
halogenated compound in a treatment atmosphere becomes difficult, and there is a possibility that a
gettering effect may no longer be acquired. A kind or two or more sorts of things chosen from the
compound which contains halogen, such as HCI, HF, NF3, HBr, Clz, CIF3, B,CIZ' F2, and Brz, typically

can be used as gas which contains a halogen in this case. In this process, when HCl is used, for
example, gettering is carried out by operation of chlorine, and nickel in an active layer turns into
volatile nickel chloride, and is considered to be broken away and removed into the atmosphere.
When performing the gettering process of a catalyst element using a halogen, after removing the
mask insulator layer 5004 for the gettering process of a catalyst element, it may carry out, before
carrying out the patterning of the active layer. The gettering process of a catalyst element may be
performed after carrying out the patterning of the active layer. It may carry out combining which
gettering process.

[0111]Next, the metal membrane which uses as the main ingredients the aluminum which is not
illustrated is formed, and the prototype of a next gate electrode is formed by patterning. In this
embodiment, the aluminum:film containing 2wt% of a scandium is used.

[0112]A gate electrode may be formed with the polycrystalline silicon film which added the impurity
for giving conductivity.

[0113]Next, the porous anode oxide films 5013-5020, the imperforation oxide films on anode 5021-
5024, and the gate electrodes 5025-5028 are formed by technology given in JP,H7-135318,A
(drawing 14 (B)).

[0114]In this way, if the state of drawing 14 (B) is acquired, the gate dielectric film 5012 will be
etched next by using the gate electrodes 5025-5028 and the porous anode oxide films 5013-5020
as a mask. And the porous anode oxide films 5013-5020 are removed, and the state of drawing 14
(C) is acquired. It is gate dielectric film after processing that drawing 14 (C) is shown by 5029-5031.
[0115]Drawing 15 (A) is referred to. Next, the addition process of the impurity element which gives 1
conductivity is performed. What is necessary is just to use B (boron) or Ga (gallium), if it is an N
channel type as an impurity element and is P (phosphorus) or As (arsenic), and P type.
[0116]According to this embodiment, the impurity addition for forming N channel type and P channel
type TFT is divided into 2 times of processes, respectively, and is performed.

[0117]First, impurity addition for forming N channel type TFT is performed. First, 1st impurity
addition (P (phosphorus) is used in this embodiment) is performed With about 80 keV of high

acceleration voltages, and an n ~ field is formed. This n ™ field is adjusted so that P ion concentration
may become 1x10'8atoms/cm?® - 1x10"%atoms/cm?3.

[0118]2nd impurity addition is performed with about 10 keV of low acceleration voltage, and an nt
field is formed. Since accelerating voltage is low at this time, gate dielectric film functions as a mask.

This n* field is adjusted so that sheet resistance may be set to 500ohms or less (preferably
3000hms or less).
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[0119]The source region of N channel type TFT and the drain areas 5033 and 5033, the low
concentration impurity region 5037, and the channel forming region 5040 which constitute a CMOS
circuit are formed through the above process. The source region of N channel type TFT and the
drain areas 5035 and 5036, the low concentration impurity regions 5038 and 5039, and the channel
forming regions 5041 and 5042 which constitute the pixel TFT are decided (drawing 15 (A)).

~ [0120]The active layer of P channel type TFT which constitutes a CMOS circuit from a state which- -

shows in drawing 15 (A) has the same composition as the active layer of N channel type TFT.
[0121]Next, as shown in drawing 15 (B), N channel type TFT is covered, the resist mask 5043 is
formed, and the impurity ion (boron is used in this embodiment) which gives P type is added.
[0122]Although this process as well as the above—mentioned impurity addition process is performed
in 2 steps, in order to make a P channel type reverse an N channel type, B (boron) ion of the
concentration which is about several times the addition concentration of the above—mentioned P ion
is added.

[0123]In this way, the source region of P channel type TFT and the drain areas 5044 and 5045, the
low concentration impurity region 5046, and the channel forming region 5047 which constitute a
CMOS circuit are formed (drawing 15 (B)).

[0124]What is necessary is just to use a publicly known sidewall structure for formation of a low
concentration impurity, when a gate electrode is formed with the polycrystalline silicon film which
added the impurity for giving conductivity.

[0125]Next, impurity ion is activated with combination, such as a furnace annealing, laser annealing,
and lamp annealing. The damage to an active layer received at the addition process simultaneously
with it is also restored.

[0126]Drawing 15 (C) is referred to. Next, after forming the cascade screen of a silicon oxide film
and a silicon nitride film as the 1st interlayer insulation film 5048 and forming a contact hole, a
source electrode and the drain electrodes 5049-5053 are formed. An organic nature resin layer can
also be used as the 1st interlayer insulation film 5048.

[0127]Drawing 16 is referred to. Next, the 2nd interlayer insulation film 5054 is formed with a silicon
nitride film. And next, the 3rd interlayer insulation film 5056 that consists of an organic nature resin
layer is formed in a thickness of 0.5—3 micrometers. Polyimide, an acrylic, polyimidoamide, etc. are
used as an organic nature resin layer. Since the point for a method for film deposition that the
advantage of an organic nature resin layer is simple, the point which can thicken thickness easily,
and specific inductive capacity are low, the point that parasitic capacitance can be reduced, a point
excellent in surface smoothness, etc. are mentioned. The organic nature resin layer except having
mentioned above can also be used.

[0128]Next, a part of 3rd interlayer insulation film 5056 is etched, and the black matrix 5055 is
formed in the upper part of the drain electrode 5052 of the pixel TFT on both sides of the 2nd
interlayer insulation film. According to this embodiment, Ti (titanium) was used for the black matrix
5055. In this embodiment, retention volume is formed between the pixel TFT and a black matrix.
[0129]Next, a contact hole is formed in the 2nd interlayer insulation film 5054 and the 3rd interlayer
insulation film 5056, and the picture element electrode 5057 is formed in a thickness of 120 nm.
Since this embodiment is an example of a transmission type active matrix display device, it uses
transparent conducting films, such as ITO, as a conducting film which constitutes the picture
element electrode 5057.

[0130]Next, the whole substrate is heated by a 350 ** hydrogen atmosphere for 1 to 2 hours, and
the dangling bond (azygos joint hand) in a film (especially inside of an active layer) is compensated
with hydrogenating the whole element. This hydrogen treatment may be performed from the
hydrogen made by making it plasma—ize.

[0131]The active matrix substrate which has a CMOS circuit and a picture—element—matrix circuit
on the same substrate through the above process is completed.

[0132]Next, the process of producing an active matrix type display is explained based on the active
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matrix substrate produced by the above—mentioned process.

[0133]The orienting film 5059 is formed in the active matrix substrate of the state of drawing 16 (C).
According to this embodiment, polyimide was used for the orienting film 5059. Next, a counter
substrate is prepared. A counter substrate comprises the counterelectrode 5061 and the orienting
film 5062 which comprise the glass substrate 5060 and a transparent conducting film.

‘[0134]The polyimide film was used for the orienting film in this embodiment. Rubbing treatment was -

performed after orienting film formation. In this embodiment, polyimide which has a comparatively big
pre chill angle in an orienting film was used.

[0135]next, the active matrix substrate and counter substrate which passed through the above—
mentioned process are pasted together via a sealant, a spacer (not shown [ both ]), etc. by a
publicly known cell **x* process. Then, the liquid crystal 5063 is poured in among both boards, and
it closes thoroughly with encapsulant (not shown). According to this embodiment, the nematic liquid
crystal was used for the liquid crystal 5063.

[0136]Therefore, a transmission type active matrix type display as shown in drawing 16 (C) is
completed.

[0137]An amorphous silicon film may be crystallized by a laser beam (typically excimer laser beam)
instead of the method of crystallization of the amorphous silicon film explained by this embodiment.
[0138]Instead of using a polycrystalline silicon film, the SOI structure (SOI substrate) of a smart cut,
SIMOX, El Tran, etc. may be used, and other processes may be performed.

[0139](Embodiment 5)

[0140]This embodiment explains another manufacturing method of the display device of this
invention. Here, how to produce simultaneously TFT of an active matrix circuit and the drive circuit
provided around it is explained.

[0141][Process:drawing 17 (A) of an island like semiconductor layer and gate—dielectric—film
formation] In drawing 17 (A), it is desirable to use an alkali-free—glass board and a quartz substrate
for the substrate 7001. In addition, it is good also considering the thing in which the insulator layer
was formed on the surface of a silicon substrate or a metallic base, as a substrate.

[0142]And the ground film 7002 which consists of a silicon oxide film, a silicon nitride film, or a
nitriding silicon oxide film was formed in the surface in which TFT of the substrate 7001 is formed
by plasma CVD method or a sputtering method at a thickness of 100-400 nm. For example, as the
ground film 7002, it is good to form the silicon nitride film 7002 with the two—layer structure which
set the silicon oxide film 7003 to 50-300 nm 25-100 nm and here, and was made into a thickness of
150 nm here at a thickness of 50 nm. The ground film 7002 is formed in order to prevent the
impurity contamination from a substrate, and when a quartz substrate is used, it is not necessary to
necessarily provide it.

[0143]Next, the 20—100-nm—thick amorphous silicon film was formed by the publicly known forming=
membranes method on the ground film 7002. Although an amorphous silicon film is based also on a
water content quantum, it is desirable to heat at 400-550 *x* preferably for several hours, to
perform dehydrogenation treatment, to make a water content quantum less than Satom%, and to
perform the process of crystallization. Although an amorphous silicon film may be formed with other
manufacturing methods, such as a sputtering method and vacuum deposition, it is desirable to
reduce enough impurity elements contained in a film, such as oxygen and nitrogen. Here, since a
ground film and an amorphous silicon film can be formed by the same forming—-membranes method,
they may carry out continuously forming of both. After forming a ground film, by making it not once
exposed to atmospheric air, it can become possible to prevent surface contamination and the
characteristic variation of TFT produced can be reduced.

[0144]Publicly known laser crystallization technology or the technology of thermal crystallization
should just be used for the process of forming a crystalline silicon film from an amorphous silicon
film. A crystalline silicon film may be produced by the method of thermal crystallization using the
catalyst element which promotes crystallization of silicon. In addition, a microcrystal silicon film may
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be used and deposition membrane formation of the crystalline silicon film may be carried out
directly. A crystalline silicon film may be formed using the known art of SOI (SiliconOn Insulators)
which pastes single crystal silicon together on a substrate.

[0145]In this way, etching removal of the unnecessary portion of the formed crystalline silicon film
was carried out, and the island like semiconductor layers 7004—-7006 were formed. In the field to

~“which n channel type TFT of a crystalline silicon film is produced, in order to control threshold

voltage, boron (B) may be beforehand added by the concentration about 1x10'5 = 5x10'7cm ™3,

[0146]Next, the island like semiconductor layers 7004—-7006 were covered, and the gate dielectric
film 7007 which uses silicon oxide or silicon nitride as the main ingredients was formed. What is
necessary is just to form preferably 10-200 nm of gate dielectric film 7007 in a thickness of 50-150
nm. For example, it is good also as 115~nm gate dielectric film to form 75 nm of nitriding silicon
oxide films which used NZO and SiH4 as the raw material with plasma CVD method, and oxidize

thermally at 800-1000 ** among oxygen environment or the mixed atmosphere of oxygen and
chloride after that. (Drawing 17 (A))

[0147][ —— formation [ of an n ~ field ]: — drawing 17 (B)] —— with the whole surface of the field
which forms the island like semiconductor layers 7004 and 7006 and wiring. The resist masks 7008—
7011 were formed in a part of island like semiconductor layer 7005 (the field used as a channel
forming region is included), the impurity element which gives a n type was added and the low
concentration impurity region 7012 was formed. The LDD region where this low concentration
impurity region 7012 laps with a gate electrode via gate dielectric film at n channel type TFT of a
CMOS circuit behind (in this Description, it is called a Lov field.) It is a meaning of overlap in ov. It is
an impurity range for forming. Suppose that the concentration of the impurity element which gives

the n type contained in the low concentration impurity region formed here is expressed with (n 7).
Therefore, in this Description, the low concentration impurity region 7012 can be put in another way

as an n_ field.
[0148]Here, the phosphorus was added by the ion doping method which carried out plasma
excitation without carrying out mass separation of the phosphoretted hydrogen (PH3). Of course,

the ion implantation method for performing mass separation may be used. In this process, the
phosphorus was added to the semiconductor layer under it through the gate dielectric film 7007. As

for the phosphorus concentration to add, it was preferred to use the range of 5x10'7 -

5x10'8atoms/cm?®, and it made it 1x10'8atoms/cm? here.

[0149]Then, the resist masks 7008-7011 were removed, in a nitrogen atmosphere, heat treatment of
1 to 12 hours was preferably performed at 550-800 **, and 400-900 ** of processes of activating
the phosphorus added at this process were performed.

[0150][ —— formation [ of the object for gate electrodes, and the conducting film for wiring i
drawing 17 (C)] —— the element or either which was chosen from tantalum (Ta), titanium (Ti),
molybdenum (Mo), and tungsten (W) in the 1st conducting film 7013 was formed in a thickness of
10-100 nm with the conductive material used as the main ingredients. As the 1st conducting film
7013, it is desirable to use tantalum nitride (TaN) and tungsten nitride (WN), for example. The
element or either which was chosen from Ta, Ti, Mo, and W in the 2nd conducting film 7014 on the
1st conducting film 7013 was formed in a thickness of 100-400 nm with the conductive material
used as the main ingredients. For example, what is necessary is just to form Ta in a thickness of
200 nm. Although not illustrated, it is effective to form a silicone film by a thickness of about 2-20
nm under the 1st conducting film 7013 for antioxidizing of the conducting films 7013 and 7014
(especially conducting film 7014).

[0151][Formation:drawing 18 (A) of formation of a p—ch gate electrode and a wiring electrode, and a
p* field] Form the resist masks 7015-7018 and the 1st conducting film and 2nd conducting film (it is
hereafter dealt with as a cascade screen) are etched, The gate electrode 7019 of p channel type
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TFT and the gate wires 7020 and 7021 were formed. On the field used as n channel type TFT, it left
the conducting films 7022 and 7023 so that the whole surface might be covered.

[0152]And it left the resist masks 7015-7018 as they were, and was considered as the mask, and
the process of adding the impurity element which gives a p type to a part of semiconductor layer
7004 in which p channel type TFT is formed was performed. Here, it added by using boron as the

~ impurity ‘element using diborane (BZHS) by the ion doping method (of course, the ion implantation

method may be used). Here, boron was added to the concentration of 5x1020 — 3x10%'atoms/cm®.
Suppose that the concentration of the impurity element which gives the p type contained in the

impurity range formed here is expressed with (p*"). Therefore, in this Description, the impurity

ranges 7024 and 7025 can be put in another way as a p*t field.

[0153]In this process, after carrying out etching removal of the gate dielectric film 7007 using the
resist masks 7015-7018 and exposing a part of island like semiconductor layer 7004, the process of
adding the impurity element which gives a p type may be performed. In that case, since accelerating
voltage is low and ends, there are few damages given to island—shape semiconductor membrane, and
a throughput also improves.

[0154][ — formation [ of a n—ch gate electrode ]: —— drawing 18 (B)] —— next, after removing the
resist masks 7015-7018, they formed the resist masks 7026-7029, and formed the gate electrodes
7030 and 7031 of n channel type TFT. At this time, the gate electrode 7030 was formed so that it

might lap with the n ™ field 7012 via gate dielectric film.

[0155][ —— formation [ of an n* field J: — drawing 18 (C)] —— next, the resist masks 7026-7029 were
removed and the resist masks 7032-7034 were formed. And in n channel type TFT, the process of
forming the impurity range which functions as the source region or a drain area was performed. The
resist mask 7034 formed the gate electrode 7031 of n channel type TFT with the wrap form. This is
for forming an LDD region so that it may not lap with a gate electrode in a next process at n
channel type TFT of a picture—element—matrix circuit.

[0156]And the impurity element which gives a n type was added and the impurity ranges 7035-7039
were formed. Here, it carried out by the ion doping method (of course, the ion implantation method
may be used) for having used phosphoretted hydrogen (PH3), and concentration of the phosphorus

of this field was made into 1x102% - 1x10%"atoms/cm?. Suppose that the concentration of the
impurity element which gives the n type contained in the impurity ranges 7037-7039 formed here is
expressed with (n*). Therefore, in this Description, the impurity ranges 7037-7039 can be put in
another way as an n* field. Since the n ~ field was already formed, the impurity ranges 7035 and
7036 contain a phosphorus strictly by concentration a little higher than the impurity ranges 7037-
7039.

[0157]In this process, after etching the gate dielectric film 7007 by having used the resist masks
7032-7034 and the gate electrode 7030 as the mask and exposing a part of island—shape
semiconductor membrane 7005 and 7006, the process of adding the impurity element which gives a
n type may be performed. In that case, since accelerating voltage is low and ends, there are few
damages given to island—shape semiconductor membrane, and a throughput also improves.

[0158][ — n ~~ formation Lof field J: — drawing 19 (A)] —— next, the resist masks 7032-7034 were
removed and the process of adding the impurity element which gives a n type to the island like
semiconductor layer 7006 used as n channel type TFT of a picture—element—matrix circuit was
performed. In this way, comparable as said n ~ field in the formed impurity ranges 7040-7043 or the
phosphorus of concentration (specifically 5x10'6 - 1x10‘8atoms/cm3) less than it was added.
Suppose that the concentration of the impurity element which gives the n type contained in the

impurity ranges 7040-7043 formed here is expressed with (n 77). Therefore, in this Description, they

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 10/17/2011

550



JP,2000-310980,A [DETAILED DESCRIPTION] Page 18 of 32

are the impurity ranges 7040~7043 n It can be put in another way as fje|d. Although the phosphorus is

added by all the impurity ranges by the concentration of n? except for the impurity range 7067
hidden with the gate electrode in this process, since it is very low concentration, it does not ignore
and interfere.

~ [0159][ — process [ of thermal activation ]: — drawing 19 (B)] —- next, the supplementary
insulation film 7044 which turns into a part of 1st interlayer insulation film was formed in behind.
What is necessary is just to form the supplementary insulation film 7044 by the cascade screen
which combined a silicon nitride film, a silicon oxide film, a nitriding silicon oxide film, or them. The
thickness is just 100—-400 nm.

[0160]Then, in order to activate the impurity element which gives the n type or p type added by
each concentration, the heat treatment process was performed. This process can be performed by
the furnace annealing method, the laser annealing method, or the rapid thermal annealing method
(the RTA method). Here, the activation process was performed by the furnace annealing method.
Into a nitrogen atmosphere, heat—treatment performed 300-650 ** of 450 ** and heat treatments of
2 hours preferably 400—550 ** and here.

[0161]In the atmosphere containing 3 to 100% of hydrogen, heat treatment of 1 to 12 hours was
performed at 300-450 **, and the process of hydrogenating an island like semiconductor layer was
performed. This process is a process of carrying out the termination of the dangling bond of a
semiconductor layer by the hydrogen excited thermally. As other means of hydrogenation, plasma
hydrogenation (the hydrogen excited by plasma is used) may be performed.
[0162][Formation:drawing 19 (C) of an interlayer insulation film, a source/drain electrode, a light-
shielding film, a picture element electrode, and retention volume] When finishing the activation
process, the interlayer insulation film 7045 of 0.5 — 1.5-micrometer thickness was formed on the
supplementary insulation film 7044. The cascade screen which becomes with said supplementary
insulation film 7044 and the interlayer insulation film 7045 was used as the 1st interlayer insulation
film.

[0163]Then, the contact hole which arrives at the source region or the drain area of each TFT was
formed, and the source electrodes 7046—7048 and the drain electrodes 7049 and 7050 were formed.
Although not illustrated, in this embodiment, it was considered as the cascade screen of the three—
tiered structure which formed continuously 300 nm of aluminum films which contain [ this
electrode ] 100 nm and Ti for a Ti film, and 150 nm of Ti films by the sputtering method.
[0164]Next, it formed as the passivation film 7051 by a thickness of 50-500 nm (typically 200-300
nm) with the silicon nitride film, the silicon oxide film, or the nitriding silicon oxide film. Then, when
hydrogen treatment was performed in this state, the desirable result was obtained the improvement
[ for ] in the characteristic of TFT. For example, the same effect was acquired, even if it was good
to have performed heat treatment of 1 to 12 hours at 300—-450 ** or it used the plasma
hydrogenating method in the atmosphere containing 3 to 100% of hydrogen. An opening may be
formed in the passivation film 7051 in the position which forms the contact hole for connecting a
picture element electrode and a drain electrode behind here.

[0165]Then, the 2nd interlayer insulation film 7052 that consists of organic resin was formed in a
thickness of about 1 micrometer. As organic resin, polyimide, an acrylic, polyamide, polyimidoamide,
BCB (benz—cyclo—butene), etc. can be used. The point for a method for film deposition that the
advantage of using an organic resin film is simple, the point that parasitic capacitance can be
reduced since specific inductive capacity is low, the point of excelling in surface smoothness, etc.
are got. An organic resin film, an organic system SiO compound, etc. except having mentioned above
can also be used. Here, it calcinated and formed at 300 ** after applying to a substrate using
polyimide of the type which carries out thermal polymerization.

[0166]Next, in the field used as a picture—element—matrix circuit, the light—shielding film 7053 was
formed on the 2nd interlayer insulation film 7052. The light—shielding film 7053 formed in a thickness
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of 100-300 nm the element or either which was chosen from aluminum (aluminum), titanium (Ti), and
tantalum (Ta) by the film used as the main ingredients. And the 30-150 nm (preferably 5075 nm)-
thick oxide film 7054 was formed in the surface of the light—shielding film 7053 by the anode
oxidation method or the plasma oxidation method. Here, the aluminum oxide film (alumina membrane)
was used as the oxide film 7054 using the film which uses an aluminum film or alumlnum as the main
“ingredients as the light—shielding film 7053. - -
[0167]Although it had composition which provides an insulator layer only in the Ilght-shueldlng film
surface here, an insulator layer may be formed by gaseous phase methods, such as plasma CVD
method, a heat CVD method, or a sputtering method. It is preferred that thickness sets to 30-150
nm (preferably 50-75 nm) also in that case. A silicon oxide film, a silicon nitride film, a nitriding
silicon oxide film, a DLC (Diamond like carbon) film, or an organic resin film may be used. The
cascade screen which combined these may be used.

[0168]Next, the contact hole which reaches the drain electrode 7050 was formed in the 2nd
interlayer insulation film 7052, and the picture element electrode 7055 was formed. The picture
element electrodes 7056 and 7057 are picture element electrodes of another pixel which adjoins,
respectively. A metal membrane should just be used for the picture element electrodes 7055-7057
when making it into a reflection type liquid crystal display using a transparent conducting film, in
making it into a transmission type liquid crystal display. Here, in order to consider it as a
transmission type liquid crystal display, the indium—tin—oxide (ITO) film was formed in a thickness of
100 nm by the sputtering method.

[0169]At this time, the field 7058 with which the picture element electrode 7055 and the light—
shielding film 7053 lapped via the oxide film 7054 formed retention volume.

[0170]In this way, on the same substrate, the active matrix substrate with the CMOS circuit and
picture—element—matrix circuit used as a driver line was completed. P channel type TFT7081 and n
channel type TFT7082 were formed in the CMOS circuit used as a driver line, and pixel TFT7083

* which becomes by n channel type TFT was formed in the picture—element—matrix circuit.

[0171]The channel forming region 7061, the source region 7062, and the drain area 7063 were

formed in p channel type TFT7081 of a CMOS circuit in the p* field, respectively. The LDD region
which lapped with the gate electrode via the channel forming region 7064, the source region 7065,
the drain area 7066, and gate dielectric film in n channel type TFT7082 (henceforth a Lov field) It is
the mind of overlap in ov. 7067 was formed. At this time, the source region 7065 and the drain area

7066 were formed in the field, respectively (n ~ +n™), and the Lov field 7067 was formed in the n ~
field.

[0172]The LDD region which does not lap with a gate electrode via the channel forming regions
7068 and 7069, the source region 7070, the drain area 7071, and gate dielectric film in pixel

TFT7083 (henceforth a Loff field) off is the mind of offset. The n* field 7076 adjacent to 7072-7075,
and the Loff fields 7073 and 7074 was formed. At this time, it is formed in an n* field, respectively

and, in the Loff fields 7072-7075, the source region 7070 and the drain area 7071 are "~ It was
formed in field.

[0173]Here, the structure of TFT which forms each circuit according to the circuit specifications
which *%, a picture—element—matrix circuit, and a driver line require was able to be optimized, and
the performance of operation and reliability of the semiconductor device were able to be raised.
Specifically, n channel type TFT realized TFT structure which thought as important high—speed
operation or the measure against hot carriers on the same board, and TFT structure which thought
low OFF state current operation as important by changing arrangement of an LDD region according
to circuit specifications, and using a Lov field or a Loff field properly.

[0174]For example, in the case of the active matrix type liquid crystal display device, n channel type
TFT7082 is suitable for logical circuits which think high—speed operation as important, such as a
shift register circuit, a subharmonics circuit, a signal dividing network, a level shifter circuit, and a
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buffer circuit. N channel type TFT7083 is suitable for the picture—element—matrix circuit and
sampling circuit (sample hold circuit) which thought low OFF state current operation as important.
[0175]What is necessary is for 0.5-3.0 micrometers of the length (width) of a Lov field just to be
1.0-1.5 micrometers typically to 3—7 micrometers of channel length. What is necessary is for 0.5-3.5
micrometers of the length (width) of the Loff fields 7072-7075 established in pixel TFT7083 just to
" “be 2.0—-2.5 micrometers typically. -
[0176](Embodiment 6)

[0177]This embodiment explains another manufacturing method of the liquid crystal display of this
invention. Here, how to produce simultaneously TFT of an active matrix circuit and the drive circuit
provided around it is explained.

[0178][Process:drawing 20 (A) of an island like semiconductor layer and gate—dielectric—film
formation] In drawing 20 (A), it is desirable to use an alkali—free—glass board and a quartz substrate
for the substrate 6001. In addition, it is good also considering the thing in which the insulator layer
was formed on the surface of a silicon substrate or a metallic base, as a substrate.

[0179]And the ground film 6002 which consists of a silicon oxide film, a silicon nitride film, or a
nitriding silicon oxide film was formed in the surface in which TFT of the substrate 6001 is formed
by plasma CVD method or a sputtering method at a thickness of 100-400 nm. For example, as the
ground film 6002, it is good to form the silicon nitride film 6002 with the two—layer structure which
set the silicon oxide film 6003 to 50~300 nm 25-100 nm and here, and was made into a thickness of
150 nm here at a thickness of 50 nm. The ground film 6002 is formed in order to prevent the
impurity contamination from a substrate, and when a quartz substrate is used, it is not necessary to
necessarily provide it.

[0180]Next, the 20-100-nm-thick amorphous silicon film was formed by the publicly known forming-
membranes method on the ground film 6002. Although an amorphous silicon film is based also on a
water content quantum, it is desirable to heat at 400-550 ** preferably for several hours, to
perform dehydrogenation treatment, to make a water content quantum less than 5atom%, and to
perform the process of crystallization. Although an amorphous silicon film may be formed with other
manufacturing methods, such as a sputtering method and vacuum deposition, it is desirable to
reduce enough impurity elements contained in a film, such as oxygen and nitrogen. Here, since a
ground film and an amorphous silicon film can be formed by the same forming~membranes method,
they may carry out continuously forming of both. After forming a ground film, by making it not once
exposed to atmospheric air, it can become possible to prevent surface contamination and the
characteristic variation of TFT produced can be reduced.

[0181]Publicly known laser crystallization technology or the technology of thermal crystallization
should just be used for the process of forming a crystalline silicon film from an amorphous silicon
film. A crystalline silicon film may be produced by the method of thermal crystallization using the
catalyst element which promotes crystallization of silicon. In addition, a microcrystal silicon film may
be used and deposition membrane formation of the crystalline silicon film may be carried out
directly. A crystalline silicon film may be formed using the known art of SOI (SiliconOn Insulators)
which pastes single crystal silicon together on a substrate.

[0182]In this way, etching removal of the unnecessary portion of the formed crystalline silicon film
was carried out, and the island like semiconductor layers 6004-6006 were formed. In the field to

which n channel type TFT of a crystalline silicon film is produced, in order to control threshold

“voltage, boron (B) may be beforehand added by the concentration about 1x10% - 5x10"7cm™3.

[0183]Next, the island like semiconductor layers 6004—6006 were covered, and the gate dielectric
film 6007 which uses silicon oxide or silicon nitride as the main ingredients was formed. What is
necessary is just to form preferably 10-200 nm of gate dielectric film 6007 in a thickness of 50-150
nm. For example, it is good also as 115—nm gate dielectric film to form 75 nm of nitriding silicon
oxide films which used NZO and SiH4 as the raw material with plasma CVD method, and oxidize
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thermally at 800-1000 ** among oxygen environment or the mixed atmosphere of oxygen and
chloride after that. (Drawing 20 (A))

[0184][ — formation [ of an n ~ field ]: — drawing 20 (B)] —— with the whole surface of the field
which forms the island like semiconductor layers 6004 and 6006 and wiring. The resist masks 6008—
6011 were formed in a part of island like semiconductor layer 6005 (the field used as a channel
forming region is included), the impurity element which gives a n type was added and the low -
concentration impurity regions 6012 and 6013 were formed. The LDD region where these low
concentration impurity regions 6012 and 6013 lap with a gate electrode via gate dielectric film at n
channel type TFT of a CMOS circuit behind (in this Description, it is called a Lov field) It is a
meaning of overlap in ov. It is an impurity range for forming. Suppose that the concentration of the

impurity element which gives the n type contained in the low concentration impurity region formed
here is expressed with (n ~ ). Therefore, in this Description, the low concentration impurity regions

6012 and 6013 can be put in another way as an n ™~ field.
[0185]Here, the phosphorus was added by the ion doping method which carried out plasma
excitation without carrying out mass separation of the phosphoretted hydrogen (PH3). Of course,

the ion implantation method for performing mass separation may be used. In this process, the
phosphorus was added to the semiconductor layer under it through the gate dielectric film 6007. As

for the phosphorus concentration to add, it was preferred to use the range of 5x10'7 -

5x10'8atoms/cm?3, and it made it 1x10'8atoms/cm?® here.

[0186]Then, the resist masks 6008-6011 were removed, in a nitrogen atmosphere, heat treatment of
1 to 12 hours was preferably performed at 550-800 **, and 400-900 ** of processes of activating
the phosphorus added at this process were performed.

[0187][ —— formation [ of the object for gate electrodes, and the conducting film for wiring ] —
drawing 20 (C)] —- the element or either which was chosen from tantalum (Ta), titanium (Ti),
molybdenum (Mo), and tungsten (W) in the 1st conducting film 6014 was formed in a thickness of
10-100 nm with the conductive material used as the main ingredients. As the 1st conducting film
6014, it is desirable to use tantalum nitride (TaN) and tungsten nitride (WN), for example. The
element or either which was chosen from Ta, Ti, Mo, and W in the 2nd conducting film 6015 on the
1st conducting film 6014 was formed in a thickness of 100-400 nm with the conductive material
used as the main ingredients. For example, what is necessary is just to form Ta in a thickness of
200 nm. Although not illustrated, it is effective to form a silicone film by a thickness of about 2-20
nm under the 1st conducting film 6014 for antioxidizing of the conducting films 6014 and 6015
(especially conducting film 6015).

[0188][Formation:drawing 21 (A) of formation of a p—ch gate electrode and a wiring electrode, and a
p* field] Form the resist masks 6016-6019 and the 1st conducting film and 2nd conducting film (it is
hereafter dealt with as a cascade screen) are etched, The gate electrode 6020 of p channel type
TFT and the gate wires 6021 and 6022 were formed. On the field used as n channel type TFT, it left
the conducting films 6023 and 6024 so that the whole surface might be covered.

[0189]And it left the resist masks 6016—-6019 as they were, and was considered as the mask, and
the process of adding the impurity element which gives a p type to a part of semiconductor layer
6004 in which p channel type TFT is formed was performed. Here, it added by using boron as the
impurity element using diborane (BzHﬁ) by the ion doping method (of course, the ion implantation

method may be used). Here, boron was added to the concentration of 5x1020 — 3x10%'atoms/cm3.
Suppose that the concentration of the impurity element which gives the p type contained in the
impurity range formed here is expressed with (p*™). Therefore, in this Description, the impurity

ranges 6025 and 6026 can be put in another way as a p** field.
[0190]In this process, after carrying out etching removal of the gate dielectric film 6007 using the
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resist masks 6016-6019 and exposing a part of island like semiconductor layer 6004, the process of
adding the impurity element which gives a p type may be performed. In that case, since accelerating
voltage is low and ends, there are few damages given to island—shape semiconductor membrane, and
a throughput also improves.

[0191][ — formation [ of a n—ch gate electrode ]: — drawing 21 (B)] — next, after removing the
“—resist masks 6016-6019; they formed the resist masks 6027-6030, and formed the gate electrodes - -
6031 and 6032 of n channel type TFT. At this time, the gate electrode 6031 was formed so that it

might lap with the n ™ fields 6012 and 6013 via gate dielectric film.

[0192][ —— formation [ of an n* field ]: —— drawing 21 (C)] —— next, the resist masks 6027-6030 were
removed and the resist masks 6033—-6035 were formed. And in n channel type TFT, the process of
forming the impurity range which functions as the source region or a drain area was performed. The
resist mask 6035 formed the gate electrode 6032 of n channel type TFT with the wrap form. This is
for forming an LDD region so that it may not lap with a gate electrode in a next process at n
channel type TFT of a picture—element—matrix circuit.

[0193]And the impurity element which gives a n type was added and the impurity ranges 6036—-6040
were formed. Here, it carried out by the ion doping method (of course, the ion implantation method
may be used) for having used phosphoretted hydrogen (PH3), and concentration of the phosphorus

of this field was made into 1x102° — 1x1021atoms/cm?3. Suppose that the concentration of the
impurity element which gives the n type contained in the impurity ranges 6038—-6040 formed here is

expressed with (nh). Therefore, in this Description, the impurity ranges 6038—-6040 can be put in

another way as an n' field. Since the n ~ field was already formed, the impurity ranges 6036 and
6037 contain a phosphorus strictly by concentration a little higher than the impurity ranges 6038~
6040.

[0194]In this process, after etching the gate dielectric film 6007 by having used the resist masks
6033-6035 and the gate electrode 6031 as the mask and exposing a part of island—-shape
semiconductor membrane 6005 and 6006, the process of adding the impurity element which gives a
n type may be performed. In that case, since accelerating voltage is low and ends, there are few
damages given to island—shape semiconductor membrane, and a throughput also improves.

[0195][ — n ~~ formation [ of feiq 1. — drawing 22 (A)] —— next, the resist masks 6033-6035 were
removed and the process of adding the impurity element which gives a n type to the island like
semiconductor layer 6006 used as n channel type TFT of a picture—element—-matrix circuit was
performed. In this way, comparable as said n ~ field in the formed impurity ranges 6074-6077 or the

phosphorus of concentration (specifically 5x10'6 — 1x10'8atoms/cm?) less than it was added.
Suppose that the concentration of the impurity element which gives the n type contained in the

impurity ranges 6074-6077 formed here is expressed with (n ~ ). Therefore, in this Description, they

are the impurity ranges 6074—6077 n ~~ [t can be put in another way as fq|q  Although the phosphorus is
added in this process by the concentration which is in all the impurity ranges except for the impurity
ranges 6068 and 6069 hidden with the gate electrode, since it is very low concentration, it does not
ignore and interfere.

[0196][ — process [ of thermal activation ]J: — drawing 22 (B)] —— next, the supplementary
insulation film 6045 which turns into a part of 1st interlayer insulation film was formed in behind.
What is necessary is just to form the supplementary insulation film 6045 by the cascade screen
which combined a silicon nitride film, a silicon oxide film, a nitriding silicon oxide film, or them. The
thickness is just 100—400 nm.

[0197]Then, in order to activate the impurity element which gives the n type or p type added by
each concentration, the heat treatment process was performed. This process can be performed by
the furnace annealing method, the laser annealing method, or the rapid thermal annealing method
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(the RTA method). Here, the activation process was performed by the furnace annealing method.
Into a nitrogen atmosphere, heat—treatment performed 300—650 ** of 450 ** and heat treatments of
2 hours preferably 400-550 %% and here.

[0198]In the atmosphere containing 3 to 100% of hydrogen, heat treatment of 1 to 12 hours was
performed at 300-450 **, and the process of hydrogenating an island like semiconductor layer was
“~performed. This process is a process of carrying out the termination of the dangling bond of a - -
semiconductor layer by the hydrogen excited thermally. As other means of hydrogenation, plasma
hydrogenation (the hydrogen excited by plasma is used) may be performed.
[0199][Formation:drawing 22 (C) of an interlayer insulation film, a source/drain electrode, a light—
shielding film, a picture element electrode, and retention volume] When finishing the activation
process, the interlayer insulation film 6046 of 0.5 — 1.5—micrometer thickness was formed on the
supplementary insulation film 6045. The cascade screen which becomes with said supplementary
insulation film 6045 and the interlayer insulation film 6046 was used as the 1st interlayer insulation
film.

[0200]Then, the contact hole which arrives at the source region or the drain area of each TFT was
formed, and the source electrodes 6047-6049 and the drain electrodes 6050 and 6051 were formed.
Although not illustrated, in this embodiment, it was considered as the cascade screen of the three—
tiered structure which formed continuously 300 nm of aluminum films which contain [ this

electrode ] 100 nm and Ti for a Ti film, and 150 nm of Ti films by the sputtering method.
[0201]Next, it formed as the passivation film 6052 by a thickness of 50-500 nm (typically 200-300
nm) with the silicon nitride film, the silicon oxide film, or the nitriding silicon oxide film. Then, when
hydrogen treatment was performed in this state, the desirable result was obtained the improvement
[ for ] in the characteristic of TFT. For example, the same effect was acquired, even if it was good
to have performed heat treatment of 1 to 12 hours at 300—450 ** or it used the plasma
hydrogenating method in the atmosphere containing 3 to 100% of hydrogen. An opening may be
formed in the passivation film 6052 in the position which forms the contact hole for connecting a
picture element electrode and a drain electrode behind here.

[0202]Then, the 2nd interlayer insulation film 6053 that consists of organic resin was formed in a
thickness of about 1 micrometer. As organic resin, polyimide, an acrylic, polyamide, polyimidoamide,
BCB (benz—cyclo—butene), etc. can be used. The point for a method for film deposition that the
advantage of using an organic resin film is simple, the point that parasitic capacitance can be
reduced since specific inductive capacity is low, the point of excelling in surface smoothness, etc.
are got. An organic resin film, an organic system SiO compound, etc. except having mentioned above
can also be used. Here, it calcinated and formed at 300 #*%* after applying to a substrate using
polyimide of the type which carries out thermal polymerization.

[0203]Next, in the field used as a picture—element—matrix circuit, the light-shielding film 6054 was
formed on the 2nd interlayer insulation film 6053. The light—shielding film 6054 formed in a thickness
of 100-300 nm the element or either which was chosen from aluminum (aluminum), titanium (Ti), and
tantalum (Ta) by the film used as the main ingredients. And the 30-150 nm (preferably 50-75 nm)-
thick oxide film 6055 was formed in the surface of the light—shielding film 6054 by the anode
oxidation method or the plasma oxidation method. Here, the aluminum oxide film (alumina membrane)
was used as the oxide film 6055 using the film which uses an aluminum film or aluminum as the main
ingredients as the light—shielding film 6054.

[0204]Although it had composition which provides an insulator layer only in the light—shielding film
surface here, an insulator layer may be formed by gaseous phase methods, such as plasma CVD
method, a heat CVD method, or a sputtering method. It is preferred that thickness sets to 30-150
nm (preferably 50—-75 nm) also in that case. A silicon oxide film, a silicon nitride film, a nitriding
silicon oxide film, a DLC (Diamond like carbon) film, or an organic resin film may be used. The
cascade screen which combined these may be used.

[0205]Next, the contact hole which reaches the drain electrode 6051 was formed in the 2nd
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interlayer insulation film 6053, and the picture element electrode 6056 was formed. The picture
element electrodes 6057 and 6058 are picture element electrodes of another pixel which adjoins,
respectively. A metal membrane should just be used for the picture element electrodes 6056-6058
when making it into a reflection type liquid crystal display using a transparent conducting film, in
making it into a transmission type liquid crystal display. Here, in order to consider it as a
transmission type liquid crystal display, the indium—tin-oxide (ITO) film was formed in-a thickness of
100 nm by the sputtering method.

[0206]At this time, the field 6059 with which the picture element electrode 6056 and the light—
shielding film 6054 lapped via the oxide film 6055 formed retention volume.

[0207]In this way, on the same substrate, the active matrix substrate with the CMOS circuit and
picture—element—matrix circuit used as a driver line was completed. P channel type TFT6081 and n
channel type TFT6082 were formed in the CMOS circuit used as a driver line, and pixel TFT6083
which becomes by n channel type TFT was formed in the picture—element—matrix circuit.
[0208]The channel forming region 6062, the source region 6063, and the drain area 6064 were

formed in p channel type TFT6081 of a CMOS circuit in the p' field, respectively. The LDD region
which lapped with the gate electrode via the channel forming region 6063, the source region 6066,
the drain area 6067, and gate dielectric film in n channel type TFT6082 (henceforth a Lov field) It is
the mind of overlap in ov. 6068 and 6069 were formed. At this time, the source region 6066 and the

drain area 6067 were formed in the field, respectively (n ~ +n*), and the Lov fields 6068 and 6069

were formed in the n~ field.
[0209]The LDD region which does not lap with a gate electrode via the channel forming regions
6070 and 6071, the source region 6072, the drain area 6073, and gate dielectric film in pixel

TFT6083 (henceforth a Loff field) off is the mind of offset. The n* field 6078 adjacent to 6074-6077,
and the Loff fields 6075 and 6076 was formed. At this time, it is formed in an nt field, respectively

and, in the Loff fields 6074-6077, the source region 6072 and the drain area 6073 are n’ — It was
formed in field.

[0210]Here, the structure of TFT which forms each circuit according to the circuit specifications
which a picture—element—matrix circuit and a driver line require was able to be optimized, and the
performance of operation and reliability of the semiconductor device were able to be raised.
Specifically, n channel type TFT realized TFT structure which thought as important high—speed
operation or the measure against hot carriers on the same board, and TFT structure which thought
low OFF state current operation as important by changing arrangement of an LDD region according
to circuit specifications, and using a Lov field or a Loff field properly.

[0211]For example, in the case of the active matrix type liquid crystal display device, n channel type
TFT6082 is suitable for logical circuits which think high—speed operation as important, such as a
shift register circuit, a subharmonics circuit, a signal dividing network, a level shifter circuit, and a
buffer circuit. N channel type TFT6083 is suitable for the picture-element—matrix circuit and
sampling circuit (sample hold circuit) which thought low OFF state current operation as important.
[0212]What is necessary is for 0.5-3.0 micrometers of the length (width) of a Lov field just to be
1.0-1.5 micrometers typically to 3-7 micrometers of channel length. What is necessary is for 0.5-3.5
micrometers of the length (width) of the Loff fields 6074-6077 established in pixel TFT6083 just to
be 2.0-2.5 micrometers typically.

[0213](Embodiment 7)

[0214]lt is possible to use various liquid crystal materials besides a TN liquid crystal for the liquid
crystal display produced by the above—mentioned Embodiments 4-6. For example, 1998, SID,
“Characteristics and Driving Scheme of Polymer—Stabilized Monostable FLCD ExhibitingFast
Response Time and High Contrast Ratio with Gray—Scale Capability” by H. Furueet al., 1997, SID
DIGEST, 841, “A Full-Color ThresholdlessAntiferroelectric LCD Exhibiting Wide Viewing Angle with
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Fast Response It is possible to use the liquid crystal material indicated by Time” by T. Yoshida et al.
or U.S. Pat. No. 5594569.

[0215]In particular, in the non—threshold antiferroelectricity liquid crystal mixture which is the liquid
crystal mixture material of a non-threshold antiferroelectricity liquid crystal material, and
ferroelectric liquid crystal material and an antiferroelectricity liquid crystal material, that in which

~ the driver voltage is about **2.5V is also found out. When the non-threshold antiferroelectricity
liquid crystal mixture of such a low voltage drive is used, It is effective, when becoming possible to
suppress the power supply voltage of the sampling circuit of a picture signal to about 5V-8V and
using TFT (for example, 0 nm — 500 nm, or 0 nm ~ 200 nm) with comparatively small width of an
LDD region (low concentration impurity region). '

[0216]The graph which shows the characteristic of light transmittance to the impressed
electromotive force of non—threshold antiferroelectricity liquid crystal mixture here is shown in a
figure. The transmission axis of the polarizing plate by the side of incidence of a liquid crystal display
is set as the rubbing direction of a liquid crystal display almost in parallel with the normal line
direction of the smectic layer of non—threshold antiferroelectricity liquid crystal mixture mostly in
agreement. The transmission axis of the polarizing plate by the side of outgoing radiation is mostly
set as the right angle (cross Nicol) to the polarization axis of the polarizing plate by the side of
incidence. Thus, when non—threshold antiferroelectricity liquid crystal mixture is used, it turns out
that it is possible to perform the gradation display which shows an impressed—electromotive—force—
transmissivity characteristic as shown in a figure.

[0217]Generally, non—threshold antiferroelectricity liquid crystal mixture has large spontaneous
polarization, and its dielectric constant of the liquid crystal itself is high. For this reason, in using
non—threshold antiferroelectricity liquid crystal mixture for a liquid crystal display, comparatively big
retention volume is needed for a pixel. Therefore, it is preferred to use non—threshold
antiferroelectricity liquid crystal mixture with small spontaneous polarization. By considering the
drive method of a liquid crystal display as a line sequential drive, the write—in period (pixel feeding
period) of the gradation voltage to a pixel can be lengthened, and retention volume can also
compensate small *¥%% with it.

[0218]Since a low voltage drive is realized by using a non—-threshold antiferroelectricity liquid crystal,
low power consumption of a liquid crystal display is realized.

[0219](Embodiment 8)

[0220]The display device of this invention explained by above—mentioned Embodiments 1-3 can be
used for the projector of 3 board types as shown in drawing 24.

[0221]As for a dichroic mirror, 2406, and 2407, in drawing 24, 2401 is [ the display device of this
invention and 2411 ] projection lenses a total reflection mirror, and 2408-2410 a white light source,
and 2402-2405.

[0222])(Embodiment 9)

[0223]The liquid crystal display of this invention explained by above-mentioned Embodiments 1-3
can also be used for the projector of 3 board types as shown in drawing 25.

[0224]As for a total reflection mirror, and 2507-2509, in drawing 25, a white light source, 2502, and
2503 are [ a dichroic prism and 2511 ] projection lenses a dichroic mirror, and 2504-2506 the liquid
crystal panel of this invention, and 2510 2501.

[0225](Embodiment 10)

[0226]The liquid crystal display using the liquid crystal as an expression medium of the display
device of this invention explained by above—mentioned Embodiments 1-3 can also be used for the
projector of a single plate type as shown in drawing 26.

[0227]In drawing 26, 2601 is a white light source which comprises a lamp and a reflector. 2602, 2603,
and 2604 are dichroic mirrors, and reflect the light of blue, red, and a green wavelength zone
selectively, respectively. 2605 is a microlens array and is constituted by two or more micro lenses.
2606 is a liquid crystal panel of this invention. As for 2607, a projection lens and 2609 are screens a
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field lens and 2608.

[0228](Embodiment 11)

[0229]The projector of the above—mentioned Embodiments 8—10 has a rear projector and a front
projector with the projection method.

[0230]Drawing 27 (A) is a front type projector, and comprises the main part 10001, the liquid crystal

~~display 10002 of this invention, the light source 10003, the optical system 10004, and the screen

10005. in addition —— constructing three liquid crystal displays (it is made to correspond to the light
of R, G, and B, respectively), although the front projector incorporating one liquid crystal display is
shown in drawing 27 (A) —— **¥%* —— high resolution and a high definition front type projector are
more realizable by things.

[0231]Drawing 27 (B) is a rear mold projector, 10006 is a main part, 10007 is a liquid crystal display,
10008 is a light source, 10009 is a reflector and 10010 is a screen. The rear mold projector
incorporating three active—matrix type semiconductor displays (it is made to correspond to the light
of R, G, and B, respectively) is shown in drawing 27 (B).

[0232](Embodiment 12)

[0233]This embodiment shows the example which used the display device of this invention for the
goggles type display.

[0234]Drawing 28 is referred to. 2801 is a goggles type display body. 2802-R and 2802-L are the
display devices of this invention, 2803—-R and 2803-L are LED back lights, and 2804-R and 2804-L
are optical elements.

[0235](Embodiment 13)

[0236]In this embodiment, LED is used for the back light of the display device of this invention, and
a field sequential drive is performed.

[0237]the start signal (Vsync signal) of the picture signal writing to the timing chart of the field
sequential drive method shown in drawing 29, red (R), and green — (G) and blue — the lighting
timing signal (R, G, and B) of LED of (B) and the video signal (VIDEO) are shown. Tf is a frame
period. TR, TG, and TB are the LED lighting periods of red (R) green (G) blue (B), respectively.
[0238]The picture signal supplied to a display device, for example, R1, is a signal with which the
video data of the origin corresponding to the red inputted from the outside was compressed into one
third by the time base direction. The picture signal supplied to a liquid crystal panel, for example, G1,
is a signal with which the video data of the origin corresponding green inputted from the outside was
compressed into one third by the time base direction. The picture signal supplied to a liquid crystal
panel, for example, B1, is a signal with which the video data of the origin corresponding to the blue
inputted from the outside was compressed into one third by the time base direction.

[0239]In a field sequential drive method, LED of R, G, and B lights up in order an LED lighting period
TR period, TG period, and during the TB, respectively. During the lighting (TR) of red LED, the video
signal (R1) corresponding to red is supplied to a liquid crystal panel, and a part for picture 1 red
screen is written in a liquid crystal panel. During the green lighting (TG) of LED, the video data (G1)
corresponding green is supplied to a liquid crystal panel, and a part for picture 1 green screen is
written in a liquid crystal panel. During the lighting (TB) of blue LED, the video data (B1)
corresponding to blue is supplied to a display device, and a part for picture 1 blue screen is written
in a display device. One frame is formed by these three writing of a picture. A liquid crystal can be
used for the expression medium of the display device of this embodiment.

[0240](Embodiment 14)

[0241]In this embodiment, the example which used the display device of this invention for the
notebook type personal computer is shown in drawing 30.

[0242]3001 is a notebook type personal computer body, and 3002 is a display device of this
invention. a liquid crystal can be used for the expression medium of the display device of this
embodiment, and a back light is used for a case. the back light concerned — being alike = LED is
used. A cathode-ray tube may be used for a back light like before.
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[0243](Embodiment 15)
[0244]Uses various otherwise are shown in the display device of this invention. This embodiment
explains the semiconductor device incorporating the display device of this invention.
[0245]A video camera, a still camera, car navigation, a personal computer, Personal Digital
Assistants (a mobile computer, a cellular phone, etc.), etc. are mentioned to such a semiconductor
~—device. Those examples are shown in drawing 31. :
[0246]Drawing 31 (A) is a cellular phone and comprises the main part 11001, the voice output part
11002, the voice input part 11003, the display device 11004 of this invention, the operation switch
11005, and the antenna 11006.
[0247]Drawing 31 (B) is a video camera and comprises the main part 12001, the display device
12002 of this invention, the voice input part 12003, the operation switch 12004, the battery 12005,
and the television part 12006.
[0248]Drawing 31 (C) is a mobile computer and comprises the main part 13001, the camera part
13002, the television part 13003, the operation switch 13004, and the display device 13005 of this
invention.
[0249]Drawing 31 (D) is portable books (digital book), and comprises the main part 14001, the liquid
crystal displays 14002 and 14003 of this invention, the storage 14004, the operation switch 14005,
and the antenna 14006.
[0250)(Embodiment 16)
[0251]This embodiment explains the example which used for EL (electroluminescence) display
device the drive method used for the display device of the invention in this application.
[0252]Drawing 32 (A) is a plan of the EL display of this embodiment. In drawing 32 (A), as for a
substrate and 24011, the source side drive circuit and 24013 are the gate side drive circuits a
picture element part and 24012 24010, and each drive circuit results in FPC24017 through the wiring
24014-24016, and is connected to an external instrument.
[0253]Drawing 32 (B) is the section structure of the EL display of this embodiment. this time — at
least — a picture element part —— as a drive circuit and a picture element part are surrounded
preferably, the cover material 26000, the sealant 27000, and the sealant (the 2nd sealant) 27001 are
formed.
[0254]On the substrate 24010 and the ground film 24021, TFT for drive circuits. (However, the
CMOS circuit which combined n channel type TFT and p channel type TFT here is illustrated.)
24022 and TFT24023 (however, only TFT which controls the current to an EL element here is
illustrated.) for picture element parts are formed.
[0255]If TFT24022 for drive circuits and TFT24023 for picture element parts are completed, the
picture element electrode 24027 which becomes with the transparent conducting film electrically
connected with the drain of TFT24023 for picture element parts will be formed on the interlayer
insulation film (flattening film) 24026 which becomes with a resin material. As a transparent
conducting film, the compound (referred to as ITO) of indium oxide and the tin oxide or the
compound of indium oxide and a zinc oxide can be used. And if the picture element electrode 24027
is formed, the insulator layer 24028 will be formed and an opening will be formed on the picture
element electrode 24027.
[0256]Next, EL layer 24029 is formed. EL layer 24029 should just be taken as a laminated structure
or layer structure, combining freely a publicly known EL material (a hole injection layer, an electron
hole transporting bed, a luminous layer, an electron transport layer, or an electronic injection layer).
As what kind of structure it is considered should just use publicly known technology. There are low
molecule system material and polymer system (polymer system) material in an EL material. When
using low molecule system material, vacuum deposition is used, but when using polymer system
material, it is possible to use simple methods, such as a spin coat method, print processes, or the
ink jet method.
[0257]According to this embodiment, an EL layer is formed with vacuum deposition using a shadow
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mask. By forming the luminous layer (a red light layer, a green emission layer, and a blue light layer)
in which luminescence from which wavelength differs for every pixel using a shadow mask is
possible, a colored presentation becomes possible. In addition, which method may be used although
there are a system which combined the color conversion layer (CCM) and the light filter, and a
system which combined the white light layer and the light filter. Of course, it can also be considered
—asthe EL display of monochrome luminescence. :
[0258]If EL layer 24029 is formed, the anode 24030 will be formed on it. As for the moisture which
exists in the interface of the anode 24030 and EL layer 24029, or oxygen, eliminating as much as
possible is desirable. Therefore, the device of forming the anode 24030 without carrying out
continuation membrane formation of EL layer 24029 and the anode 24030 in a vacuum, or forming
EL layer 24029 by an inert atmosphere and carrying out air release is required. At this embodiment,
the above membrane formation is enabled by using the film deposition system of a multi chamber
system (cluster tool system).

[0259]In this embodiment, the laminated structure of a LiF (lithium fluoride) film and aluminum
(aluminum) film is used as the anode 24030. The LiF (lithium fluoride) film of 1—nm thickness is
specifically formed with vacuum deposition on EL layer 24029, and the aluminum film of 300-nm
thickness is formed on it. Of course, the MgAg electrode which is a publicly known cathode material
may be used. And the anode 24030 is connected to the wiring 24016 in the field shown by 24031.
The wiring 24016 is a power supply line for giving predetermined voltage to the anode 24030, and is
connected to FPC24017 via the conductive paste material 24032.

[0260]In order to electrically connect the anode 24030 and the wiring 24016 in the field shown in
24031, it is necessary to form a contact hole in the interlayer insulation film 24026 and the insulator
layer 24028. What is necessary is just to form these at the time of etching of the interlayer
insulation film 24026, and etching of the insulator layer 24028 (at the time of formation of the
contact hole for picture element electrodes) (at the time of formation of the opening before EL layer
formation). When etching the insulator layer 24028, even the interlayer insulation film 24026 may
etch by package. In this case, if the interlayer insulation film 24026 and the insulator layer 24028 are
the same resin materials, form of a contact hole can be made good.

[0261]Thus, the surface of the formed EL element is covered and the passivation film 26003, the
filler 26004, and the cover material 26000 are formed.

[0262]As an EL element part is surrounded, the sealant 27000 is formed inside the cover material
26000 and the substrate 24010, and the sealant (the 2nd sealant) 27001 is further formed in the
outside of the sealant 27000.

[0263]At this time, this filler 26004 functions also as adhesives for pasting up the cover material
26000. As the filler 26004, PVC (polyviny! chloride), an epoxy resin, silicone resin, and PVB (polyvinyl
BUCHIRARU) or EVA (ethylene vinyl acetate) can be used. If the drier is provided in the inside of
this filler 26004, since a moisture absorption effect can be held, it is desirable.

[0264]A spacer may be made to contain in the filler 26004. At this time, a spacer may be used as
the particulate matter which consists of BaO(s) etc., and hygroscopicity may be given to the spacer
itself.

[0265]When a spacer is formed, the passivation film 26003 can ease spacer pressure. The resin
layer etc. which ease spacer pressure may be provided apart from a passivation film.

[0266]As the cover material 26000, a glass plate, an aluminum plate, a stainless plate, An FRP
(Fiberglass—Reinforced Plastics) board, a PVF (polyvinyl fluoride) film, a miler film, polyester film, or
an acrylic film can be used. When using PVB and EVA as the filler 26004, it is preferred to use the
sheet of the structure which sandwiched tens of micrometers aluminium foil with the PVF film or
the miler film.

[0267]However, depending on the light—emitting direction (the direction of a light emission) from an
EL element, the cover material 26000 needs to have translucency.

[0268]The wiring 24016 is electrically connected to FPC24017 through the crevice between the
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sealant 27000 and the sealant 27001, and the substrate 24010. Although the wiring 24016 was
explained here, other wiring 24014 and 24015 is electrically connected to FPC24017 through the
bottom of the sealant 27000 and the sealant 27001 in a similar manner.

[0269](Embodiment 17) This embodiment explains the example which produced the EL display of a
form which is different in Embodiment 16 using drawing 33 (A) and 33 (B). Since the thing of the

~ —same number as drawing 32 (A) and 32 (B) has pointed out the same portion, explanation is omitted. -
[0270]Drawing 33 (A) is a plan of the EL display of this embodiment, and shows drawing 33 (B) the
sectional view which cut drawing 33 (A) by A-A’.

[0271]According to Embodiment 186, the surface of an EL element is covered and even the
passivation film 26003 is formed.

[0272]The filler 6004 is formed as an EL element is covered. This filler 26004 functions also as
adhesives for pasting up the cover material 26000. As the filler 26004, PVC (polyviny! chloride), an
epoxy resin, silicone resin, and PVB (polyvinyl BUCHIRARU) or EVA (ethylene vinyl acetate) can be
used. If the drier is provided in the inside of this filler 26004, since a moisture absorption effect can
be held, it is desirable.

[0273]A spacer may be made to contain in the filler 26004. At this time, a spacer may be used as
the particulate matter which consists of BaO(s) etc., and hygroscopicity may be given to the spacer
itself.

[0274]When a spacer is formed, the passivation film 26003 can ease spacer pressure. The resin
layer etc. which ease spacer pressure may be provided apart from a passivation film.

[0275]As the cover material 26000, a glass plate, an aluminum plate, a stainless plate, An FRP
(Fiberglass—Reinforced Plastics) board, a PVF (polyvinyl fluoride) film, a miler film, polyester film, or
an acrylic film can be used. When using PVB and EVA as the filler 26004, it is preferred to use the
sheet of the structure which sandwiched tens of micrometers aluminium foil with the PVF film or
the miler film.

[0276]However, depending on the light—emitting direction (the direction of a light emission) from an
EL element, the cover material 6000 needs to have translucency.

[0277]next, the side (disclosure side) of the filler 26004 after pasting up the cover material 26000
using the filler 26004 —— a wrap —— the frame material 26001 is attached like. The frame material
26001 is pasted up by the sealant (it functions as adhesives) 26002. Although it is preferred at this
time to use a photo—setting resin as the sealant 26002, thermosetting resin may be used as long as
the heat resistance of an EL layer allows. As for the sealant 26002, it is desirable that it is the
material which penetrates neither moisture nor oxygen as much as possible. The drier may be added
inside the sealant 26002.

[0278]The wiring 24016 is electrically connected to FPC24017 through the crevice between the
sealant 26002 and the substrate 24010. Although the wiring 24016 was explained here, other wiring
24014 and 24015 is electrically connected to FPG24017 through the bottom of the sealant 26002 in
a similar manner.

[0279)(Embodiment 18) Upper surface structure is shown in drawing 35 (A), and this true form voice
shows a circuit diagram for the still more detailed section structure of the picture element part in an
EL display panel to drawing 34 at drawing 35 (B). What is necessary is just to refer to it mutually in
drawing 34, drawing 35 (A), and drawing 35 (B), since a common mark is used.

[0280]In drawing 34, TFT23002 for switching provided on the substrate 23001 may use the TFT
structure of Embodiment 4, and may use the structure of publicly known TFT. Although it is
considered as double gated structure in this embodiment, since there is no big difference in
structure and production processes, explanation is omitted. However, it becomes the structure
where the series of the two TFT(s) were substantially carried out by considering it as double gated
structure, and there is an advantage that an OFF state current value can be reduced. Although it is
considered as double gated structure in this embodiment, a single gate structure may be sufficient
and multi-gate structure with triple gate structure or the gate number beyond it may be sufficient.
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[0281]TFT23003 for current control is formed using NTFT. At this time, the drain wiring 23035 of
TFT23002 for switching is electrically connected to the gate electrode 23037 of TFT for current
control by the wiring 23036. The wiring shown by 23038 is a gate wire which electrically connects
the gate electrodes 23039a and 23039b of TFT23002 for switching.
[0282]Since TFT for current control is an element for controlling the current amount which flows

- —through an EL element; much current flows and it is also an element with the high danger-of
degradation by heat, or degradation by hot carriers. Therefore, the structure of the invention in this
application which provides an LDD region so that it may lap with a gate electrode via gate dielectric
film at the drain side of TFT for current control is very effective.
[0283]Although the single gate structure is illustrating TFT23003 for current control in this
embodiment, it is good also as multi-gate structure which connected two or more TFT(s) in series.
It is good also as a structure which connects two or more TFT(s) in parallel, divides a channel
forming region into plurality substantially, and enabled it to emit heat at high efficiency. Such a
structure is effective as a measure against degradation by heat.
[0284]As shown in drawing 35 A, the wiring used as the gate electrode 23037 of TFT23003 for
current control laps via the drain wiring 23040 and the insulator layer of TFT23003 for current
control in the field shown by 23004. At this time, a capacitor is formed in the field shown by 23004.
This capacitor 23004 functions as a capacitor for holding the voltage concerning the gate of
TFT23003 for current control. The drain wiring 23040 is connected to the current supply source line
(power source wire) 23006, and fixed voltage is always applied.
[0285]The 1st passivation film 23041 is formed on TFT23002 for switching, and TFT23003 for
current control, and the flattening film 23042 which becomes with a resin insulator layer is formed
on it. It is dramatically important to carry out the flattening of the level difference by TFT using the
flattening film 23042. Since the EL layer formed behind is very thin, when a level difference exists, it
may cause poor luminescence. Therefore, before forming a picture element electrode so that an EL
layer can be formed as much as possible in a flat surface, it is desirable to carry out a flattening.
[0286]23043 is a picture element electrode (anode of an EL element) which becomes with a
reflexible high conducting film, and is electrically connected to the drain of TFT23003 for current
control. It is preferred to use low resistance conducting films, such as an aluminum alloy film, a
copper alloy film, or a silver alloy film, or those cascade screens as the picture element electrode
23043. Of course, it is good also as a laminated structure with other conducting films.
[0287]The luminous layer 23045 is formed into the slot (it is equivalent to a pixel) formed by the
banks 23044a and 23044b formed with the insulator layer (preferably resin). Although only stroke
matter is illustrated here, the luminous layer corresponding to each color of R (red), G (green), and
B (blue) may be made and divided. pi conjugated polymer system material is used as an organic
electroluminescence material made into a luminous layer. As a typical polymer system material, a
poly para—phenylene vinylene (PPV) system, a polyvinyl-carbazole (PVK) system, the Polyful Oren
system, etc. are mentioned.
[0288]Although there is a thing of various molds as a PPV system organic electroluminescence
material, For example, “H. Shenk, H.Becker, O.Gelsen, E.Kluge, W.Kreuder, and H.Spreitzer,
“Polymers forLight Emitting Diodes”, and Euro. What is necessary is just to use material which was
indicated to Display, Proceedings, 1999, and p.33-37" and JP,H10-92576,A.
[0289]What is necessary is to use cyano polyphenylene vinylene for the luminous layer which emits
light in red as a concrete luminous layer, to use polyphenylene vinylene for the luminous layer which
emits light green, and just to use polyphenylene vinylene or poly alky! phenylene for the luminous
layer which emits light blue. The thickness is just 30-150 nm (preferably 40—100 nm).
[0290]However, the above example is an example of the organic electroluminescence material which
can be used as a luminous layer, and there is no necessity of limiting to this. What is necessary is
just to form an EL layer (layer for moving luminescence and the carrier for it), combining freely a
luminous layer, a charge transport layer, or an electric charge pouring layer.
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[0291]For example, although this embodiment showed the example which uses polymer system
material as a luminous layer, low molecule system organic electroluminescence material may be
used. It is also possible to use inorganic materials, such as silicon carbide, as a charge transport
layer or an electric charge pouring layer. These organic electroluminescence materials and inorganic
materials can use a publicly known material.

~[0292]In this-embodiment, it is considered as the EL layer of the laminated structure which formed
the hole injection layer 3046 which becomes by PEDOT (polythiophene) or PAni (poly aniline) on the
luminous layer 23045. And on the hole injection layer 23046, the cathode 23047 which becomes with
a transparent conducting film is formed. Since the light generated by the luminous layer 23045 is
emitted toward the upper surface side in the case of this embodiment (going above TFT), the
cathode must be translucency. Although the compound of indium oxide and the tin oxide and the
compound of indium oxide and a zinc oxide can be used as a transparent conducting film, in order to
form after forming a heat-resistant low luminous layer and hole injection layer, what can form
membranes at low temperature as much as possible is preferred.

[0293]When formed to the cathode 23047, EL element 23005 is completed. EL element 23005 here
points out the capacitor formed by the picture element electrode (anode) 23043, the luminous layer
23045, the hole injection layer 23046, and the cathode 23047. Since the picture element electrode
23043 is mostly in agreement with the area of a pixel as shown in drawing 22 A, the whole pixel
functions as an EL element. Therefore, bright image display becomes the utilization efficiency of
luminescence is dramatically high and possible.

[0294]By the way, in this embodiment, the 2nd passivation film 23048 is further formed on the
cathode 23047. As the 2nd passivation film 23048, a silicon nitride film or a nitriding oxidized silicon
film is preferred. The purpose is to intercept the exterior and an EL element, and has both a
meaning which prevents degradation by oxidation of organic electroluminescence material, and a
meaning which stops degasifying from organic electroluminescence material. Thereby, the reliability
of an EL display is improved.

[0295]As mentioned above, the EL display panel of this embodiment has a picture element part
which consists of a pixel of structure like drawing 34, and has TFT for switching of an OFF state
current value low enough, and TFT for current control strong against hot carrier injection.
Therefore, it has high reliability and the EL display panel in which good image display is possible is
obtained.

[0296](Embodiment 19) In the picture element part shown in Embodiment 18, this embodiment
explains the structure where the structure of EL element 23005 was reversed. Drawing 23 is used
for explanation. Since a different point from the structure of drawing 34 is only the portion and TFT
for current control of an EL element, other explanation is given to omit.

[0297]In drawing 36, TFT23103 for current control is formed using PTFT.

[0298]According to this embodiment, a transparent conducting film is used as the picture element
electrode (cathode) 23050. The conducting film which specifically becomes with the compound of
indium oxide and a zinc oxide is used. Of course, the conducting film which becomes with the
compound of indium oxide and the tin oxide may be used.

[0299]And after the banks 23051a and 23051b which become with an insulator layer are formed, the
Juminous layer 23052 which becomes by a polyviny! carbazole by solution spreading is formed. The
electronic injection layer 23053 which becomes by potassium acetylacetonate on it, and the anode
23054 which becomes with an aluminum alloy are formed. In this case, the anode 23054 functions
also as a passivation film. In this way, EL element 23101 is formed.

[0300]In the case of this embodiment, the light generated in the luminous layer 23052 is emitted
toward the direction of the substrate with which TFT was formed as shown by the arrow.
[0301](Embodiment 20) This embodiment shows the example at the time of considering it as a
different pixel of structure from the circuit diagram shown in drawing 35 (B) to drawing 37 (A) — (C).
23201 in this embodiment The source wiring of TFT23202 for switching, A capacitor and 23208
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consider it as a current supply source line by TFT for current control and 23205 setting to 23206,
and the gate wire of TFT23202 for switching and 23204 make 23203 an EL element 23207.
[0302]Drawing 37 (A) is an example at the time of making the current supply source line 23206
common between two pixels. That is, the feature is formed so that two pixels may serve as axial
symmetry focusing on the current supply source line 23206. In this case, since the number of a
~power supply line can be reduced, a picture element part can be further made highly minute.
[0303]Drawing 37 (B) is an example at the time of forming the current supply source line 23208 in
parallel with the gate wire 23203. Although it has structure established so that the current supply
source line 23208 and the gate wire 23203 might not lap in drawing 37 (B), if it is the wiring formed
in the layer from which both differ, it can also provide so that it may lap via an insulator layer. In this
case, since the power supply line 23208 and the gate wire 23203 can be made to share the area of
exclusive use, a picture element part can be further made highly minute.
[0304]Drawing 37 (C) forms the current supply source line 23208 in parallel with the gate wire 23203
like the structure of drawing 37 (B), and the feature is that it forms two pixels further so that it may
become axial symmetry focusing on the current supply source line 23208. It is also effective to form
the current supply source line 23208 so that it may lap with either of the gate wires 23203. In this
case, since the number of a power supply line can be reduced, a picture element part can be further
made highly minute.
[0305]It combines with the composition and freedom of Embodiments 1-9, and composition of this
embodiment can be carried out. It is effective to use the EL display panel which has the pixel
structure of this embodiment as a display of the electronic device of Embodiment 10.
[0306](Embodiment 21) In drawing 35 (A) shown in Embodiment 20, and 35 (B), in order to hold the
voltage concerning the gate of TFT23003 for current control, it is considered as the structure of
forming the capacitor 23004, but it is also possible to omit the capacitor 23004. In the case of
Embodiment 11, TFT which has the LDD region provided so that it might lap with a gate electrode
via gate dielectric film is used as TFT23003 for current control. Although the parasitic capacitance
generally called gate capacitance is formed in these overlapping fields, in this embodiment, the
feature is at the point of using this parasitic capacitance positively as a substitute of the capacitor
23004.
[0307]Since the capacitance of this parasitic capacitance changes with the area which the above-
mentioned gate electrode and the LDD region overlapped, it is decided by the length of the LDD
region included to those overlapping fields.
[0308]In the structure of drawing 37 (A) shown in Embodiment 13, (B), and (C), it is possible similarly
to omit the capacitor 23205.
[0309]
[Effect of the Invention]
[0310]According to the liquid crystal display of this invention, the multi—gradation display more than
the capability of a D/A conversion circuit can be performed. Therefore, it becomes possible to
realize a small liquid crystal display.

[Translation done.]
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—1.This document has been translated by computer. So the translation may not reflect the original

precisely.
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[Drawing 32]
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* NOTICES *

JPO and INPIT are not responsible for any °
damages caused by the use of this translation.

1.This_document has been translated by computer. So the translation may not reflect the original
precisely.

2 x*x*%% shows the word which can not be translated.

3.In the drawings, any words are not translated.
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[Amendment 1]

[Document to be Amended]Description

[Item(s) to be Amended]Claims

[Method of Amendment]Change

[The contents of amendment]

[Claim(s)]

[Claim 1]

An active matrix circuit where two or more picture element transistors have been arranged at
matrix form,

It is a display device which has a source driver and a gate driver which drive said active matrix
circuit,

Top n bits of a digital video data of m bit inputted from the outside are used as information on
gradation voltage, a low rank (m—n) bit is used as information on time gradation, and an image of one
frame is formed,

A display device, wherein both m and n are two or more positive numbers and are m>n.

[Claim 2]

An active matrix circuit where two or more picture element transistors have been arranged at
matrix form,

A source driver and a gate driver which drive said active matrix circuit,

It has a processing circuit,

Said processing circuit is a circuit (both m and n are two or more positive numbers and m>n) which
changes n bit into a digital video data of n bit for gradation voltage among digital video datas of m bit
inputted from the outside, and supplies a digital video data of the n bit concerned to said source
driver,

A display device, wherein an image of one frame is formed using a digital video data of the n bit
2m—n

concerned, and a time gradation display by a subframe of a individual.

[Claim 3]

An active matrix circuit where two or more picture element transistors have been arranged at
matrix form,

A source driver and a gate driver which drive said active matrix circuit,

It has a processing circuit,

Said processing circuit is a circuit (both m and n are two or more positive numbers and m>n) which
changes n bit into a digital video data of n bit for gradation voltage among digital video datas of m bit
inputted from the outside, and supplies a digital video data of the n bit concerned to said source
driver,

A display device forming an image of one frame using a digital video data of the n bit concerned, and
a time gradation display by a subframe of a 2™ " individual, and obtaining a gradation display of a

passage (2 M- (2™™"-1)).

[Claim 4]

An active matrix circuit where two or more picture element transistors have been arranged at
matrix form, :

It is a display device which has a source driver and a gate driver which drive said active matrix
circuit,

Top n bits of a digital video data of m bit inputted from the outside are used as information on
gradation voltage, a low rank (m—n) bit is used as information on time gradation (both m and n are
two or more positive numbers and m>n), and an image of one frame is formed,

A display device, wherein said source driver has a D/A conversion circuit which changes a digital
video data of said n bit into analog gradation voltage.

[Claim 5]

An active matrix circuit where two or more picture element transistors have been arranged at
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matrix form,

A source driver and a gate driver which drive said active matrix circuit,

It has a processing circuit,

Said processing circuit is a circuit (both m and n are two or more positive numbers and m>n) which
changes n bit into a digital video data of n bit for gradation voltage among digital video datas of m bit
~ inputted from the outside, and supplies a digital video data of the n bit concerned to said source
driver,

Said source driver has a D/A conversion circuit which changes a digital video data of the n bit
concerned into analog gradation voltage,

A display device, wherein an image of one frame is formed using said analog gradation voltage and a

time gradation display by a subframe of a 2™ individual.

[Claim 6]

An active matrix circuit where two or more picture element transistors have been arranged at
matrix form,

A source driver and a gate driver which drive said active matrix circuit,

It has a processing circuit,

Said processing circuit is a circuit (both m and n are two or more positive numbers and m>n) which
changes n bit into a digital video data of n bit for gradation voltage among digital video datas of m bit
inputted from the outside, and supplies a digital video data of the n bit concerned to said source
driver,

Said source driver has a D/A conversion circuit which changes a digital video data of the n bit
concerned into analog gradation voltage,

A display device forming an image of one frame using said analog gradation voltage and a time

gradation display by a subframe of a 2™ ™" individual, and obtaining a gradation display of a passage

(2 M- (2M™"-1)).

[Claim 7]

An active matrix circuit where two or more picture element transistors have been arranged at
matrix form,

A source driver and a gate driver which drive said active matrix circuit,

It has a processing circuit and a D/A conversion circuit,

Said processing circuit changes n bit into a digital video data of n bit for gradation voltage among
digital video datas of m bit inputted from the outside (both m and n are two or more positive
numbers and m>n),

Said D/A conversion circuit changes a digital video data of the n bit concerned into an analog video
data, and inputs said analog video data into said source driver,

A display device, wherein an image of one frame is formed using the analog video data concerned

and a time gradation display by a subframe of a 2" individual.

[Claim 8]

An active matrix circuit where two or more picture element transistors have been arranged at
matrix form,

A source driver and a gate driver which drive said active matrix circuit,

It has a processing circuit and a D/A conversion circuit,

Said processing circuit changes n bit into a digital video data of n bit for gradation voltage among
digital video datas of m bit inputted from the outside (both m and n are two or more positive
numbers and m>n),

Said D/A conversion circuit changes a digital video data of the n bit concerned into an analog video
data, and inputs said analog video data into said source driver,

A display device forming an image of one frame using the analog video data concerned and a time

gradation display by a subframe of a 2™ individual, and obtaining a gradation display of a passage
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(2 M- (2m"-1)).

[Translation done.]
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Sir:
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Remarks.
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Amendments to the Claims:

The following listing of claims will replace all prior versions, and listings, of claims in
the application:
1. W(Currently Amended) An electro-optical device comprising:
a data line;
a control line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit comprising:
a first transistor;
an electro-optical element electrically connected to one of a source or a drain
of the first transistor;
a second transistor connected between the one of the source or the drain and a
gate of the first transistor;-and
a holding element that is connected to the gate of the first transistor and holds
a gate voltage of the first transistor according to a data signal; and

a wiring connected between a gate of the first transistor and the second

transistor;
the first transistor supplying a current based on the gate voltage to the electro-
optical element;;

the wiring being formed in a layer which is different from a semiconductor

laver in which the first transistor and the second transistor are formed; and

the wiring being formed in a layer different from a gate layer in which a gate

of the first transistor formed.

b firct transistor havineasingl _and
l | consistorhavi " .

-
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2. (Previously Presented) The electro-optical device according to claim 1,
wherein the first transistor and the second transistor have opposite polarities.

3-10. (Cancelled)

11.7 (N e;)v) “The electro-optical device according to claim 1, wherein the control
line supplies a control signal to a gate of the second transistor, and the control line crosses the
wiring.

12. (New) The electro-optical device according to claim 11,

wherein the unit circuit further comprises a third transistor connected between
the holding element and the data line, and
wherein the second transistor and the third transistor are controlled according

to the control signal.

13. (New) An electric device comprising an electro-optical device according to
claim 1.

14. (New) An electric device comprising an electro-optical device according to
claim 2.

15. (New) An electric device comprising an electro-optical device according to
claim 11.

16. (New) An electric device comprising an electro-optical device according to
claim 12.

-3-
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REMARKS
Claims 1, 2 and 11-16 are pending in this application. By this Amendment, claim 1 is
e{mende&, clalms 73:1707 are cancelled without surrender or disclaimer of the subject matter
recited therein, and claims 11-16 are added. No new matter is added.

An Information Disclosure Statement is being submitted concurrent with this
Amendment. The Examiner is requested to consider the references cited therein and return a
signed and initialed PTO-1449 indicated the same.

The Office Action rejects claims 1, 2 and 5-10 under 35 U.S.C. 103(a) as being
obvious in view of Dawson et al. (U.S. Patent No. 6,229,506) in view of Yumoto (U.S. Patent
No. 6,859,193); and claims 3 and 4 were rejected under 35 U.S.C. §103(a) as being obvious
over Dawson in view of Yumoto and Koyama (U.S. Patent No. 7,277,070). Claims 3-10 have
been canceled and the rejection of these claims is moot.

With regard to independent claim 1, the combination of Dawson, Yumoto and
Koyama does not disclose or render obvious "a wiring connected between a gate of the first
transistor and the second transistor ... the wiring being formed in a layer which is different
from a semiconductor layer in which the first transistor and the second transistor are formed;
and the wiring being formed in a layer different from a gate layer in which a gate of the first
transistor formed." Dawson discloses in Fig. 2, a unit driving circuit for an organic EL
element. In Dawson, a transistor (P2) 260, of which a gate is connected to a holding capacitor
(Cs) 280 and a transistor (P1) 250, which is connected to a signal line 230, respectively,
correspond to the first transistor and the second transistor. However, Dawson is silent as
towards the layers on which the wiring is formed.

Fig. 8 of Yumoto discloses a unit driving circuit for an organic EL element. Yumoto

is relied upon for teaching multi-gate structures, for example, TFT 2a/2b connected to the

4
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organic EL element OLED and TFT 4a/4b connected to a holding capacitor C. Fig. 20 of
Koyama, discloses a drive circuit that an organic EL element can be found that: (i) a wiring
connecting the first transistor and the second transistor is formed on a layer other than the
sweﬂrhicondu'ctérﬂlayér; (ii) the wiring is formed on a layer different from a gate metal layer of
the second transistor; and (iii) the first transistor and the second transistor are connected via a
contact hole.

However, none of the above references teach or render obvious "a layer which is
different from a semiconductor layer in which the first transistor and the second transistor are
formed" and "a layer which is different from a gate layer in which a gate of the first transistor
is formed."

Accordingly, because the applied references do not disclose or render obvious the
features of amended claim 1, Applicant respectfully request that the rejection over these
references should be withdrawn.

The newly added claims are patentable at least for their dependence on an allowable

claim, as well as for the additional features recited therein.
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CONCLUSION

In view of the foregoing, it is respectfully submitted that this application is in
condition for allowance. Favorable reconsideration and prompt allowance of claims are
eamegtlgl solicited.

Should the Examiner believe that anything further would be desirable in order to place
this application in even better condition for allowance, the Examiner is invited to contact the
undersigned at the telephone number set forth below.

Respectfully submitted,

James A. Oh%

Registration No. 27,075

John A. Radi
Registration No. 59,345

JAO:JAR/sam

Attachments:
Petition for Extension of Time
Request for Continued Examination

Information Disclosure Statement with References

Date: October 19, 2011

DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 320850 Please grant any extension
Alexandria, Virginia 22320-4850 necessary for entry of this filing;
Telephone: (703) 836-6400 Charge any fee due to our
Deposit Account No. 15-0461
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CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
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TOTAL TOTAL
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This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Yojiro MATSUEDA Group Art Unit: 2629
Application No.: 12/917,885 Examiner: D.BOLOTIN
Filed: November 2, 2010 Docket No.: 114251.03

For:  ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC
DEVICE

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Further to an Information Disclosure Statement filed October 19, 2011 and pursuant to 37
CFR §1.56, the attention of the Patent and Trademark Office is hereby directed to the
reference(s) listed on the attached PTO-1449. Unless otherwise indicated herein, one copy of
each reference is attached. It is respectfully requested that the information be expressly
considered during the prosecution of this application, and that the reference(s) be made of record
therein and appear among the "References Cited" on any patent to issue therefrom.

X 1. This Information Disclosure Statement is being filed before the mailing date of a
first Office Action on the merits after the filing of a Request for Continued Examination
under 37 CFR §1.114. No certification or fee is required.

X 2. In accordance with 37 CFR §1.98(a)(2)(ii), copies of any U.S. patents and patent
application publications are not attached.
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Application No. 12/917,885

X 3. Reference 1 corresponds to JP-A-2000-310980, which was previously disclosed
in an Information Disclosure Statement on October 19, 2011.

JAO:JAR/mlh
Date: October 25, 2011

OLIFF & BERRIDGE, PLC

P.O. Box 320850

Alexandria, Virginia 22320-4850
Telephone: (703) 836-6400
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Respectfully submitted,

< 6>

James A. Oliff
Registration No. 27,075

John A. Radi
Registration No. 59,345

DEPOSIT ACCOUNT USE
AUTHORIZATION
Please grant any extension
necessary for entry of this filing;
Charge any fee due to our
Deposit Account No. 15-0461




Sheet 1 of 1

and not considered. Include copy of this form with next communication to applicant.

Form PTO-1449 PATENT & TRADEMARK OFFICE ATTY DOCKET NO. APPLICATION NO.
(REV. 5/11) 114251.03 12/917,885
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) APPLICANT(S)
Yojiro MATSUEDA
FILING DATE GROUP
November 2, 2010 2629
U.S. PATENT DOCUMENTS
Examiner Cite
Initials No. Document Number Date Name
1 7,233,342 Bl 6-19-2007 Yamazaki et al.
FOREIGN PATENT DOCUMENTS
Examiner Cite With With
Initials No. Document Number Date Country English English
Abstract Translation
OTHER DOCUMENTS
Examiner Cite Including name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials No. journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published.
EXAMINER DATE CONSIDERED
Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.EP. 609; draw line through citation if not in conformance

Date: October 25, 2011
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Electronic Acknowledgement Receipt

EFS ID: 11259714
Application Number: 12917885
International Application Number:
Confirmation Number: 2374

Title of Invention:

ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC
DEVICE

First Named Inventor/Applicant Name:

Yojiro MATSUEDA

Customer Number:

25944

Filer:

James Albert Oliff/Morgan Haugh

Filer Authorized By:

James Albert Oliff

Attorney Docket Number: 114251.03
Receipt Date: 25-0CT-2011
Filing Date: 02-NOV-2010
Time Stamp: 14:22:30

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

D t s . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ Y I. . ages
Number Message Digest | Part/.zip| (if appl.)

Inf tion Discl Stat t (IDS) 77971
nrormation Liscliosure s>tatemen
1 Form (SB08) 11425103_SupplIDS.pdf no 3
8bac3ee86b8e82ab182647e370913c4d89)
e0553
Warnings:
Information:
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This is notan USPTO supplied IDS fillable form

Total Files Size (in bytes):i 77971

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
12/917,885 11/02/2010 Yojiro MATSUEDA 114251.03 2374
25944 7590 11/02/2011 | |
EXAMINER
OLIFF & BERRIDGE, PLC
P.O. BOX 320850 BOLOTIN, DMITRIY
ALEXANDRIA, VA 22320-4850
| ART UNIT | PAPER NUMBER |
2629
| NOTIFICATION DATE | DELIVERY MODE |
11/02/2011 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

Office Action25944 @ oliff.com
jarmstrong @oliff.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

12/917,885 MATSUEDA, YOJIRO
Office Action Summary Examiner Art Unit

DMITRIY BOLOTIN 2629

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)K Responsive to communication(s) filed on 19 October 2011.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X] Claim(s) 1.2 and 11-16is/are pending in the application.
ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)XI Claim(s) 1,2,13 and 14 is/are rejected.
8)X Claim(s) 11,12.15 and 16 is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)] The drawing(s) filed on _____is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) x Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) X Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 8/4/11. 10/19/11. 10/25/11. 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20111024
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Application/Control Number: 12/917,885 Page 2
Art Unit: 2629

DETAILED ACTION

It would be of great assistance to the Office if all incoming papers pertaining to a

filed application carried the following items:

1.

Application number (checked for accuracy, including series code and
serial no.).

2. Group art unit number (copied from most recent Office communication).
3. Filing date.
4, Name of the examiner who prepared the most recent Office action.
5. Title of invention.
6. Confirmation number (See MPEP § 503).
Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this

application is eligible for continued examination under 37 CFR 1.114, and the fee set

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

10/19/2011 has been entered.

Status of Claims

2. Claims 1, 2 have been amended, claims 3 — 10 have been canceled, new

claims 11 — 16 have been added; and claims 1, 2 and 11 — 16 are pending.

Terminal Disclaimer
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Application/Control Number: 12/917,885 Page 3
Art Unit: 2629

3. The terminal disclaimer filed on 05/09/2011 disclaiming the terminal portion of
any patent granted on this application which would extend beyond the expiration date of

U.S. Patent No. 7,483,001 has been reviewed and is approved.

Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

5. Claims 1, 2, 13 and 14 are rejected under 35 U.S.C. 102(e) as being anticipated

by Koyama (US 7,277,070).

As to claim 1, Koyama discloses an electro-optical device comprising: a data line
(signal line Si of fig. 20); a control line (gate signal line Gaj of fig. 20); and a unit circuit
arranged corresponding to an intersection of the data line and the control line (fig. 20),
the unit circuit comprising: a first transistor (transistor 104 of fig. 20); an electro-optical
element (pixel electrode 181 of fig. 20) electrically connected to one of a source or a
drain of the first transistor (181 is electrically connected to 104 through transistor 105 of
fig. 20); a second transistor connected between the one of the source or the drain and a
gate of the first transistor (transistor 103 of fig. 20); and a holding element that is

connected to the gate of the first transistor and holds a gate voltage of the first transistor
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Application/Control Number: 12/917,885 Page 4
Art Unit: 2629

according to a data signal (capacitor 107 of fig. 20), and a wiring (184 of fig. 20)
connected between a gate of the first transistor (185 of fig. 20) and the second
transistor (103 of fig. 20) the first transistor supplying a current based on the gate
voltage (TFT 104 is current controlling TFT (col. 27, line 60 — col. 28, line 20),
inherently, TFT 104 is on based on voltage at the gate, inducing current through OLED)
to the electro-optical element (181 of fig. 22), the wiring being formed in a layer which is
different from a semiconductor layer in which the first transistor and the second
transistor are formed (as shown in fig. 20, the wiring is not in semiconductor areas of
either TFT 103 or TFT 104); and the wiring being formed in a layer different from a gate
layer in which a gate of the first transistor formed (as shown in fig. 20, the wiring 184
and gate layer 185 are in different layers (col. 27, line 60 — col. 28, line 20)).

As to claim 2 (dependent on 1), Koyama discloses the electro-optical device,
wherein the first transistor and the second transistor have opposite polarities (second
switching transistor TFT 103 may be n-channel and current controlling TFT may be p-
cannel, col. 9, lines 45 — 50).

As to claim 13 (dependent on 1) and claim 14 (dependent on 2), Koyama

discloses an electric device comprising an electro-optic device (television of fig. 24A).

Allowable Subject Matter
6. Claims 11,12, 15 and 16 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.
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Application/Control Number: 12/917,885 Page 5
Art Unit: 2629

7. The following is a statement of reasons for the indication of allowable subject
matter:

The Prior Art of record discloses the electro-optical device wherein the control
line (gate line Gaj of fig. 20) supplies a control signal to a gate of the second transistor

(103 of fig. 20), but fails to disclose that “control line crosses the wiring”.

Response to Arguments
8. Applicant's arguments with respect to claims 1, 2 and 11 — 16 have been

considered but are moot in view of the new ground(s) of rejection.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DMITRIY BOLOTIN whose telephone number is
(571)270-5873. The examiner can normally be reached on Monday-Friday, 7:30am -
5:00pm.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Amare Mengistu can be reached on (571)272-7674. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 12/917,885 Page 6
Art Unit: 2629

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DMITRIY BOLOTIN/
Examiner, Art Unit 2629
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Application/Control No. Applicant(s)/Patent Under
Reexamination
] ] 12/917,885 MATSUEDA, YOJIRO
Notice of References Cited . .
Examiner Art Unit
DMITRIY BOLOTIN 2629 Page 1 of 1
U.S. PATENT DOCUMENTS
* Counts%colii?—il:tm’\tljgmg 55 Code MM?\a(t\?yy Name Classification
* | A | US-7,277,070 10-2007 Koyama, Jun 345/76
B | US-
c | US-
D | US-
E | US-
F | US-
G | US-
H | US-
| Us-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Coums(gjﬂﬁiﬂtm’\;gmg :; Code MMEi\a(tsYY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20111024
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 12917885 MATSUEDA, YOJIRO
Examiner Art Unit
DMITRIY BOLOTIN 2629
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | | Interference 0] Objected
[ Claims renumbered in the same order as presented by applicant O cpa O T7.D. O R.1.47
CLAIM DATE
Final Original  [01/28/2011 |06/07/2011[10/25/2011

1 v v v

2 v v v

3 v v

4 v v

5 v v

6 v v

7 v v

8 v v

9 v v

10 v v R

11 o

12 o

13 v

14 v

15 o

16 o

U.S. Patent and Trademark Office
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Receipt date: 10/19/2011 ‘i%?e;it ?88%5 - (’fl%AUl: 2629

Form PTO-1449 PATENT & TRADEMARK OFFICE ATTY DOCKET NO. APPLICATION NO.
(REV. 5/11) 114251.03 12/917,885
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) APPLICANT(S)
Yojiro MATSUEDA
FILING DATE GROUP
November 2, 2010 2629
U.S. PATENT DOCUMENTS
Examiner Cite
Initials No. Document Number Date Name
1 6,118,506 09-12-2000 Yamazaki et al.
2 5,815,226 09-29-1998 Yamazaki et al.
3 2002/0070385 Al 06-13-2002 Yamagata
4 2002/0030770 Al 03-14-2002 Tsutsui et al.
5 6,271,543 Bl 08-07-2001 Ohtani et al.
FOREIGN PATENT DOCUMENTS
Examiner Cite With With
Initials No. Document Number Date Country English English
Abstract Translation
6 EP 1093 166 A2 04-18-2001 Europe
7 EP 1093 156 A2 04-18-2001 Europe
8 EP 1 128 436 Al 08-29-2001 Europe
9 EP 1 096 579 A2 05-02-2001 Europe
10 JP-A-2000-310980 11-07-2000 Japan X X
OTHER DOCUMENTS
Examiner Cite Including name of the author (in CAPITAL LETTERS)), title of the article (when appropriate), title of the item (book, magazine,
Initials No. journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published.
11
12
13
14
15
16
EXAMINER 'Dmitriv Bolotin/ DATE CONSIDERED
i | / p
4 10/25/2011
Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in conformance
and not considered. Include copy of this form with next communication to applicant.

Date: October 19, 2011

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 12917885 MATSUEDA, YOJIRO
Examiner Art Unit
DMITRIY BOLOTIN 2629
SEARCHED
Class Subclass Date Examiner
345 76-83 1/28/2011 DB
315 169.1-169.4 1/28/2011 DB
Updated Search 06/07/2011 DB
Updated Search 10/25/2011 DB
349 42,43,46 10/25/2011 DB
SEARCH NOTES
Search Notes Date Examiner
Google 1/28/2011 DB
EAST 1/28/2011 DB
Updated Search 06/07/2011 DB
Updated Search 10/25/2011 DB
INTERFERENCE SEARCH
Class Subclass Date Examiner

/DMITRIY BOLOTIN/
Examiner.Art Unit 2629

U.S. Patent and Trademark Office
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Receipt date: 10/25/2011 12917885 - GAU: 2629

. Sheet 1 of 1
Form PTO-1449 PATENT & TRADEMARK OFFICE ATTY DOCKET NO. APPLICATION NO.
(REV. 5/11) 114251.03 12/917,885
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) APPLICANT(S)
Yojiro MATSUEDA
FILING DATE GROUP
November 2, 2010 2629
U.S. PATENT DOCUMENTS
Examiner Cite
Initials No. Document Number Date Name
1 7,233,342 Bl 6-19-2067 Yamazaki et al.
FOREIGN PATENT DOCUMENTS
Examiner Cite With With
Initials No. Document Number Date Country English English
Abstract Translation
OTHER DOCUMENTS
Examiner Cite Including name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials No. journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published.
EXAMINER i s L DATE CONSIDERED
/Dmitrty Bolotin/ 10/26/2011
Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.EP. 609; draw line through citation if not in conformance
and not considered. Include copy of this form with next communication to applicant.

Date: October 280201 REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./
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Receipt date: 08/04/2011 12917885 - GAU: 2629
of 1

Sheet 1
Form PTO-1449 PATENT & TRADEMARK OFFICE ATTY DOCKET NO. APPLICATION NO.
(REV.5/11) 114251.03 12/917,885
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) APPLICANT(S)
Yojiro MATSUEDA
FILING DATE GROUP
November 2, 2010 2629
U.S. PATENT DOCUMENTS
Examiner Cite
Initials No. Document Number Date Name
1 2001/0017517 08/30/2001 Yamazaki
FOREIGN PATENT DOCUMENTS
Examiner Cite With With
Initials No. Document Number Date Country English English
Abstract Translation
OTHER DOCUMENTS
Examiner Cite Including name of the author (in CAPITAL LETTERS), title of the article (whemappropriate), title of the item (book, magazine,
Initials No. journal, serial, symposium, catalog, etc.), date, page(s), volumeissue number(s), publisher, city and/or country where published.
2 July 11, 2011 Office Action issued in U.S. Patent Application No. 11/483087.
3 U.S. Patent Application No. 11/483,087.
EXAMINER / iy B in/ DATE CONSIDERED
{Dmitriy Bolotin/ 10/25/2011
Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in conformance
and not considered. Include copy of this form with next communication to applicant.

Date: August4,2011

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Yojiro MATSUEDA Group Art Unit: 2629
Application No.: 12/917,885 Examiner: D.BOLOTIN
Filed: November 2, 2010 Docket No.: 114251.03

For: ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC
DEVICE

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Pursuant to 37 CFR §1.56, the attention of the Patent and Trademark Office is hereby
directed to the reference(s) listed on the attached PTO-1449. Unless otherwise indicated herein,
one copy of each reference is attached. It is respectfully requested that the information be
expressly considered during the prosecution of this application, and that the reference(s) be made
of record therein and appear among the "References Cited" on any patent to issue therefrom.

X 1. This Information Disclosure Statement is being filed more than three months after
the U.S. filing date AND after the mailing date of the first Office Action on the merits,
but before the mailing date of a Final Rejection, Notice of Allowance or other action that
closes prosecution (e.g., Quayle Action).

D a. I hereby certify that no item of information in this Information Disclosure
Statement was cited in a communication from a foreign patent office in a
counterpart foreign application, and, to my knowledge after making reasonable
inquiry, no item of information in this Information Disclosure Statement was
known to any individual designated in 37 CFR §1.56(c) more than three months
prior to the filing of this Information Disclosure Statement. 37 CFR §1.97(e)(2).
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Application No. 12/917,885

X 2. An Office Action was issued in U.S. application No._11/483.087. A copy of the
Office Action is submitted for the Examiner's consideration as Reference 1. The
references cited therein have already been made of record in this application.

JAO:SZK/amw
Date: December 9, 2011

OLIFF & BERRIDGE, PLC

P.O. Box 320850

Alexandria, Virginia 22320-4850
Telephone: (703) 836-6400

2-
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Respectfully submitted,
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Commissioner for Patents
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Sir:
In reply to the November 2, 2011 Office Action, please consider the following:

Amendments to the Claims as reflected in the listing of claims; and

Remarks.
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Amendments to the Claims:
The following listing of claims will replace all prior versions, and listings, of claims in
the application:
1. (Currently Amended) An electro-optical device comprising:
a data line,
a control line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit includingeemprising:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the

second transistor connected between the one of the source or the drain and a gate of the first

transistor;
a holding element that is connected to the gate of the first transistor and .

holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between a-gate-o++t

transistor and the gate of the first transistor.s

the first transistor supplying a current based on the gate voltage to the electro-
optical element.;
the wiring being formed in a layer which is different from a semieonductor

layer in which_the first semiconductor film and the second semiconductor film-the-first

transistor-and-the-second-transistor are formed,; and
the wiring being formed in a layer different from a gate layer in which a-the

gate of the first transistor is formed.
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2. (Currently Amended) The electro-optical device according to claim 1,

wherein the first transistor has a conduction type different from a conduction film the second

transistor has

11. (Currently Amended) The electro-optical device according to claim 1,
wherein the control line supplies a control signal to a gate of the second transistor, and-the
control line eresses-intersecting the wiring,

12, (Currently Amended) The electro-optical device according to claim 11,

wherein the unit circuit further includeseemprises a third transistor eennected
coupled between the holding element and the data line, and

wherein the second transistor and the third transistor are controlled according
to the control signal.

13. (Previously Presented) An electric device comprising an electro-optical device
according to claim 1.

14. (Previously Presented) An electric device comprising an electro-optical device
according to claim 2.

15. (Previously Presented) An electric device comprising an electro-optical device
according to claim 11.

16. (Previously Presented) An electric device comprising an electro-optical device
according to claim 12.

17. (New) An electro-optical device comprising:

a data line;

a control line

a power line; and

a 1;nit circuit arranged corresponding to an intersection of the data line and the

control line, the unit circuit including:
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a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed, and

the wiring being formed in a layer different from a gate layer in which the gate
electrode of the first transistor formed.

18. (New) An electro-optical device comprising:

a data line;

a control line

a power line; and

a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a

drain of the first transistor;
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a second transistor that includes a second semiconductor film, the
second transistor connected between the one of-a source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element, and
the wiring being formed in a layer in which the data line and the power line are
formed.
19. (New) The electro-optical device according to claim 17,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and
the second terminal.
20. (New) The electro-optical device according to claim 18,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the~second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and

the second terminal.
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REMARKS

Claims 1, 2 and 11-20 are pending in this application. By this Amendment, claims 1,
2,11 and 12 are amended and new claims 17-20 are added. Support for the amendments to
claim 1 can be found in, for example, Figs. 3A, 6 and 9A of Applicant's specification.
Support for the amendments to claim 2 can be found in, for example, page 25, lines 5-7, of
Applicant's specification. Support for the amendments to claim 11 can be found in, for
example, Fig. 2 of Applicant's specification. Support for the amendments to claim 12 can be
found in, for example, Fig. 2 of Applicant's specification. No new matter is added. Entry of

the amendments is thus respectfully requested.

I. Claim Rejections Under 35 U.S.C. §102(e)

The Office Action rejects claims 1, 2, 13 and 14 under 35 U.S.C. §102(e) as being

anticipated by U.S. Patent No. 7,277,070 to Koyama. The rejection is respectfully traversed.

Koyama does not disclose "the wiring being formed in a layer different from a gate

layer in which the gate of the first transistor is formed," as recited in claim 1. Specifically,

the Examiner asserts that the wiring 184 and the gate layer 185 are illustrated in Koyama's
Fig. 20 as being in different layers. Koyama describes Fig. 20 as disclosing "[t]he second
switching TFT 103 has a source region and a drain region one of which is connected to the
drain region of the current controlling TFT 104 through the connection wiring line 183 and

the other of which is connected to a connection wiring line 184 and to a gate wiring line 185."

See, Koyama, col. 27, line 65-col. 28, line 2. However, this description alone does not
provide sufficient detail to determine whether the wiring connecting TFT 103 and the gate of
the TFT 104 is either the connection wiring 184, the gate wiring line 185, or both the

connection wiring 184 and the gate wiring line 185.
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Fig. 20 indicates that the wiring connecting TFT 103 and the gate of the TFT 104 is
the gate wiring line 185. Because Fig. 20 only illustrates a top view, we have to rely on the
hatched layer markings to determine which layer the wiring lines are located in. To one of
ordinary skill in the art, the square region pointed to by label 184 indicates a contact hole.
This square region has hatching lines identical to those indicating the connection wiring line
103 and the power supply line V;. Thus, Fig. 20 would indicate to one of ordinary skill in the
art that the connection wiring line 184 is formed with the same metallic layer that forms the
connection wiring 183 and the power supply line Vi and serves only to cover the contact hole.
Therefore, Fig. 20 discloses that the wiring between TFT 103 and the gate of TFT 104 is the
gate wiring line 185. Thus, Koyama does not anticipate "the wiring being formed in a layer
different from a gate layer in which the gate of the first transistor is formed," as recited in
claim 1.

Accordingly, the applied reference does not disclose all the features recited in claim 1.
Therefore, Applicant respectfully requests withdrawal of the rejection.

Applicant does not concede that Koyama teaches or discloses the features of the other
dependent claims. However, it is unnecessary to separately discuss the other dependent
claims given the existence of clear distinguishing features in independent claim 1. Thus,
Applicant respectfully requests withdrawal of the rejection with respect to the other

dependent claims.
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In view of the foregoing, it is respectfully submitted that this application is in

condition for allowance.

Should the Examiner believe that anything further would be desirable in order to place

this application in even better condition for allowance, the Examiner is invited to contact the

undersigned at the telephone number set forth below.

JAO:SZK/rmh
Date: February 2, 2012

OLIFF & BERRIDGE, PLC

P.O. Box 320850

Alexandria, Virginia 22320-4850
Telephone: (703) 836-6400
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[ 1. Amendments to the specification:
[0 A. Amended paragraph(s) do not include markings.
[] B. New paragraph(s) should not be underlined.
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[0 2. Abstract:

[ A. Not presented on a separate sheet. 37 CFR 1.72.
[ B. Other :
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[ A. The drawings are not properly identified in the top margin as “Replacement Sheet,” “New Sheet,” or
“‘Annotated Sheet” as required by 37 CFR 1.121(d).
[ B. The practice of submitting proposed drawing correction has been eliminated. Replacement drawings

showing amended figures, without markings, in compliance with 37 CFR 1.84 are required.
[] C. Other .

] 4. Amendments to the claims:

1 A. A complete listing of all of the claims is not present.

[] B. The listing of claims does not include the text of all pending claims (including withdrawn claims)

[] C. Each claim has not been provided with the proper status identifier, and as such, the individual status
of each claim cannot be identified. Note: the status of every claim must be indicated after its claim
number by using one of the following status identifiers: (Original), (Currently amended), (Canceled),
(Previously presented), (New), (Not entered), (Withdrawn) and (Withdrawn-currently amended).

E D. The claims of this amendment paper have not been presented in ascending numerical order.

E. Other: .

[ 5. Other (e.g., the amendment is unsigned or not signed in accordance with 37 CFR 1.4): For further explanation
of the amendment format required by 37 CFR 1.121, see MPEP § 714.

TIME PERIODS FOR FILING A REPLY TO THIS NOTICE:
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2. Applicant is given one month, or thirty (30) days, whichever is longer, from the mail date of this notice to supply the
correction, if the non-compliant amendment is one of the following: a preliminary amendment, a non-final amendment
(including a submission for a request for continued examination (RCE) under 37 CFR 1.114), a supplemental
amendment filed within a suspension period under 37 CFR 1.103(a) or (¢), and an amendment filed in response to a
Quayle action. If any of above boxes 1 to 4 are checked, the correction required is only the corrected section of the
non-compliant amendment in compliance with 37 CFR 1.121.

Extensions of time are available under 37 CFR 1.136(a) only if the non-compliant amendment is a non-final
amendment or an amendment filed in response t0 a Quayle action.
Eailure to timely respond to this notice will result in:
Abandonment of the application if the non-compliant amendment is a non-final amendment or an amendment
filed in response to a Quayle action; or

Non-entry of the amendment if the non-compliant amendment is a preliminary amendment or supplemental
amendment.

Legal Instruments Examiner (LIE), if applicable /Theresa Dawkins/ Telephone No: (571)272-1567

U.S. Patent and Trademark Office

Part of Paper No. 20120207-1
PTOL-324 (04-06) Notice of Non-Compliant Amendment (37 CFR 1.121)
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Commissioner for Patents
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Alexandria, VA 22313-1450
Sir:
In reply to the November 2, 2011 Office Action, please consider the following:

Amendments to the Claims as reflected in the listing of claims; and

Remarks.
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Amendments to the Claims:

The following listing of claims will replace all prior versions, and listings, of claims in
the application:
1. (Currently Amended) An electro-optical device comprising:
a data line;
a control line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate of the first
transistor;

a holding element that is connected to the gate of the first transistor and
holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the second transistor and the gate of the
first transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed, and

the wiring being formed in a layer different from a gate layer in which the gate

of the first transistor is formed.

2-
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2. (Currently Amended) The electro-optical device according to claim 1,
wherein the first transistor has a conduction type different from a conduction film the second
transistor has.

3-10. (Canceled)

11. (Currently Amended) The electro-optical device according to claim 1,
wherein the control line supplies a control signal to a gate of the second transistor, the control
line intersecting the wiring.

12. (Currently Amended) The electro-optical device according to claim 11,

wherein the unit circuit further includes a third transistor coupled between the
holding element and the data line, and

wherein the second transistor and the third transistor are controlled according
to the control signal.

13.  (Previously Presented) An electric device comprising an electro-optical device
according to claim 1.

14, (Previously Presented) An electric device comprising an electro-optical device
according to claim 2.

15.  (Previously Presented) An electric device comprising an electro-optical device
according to claim 11,

16.  (Previously Presented) An electric device comprising an electro-optical device
according to claim 12.

17.  (New) An electro-optical device comprising:

a data line;
a control line;

a power line; and
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a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed, and

the wiring being formed in a layer different from a gate layer in which the gate
electrode of the first transistor formed.

18. (New) An electro-optical device comprising:

a data line;

a control line;

a power line; and

a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

-4-
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an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of a source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element, and
the wiring being formed in a layer in which the data line and the power line are
formed.
19. (New) The electro-optical device according to claim 17,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and
the second terminal.
20.  (New) The electro-optical device according to claim 18,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and

the second terminal.
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REMARKS

Claims 1, 2 and 11-20 are pending in this application. By this Amendment, claims 1,
2, 11 and 12 are amended and new claims 17-20 are added. Support for the amendments to
claim 1 can be found in, for example, Figs. 3A, 6 and 9A of Applicant's specification.
Support for the amendments to claim 2 can be found in, for example, page 25, lines 5-7, of
Applicant's specification. Support for the amendments to claim 11 can be found in, for
example, Fig. 2 of Applicant's specification. Support for the amendments to claim 12 can be
found in, for example, Fig. 2 of Applicant's specification. No new matter is added. Entry of
the amendments is thus respectfully requested.

I. Claim Rejections Under 35 U.S.C. §102(e)

The Office Action rejects claims 1, 2, 13 and 14 under 35 U.S.C. §102(e) as being

anticipated by U.S. Patent No. 7,277,070 to Koyama. The rejection is respectfully traversed.

Koyama does not disclose "the wiring being formed in a layer different from a gate

layer in which the gate of the first transistor is formed," as recited in claim 1. Specifically,

the Examiner asserts that the wiring 184 and the gate layer 185 are illustrated in Koyama's
Fig. 20 as being in different layers. Koyama describes Fig. 20 as disclosing "[t]he second
switching TFT 103 has a source region and a drain region one of which is connected to the
drain region of the current controlling TFT 104 through the connection wiring line 183 and

the other of which is connected to a connection wiring line 184 and to a gate wiring line 185."

See, Koyama, col. 27, line 65-col. 28, line 2. However, this description alone does not
provide sufficient detail to determine whether the wiring connecting TFT 103 and the gate of
the TFT 104 is either the connection wiring 184, the gate wiring line 185, or both the

connection wiring 184 and the gate wiring line 185.
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Fig. 20 indicates that the wiring connecting TFT 103 and the gate of the TFT 104 is
the gate wiring line 185. Because Fig. 20 only illustrates a top view, we have to rely onthe
hatched layer markings to determine which layer the wiring lines are located in. To one of
ordinary skill in the art, the square region pointed to by label 184 indicates a contact hole.

This square region has hatching lines identical to those indicating the connection wiring line

103 and the power supply line Vi. Thus, Fig. 20 would indicate to one of ordinary skill in the
art that the connection wiring line 184 is formed with the same metallic layer that forms the
connection wiring 183 and the power supply line Vi and serves only to cover the contact hole.
Therefore, Fig. 20 discloses that the wiring between TFT 103 and the gate of TFT 104 is the

gate wiring line 185. Thus, Koyama does not anticipate "the wiring being formed in a layer

different from a gate layer in which the gate of the first transistor is formed," as recited in
claim 1.

Accordingly, the applied reference does not disclose all the features recited in claim 1.
Therefore, Applicant respectfully requests withdrawal of the rejection.

Applicant does not concede that Koyama teaches or discloses the features of the other
dependent claims. However, it is unnecessary to separately discuss the other dependent
claims given the existence of clear distinguishing features in independent claim 1. Thus,
Applicant respectfully requests withdrawal of the rejection with respect to the other

dependent claims. .
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In view of the foregoing, it is respectfully submitted that this application is in

condition for allowance.

Should the Examiner believe that anything further would be desirable in order to place

this application in even better condition for allowance, the Examiner is invited to contact the

undersigned at the telephone number set forth below.

JAO:SZK/mjb
Date: March 9,2012

OLIFF & BERRIDGE, PLC

P.O. Box 320850

Alexandria, Virginia 22320-4850
Telephone: (703) 836-6400
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Notice of Non-Compliant 12/917,885 MATSUEDA, YOUIRO
Amendment (37 CFR 1.121) Examiner Art Unit
DMITRIY BOLOTIN 2629

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

The amendment document filed on 09 March 2012 is considered non-compliant because it has failed to meet the
requirements of 37 CFR 1.121 or 1.4. In order for the amendment document to be compliant, correction of the following
item(s) is required.

THE FOLLOWING MARKED (X) ITEM(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT:
[J 1. Amendments to the specification:
[0 A. Amended paragraph(s) do not include markings.
[] B. New paragraph(s) should not be underlined.
[0 cC. Other .

[J 2. Abstract:
] A. Not presented on a separate sheet. 37 CFR 1.72.
[ B. Other .

] 3. Amendments to the drawings:
[J A. The drawings are not properly identified in the top margin as “Replacement Sheet,” “New Sheet,” or
“Annotated Sheet” as required by 37 CFR 1.121(d).
[] B. The practice of submitting proposed drawing correction has been eliminated. Replacement drawings
showing amended figures, without markings, in compliance with 37 CFR 1.84 are required.
[ C. Other .

X 4. Amendments to the claims:

[] A. A complete listing of all of the claims is not present.

[] B. The listing of claims does not include the text of all pending claims (including withdrawn claims)

C. Each claim has not been provided with the proper status identifier, and as such, the individual status
of each claim cannot be identified. Note: the status of every claim must be indicated after its claim
number by using one of the following status identifiers: (Original), (Currently amended), (Canceled),
(Previously presented), (New), (Not entered), (Withdrawn) and (Withdrawn-currently amended).

E D. The claims of this amendment paper have not been presented in ascending numerical order.

E. Other: .

X 5. Other (e.g., the amendment is unsigned or not signed in accordance with 37 CFR 1.4):
Claims 1,2, 11 and 12 indicate that they were amended, however no underlined amended

portion is present.
For further explanation of the amendment format required by 37 CFR 1.121, see MPEP § 714.

TIME PERIODS FOR FILING A REPLY TO THIS NOTICE:

1. Applicant is given no new time period if the non-compliant amendment is an after-final amendment or an amendment
filed after allowance. If applicant wishes to resubmit the non-compliant after-final amendment with corrections, the
entire corrected amendment must be resubmitted.

2. Applicantis given one month, or thirty (30) days, whichever is longer, from the mail date of this notice to supply the
correction, if the non-compliant amendment is one of the following: a preliminary amendment, a non-final amendment
(including a submission for a request for continued examination (RCE) under 37 CFR 1.114), a supplemental
amendment filed within a suspension period under 37 CFR 1.103(a) or (c), and an amendment filed in response to a
Quayle action. If any of above boxes 1. t0 4. are checked, the correction required is only the corrected section of the
non-compliant amendment in compliance with 37 CFR 1.121.

Extensions of time are available under 37 CFR 1.136(a) only if the non-compliant amendment is a non-final
amendment or an amendment filed in response to a Quayle action.

Failure to timely respond to this notice will result in:
Abandonment of the application if the non-compliant amendment is a non-final amendment or an amendment
filed in response to a Quayle action; or
Non-entry of the amendment if the non-compliant amendment is a preliminary amendment or supplemental
amendment.

/ABBAS ABDULSELAM/
Primary Examiner, Art Unit 2629

U.S. Patent and Trademark Office Part of Paper No. 20120313
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Yoiiro MATSUEDA Group Art Unit: 2629
Application No.:  12/917,885 Examiner: B.BOLOTIN
Filed: MNovember 2, 2010 Docket No.r  114251.03

For:  ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND
ELECTRONIC DEVICE

RESPONSE TO NOTICE OF NON-COMPLIANT AMENDMENT

Commissioner for Patents
PO, Box 1450
Alexandria, VA 22313-1450
Sir:
In response o the Notice of Non-Compliant Amendment mailed March 27, 2012

{copy attached), please consider the following:

Remarks,
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REMARKS

The Notice of Non-Compliant Amendment mailed on March 27, 2012, indicated that
the amendment document filed on March 9, 2012 was non-compliant because claims 1,2, 11
and 12 were indicated as amended, but the claims were not marked up. In response to the
Notice, attached hereto is an Amendment in accordance with 37 CF.R. 1.4, Applicant
earnestly solicits favorable consideration and prompt allowance of the pending claims.

Should the Examiner believe that anything further would be desirable in order to place
this application in even better condition for allowance, Applicant invites the Examiner to

contact the undersigned at the telephone number set forth below.

Respectfully submitted,

James A, Oliff
Registration No, 27,075

Shahid K. Khan
Registration No. 60,984

JAOSZK /mdl
Attachments:
Notice of Non-Compliant Amendment

Amendment

Date: April 26, 2012

DEPOSIT ACCOUNT USE
Oriry & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexapdria, Virginia 22326 necessary for entry;
Telephone: (763) 836-6400 Charge any fee due to our
Deposit Account No., 15-0461
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Application MNo. Applicanti{s)
Notice of Non-Compliant 12/317,885 MATSUEDA, YOJIRO
Amendment (37 CFR 1.127} Examiner Art unit
DMITRIY BOLOTIN 2628

-~ The MAILING DATE of this communication appears on the cover sheel with the correspondsnce address

The amengment document filed on 08 March 2012 is considered non-compliant bacause it hag failed 1o meet the
requirements of 37 CFR 1121 or 1.4, in orger {or the amendment document © be compliant, correction of ihe fo fowing
itemn(s) is reqguirad.

THE FOLLOWING MARKED (X) ITEM(S) C 48 THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT:
[‘] . Amendmenis i the specification
1 AL Amended paragraph(s) du not include markings.
2. New paragraphis) should not be underlined.
{1 C. Othar

{71 2 Abstract
[} A Notpresentedon a sgparate sheetl 37 OFR .72
{1 8. Gther

[T} 3. Amengments to ihe drawings:
{1 A The drawings are not properly identified in the top margin as "Replacement Sheet” “Naw Sheat,” ar
"Annctated Shest” as required by 37 CFR 1.12H{d).
{71 B. The practice of sudrmitting proposed drawing correction has been eliminzied. Replacement drawings
showing amendad figures, wilhout markings, in compfiance with 37 CFR 1.84 are requires.
{3 C. Cther
3 4. Amendments to the claims:
AL A complele listing of ali of the claims is not pressnt.
L1 B The listing of claims does not include the taxt of all pending claims (mchzdms withdrawn ciaims)
DI C. Each claim has not baen provided with the proper slatus ide nd as such, the individual status
of gach claim cannot be identified. Note: the status of every ciaim must be indicated afler #a olaim
aumber by using one of the foliowing status identifiers: (Original), (Gurrently amendea), (Cancelsd),
{Pravicusly presented), (New), (Not entered), (Withdrawn) and (Withdrawrn- -currently afrxertded).
% . The claims of this amendment paper have not heen presentad in ascending numerical crder.
E. Other:

X 5. Other {s.g.. the amendment is unsigned or not signed in accordance with 37 CFR 1, 4y
Claims 1,2 11 and 12 indicale thal fhey were amendsed, however no undardinad amendad

portion g present.
For further explanation of the amendment formal required by 37 CFR 1,121, see MPEP § 714,

TIME PERICDS FOR FILING A RERPLY TO THIS NOTICE:

1. Applicant is given no new lime period i the non-compliant amendmaent is an after-final amendment or an ameandmeant
filad after allowance. If applicant wishas 1o resubmit the non-compliant alter-final amendment with corrections, the
entire corrected amendment must be resubmitied.

i)

antis given one month, or thirty {30) days, whichever is longes, from the mail gate of this notice 10 supply the

; ‘ctx"n, i the nen-compiiant amendment is one of the ioliowing: & preliminary amerdfnawt_ a non-final amendmeant
cluging a subrmission {0r & request for continuad examination (RCE} under 37 CFR 1.114), a supplementsal
amencment filed within a suspension period under 37 CFR 1.103{&) or (¢}, and an amendmant filsd in TR3N0oNSE 10 &
Cuayle action. I any of above boxm o4 are chevks,d, ihe correction required is only the corrected section of the
nen-compliant amendmaent in compiiance with 37 CFR .12

Extensions of time are available under 37 CFR 1.138{a) galy if the nen-compliant amendment ia a non-final
amendment or an amendment filed in response 0 a Quayie action.

Failure 1o limely respand 1o this notice will result in
Abandonment of the application if the non-compl
filed in response to 8 Quayle action; or
Non-entry of the amendment if the non-compliant amencment i a pre
amendmeant,

ignt amendment is & non-final amendment or an amendment

tinary amendiment or supplemaental

JABBAS ABDULSELAM/
Primary Examinar, Art Unit 2629

US Paent and Trademark Office Fart of Paper No 20120313
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Yojiro MATSUEDA Group Art Unit: 2629
Application No.:  12/917,885 Examiner: D. BOLOTIN
Filed: November 2, 2010 Docket No.:  114251.03

For:  ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND
ELECTRONIC DEVICE

AMENDMENT

Commissioner for Patents
P.G. Box 1450
Alexandria, VA 22313-14580
Sir
Tn reply to the November 2, 2011 Office Action, please consider the following:

Amendments to the Claims as reflected in the listing of claims; and

Remarks.
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Amendments to the Claims:

The following listing of claims will replace all prior versions, and listings, of claims in
the application:
1. (Currently Amended) An electro-optical device comprising!
a data line;
a control line; and

a unit circuit arranged corresponding to an intersection of the data line and the

an electro-optical element electrically connected to one of asource ora
drain of the first transistor;

second transistor connected between the one of the source or the drain and a gate of the first

transistor;

______aholding element that is connected to the gate of the first transistor and
holds a gate voltage of the first transistor according to a data signal; and
___a wiring connected between a-gate-of the Hrst-transisterand-the second

transistor and the cate of the first transisiors

the first transistor supplying a current based on the gate voltage to the electro-
optical elements
the wiring being formed in a layer which is different from a semteonduector

layer in which the first semiconductor film and the second semiconductor film-the-first

cransistor-and the-second-transister are formed and
the wiring being formed in a layer different from a gate layer in whiche-the

gate of the first transistor is formed.
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2. {Currently Amended) The electro-optical device according to claim 1,
transistor hasand-the-second-transister-have-epposite-pelarities.

3-18. (Canceled)

11, (Currently Amended) The electro-optical device according to claim 1,

wherein the control line supplies a control signal to a gate of the second transistor, apd-the

coupled between the holding element and the data line, and
wherein the second transistor and the third transistor are controlled according

to the control signal.

13. (Previously Presented) An electric device comprising an clectro-optical device
according to claim 1.

14. (Previously Presented) An electric device comprising an electro-optical device
according to claim 2.

15. (Previously Presented) An electric device comprising an electro-optical device
according to claim 11

14, {(Previously Presented) An electric device comprising an electro-optical device

according to claim 12,

fonni
-

{New) An electro-optical device comprising:
a data ling;
a conirol line;

a power ling; and
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a unit circuit arranged corresponding to an intersection of the data line and the
countrol Hne, the unit circuit including:

a first transistor that includes a first semiconductor filmy;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate electrode of
the first transistor;

a holding clement that is connected to the gate elecirode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first {ransistor supplying a current based on the gate voltage t© the electro-
optical element,

the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed, and

the wiring being formed in a layer different from a gate layer in which the gate
clectrode of the first transistor formed.

18. (New) An electro-optical device comprising:

a data line;

a control line;

a power line; and

a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

e
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an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second fransistor connected between the one of a source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element, and
the wiring being fornied in a layer in which the data line and the power line are
formed.
19. (New) The electro-optical device according to claim 17,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and
the second terminal.
20. (New) The electro-optical device according to claim 18,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and

the second terminal.
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REMARKS

Claims 1, 2 and 11-20 are pending in this application. By this Amendment, claims 1,
2, 11 and 12 are amended and new claims 17-20 are added. Support for the amendments to
claim 1 can be found in, for exaruple, Figs. 34, 6 and 94 of Applicant's specification,
Support for the amendments to claim 2 can be found in, for example, page 25, lines 3-7, of
Applicant's specification. Support for the amendments to ¢claim 11 can be found in, for
example, Fig. 2 of Applicant's specification. Support for the amendments to claim 12 caa be
found in, for example, Fig. 2 of Applicant's specification. No new matter i3 added. Eniry of
the amendments is thus respectfully requested.

i. Claim Rejections Under 35 U.K.C. §182(¢)

The Office Action rejects claims 1, 2, 13 and 14 under 35 U.S.C. §102{e) as being

anticipated by U.S. Patent No. 7,277,070 to Koyama. The rejection is respectfully traversed.

Koyama does not disclose "the wiring being formed in a layer different from a gate

laver in which the sate of the first transistor is formed," as recited in claim 1. Specificaily,

the Examiner asserts that the wiring 184 and the gate layer 185 are illustrated in Koyama's
Fig. 20 as being in different layers. Koyama describes Fig. 20 as disclosing "[tthe second
switching TFT 103 has a source region and a drain region one of which is connected to the
drain region of the current controlling TFT 104 through the connection wiring line 183 and

the other of which is connected to a connection wiring line 184 and to a gate wiring line 185."

See, Koyama, col. 27, line 65-col. 28, line 2. However, this description alone does not
provide sufficient detail to determine whether the wiring connecting TFT 103 and the gate of
the TFT 104 is either the connection wiring 184, the gate wiring line 185, or both the

connection wiring 184 and the gate wiring line 185,
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Fig. 20 indicates that the wiring connecting TFT 103 and the gate of the TFT 104 is
the gate wiring line 185. Because Fig. 20 only illustrates a top view, we have to rely onthe
hatched layer markings to determine which layer the wiring lines are located in. To one of
ordinary skill in the art, the square region pointed to by label 184 indicates a contact hole.
This square region has hatching lines identical to those indicating the connection wiring line
103 and the power supply line Vi Thus, Fig. 20 would indicate to one of ordinary skill in the
art that the connection wiring line 184 is formed with the same metallic layer that forms the
connection wiring 183 and the power supply line Vi and serves only to cover the contact hole.
Therefore, Fig. 20 discloses that the wiring between TFT 103 and the gate of TFT 104 is the

gate wiring line 185. Thus, Koyama does not anticipate "the wiring being formed in a layer

different from a gate layer in which the gate of the first transistor is formed,” as recited in
claim 1.

Accordingly, the applied reference does not disclose all the features recited in claim 1,
Therefore, Applicant respectfully requests withdrawal of the rejection.

Applicant does not concede that Koyama teaches or discloses the features of the other
dependent claims. However, it is unnecessary 10 separately discuss the other dependent
claims given the existence of clear distinguishing features in independent claim 1. Thus,
Applicant respectfully requests withdrawal of the rejection with respect to the other

dependent claims.

-
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In view of the foregoing, it is respectfully submitted that this application is in
condition for allowance.

Should the Examiner belicve that anything further would be desirable in order to place
this application in even better condition for allowance, the Examiner is invited to contact the
undersigned at the telephone number set forth below,

Respectfully submitted,

James A. QUff
Registration No. 27,075

Shahid K. Khan
Regisiration No. 60,984

JAOSZK/mdl

Date: April 26, 2012
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For: ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC
DEVICE

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
PO, Box 1450
Alexandria, VA 22313-1430

Sir:

Puarsuant to 37 CFR §1.56, the attention of the Patent and Trademark Office is hereby
directed to the reference(s) listed on the attached PT0O-1449. Unless otherwise indicated herein,
one copy of each reference is attached. It is respectfully requested that the information be
expressly considered during the prosecution of this application, and that the reference(s) be made
of record therein and appear among the "References Cited” on any patent to issue therefrom.

4 1. This Information Disclosure Statermnent is being filed more than three months after
the U.S. filing date AND after the mailing date of the first Office Action on the merits,
but before the mailing date of a Final Rejection, Notice of Allowance or other action that
closes prosecution {e.g., Quayle Action}.

& a, I hereby certify that no item of information in this Information Disclosure
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inquiry, no item of information in this Information Disclosure Statement was
known to any individual designated in 37 CFR §1.56(c) more than three months
prior to the filing of this Information Disclosure Statement. 37 CFR §1.97(e}(2).

&4 2. Each item of information contained in this Information Disclosure Staternent was
either first cited in a communication from a patent office in a counterpart foreign or
international application or from the USPTO, or is a communication that was issued by a
patent office in a counterpart foreign or international application or by the USFTO, and
this communication was not received by any individual designated in §1.56(c} more than
thirty days prior to the filing of this Information Disclosure Statement.

B 3. Ome or more reference cited herein was cited in a counterpart foreign application,
An English language version of the foreign search report is attached for the Examiner's
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4. In accordance with 37 CFR §1.98(a}2)(1i), copies of any U.S. patents and patent

5. An English language Abstract of one or more non-English language reference is
included. See References 6 and 7.

6. A computer-generated English language transiation of one or more Japanese
Patent Publication cited herein has been obtained from the website of the Japanese Patent
Office (hitp//www . jpo.go.jp), and is attached, but has not been reviewed for accuracy.

See References 6 and 7.

X 7. References 1 and 2 correspond to references 3 and 4, respectively.
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COLOR LIQUID~-CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to picture elements
of a c¢olor liguid-crystal display apparatus, color
arrangements of coloring means, and slectric control.

The coloy liguid-crystal display apparatus is
provided with many picture elements arranged in dot-matrix
ghape and a coloring means arranged ccrxespondgng to each
picture element. Bach picture element is controlled through
application of a picture signal corresponding to a color
corresponding to each pictuxe element so that colors are
additively mixed in accordance with the same principle as
that of & color CRT, with the result that an arbitrary color
picture including & half tone color image may be displayed.
Read "Liguid-Crystal Electronics Base And Application®™ (Ohm
Company, 1978} or the like edited by Sasaki for detalls on
the liguid crystal. .

Many modes such as twisted-nematic (TN}, guest~
host (GH}, dynamic-scattering-mode (D8M), phase transfer,
ete. ave available asz an aperaéian mode of a liguid crystal
display apparatus. Particularly the TN and GH provide
favorable results. In the guest-host, black die is used and

is operated as a so-called black shutter.
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Hormally additive three primary colors are
selected gs the colors of the coloring means. Aan
interference filter, & color filter made of inorganic or
organic dye or pigment are used in the c¢oloring means. The
coloring means msy be provided on the outer face of a
substrate which constitutes a liguid crystal display
apparstus or on the inner face therecf. In the case of the
latter, the colovring means may be provided on or helow a
signal electrode, a scanning electrode, a picturs element
electrode or a common electrode.

In the coloxr liguld crystal display apparatus,
only the spectrum region of one color of three primary
colors among the spectra of the incident light can be used
and the remalning region are absorbed by the coloring means.
In the case of a liguid crystal operation wode using a
polarizer, the light intensity to be used is further reduced
by half so that it is very dark im a reflection type mode
with no illuminating means in it. Thus, & light source such
as incondescent lamp, fluorescent lamp, EL
{Electro~luminescence} panel or the like is provided or a
means for guiding ambient lights to the rear face of the
liguid crystal display apparatus are provided as the
illuminating wmeans. For application into a portable
applisnce, it is iwmportant to improve the radiation
efficiency of the light socurce because of the severe

restriction in power capacity. To faithfully i‘epmﬁuce
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picture signals, many picture element, i.e., many scanning
lines are reguired. For example, a liguid crystal panel for

coloy television use will be considered. In the NTSC system

‘of 8 telsvision broadcasting, the band width of luminance

signal (¥ signal} is éMEz, while the band wiﬁths»af I signal
and ¢ signal which are color phase signalé age:respéctively
1.3 MH,, 5.0 MH_ . Bs the sine waves of the 0.5 M includes
26.5 cycle waves in the 1 sffective horizontal scanning
pericd {53 microseconds), the horizontal rasa}gti@n is
eguivalent to 53 lines or 26.5 line pair of bright line and
dark line. According to the theorem of Shanon; the 1c§s of
the information to be contained in the original signal
cannot be caused if the sampling opervation is performed with
a frequency twice the highest frequency of the original
signal. Bowever, it is.ﬁifficult to say that the images
provided when the signals sampled in that'manner havé been
reproduced as they are aré visually faithful to the original
signal under the influences of aliasing. _As the resulﬁ of
our experiment the visual satisacgion is pravideﬁ‘when the
sawmpling has been performed with a frequency highéﬁléhan
three times the highest frequency. Accordingly, to
reproduce the color signal of 0.5 MH, the information
having the original signal can bs reproduced almost
faithfully if the number of the picture elements of the same

color on the same horizontal line is 80 and move.
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In a liguid crystal display apparatus provided
with many picture element, ome of the following three
methods is used to individually control the respective
picture slements.

{1} SIMPLE MATRIX

As shown graphically im Fig. 7 ({(a}, a stripe
shaped electrode group is provided respectively on the two
opposite substrate. They are sealed each other so that they
become normal to each other so as to constitute a liquid
crystal éisplay. Row selection signals are seguentially
applied upon the row electrodes {scanning electrades) 8L, 8L
disposed on one substrate. Aan image signal is applied in
synchronous relation with a row selection signal upon the
column electrodes {sigmal electrodes) DL, DL disposed on the
other substrate. The overlap regions {which are shown by
obligue lines) between the row electrodes SL and the column
electrodes DL become picture elements and the liguid crystal
sandwiched between both the electrodes responses to the
é@tential difference bestween them.

as the liguid crystal responses to the effective
value in this method, the number of the scanning lines
cannot be rendered large because of crosstalk, dynamic
range.

To overcome such restriction as described
hereinabove, multiple matrix is devised. This is a method

of increasing the number of the picture elements in a
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scanning electrode direction instead of increasing the
number of the scanning electrodes, by deformation of the
signal electrode of the simple matrix, {Read
*Liguid~Crystal Electronics Base And Application® (Ohm
Company, 1979} edited by Sasaki).

Ligquid crystal apparatuses of duplex matrix and
guadruplex matrix are now put on the market or being
manufactured for trial. In the duplex matrix graphically
shown in Fig. 7 (B}, the number of the scanning electrodes
éE is kept the same as before, the number of the signal
electrodes DL is rendered twice, the number of the picture
elements (which are shown by obligue lines), and the
adjacent two rows of picture elements are simultanecusly
scanned.,

As the shape of the signal elesctrode becomes
complicated to produce the narrow wiring-width portion in
the multiplex matrix, the wiring resistance is likely to
become high. When the wiring resistance of transparent
éonductive film only cannot be wmade sufficiently low,
metallic wirings are jointly used. When the metallic
wirings are used, effective picturs element area reduces to
make the picture face dark. Also, once the multiplex degres
increases, the area of the wiring portion becomes relatively

large to reduce the effective picture-element area.

673



10

15

29

23

0158366

also, the following two systems which are
effective when the number of the picture elements is many

are developed.

§2) ADDITION OF NONLINEAR ELEMENT

There is a method of adding to sach picture
element a nonlinear slement, such as varister, back~to-back
diode, HMIB {metal / insulater / metal} or the like, as an
element to surpress the crosstalk. As shown graphically in-
Pig. 7 (€}, picture elewent electrodes PE aorrgspanding £
the respective picture elements are provided and arxe
connected respectively with the signal electrodes DL through
the ponlinear elements ¥L. The scanning electrodss SL, SL
are disposed, on the opposite substrate, in & directionm
normal to the signal electrode DL. As shown in obligue
lines, the picture element is located in the overlapped
portion between the picture elsment PE and the scanning
electrode 5L,
{3} ADDITION (F SWITCHING ELEMENT
. This is & method of adding a switching transister,
as an active element, to each picture element o
individually drive it. As shown graphically in Fig. 7 (D},
a picture element electrode PE corresponding to each picture
element is provided and is connected with a signal slectrode
DL through a switching element SW. Scanning electrodes §L,
5% are provided in a direction normal ¢to the signal

electrode DL and are connected with the gate of the
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switching element SW. On the other hand, & common electrode
CE is provided on its opposite substrate, The piciure
element is provided on an overlapped portion betwsen the
plcture slectrode PE and the common electrode CE as shown in
ohligue lines. A storage capacitor is added when necessary.
3 driving voltage ;s applied and the capacity is charged
during & selection pericd, and the applied vcltageyié held
by the capacitor even during a non~sslection period. 3as the
liguid grystal itself is also capacitive load and its time
constant of discharge is sufficlently larger than a repeéted
period of the driving, the storage capacitor can be omitted.
A thin £ilm transistor, a MOS-FET formed on silicon wafer or
the like is used as a switching transistor.

Although not shown concretely in  the
above-degeription, a color filtsr is disposed corresponding
to each picture element in a color liguid-crystal &iSplay
apparatus.

The present invention is applied even to a§§ one
of the above-described ways.

The color arrangement which is the subject of the
present invention will ke dascribed hereinafter. A color
liguid—-crystal display apparatus using ﬁhe“liquid crystal is
already disclosed in such as Japanese Patent Publication
Tokkaisho No. 49~57726 and U.S. Patent No. 3,840,695, 2 Xy
magrix display apparatus using three primary colors of

stripe-shaped color-filter is disclosed in the former and &
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matrix <display apparatus with a thin film transistor (TFT)
being provided per picture element electrode is disclosed in
the latter. In these examples, described only the use of
the three primary colors of stripe-shaped or mosaic~shaped
coler filtex is described without any concrete mention of
the three primary colors of arrangement method in the color
arrangement. &lsc, in the conventional TFT matrix display
substyate, the signal slectrode and the scanning electrode
which are connected with the column of the picgure element
and the row therecf were rectilinear, and all the
picture~element electrodes were arranged on the same side of
an intersecting point betwsen the corresponding signal
electrode and scanning electrode.

The conventional ceolor arrangement {see Fig. 8) is
largely divided intc a stripe shape and a mosaic shape. In
the stripe-shaped color arrangement of the former, picture
elements are arﬁange& in parallel like longitudinal stripe
{Pig. B8 {a}} and lateral stripe {Fig. & {(B}}. In the
ﬁﬂsaijshaped color arrangement of the latter, sguare o
rectangular picturs elements are arvanged in checkers shape.
Kine picture-element staircase shape (Fig. 8 ({C)},
longitudinal six picture-slement type {(Fig. 8 (D}}, lateral
six picture~slement type (Fig. & {E}}, four picture-slement
type (Fig. 8 (F1}, etc. and their modifications avre taken
into consideration. [Referring to Fig. 8, reference

characters R, &, B respectively show the red, green, blue of
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additive three primary colors, and a parenthesis { shows a
basic period of the arrangement pattern of three colors (R,
G, B}. The six picture-element type and the four
picture~element type are proposed by the present inventors
{Patent Application, No. 58-242548, etc.).

When the picture elements sufficient enough to
faithfully reproduce the picture signals are provided in
number, the color arrangement of the picture elements does
not give inflvences to the grality of the reproduced images.
But when the number of the picture elements is not
sufficiently large, the guality of the reproduced images is
badly affected by the color arrangement. .In the case of the
stripe~shaped color arrangement, the color switching of the
driving signal is not necessary in the longitudinal siripe
and all you have to do in the lateral stzipe is to switch
the color for each of the scanning lines before the analog
line memory, but the spatial resolution is a direction
normal te the stripe ls inferior as many as three picture
élement pitch thus causing Moire stripes easily. Also, in a
condition where the white balance is £illed, the brightness
of the blue is so low in terms of the visibility
characteristics that the blue looks extremely dark. Thus,
blue lines look like black stripe patterns, thus sgoiling
the picture guality. On the other hand, in the case of
mosale-shaped coloyr arrangement, in the nine picturs-element

staircase type, the same color of picture elements are
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obliguely connected in the staircase. The spatial
resolotion in a dirsction normal to its connection dizection
becomes 3/{2 picture elements pitch, thus reducing the
above~described disadvantage somewhat, but the color
switching of the picture signal is required for each of the
signal electrodes and each of scanning slectrodes.

. To improve such disadvantages as described
nereinabove, the inventors of this case have propossed the
golor arrangement of the six picture-element type and four
picture-element type. In the six picture-element type, the
blve lines become zigzag, which makes the stripe patterns
less conspicucus. In the four picture-element type, the
green picture-elemsnts are arranged in cheguered patterns,
and the spatial resclution becomes one picturs-element pitch
both longitudinally and laterally, and becomes Jaﬂpiﬁturem
element pitch even in the worst obligue divection, thus
resulting in considerably small anisotropy. A&s the blue
Qictures are arranged separately, no dark lines are
produced. The vision has characteristics that the spatial
resolution with respect to brilliance {brightness} is high,
bur ¢he spatial resclution with respect to the coleor
difference is not so high. In the contribution towards the
brilliance, the green among the red, green, blue is largest.
Accoxdingly, Lif the green picture element faithfully

reproduces a brilliance signal {¥ signal}, the image gquality .
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is not deteriorated even if the space resolution is half as
much as the green in the red and blue picture elements.

However, in the mosaic-shaped color arrangsment,
the resolution and the xeproduced image quality are
improved, but the driving circuit of the picture element is
complicated. Namely, as described hereinabove, the colers
of the picture element to be driven by the same signal
electrode are two or three, thus requiring the color
switching of the picture signal,

Fig. % {a}, {B) are connection diagrams in a case
where the liguid crystal is driven with a thin film
trangistor (TFT} of the conventional mosaic-shaped picture
element arrangement. All the picture-slement electrodes are
arrangsd on the same side of an intersecting point between
the corresponding signal electrode and the scanning
electrode. Drain electrode of TFT 1, 1, ... and the storage
capacitors which are provided when necessary are connected
with the pleoture element electrodes arranged in mosaic shape
{not shown). In the drawing, the capacitors 2, 2, ... are
equivalent circuits showing the capacity of the ligquid
crystal and the point of sach arrow is connected commonly to
a common electrode. Bach scanning electrode’ {gate line} 3
is connected with the gates of the TFT 1, 1, ... arranged
laterally. &lso, each of the signal electrodes {data line}
4 is connected with the scurce electrades of the TFT 1, 1,

«++ arranged longitudinally. & gats d%iver 5 composad of a

679



ig

i3

28

25

. 01583686

shift vegister sequentially scans the scanning electrodes 3,
3 periodically with scanning pulses (horizontal
synchronizing signal H) to turm on the TFT 1, 1, ...
connected with the selected scanning electvode 3. Picture
signals applied upon the signal electrodes in synchronous
relation to it are applied upon the picturs-element
glectrodes {mot shown) and the capacitors 2, %, ... through
the TP 1, 15 ..., whereby the liguld crystal is driven,
The capacitors 2, 2 maintains the voltage to be applied upon
the 1liquid crystal during 2 time period with the IFT 1, I,
oee OFF, W%gn the time constant of the liguid crystal is
sufficiently large as compared with the scanning period, the
storage capacitor is not required to be provided in
particular.

In the conventional wmosaic-shaped color
arrangement, picture elements of two colors or three colors
are comnnected to the same signal electrode 4 to apply a
signal {red, green, blue} corresponding to each color to a
signal electrode 4. Each picture element selects only the
corresponding signal through the periodic scanning operation
of the scanning electrodes 3, 3, ... . As a result, a
circuit which periocdically switches the signals (red, green,
blue} is required. In Fig. 8 {(A). each picture signal of
the Red, Green, Blue is respectively inputted into analog
line memories 50 that the picture signal of each color

sampled is inputted into a color switching circuit 7
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provided for esach of the signal electrodes 4, thereby
selecting a signal corvesponding to the color arrangement.
Here, the analog line memory € samples a color
pictﬁremsignal R, G or B to output a signal in synchronc .z
relation to the scanning electrede. In Fig. ¥ {B), before
the picture signal is Inputted to an analog line memory §,
each picture signal of the R, G, B is time-shared in
accordance with the color arrangement by a color switching
cireuit 7, is converted into a serial signal and is sent
into &n analog line memory 6.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
arrangement patterns of picture-element electrodes which may
be driven by a simple driving cirecuit and way obtain the
regenerative images of high guality.

The present inventors have found out that this
object can be achieved by the adoption of dalta arrangement.

The color ligquid crystal display apparatus of the
prasent invention is provided with picture slements
corresponding to the intersecting points between the

respective signal elements and scanning electrodes, and a

coloring means of three colors, red, green, blue disposed

corresponding to each of the above-described picture
elements so that a picture element corresponding to the red,
green or blue and a coloring means corresponding to it are

50 arranged that rectilinear arrangements each having thres
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colors of red, green, blue periodically arranged as one
period may be rendered adjacent in parsllel and shifted by
half & period.

and each picture element which 1s composed of the
shove~described one line of rectilinear arrangemesnt
corresponding to the arvangement of the ploture element is
controlled by one scanning electrode and the same color of
picture elements composing the adjscent two lines from among
the lines of the sawe color of picture slements arvanged in
a direction vertical to the rectilinear arrangement are
connected dirsctly or through the non-linear element or the
switching element teo the same signal electrede. Or each
picture element conmstituting the above-described one line of
rectilinear arrangement is connected to the same signal
electrode, and the same oolory of picturs elements
constituting the adjacent two lines among the lines of the
same color of plcture elements arvanged at a 1.3
picture~element pitch in a direction vertical to this
rectilinear arrangement are controlled by one scanning
slectroede.

Or esach one line oxr each two lines of the
respective picture-slements constituting the above-described
rectilinear arrangement are controlled by the same scanning
glectrodes, and the same color of picture-element electrodes

are connected every other line divectly to the same signal
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electrode or through the non-linear element or a switching

elemant.

BRIEF DESCRIPTION OF THE DHAWINGS

This object and other objects and features of the
present invention will become apparent from the following
description taken in conjunction with the prefsrred
embodiment thereof with veferasnce to the accompanying
drawings, in which;

Fig. 1 {A), (B} are views gach showing an example
of the delta arrangsment to be used in the present
invention,

Fig. 1 ({C} is a view showing the relatiéﬁship
between the electrodes and the delta arrangement,

Fig. 2 {A}) is & plan view of IFT,

FPig. 2 (B} is 2 cross~sectional view taken along 8
line & ~ 3,

Fig. 3 (&}, (B} ave plan views of TFT,

Fig. 4 is a driving circuit diagram of
éicturemelement electrodes of the color arrangement in the
embodiment of a color liguid-crystal display apparatus with
TFT added thereto,

Fig. 5 {Aa), (B} are views each showing graphically
the enbodiment of the present invention with respect to
simple matrix and double matrix,

Fig,» § {A},‘ {B), {C} ars views respectively

graphically showing emboéimentS of simple matrix, double
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matrix, double matrix with non-linear elements added
thereto,

Fig. 7 (&), (B}, {C}, (D} ave views graphically
showing a system of displaying various matryixes, wherein (A}
shows simple matrix, (B} double matrix, (C} double matrix
with non-linear elements added therasto, (D} double mateiw
with switching elements added thersto,

Fig. & {a}, (B}, (€}, (D}, (E}, (F} are views
showing the conventional coler arrangements, wherein ({3}
shows a longitudinal stripe type, (B} a lateral stripe type,
(¢} a nine picture-element staircase type, (P} a
longitudinal six picture-elewent type, (B} a lateral six
picture-element type, {F} a four picture-element type, and

Fig. 9§ (&)}, (B} are respectively connection
diagrams in the case wherse the liquid crystal is dzriven by
the thin film transister (TFT) panel of the conventional
mésaicQshaped picture~slement arvangement.

DETAILED DESCRIPTION OF THE INVENTION

Before the description of the present invention
proceeds, it is to be noted that like parts ave dasignated
by like reference numerals throughout the accompanying
drawings.

{EMBODIMENT}

In the present invention, a delts sarrangement is

adopted- as the color arrangement. It is known that the

delta arrangement is least in the direction dependency
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property of the spatial resclution. Namely, the
regenerative images of high guality can be realized through
adoption of the delta arrangement. The color arrangsmen—
the color filter and the arrangement of the picture ele ents
corresponding to it are provided in delta arrangement. In
the delta arrangement, thres colors of zred, green; blue are
pericdically arranged rectilinearly and the adiacent
rectilinear arrangements are shifted by half a period in a
parzlilel direction to each other. Ia Fig. 1 (A} and Pig. 1
{8}, the shape of the picture element is resctangular and
hexagonal respectively. ¥The gravity center of each color is
arvanged in an eguilateral triangle. Assume that the ratio
between the height of the ftriangle and the base thereof is
Ji}z and the position of the gravity center of each picture
eglement is in an eguilaterzl triangle. The same color of
picture elements are arrsnged symmetrically in six faces
when the same color of picture elements only are taken into
consideration. Also, the lime of the same color of picture
élement is arranged every other lime in a direction vertical
te the rectilinear arrangement and the line of the same
color of picture elements in this verticular direction has a
space of 1.5 pitch {(half a periocd) in the lateral direction
and is shifted by one picturs-element portion in the
longitudinal direction.

. In the present embodiment, to simplify the driving

cirvcuit of the picture slements, the signal elesctrodes are
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caused to meander in the crank shape or in the curve shape
so that the amplitude may become one hali of the picture
element pitch as shown in Fig. 1 (€}, and the picture
elements (B in Fig. 1 {C}) to be drivem by the same scanning
electrode are arranged right and left alternately. Famely,
the picture elements are arvanged right and left alternately
by 1.5 picture-element pitch (half a period} for esch one
lime in the position of the gravity center of the picture
element to be supplied with picture signals by the same
signal electrode. Under such construction as described
hereinabove, all the necessary things are to apply only the
same color of picture signals to the same signal electrode.
Thus, the color picture signals of the anzlog line memory
are not required to be switched, with the result that the
driving circuit becomes extremely simplified.

It is to be noted that the delta arrangement was
initially adopted in the color CRY belonging to the other
art field than the present invention. It followed as a
iegical congequence, because an electron gun of caliber as
iarge as possible was required to bs arrvanged in a narrow
neck. The present invention was adopted from the other art
demand. It is rare to be used in the color TV for home use,
because a highly efficient slectron gun is available,.

A color liguid crystal display apparatus with
switching elements added thereto will be described

hereinafter in an ewbodiment. Fig., 2 {(A) is a plan view
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showing one example of a thin f£ilm transistor (TFT}, which
is a switching element. - Fig. 2 {B} is a cross-sectiomal
view taken afong & line A - A. The TPT has a scanning
electrode 11, a gate insulating film 12, a semiconductor
film 13, 2 signal electrode 14 and a drain electrode 15
sequentially patterned and laminated on a trangparent
insulating substrate 10 of glass or the liks. &
pilcture-element electrode 16 and a storage capacitor (not
shown} which is provided at need are connested with the
drain electrode 15. A vacuum evaporating method, a
sputtering method, a CVD method, a plasma CVD method, a low
pressure CVD method or the like is used as a thin film
forming method, and the patterning is performed by the arxt
of shadow mask or photo~lithegraphy. To drive the liguid
crystal by a substrate with this TFT being formed therson,
optical shield and orientation layer are further provided.
If a positive voltage is applied upon the scanning electrodes
11 when an n type semiconductor has been used as a
éémiconﬁuct@r film 13, an accumulation layer of electrons is
formed on the surface on the side of the gate insulating
film 12 of the semiconductor film 13 to modulate the
resistance between the signal electrode (source electrode)
14 and the drain electrode 15.

One of the characteristics of the present
invention is to cause the signal electrode to meander right

and left and the picture elements, which are driven by the
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same signal electrode, to be synchronized with the
meandering to put them right and left alternately to shifs
the picture-~element afrangement by 1.5 picture-element piich
for each of scanning lines so as to realize the delta
arrangement. The color of the picture elemenis to be driven
by the same signal electrode under such construction as
described hereinabove becomes the same, thus rendering the
color switching unnecessary. One example of the connection
patterns is shown in Fig. 3 (&), ({B}. Fig. 3 {8} shows an
example wherein the shape of the picture elements is
rectangular and Fig. 3 (B} shows an example of the hexangle.
It is to be noted that for simplication, the semiconductor
£ilm 13 and the insulating £ilm 12 of the g¢ross portion
between the signal electrode 14 and the scanning electrode
11 are omitted.

The aim of the present inventiom is that the
position of the gravity center of each picture element is
delta shaped and the ghape of the picture slsment is not
restricted to the rectangle and hexangle. Also, the
patterns shown in Fig. 3 {A}, (B} show one example of the
patterns in a case where the scanning electrodes only are
branched to constitute the transistor. Only the scanning
electrodes or both the signal electrodes and the scanning
electrodes can be bhrasched to constitute a transistor.
also, they show one sxample in a case vwhere the scanning

electrode is provided first, the signal selectrode and the
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drain electrode is provided later, but they may be provided
in the opposite order.

In thg present invention, the same color of
picture elements are driven by the same signal electrode,
but the images to be regenerated ave shifted by 1.5 picture
element right and left for each of scanning electrodes, with
the sampling timing of the analog line memory being fixed in
the delta arrangement of the picture elements, thus lowering
the resclution. THis inconvenience is settled through
shifting of the sampling timing by time eguivalent to 1.5 B
{P=effective horizontal scanning time / number of horizental
picture elements) with odd lines and even lines. %o shift
the timing of the sampling, a signal for driving the signal
electrode only in the case of one of them in accordance with
the odd number or the even number the sslected scanning
electrode is located in is reguired to be delayéd by 1.5 B.

Pig. 4 shows an example of a driving circuit of a
liguid crystal display pensl of the prasent invention. A
gate driver 20 composed of a shift register scans the
scanning electrodes 11, 11, ... sequantially by a horizontal
synchronizigg signal H to turn on the transistors 3, 2, ...
connected with the selected scanning electrods 11. The time
width of the gate pulse is not always necessary to be 1H
{horizontal scanning time} and pulses to be applisd upon
gach scanning electrode may be overlapped on each othey. To

make the width of the gate pulse larger than 1H is applied
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for by the ipventors of this case. The aim of that
invention is to turn on the scanning electrode 1l prior to
the original timing to preliminarily charye the liquid
crystal and the storage capaciter. For use in the
embodiment ; thajs&me color of picture signals arve normally
applied upon the same signal electrode 14 and the
correlation of the signals between the adjacent scanning
lines is high in the normal picture signal so that the
effect of the preliminary charging is large to rendsr the
erosstalk between the colors difficult to cause.

an analog line memery 21 for driving the signal
electrode is compesed of a shift register 22 and sample hold
circuits 23, 23, ... . The shift register 22 segquentially
transfexs start pulses ST by a clock pulse CX of a periocd
k¥ ¥ to generate sampling pulses. The sample hold circuits
23, 23, ... receive the sampling pulses to sample the color
picture signals R, G, B to drive the signal elsctreodes 14,
i4, ... in synchronous relation to the gate signal H. The
§ictuxe elements to be driven by the same signal electrode
14 are the same in color in the arrangement of the picture
elements of the present embodiment so that the colox
switching operation of the picture signals to be inputted to
the sample bold cirecuits 23, 23, ...is not reguired.

A start pulse delay circuit 24 shifts the sampling
timing of the odd scanning lines and the even scanning

lines. In an example of Fig. 4, the sampling timing is
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delayed by 3 clock pulses, which are 1.5 P when the scanning
electrode is inm an even number. In such & sampling method,

a period = 1/2 P clock pulse is reguired, but substitution

can be made by the clock pulse of a period of 1 P or 1.5 P

when the shoxt clock pesriod is necsssary to be avoided.

In the fexmer,‘the positional shift of the 1/2
picture element is caused between the odd line and the even
line. In the latter, ths picture signals of the G may be
sampled at the original timing and the R and'E may be
simultaneously sampled at a timing cmrrasponéing to a
central position where they are connected with sach othsyz.
In this manner, the picture guality is hardly deteviorated
because of the following reason. The vision is high in the
spatial resclution with respect to the brilliance
{brightness), but is not so high in the spatial resoclution
with respect to the color difference. As the contribution
towards the brilliance is largest in & among the R; §, 3,
influences are hardly given in vision even if the positional
shift of 1/2 picture element is cause in the R and B when
the G is faithfully reproduced.

Then, a substrate on a common electrode side with
transparent conductive film and color filter provided on the
transparent substrate of glass or the like is made by a
known method although not shown, Interference filter,
organic or inorganic dye or pilgment are used as the color

filter. In the color filter, three primary colors are
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arranged in delta to suit the delta arrangement of the
above-described picture element electrodes by a
photo~lithography or a printing methed. Transparent
conductive film composed of ITC Is provided therson by a
method of iom plating or the like. B&n orientation layer for
orientating the liguid crystal is provided therson.

A substrate with picture-element elsctrodes
disposed in delta arrangement and a substrate with common
electrodes disposed therson are sealed each other through a
spacer, and liguid crystal is impregnated imtc the gap
between the substrate to complste the color liguid crystal
panel. When an operation mode of the liguid crystal is TH,
a polarizater is provided on both faces of the liquid
crystal panel.

when the images have been reproduced by the color
liquid-crystal display panel compled in this manner, the
resolution and display quality have been proved to be
bhetter, and the Moire stripes have been hard to cause,

The above description applies to 2 case where the
picture elements which cause the signal electrodes to
meander and drive them by the same signal elsctrode are
arranged right and left alternately. Needless to say, the
similar effect is caused even when the picture elements are
arranged with the scanning electrodes being meandsred and
the same scanning electrodes being provided up and down

alternately. It is necessary to retain a picture signal
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located on a scanning line but one scanning lipe or two by 2
delay element such as surface acoustic-wave (SAW] element or
the like or an analog line memory.

Needless to say, ths present invention is
applicable even to a liguid crystal display apparatus
{simple matrix system, adding sysvem with nonlinear elements
thereon, or the like) with switching elements added thevete.

Fig. 5 (A} is a view yraphically showing the
embodiment of the present invention with respect to the
simple matrix. The picture-element electrodes 31, 31, ...
of the delta arrangement are directly connscted to thes
signal electrodes 32, 32, ... . Each of the signal
electrodes 32 is caused to meandexr so that the amplitude may
become % of the picture-element pitch, and is directly
connected with the same color of picture eleménts‘sl, 3lecee
which are arranged right and left altermately by 1.5 picture
element pitch {half a period}. The scanning electrodes 33,
33, ... are provided corresponding to the lateral
arrangements of the picture-element elsctrodes 31, 31,
in parallel laterally to the opposite substrate.

Fig. 5 (B} is & view graphically showing the
embodiment of the present invention with respect to the
double matrix., The scanning electrodes 37. 37, ... provided
in parallel on the opposite substrate with respect to the
picture-slement electrodes 36, 3§, ... of the delts

arrangement are arranged to corraespond to two lines in the
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lateral direction of the arrangements of the picture
elements. In the connection between each signal electrode
38 and the picture-slement elsctrodes 38, 36, ... , one
signal electrode 38 is connected only to the same color of
picture~-element electrodes existing every other line in the
longitudinal direction, which is different from the above
embodiment.

Fig. & {A}, {B},{C) show embodiments of a colox
liguid crystal display apparatus with nonlinear elements
being added thereto.

In Pig. & (A}, the picture-slement electrodes 41,
41, ... of the delta arrangement are rvespectively connected
with the signal electrodes 43, 43, ... through the nonlinear
elements 42, 42, ... . Bach of the signal electrodes 43 is
caused to meander so that the amplitude may become k of the
picture-element pitch, and is comnected to the same color of
picture~glement electrodes 41, 41, ... arranged right and
left alternately by 1.5 pilcture-element pitch {half a
éerio&) for each one line. The scanning electrodes 44, 44,
+.. are provided corresponding to the lateral arrangement of
the picture-element electrodes 41, 41, ... in parallel
laterally on the substrate.

Pig. & (B} is a view graphically showing an
example of a color liguid-crystal display appératus with
nonlinear elements added thereto with respect to the double

watrix. The scanning electrodes 47, 47, ... provided on the
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opposite substrate are agranged so that one mav corres ond
P .

to twe lines of the lateral direction of the arrangements of

the picture elements with respect to the picturg-element

electrodes 46, 46, ... in delta arvangement. Each of the
signal electrodes 48, 48, ... grade saparation the
picture-element electrodes 46, 44, ... through insulating
film not shown. In the connection between each signal
electrode 48 and the picture-element electrodes 48, 46, ...,
one signal electrode 38 is connected through nonlinear
elements 49, 4%, ... pnly to the same cocolor of
picture-element electrodes 46, 46, ... existing every other
line in the longitudinal direction as in the enbodiment
ghown in Fig. § (B},

Fig. & {C} is.the nodification of an example shown
in Fig. & {B}. Each picture-element electrode is divided
into two portions 46°, 4§°, arranged on bgth sides of a
signal electrode 48 and respectively connected with the same
signal electrode 48 through the nonlinear elements 49, 49,
in this case, the signal electrodes 48, 48, ... are not
required to grade separation the picture-slement electrodes
46, 48%,... .

Even in a color liguid crystal display apparatus
with switching elements added therete, the picture slements
and each electrode can be arranged in accordance with the

same aim shown in Fig. 6 (B}, {(C).
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Nermally the picture elements are driven by a
voltage averaging method {(see the book described before) in
& simple matrix system and an adding system with nonlineaxr
elements added thereto. %0 produce a half tone, the width
of the selection pulse width to be applied upon a2 signal
electrode is modulated in accoxdance with gradation (sse
Television Society Jourmal 31, %40 {in 1977)}. To apply the
present invention ¢o this case, a pulse width moduration
circuit is provided between a signal electyode 14 and a
sasple hold cizcuit 23 of an amalog line memory 21 of Fig.
4. This circuit is adapted to modulate the width of the
selection pulse to be applied upon the signal electrode in
accordance with a picture signal sample-~held by & sample
hold circuit 23,

Blso, a digital line memory, instead of an analog
line memory 21, may be used. In this case, the picture
signals are converted imto a digimal signal by an AD
converter and seguentially store in the digital line memory.
fhen, the width of the selection pulse to be applied upon
the signal electrode is controlled by a digital picture
signal stored in the digital line memory. In this case, a
wethod is used of genevating a serxies of pulses sach being
different in the pulse width in accordance with the number
of the bits of the AD conversion and selecting by a
multiplexer a pulse of the pulse width corresponding ¢to the

level of the picturxe signal.
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Even when the analog line mewory or the digital
line memory is used, the color switching is required in the
conventional construction, but in the present invention, the
color switching becomes unnecessary as in a case where tis
switching element has been added.

&s is clear from the foregoing descriptiosn,
asccording to the present invention, in the color
liguid~crystal display apparatus, the delta arrangement is
adopted, thus improving the image resolution and the display
guality.

Rlthough the present invention has been fully
described by way of example with reference ¢to the
accompanying drawings, it is to be noted here that various
changes and modifications will be apparent to those skilled
in the arv. Therefors, unless otherwise such changes and
modifications depart from the scope of the present

invention, they should be construed as included thersin,
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What is claimed is:

i. A eolor liguid-crystal display apparatus provided
with picture elements corresponding to the intersecting
points betwgen signal eslectrodes and scanning elesctrodes,
and a coloring means of three colers, red, green, blus
disposed corresponding to sach of the picture elewments,
wherein rectilinear arrangements, each having a picture
element corresponding to red, green or blue and a coloring
means corresponding to it, being arranged periedically with
three colors of red, green, blue as one period are arranged
in parallel to each other and in adjacent relation, shifted
by half a periocd.

2. A color liguid-crystal display apparatus in
accordance with claim 1, wherein each of the picture
elements constituting the abcvewéeécxibed one line of linear
arrangement is controlled by one scanning electrode,
adjacent two lines among the lines of the same color of
picture elements arranged in a direction vertical to the
éactilinear arrangement are connected directly or through a
nonlinear element orx a switching element to the same signal
electrode.

3. & color liguid-crystal display apparatus in
accordance with claim 1, wherein sach of the picture-slement
electrodes constituting the above-described one line of
rectilinear arrangement is connected directly or through a

aonlinesr element or a switching element, the adjacent two
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iines of the lines of the same color of picture elements
arrangsd in a direction vertical to the rectilinear
arrangement are controlled by the same scanning slectrode,
4. A color liguid-crystal display apparatus in
sccordance with claim 1, wherein every one line or every two
lines of the respective picture elements constituting the
above-described rectilinear arrangement are controlled by
the same scanning electrode, and the same color of
picture-element electrodes are connected every other line
directly or through a nonlinear element or a& switching

glement to the same signal slectrods.
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Description

{0001]  The present invention relales tn display devic-
es ihat use organie EL (Electro-Luminescence), and
maore particuiary, Is applied to & pottom emission type.
active maltix organic EL panel.

{0002]  In recent years, organic EL displays that e
Fioy an erganic EL system in which carviers are injected
into an organic soild from an slscirods to emit light from
a fiat surface have actively been deveinped as fight-
emiiting type displays. The organic EL displays oan be
divided inlo passive matriy ype and active matrix iype,
for exampie, depending on how the dispiays are driven.
The former type display aflows pixsls arranged ina ma-
it emit light by line-ai-adime driving method. The
iatter type has a swilching slement for sach of pixels
arranged In a matrly and the swilching slements are
contradied o drive the pixela so thal they armit light indi-
vidually,

f0003]  According to the driving methoed by the active
matiix type organic EL display, the switching circuits
control lighl emission of the pixels on a pixel bagis, and
therefore the display has attracied attention particularly
as an optimum display formoving picture, There are pot-
o emission type displays that extrac! emitted light to.
ward the glass substrate and the top emission type dis-
plays that extrast emitied fight to the opposite side io
the giass substrale.

{0004} A boliom arission fype, active matris organic
EL panel is provided with a switching cireult on a pixel
basie, and light is emittad toward the glass substrate.
Thensfore, the part of the switching sireuits that cccupies
haif the area of the pixel inevitably becomes a non-light
emiting region. in addition, three light emitling regions
for three colors B {red), G (green), and B {blus) that are
necessary for full color display ars produced by coloring
the crganis EL ighl emitting Iayer discretely corespond-
ing to the colors. Therefore, & reglstration margin {dm)
ior discrets coloring between adiacent ight emitting re-
gons in different oolors is necesaary, and this dmportion
constifutes a non-light emitling region.

0008}  in 8 conventional display, the three light amit-
ting regions for R, G, and B and the swilching oircuit
portions are arranged continuously based on the colors
{see Fig. 4 for the arrangement in the herzontal {X-} di-
rection}. As tha regisiratlon margin (dm} depends on the
registration precision by the pixe! fim depasition device
and the processing precision of the patiering mask, how
much the reglstration margin (dm) can be redueesd is -
ited, and the minimum value for the margin dm is gen-
arally 20 um {ocorresponding to £10¢ pm). in this cass,
the width of each light emitting region is smallar as the
resolution increases. Mowever, the minimum vaive for

35
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drtis fixed, snd therefore the raiio of dim occuping in the
pixel increases, which fowars the ratic of the light emit-
ting regions {apariure ratin} if higher rescliution is to be
achieved. With 2 smaller aperture ratie, ths luminance
is lowerad, and therefora the amount of current that son-
tributes fo the light ernigsion should be increased 1o
keep the iuminanee In & necessary leval, This gives rise
o Inoreage in power consumption.

{0808} The prasent invention was devised in visw of
the sbove described problems, and it is an objact of the
presant invention to provide a display device having a
betiomn emission lype, active malrik organic BL panel
that efficiently sacures a sufficlent apariure ratio, hag
pixel arangament in which the aperiure ratis is hardly
& trade off for higher resolution, and can operaie with
reduoad power consumption for abiaining necessary ju-
minance and conlribuie to downsizing of the driving cir-
oult and the device as a whele, and a manufacturing
methed that allows the configuration of such a display
devics (o be raadily provided with rofiability.

Summary of the Invention

{06007] A dispiay device acconding tn the invention in-
clisdes an active matrix organic EL pane having first and
second siectrodes provided on a substrate and an or-
ganic EL light smitting fayer provided between the firsi
and second eiectrodes. The organic EL light emiiting
imyer inciudes 3 light emitting region, a plraliy of the
Hght emitting reglons are arranged in & zZigzag manner,
and adjacent onss of the lght emitting regions are kept
from contacting esch other,

{0008] By a method of manulacturing a display devics
according to the invention, a dispiay device is produced
that inchudes an active matrix organic B pansd having
tirst and second elecirodes provided on & subatiate and
an organio EL fight smitting layer provided between the
firat and second slactrades. The organic EL Hight emit-
fing ayer includes a light envtting region. Al the time of
forming a plurality of the ght smilting regions, the or
ganic EL Hght emitting laysers corresponding to the ro-
spective light emitting reglons are formed by mask vapor
daposition so that they are armanged in a 2igzag manner
and adiacent ones of the light amilling regions are kept
from contacting each other

Briefl Description of the Drawings

[6008]

Fig.  Is a schematie sectional viow of an organio
€L layer In an orgenic EL display acoording to an
aembodiment of the invention.

Fig. 2is a schematic plan view of an erganic EL fight
amiting layes, a main pait of the organic EL display
aecording fo the embodiment, showing #s surface
as being enlarged,
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g. & Is & schemalic plan view of the pixel unit in
Fig. 2 as being entarged.

Fig. 4 is 8 schamatic plan view of an exampis of
pixel srrangemant in & conventisnal bottorn amis-
sion type, active matrix orgardc EL dispiay.

Fig. 6 is a graph showing 3 resull of examining the
redation betwean increase in tha pixeiresciution and
the aperiurg ratio in comparisen with the conven-
tional example {somparative example).

© Figs. 8A 108G ars achematic sectional views show-
ing main sleps In the process of mancfacturing the
organic EL display aocording to the embodiment in
the order of the steps,

Fig. 7 is a schematic plan view of an organis EL light
emitting layer, & mawn part of an organic L display
according o Modification 1, showing its surface as
being enlarged.

Fig. 8 is 3 schematie glan view of an organic Bt ight
emifting layer. a maln pan of an srganic EL display
according 10 Modilication 2.

Detailed Desoription of the Preferred Embodimenis

{0010} Herminafter, specific embediments of the -
vention will be described in detaif with reference to the
accompanying drawings.

fO011]  Now. g preferred embodiment of the invention
will be dascribed in detall with reference 10 the accom-
panying drawings. The embodiment is mainy directad
te a display davics including a boltom smission typs,
astive malriy orgatic EL panel {botiom emission type,
active mattix organic EL disgiay).

- Specific Configuration of Organic EL Display -

fO012}  Fig. 1 is a schomatic sectional view of the cun-
figuration of the panel of the organic EL dispiay accerd-
g 1o the embodiment, Fig. 2 is & achematic plan view
of an organic L light amifting layer, a main coraponent
of the organic EL display according to the embodiment,
showing is surface as boing cnlarged, snd Fig. 3 a
schematic plan view of pikels in Fig. 2 as being sniarged,
Here, Fig. 1 shows 3 section i8ken along the line ' in
Fig. 3.

[C013]  As shown in Fig, 1, the organic BL display in-
cludes a TFT (Thip Film Transistor} element 12 as a
switching oireuit that controls light emission, for exam-
pig, on a glass subsiraiz 1 as 8 transparent subsirate,
The TFT alement 12 and the interconnection iines arg
protected and insulated by & faffening fitm 10 that fooms
a flal sutface on whish an organic EL element is 1o ba
siacked. A plurality of first elecirodes 2 made of a ma-
terial containing, for example, an indivra tin oxide {(TO)
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alloy 88 ransparant elesirodes, a plursiity of organic EL
Iayers 3 corrssponding to the respactive fesf slectrodes
2. and a second electrode 4 made of a material contain-
ing alurrdnium or the ke and covering the entire suriace
are stacked on the flaf surface. The arganic EL layers 3
are held betwesn the associated first slectrodes 2 and
ine second slectrode 4. and the fist electrode Z and the
THT etement 12 are connectsd by a through hole pro-
vided at part of the Hattening fim 10. In this case, the
area of the organic EL layer 3 is forned to be iarger than
the ares of the first elsctrode 2. At ihe time of diving,
fight is emitied from the organic EL layer 3 thinugh the
firsi electrode 2 and the giass subsirate 1.

[0814]  As shown in Fig, 2, a pluraiity of pixsis 21 are
arranged in & matrix, and the pixels 21 each include a
plurality of light eritting regions 11R, 113, and 118 cor
responding 3 B, G, and &, and a pluralily of TFT ala-
ments 12 provided coresponding to the ight emitting
regions and serving as ewitching circults that control
fight emission from the respective light emitting roglons.
Here, the overdapping pars between the first electrodes
2 and the organic EL laysrs 3 are the hight smitting re-
glons 111, 11G, and 118, The light emiiling regions 1R,
HE, and 1B are aranged in 8 2igzag manner, and non-
light emitting reglons 13 provided al corners of the fight
emiting regions prevent adjscent ones among the light
smilting regions 118, 113, and #18 from conlasting
each ather. One pixel 21 i in the shape of a regular
sguare of P x P. The pixals 21 ars each divided in two
int the verticat direction and three in the horizantal dirge-
fion into six segments 223 1o 223¢ and 238 s 23¢. The
fight emitting reglens 118, 116G, and 118 are provided
in the three zigzagged segments 228 to 22¢, and the
TET elemaents 12 are in the remaining thres segments
23ato 230, Harein, the ight smitting regicns in the same
color gre aligned In ihe vertinal direction [Yedirection)
with each TFT element 12 imerposed therebetween,
[O015] Now. 35 3 comparatlve exampie 10 the embod-
iment, pixel anangement ina conventional boftom amis-
sion type, active malrik arganic EL display is shown in
Fig. 4.

{0018]  As can be seen, in the conventional example,
he light ermitting reglens 1018, 101G, and 1018 consti-
wting the pixet 111 are aiigned in the horzontal direction
(X-direction), and therefore adjzcant fight amitting re-
gions am sepearated by the non-ight emitting rogions
103 provided at verlical sides of the light emitting re-
gions and the TFY slements 102. Therslore, how much
the ares of the non-light emilting regions 143 oan be
redused is necessanly limited,

0017]  In compardson, acoarding to the embodiment,
the fight emitting regions 118, 131G, and 148 ara provid-
ad with notches, in C-chamfer shape in this exampis
{though they may be rounrded), as the non-ight emitting
regions 13 at theirrespective four cormars. The non-ight
amilting raglons 13 and the TFT ciroulis 12 kaep adia-
cent light smilting regions from contacting che anothar,
The non-light ernitting reglons 13 formed at the comers
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of the light emilling regions oceupy only an edremaly
amail area, and the sperture ratio oan be improved sig-
rificantly over that of the sxamgle in Fig, 4.

[Cot8] Basad on this pixel arrangement, & aize for a
rasoiution of 180 ppl witl be describad with reference to
Fig. 3. it Is undersiood that the size is simply by way of
examiple and the invention i3 not limited thereio,
048] When the resolution & 160 ppl, P = 158 pm,
and therafore the regions cocupled by the colers R, G,
and B are each 189 um X &3 um, haif the ares, 79.5 um
« 83 umiis the area ccoupied by a TFT element 12, and
the remalning 78,5 um X 83 pim is the area oscupled by
each Hght emitting region. So-vaifed Cxhamfers ars
provided as nonelight emitting regions 13 at ths comers
of the light emitting reglons In erder to ascurs registra-
ton rarging necessary for discrete coloring in three
colors and & space for varisus inierconnaction ines for
switching clreuits. The registration margin dm neces-
sary for discrete coloring is 20 wm (& 5 um for the rag-
islration margin by the pixel fiim deposition dovice pius
& B pmfor the proceasing precision for the B, G, and B
gaterning mask}, The necessary intemennaction fines
include a dataline 31, ascanning line 32, a power supply
fine 33, and 3 siorage capacitor tine 34, and thase jnes
each have & width in the range of from § pmito 18 um,
The data line 31 s provided in the Y-direolion, and the
scanning fine 32. the power supply ine 33, and the stor-
age capaciior ine 34 are provided in the X-direction.
Thesg interconnection lines in the TFT slement 12 are
formad in different ixyers formad as multiple film layers
and connected with each other by athrougn hole 35 pro-
vided in interlayer insulating fiims. Therefore, & chamfer
of G185 um provided at the comer of 2ach light emitting
region allows the registration margin and the spacs for
the interconnaction ines i be secured,

{00201 In ordar to form the ight emilting regions, the
first glestrode 2 as the tranaparent slecirods on the
glass substrale has a rectangular shape of 788 pm X
33 um, and each comer is chambered by C18 um. Con-
saquenily, the segment for each coler has an ares of
158 pm X B3 prm = B427 um®, while the area of the of-
factive light emitting region is 78.5 wm X 53 um - £18
wn X 4 = 37835 pm® The asparure ratio s
(BTEASBAZ7) ¢ 100 = 44.7%.

[0021]  Inconirasy, in the comparative exempie of Fig.
4, the segment width of cach of the R, G, and 8 light
emitling regions Is P/3 relative to the pixel plich P, and
it the registration margin dr for discrete coloring is se-
cured, the width of the light emiiting region is P/3 - dm.
if the lower limit for the registration margin dm for dis-
crete coloring is spplied o design higher rosolution ar-
rangement, the ratio of reduction in the widih of the light
ermitting region by dm increases as the pileh P i re-
duced, and the aparture ratio is reduced.

{022} When, for exampie, P = 318 um {for & ressiu-
tion of 80 ppli, and dim = 20 pro, the size of the Hght
amitling region L X W = 158 um « 86 pm, and the ap-
arture atic is 40.8%. When P = 188 um tfor & resoiution
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of 180 ppi}, and dm= 20 am, L X W= 78.8 prm 2 88 pm
and the apeture ratio & 31.1%. This means that the ap-
arfuive ralic is graatly reduned by the registration margin
dm ¥ higher resclution is to be obiained,

{t023] The organic EL display according to the em-
bodirmant having the above-described configuration
was oompared o the conventional example {the com-
parstive example dessribed above) regarding the rela-
tisn batwasn increass in the pixel resolution and the ap-
erture ratio. The resultis given in Fig. 5. As can be seen,
when the registration margin dm necessary for discrete
coloding is 20 wm, the aparture ratio in the configuration
acconding fo the present embodiment is significantly
graater than that of the conventional exampie ragard-
ieas of the vaine of the resoiution, It has been found that
e configuration according [0 the embodiment consid-
erably, affectively improves the apeniure ratio in ite bot-
fom emission type, active matrix oganic BL panel.
(6024}  in this way, the prassnt embodiment can im-
prove the aperture ratie by 13.8% over the comparative
example. Therefors, ascording to the embodiment, a
dispiay having a boltom emission type, active matrix or-
ganic EL panel that efficiently securas a sufficient aper-
ture ratio, has pixel arangement in which the aperture
ratio s hardly @ trade off {or highar resolution, and can
operate with reduced powsr consumgption for obiaining
necesssry luminance and contribute to downsiting of
the driving clrcult and the devion as a whoie can be pro-
vided.

- Specific Exarnple of Method of Manufaciuring Organio
EL Display ~

0025 Figs. 8A to 8G ars schematic sectional views
ahowing main steps in the process of manufacturing the
orgenic kL display sccording to the embodiment in the
order of the steps. in Figs, & tn 83, the ot side on the
suface of the sheet corresponda 10 3 ssction iaken
aiong the Hne -1 in Fig. 3, and the right side corre-
sponds to & saction taken along fine HH-I1 in Fig. 2.
{00281 Now, as shown in Fig. 64, on the suface of,
for exarmple, a glass substrate 1 as 8 trensparent sub-
strate, 8 TET element 12 sawving as a2 swilching siroud,
and various interconnection fines such as a data ine 31,
ascanning fing 32, & powar supply fing 33, and a storage
cagasiior ine 34 arc formed, and then & Hatlesing film
10 mads of & transparent resin is fomed to cover them.
Here, the TFT alements 12 sre formed in the pais cor
responding 1o the segments 236 10 28¢ of the pixei 21
as described above.

{0037} Then, ae shown in Fig, 88, a film of an indium
tin exide (iTO) alloy as 8 transparent slecirode s depos-
fed al the effective light emitting gortion described
above, and thus first electindes 2 ars fommed,

[0028]  Then, light emitting reglons 11R, 113, and 11R
forming the pixals 21 are sequentially formed.

f0028]  More specifically, as shown in Fig. 60, a vapor
depasition mask 5 with an opening Sa corresponding to
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& region 1o form & fight emiliting region is used. The vapor
deposition mask 5 is placed on the surface of the giass
substrate | so that the opening S& is placed only in the
pusition of the erganic EL jayer 3 oomesponding to the
light emitting regien 111, and the organic EL layer 3 cor-
responding 1o the light emitting region 118 s fermed in
ihe segmeni 223 by vapor deposition. At the time, the
first electrode 2 & completely covered with the srganic
EL fayer 3 for the light amitling region 11R, and the or-
ganic EL layer 3 does not overtag the first electrodss 2
for the other colors,

[8030] Then, as shown in Flg. 80, using the same va-
por deposition mask 5, the mask 5 is moved and placed
on the surface of the giass substrate 1 so that the open-
ing Sa is piaced only in the position 1o {form an organic
EL layear 8 cotresponding to the light ermitting region 11G
and the organic EL {ayer 3 corrasponding to the light
emitting region 117G i3 farmed in the segment 22b by
vapor deposition. At the time, the first slesirode 2 is com-
plately covered with the organie EL layer 8 for the light
amilting region 113, and the organic EL layer 3 does
not overiap the first elecirodes 2 for the other colors,
{031} Then, as shown in Fig. 8E, using the same va-
por deposition mask &, the mask § is moved and placed
on the surface of the glass substrate 1 so that the open-
ng S Is placed only in the position to form the arganic
&l iayer 3 corresponding o the Hight emilling reglon 118
and the organic EL layer 3 comesponding 1o the fight
emiiting region 1R is formed in the segment 22c by va-
por deposition. Al tha time, the first slectrade 2 is com-
pletely covered with the organic EL iayer 3 for the light
emitting region 118, and the organic £L layer 3 does not
overlap the first slectrodes 2 for the other colors.
{G032]  Inthis way, through the process steps in Figs.
8C o 8E, C-chamfar shaped (or rounded) non-light
emitting regions 12 are ferrned at the four corners of the
light emitling regions 1R, 11G, and 118. These non-
light emitting reglons 13 3s weli ag the segments 23a1o
23c for the TFT elements 12 are non-light emifting re-
gions, the arganic EL layers 3 are formed so that adja-
cent light emitting reglons are kept from contacting ene
another in a pixel 21 and a plurality of such pixels 21 are
provided in a matrlx, The organic EL fayers 3 corre-
sponding (o the flight smifting regions TR, 11G, and 118
are sach formed {o have an area graater than the cor-
regponding first electrode 2 and cover the same, so that
the registration margins for ferming the fight emitting re-
gions can be secured. In addition, the TFT element re-
gion can be used for seouring the registiation margin
necaessary for achieving higher resolution. [n this way,
tho aporture ratle can be improved,

{00833} The light emitting regions for the same colors
are aligned with each TFT element 12 interposed ther-
ebetwesn so that the light emitting regions 1R, 111G,
and 118 are svenly provided in & plane without contact-
ing one ancther,

[0034] Then, as shown in Fig. 8F, & vaper deposition
miask 8 with openings 8a o expose all the tight emitting
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regions is used and plased on the surface of the glass
substrate 1, and an aluminum alloy Him is deposited by
vapar deposition, thereby forming 8 second slectrede 4
1o cover all the light smitting regions.

{0035]  As shown in Fig. 86, a piate 7 made of glass
or the like that prevents meisiure penetration is aghe-
sively fixed, for sxamplg, with an adhesive 8 1o cover
the sscond elactrade 4, o that the organis EL layers 3
are prevenied from delerdorating by moisture and the
iike, Various conductive members formed on the glass
substraie 1 are connected to & driving clreuit {notshown}
through the interconnection line 8 of an FRE {Flexibie
Printed Sircuit).

{00367 Then, sfter various post-processing steps, &
bottom emission type, sctive matrix organis EL display,
for example, with a resolution of 180 ppi and an aperiure
ratlo of 44.7% is produced.

fQ037]  As in the foregoing, acearding 1o the emtodi-
mant, at the time of maaufacturing the organic EL dis-
play having the above-described configuration, mask
vapor deposition technique is applied to fom the srgan-
ic BL layers 3 corresponding 1o the respective light emit-
ting regions 118, 113, and 118, and the same vapor
deposition mask 5 is sequentiaily moved 1o form these
light emitting regions. Therefore, the single vapor dep-
osition mask 5 can raadily be formed using a single film
daposition chamber, low molecular crganic EL can be
deposied by vapor deposition, and an organiz EL dis-
play having the above-described configuration oan
raadily be provided with reliability.

- Modifications of Embodiment -

{8038] Now, modifications of the embodiment will be
dascribed,

{Maodification 1}

{0038 Fig. 7 is a schematic plan view of an orgasic
EL light emitting layer, a main part of an organic EL dis-
olay acoording te Modification 1, showing #s surface as
bedng entarged.

{00401  Inthe organic EL display, the araas of ihe fight
amilting regions 1R, 113G, and 118 in the pixel 21 are
aach greater than the area of the TFT element 12, In
this case, the registration margins necessary for dis-
crete coloring inte the three cofors can e included in
the segments of the TFT slements 12, so that the aper-
wure ratio can be incressed.

{Madification 2}

{00411 Fig. 8 is a schematic plan view of an organic
£L light emitting layer, & main part of an organic BL dis-
play according to Modification 2, showing its surface ag
being snlarged.

[0042] Inihis organic EL display, the areas of the light
amitting regions 1R, 11G, and 118 in the pixsl 21 are
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each smaller (han the area of the TFT element 12, In
thils case, adiasert TFT slements 12 separaie adiacert
fight ermitting regions, and therefore thare is no necas-
sity for providing non-fight emitting regions in associa
Hon with the fight emitting regions, so that the aperture
ratio can be inoreasad {in the shown exampia, ths seg-
ments for the TFY slemanis 12 arm In contact with each
ather).

indusiris! Applicability

{0633]  According o the Invention. & dispiay device
having a botiom emission type, active mattix srganic EL
panel that efficionily secures a sufficient apanture ratio,
hps pixel arrangement in whish the aperture ratio is
nardly a trade off for higher resclution, and can operate
with reduced power consurnption for ob¥aining neses-
sany luminance and contribuie (o downsizing of tha driv-
ing circult and the device as a whols, and a manuizc-
turing method that allows the configuration of such a de-
vice fo be readily provided can be provided with refiabi-
ity.

Ligims

1. Adisplay devios having an active mairix orgarsic £L
sanet comprising:

firat and seoond electredes providad on a sub-
airaie, and

an organie EL light emiliing laver providad be-
Tween sald first and seonnd slecirodes, wharein

said organic EL fight emiting layer includes
light emitiing regions, aranged in & zigzag mannet,
and adiacant ones of sald lignt emitting regions are
kept from corfacting each other

2. The display device aceording to clsim 1, wharain,

three kinds of said light amiiting regiens cor-
responding to 8, G, and 8 and three switching cir-
ouits oorrgsponding to the three kinds of sald fight
amitting regions are arranged in 8 matix, and

i six segments arranged in two rows and
three cofunng, sald fight emitting regions are ar-
ranged inthree of eald segments positionedin g rige
2ag manner 3nd sald three switching cireuits are ar-
rangad in the threg remalning segments.

3. The cisplay dovine asoording o olaim 2, whereln
aaid Hight emitting regiona for the same color
are afigned with said swiching circult interposed
therabetwean.

4. The dispiay davice gecording 1o olaim 1, wherain
the area of said organic EL light emitting leyes
ie greater than the area of said first electroda,
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The display device according o cheim 1, whareln

a pon-light emiiting region is formed at & cor-
rer of said fight emiting region, and adiacent cnes
of sald light emitling regions are separated by sald
non-Hght emittag region,

The display device asoording to olaim 1, whereln
the area of said light emmitting region is graater
tran the aroa of said switching clrouit

The display device accorging 1o claim 1, wherein

saicd ilght emifting reglon has an area smaller
than the area of said switching cireult and is sepa-
rated from adjacent one of said fight emitting re-
sions with sald switching cirouit interpoaad therebe-
tween.

& mgthed ot manulastuning & dispiay device having
an acthve matrix organic EL pans! comprising first
and second slestrodes provided on 8 substrate ang
an organic EL light ernitting fayer provided batwosn
said first and second electrodes, wherein sald o
ganis EL ight emitting layer inchudes s Hight emilting
region, the mathiod comprising the sies of

forming a pluraily of sald ight omiting re-
glons by mask vapor deposition, whersin said or-
ganic EL light emilting layers corresponding to each
of said light emiting regions are amanged v a xig
zag manner and adjacent ones of aald ight emitting
regions ars kapl from contacting sech other,

The method of ranufaciuring & display davice ae-
cording fo claim 8, whersin

the same mask ls sequentially moved to forrn
said organie EL light emitting lavers cormssponding
te ach of said light emitting regions.

The method of mandactuning a dispiay devics ao-
cording o olaim &, wherein:

three kinds of said light amitting reglens corre-
sponding to B, 3, and B and said three switch-
ing clroulis covesponding to the thres kinds of
sald light emitting regions are arranged in a ma-
trix;

in shr sogrments arrangad in wo rows and three
coiumns, aald fight emilting regions are ar-
ranged in three of said segments pesitioned in
& 7igrag manner and said three awitching oir
cuits are arranged in the three remaining seg-
maonte.

The maethod of manuiacturing a dispiay devios ao-
cording to olaim 18, whersin

said iight emilling regions for the same color
ars aligned with sald switching ciroult inferposed
therehetwaan,
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The method of manulfzcivning 8 dispiay device ao-
cording to claim 8, whetrain

said organic EL lght emitting layer is formed
to have 3 greater ares than the ared of said first
alactrode.

The method of manulaniuring & dispiay devios ac-
cording to olaim 8, wherein

sald ight emitting reglion is formed to have a
comer part serving as & non-light emitting region.

Tha raathod of manufacturing s display devios ao-
cordizng to olaim 8, whersin

said ight emitting region is formsd o have 3
greater aren than the ares of said awliching clroult,

Tne mathod of manufaciuring a8 display device ac-
carding to clalm 8, wherain

said ight ermiting reglon has an area smalle
thar the ama of sald switching cirouit and is sepa-
rated from adjacent one of said light smitling re-
gions with said swilching cirouif inlerposed therebe-
nwRe.
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ably & plurality of OELDs hava a sound shape. Also praf
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Deseription

{GO01] This invertion relates to a8 display devics,
parficutarly a thin film vansistor driven organis electro-
luminescent dispiay device thersafier referred to as
TFTOELDY which is driven by & thin film transistor
{horeafler referred ko as TFT) ang provided with an
arganic electro-fuminescent slement thereatter referred
to as OELD) preferably of a high polymer system
formed in a liguid phase process.

{0802  TFT-OELD is promising because i is a dis-
play device which realizes fight-weightness, thinness,
smaliness, higher acouracy, wider view angle, iowar
electric consumiption, and the fika. Fig. 1 shows a con-
ventional TFT-OELD. Fig. 2 shows a cross-sectional
view of g conventiona! TFT-OELD. Here, thers is only
one pixel 11 depicted, but there are adtually many pixels
11 in plural rows and fines, Mere, OBLD 18 is & high pol-
ymer systern, formad by & liquid phase process, such as
spin coating, blede coating, ink jat, or the liks.

[0083] in ordar to implement gradation, in the case
of the structure shown in Fig. 1, 8 gats voliage of a driv-
ing TFT 17 is made to change and conduciance is
changed, so elactric currant which flows i tha OELD 18
neads 1© be controlied. However, according fo this
method, particularly in half tone, irreguiarity of ransistor
characteristics of the driving TFT 17 appears as bright-
ness iregularily of the OELD 18, and thers is a problem
such that the soresn besomes non-uniform.

{0804} Therefors, a8 shown in Fig. 3, & method is
aonsidered which implements gradation by changing a
fight emitting area of the OFLD 18 {Japanese Palent
Application 8-233107). Fig. 4 shows a driving mathod of
thia display. A scanning slectric potential 31 is applisd to
a soanning ling 12, and & signal line 13 is formed of &
signal ling (Jower bif) 131 and a signal fine (upper bit
132, A signal elactic potential fower bit) 327 and signal
slactic polential {upper bit} 322 are respectively applied
a3 & signal electric potential 32, A driving TFT 17 is
formed of a driving TFT {ower bit) 171 and a driving
TFT {upper b} 172, and the OELD 18 is formed of an
QELD lower bif} 181 and an OELD {upper bi} 182, In
this example, 2-bit 4 gradation is considered, so an ares
ralio between OELD (lower Dif) 181 and OELD {upper
hif) 182is 1.2,

FO305] iy this mathod, the debving TFT 17 takes
qither a substantially completaly on siate or a substan-
tiadly complately off state. In the on stals, the resistance
of the driving TFT 17 is small encugh to be ignored,
conpared o the resistance of OELD 18, and the elsc-
fric current amount which flows In the driving TFT 17
argd OELD 18 is substantially determined by only the
resistance of the OELD 18,

R Therefore, irregularty of transistor charac-
taristics of the driving TFT 17 doas nof appear as bright-
nees iregularity of the DELD 18, Furthermore, in the off
state, voltage spplisd to the OELD 18 becomes less
than 1 threshoid voltage, so the OELD 18 dogs not emit

30

<40

2y

&s

fight at aff, andd, neediess o say, iregulariy of ransistor
characteristios of the driving TFT 17 does not appesr as
brightness iregularity of the CELD 18.

{titiixs] Fig. 8 is a cross-sectional view of TFROELD
which implemsnis gradation display by changing a light
emitling area of the OELD 18 shown in Figs. 3 and 4.
Fig. &g} is a cross-sectional visw of the QELD fower
Lit) 181, and Fig. 8{b} is a cross-sectional view of the
CELD (upper bit} 182, The rafio batwaen the light emit-
ting part 35 of the OELD (lower bRt} 181 and the light
emitiing part 25 of the OELD {upper bif) 182 is prefera-
biy 1.2,

f0008]  Alight emitting layer 22 is an OBLD of g high
polymar system and formed in a liquid phase process. A
surface of & bank 24 is iyophobic and the light emitiing
laysr 22 does not remain. Therefore, the area of the
OELD 18 is determined by patterning. With respectio g
side surface of the bank 24, the matedals and process-
ing datermine whether the side surlace of the bank 24
becomas lyophobic of yophilic,

f0508]  Fig. 5 shows the case of a ivaphilis side sur-
face of the bank 24. As & phenomenon that is character-
istic of & liquid phase process, the light emifting layer 22
nas a oross-sectional shape which is pulled toward the
sids suriace of the bank 24. in this case, elsciric current
flows into a thinner part of the light emiting layer 22,
and this part becomes & light emitting part 25, The
oross-sactional shaps of the fght emilting layer 22
deseribed here is sensitive o liguid amourt, faud mate-
vigh, an initiad position of the Hiquid, and a state, temper-
alure, amosphers, of the ke of 3 substrats, and which
are difficult to control. That is, itis difficult 1o oblain an
sheoluie value of 8 desired light emiiting area. Because
of this, # is difficult to oblain an accwate ratio of 1.2,
between the light emitting part 25 of the OELD fower
bify 187 and the light smitting part 25 of the OELD
{upper Bit} 182, and ultimately, # is dificult to obtain
acturats gradation,

f0016]  Fig. 8 s & crosssectional view of OBELD
(lower bif} 181 (Fig. 6(a)) and a cross-sactional view of
DELD {upper bity 182 (Fig. §{b}) in the same manner as
inFig. 5. in Fig. 8, tha side surface of the bank 24 i8 lyo-
phobic. As & phanomenon that is characteristic of & ig-
uid phase prosess, the light amiting layer 22 has &
croga-sectional shape which is distant from the side sur-
face of the bank 24. in this case as well, slechic curreni
flows into the thinner part of the light emiting laver 22,
ardl this part basomes the light emitting part 28, In this
case as well, in the same manner &s in the case of Fig.
8, itis difficult {0 ohiain an accurats ratio of 1:2 between
the light emilling part 25 of the OFLD (ower b} 181
and the fight amitting part 28 of the OELD {upper bit}
182, s0 i is difficult to obtain accurate gradation.
{0011]  Thersfore, one aspect of this invention is o
obiain an accurats ratio of the fight emitting parts, and
accurate gradation. Therefors, the invention may pro-
vide g display device in which gradation is implameniad
by forming a pluralty of TFTs and a plurality of OELDs
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in sach pixel, divectly connacting the TFTs and OELDs,
switching an on and off state of the TFTS, and control
ling an area of the OFLDs, that emits light, whersin ths
plurality of DELDs have the same shags, and gradation
is Implamentad by controtling the number of OELDs that
are created to emit light,

[GD12]  According to ihis structure, as a characteris-
fic phenomenon of & liguid phase process, sven if an
OELD becomes @ eross-sactional shape which {s pulied
int 10 & gidde suriace of 8 bank or is dislant from the side
surfase of the bank, the light emitting part of sach OFLD
is the same area, and accurale gradation can be
obtained. in this struciure & wall, it is dificult 1o obtain
an absolule value of 3 desired light emiling ares, hut
the light amitting ares of a plurality of OELDSs bacomes
equal, 50 the ralio of the Hght emitting areas can be
accurate by coniroliing the nurmbar QELDs,

{0013] Thedisplay device may alse include a plural-
ity of CELDs that have & round shape. Acsording to this
siruciure, the fight enstting paet of sach OELD can reli-
ably be the same wea, and accurale gradation can be
oitained. The ressons are as follows. When an OELD
has & shape with a reclangular vertex {or verlices),
thers is a possibifily that & phenomenon may ceour, for
axample, that the veriex becomes pulied in or the vertex
cannot be filied, This phenomenon prevenis 8 user from
obtaining accwsle gradation for the same reason as in
the problems of a cross-sectional shape as described
above, This phenomenon is more sensitive to the liguid
amaount, Kuid material, initial position of liquid, arxd the
stats, temperatura, and simosphers of g subsivale,
more s than the problems in a wross-sectional shaps
dascribed above, and it is difficult to contral this phe-
nomsnoen between adiacent OELDs. By making the
OELD round shaped, this phenomenon can be avoided.
HEGgEY The display device may also include a phural-
ity of OELDs arvangad at the same intervalin a harizon-
tal arclior vertical direction. Acconding o this structure,
the light emitting part of each OELD is made to be more
refiably the same araa, and ascurate gradation can be
obtained. The reasons are as loliows, Whenan OBLD s
formed by spirt coating of biade coating, the light emit-
ting layer which is coated over aif the picsls, dus o the
lyophobicity of a surface of the bank, the fight emitting
layer naturally fiows info a convex part of the bank. In
the casa of ink jet as well, this may sometimes happen.
A this tima, when a concave area surroundad by a bank
sonvex part is large, the light amitting layer coated over
this part flows info a convex bank portion, s the light
emitting layer becomes thick. When the convex area
surounded by the bank concave part is small, tha light
aritting layer becornas thin, Ulimately, ireguiarity of
film thickness of the light smitting layer is generated.
This iiregularily can be svoided by arranging a pluraiity
of OELDs at the same interval in & horzontal or vertical
chiraction.

{O015} AddStionally, according fo this strugturs,
whaen the OELDs are formed by an ink jet process, ink
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jetting can be perdformad at the same interval, so fabri-
cation can be simplified.

HEG ] Embadiments of the preseni invantion will
now be described, by way of further sxampls only and
with raferance o the accompanying drawings, in which:-

Fig. 118 a dlagram showing 3 pixel of @ conventional
TFT-OELD which implements a gradation dispiay
by changing & TFY conductance,;

Fig. 2 is & oross-sechonal view of & TFT-OELD,
Fig. 3 is a diagram showing ong pixel of 8 TFT-
OELD which implements a gradation display by
shanging & conventional OELD light emilting area;
Fig. 4 8 a diagram showing & TFTOELD driving
mgthod which implemenis 8 gradation display by
changing a conventional OELD light amitting ares;
Figs. §{a) and 5{b) wre cross-sactional views of an
OELD in a8 TFTQOELD which implements a grada-
tion display by changing a conventional OELD Hight
ayvitting area (when the side suriace of the bank is
iyophilic), whare Fig. §{z) is a diagram of an OELD
{lower bit) and Fig. 5{b} is & diagram of an OELD
{upper bit;

Figs. 8{a) and &{b} are cross-seclional views of an
CELD In & TFROELD which irplaments & grada-
ton display by changing & conventional QELD lght
emitting ares {when the side surlace of the bank is
ivophelic), where Fig. 6{(a) is a diagram of an
QELD {lowsr bit), and Fig. 80} Is a diagram of an
OELD {uppar bit};

Fig. 7 is a diagram showing one pixel of a8 TFT-
CELD related 1o embodiment 1 of this invention;
Fig. B is a diagram showing one pixel of 3 TFT
OELD related o embodiment 2 of this invention;
and

Fig. 8 is a diagram showing ong pixel of 2 TFR
CELD related o smbodiment & of this invention,

8017 The foliowing explains preferred smbodi-
mants of this invention, based upon the drawings.
[G018] Fig. 7 is a dizgram showing apixel of a TFT-
QELD related to u first embodiment of this invention.
Here, only one pixsl 11 is depioted, but many pixels 11
actually exial in 8 pluralily of rows ard a pluradity of fines.
0018 An OELD fower bit) 181 is formad of OELD
{lower bit « reclangidar) 1871, and an OELD {upper bit)
182 is formed of QELD {upper bit-first s rectangular)
19211 ang an OELD {upper bitesecand @ rectangudar)
18221, The OELD (ower bil «rectangular) 1811, the
QELD {uppsr bit~firstrectangulan) 18221, and the
OELD {upper bit - second « rectangular) 18221 have the
same shape, so the same light emilling area can he
obtained, and scourate gradstion can be obfained by
changing the number of OELDs that ars caused to emit
light,

{0020  Fig. 8is a diagram showing a pisel of 8 TFT-
CELD related to ancthar ambodiment of this invention.
Here, only ong pixel 11 is depicted, but many pixels 11
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actually exist in a pluraiity of fines and a plurality of rows.
{0021) An QELD {lowsr bt} 181 is formed of an
OELD (lower bit<roundd shapse] 1812, and an OBLD
{upper bit} 182 is formed of OELD {upper bitiirst
sronind shape} 18212 and QELD {(upper bt~ second-
~rourd shape) 18322, The QELD {ower bil» roung
shape} 1812, the OELD {upper bit - first - round shape)
18212, and the QELD {upper bit-second »round
shape) 18222 have the same round shape, so the sama
Hight emifting area can be refiably obigined, and acou-
rate gradation can be obtained.

{8022] Fig. 8is a diagram showing g pixel of & TFT
OELD related o another embodiment of this invention.
Hera, onfy one pixel 11 is depicted, but many pixels 11
actually exist in a plurality of lines and a pluralily of rows.
foaR3y An QELD {lower bify 181 is formed of an
OELD (ower bit-round shape) 1812, and an OELD
{upper bil} 182 is formed of an QELD {upper hit - first-
= ratand shape) 18212 and an QELD {upper bit « second-
~round ghape} 18322, The OFLD {lower bitsround
shaps} 1812, the OELD {upper bil ~first < round shape)
18212, and the OELD (upper bit-sesond sround
shape) 18222 are arrangsd al the same interval in hori-
zomtal and verticsl divections within the pixel 11, and
siso with raspect 10 the adjacent pixel 11, Racause of
this, the fight emitting part of aach OELD can maore rali-
ably have the same area, and acowrate gradation can
be obtained.

{3024} Furthermore, as an EL element formed in
sach pixsl, in the first embodiment (Fig. 7}, & ractangu-
far slament is shown as an example, and in the second
and third embodimants (Figs. 8 and 9, respectively), a
round-shaped slamsnt is shown, but this ivvention is not
timited to these. Accurate gradafion can also bs
shiained in 8 polygonal-or ellipticshaped elsment. In
paricular, an olfiptic element, as inthe case of & round
shape, does not have & vertex such a8 is prasent in the
sase of & reclangular shaps, so there iz no problem
such that the veriex tannot be filled by the fight emitting
fayer,

[R02S5} Ag described shove, according o this invern-
ticn, by conirolling the area of an slectrdluminescent
elemant that emils light, accurats gradation can be real-
ized.

Cialms
1. A display devigs, comprising:

& plurality of thin film transistors formed in each
pixel; and

a pluralify of organic electro-luminescent als-
menis formed in each pikel, the thin film Fan-
sistors being cornected to the organic slectro-
uminescent slements, the display device
switching an on and off state of the thin fim
fransistors and confralling ihe ares which emils
electro-lumingscent fight, each of the phuaity

1w
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of organic slactro-luminescert elements hav-
ing the same shape, and the display device
implementing gradation by controling the
number of organic elecro-luminascent sle-
mants that amit light at any given tims.

2, The display device as set forth in claim 1, whersin
fhe plurality of organic eleciro-luminescent ele-
ments gre round in shape.

3. The display device as set forth in slaim 1, wherein
the plurslity of organic slectro-luminessent ole-
ments are arranged in horizontal and verlical dires-
tions at equad intervals,

4. The display device as set forth in claim 1, whersin
the plurality of organic eleciro-luminescent sle-
menis are aneangsd in & horizontal divection at
aguat intervls,

8. The display device as set forth in olaim 1, whersin
the plurslity of organic slectoduminescent sle-
mems are aranged in g vertical direction at squat
intervals,

€. Amethod of forming a display device, comprising:

formiing a plurallly of thin film ransistors and a
phaality of organic slectro-luminescent sle-
ments in sach pixel;

nter-connecing the thin film fransisiors and
the organic aleciroduminescent elemants;
switching an on and off siats ¢f the thin film
ransigtors;

controlling the area which emits alectrodumi-
nescant light, sach of the plurality of organic
slecira-luminescent elements being formed 1o
Have the sames shape; and

sortrofling the mumber of organic slectro-dumi-
nescent slamants hat emit ight 1o implament
gradation.

7. The method as sst forth in olaim 6, comprising the
step of forming the pluralily of organic electro-lumi-
nescent slements to be round in shape.

& Ths method as set forth in claim 8, comprising the
stap of forming the pluraiity of organie slectro-fumi-
nescent elements in horizontal and vertical direc-
fions at equal infervals.

8. The method as st forth in claim €, comprising the
step of forming the plurality of orgenic slectro-lumi-
nescent glements in a horizontal direction at equal
intarvals.

10, The method as set fordh in claim 8, comprising the
step of forming the pluralily of organic slectro-lumi-
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nescent elements in a vertical dirgction &t aoual
irtervais,
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(54) MANUFACTURE OF ACTIVE MATRIX TYPE ORGANIC EL DISPLAY BODY

(57N Abstract: i A

. . &mﬂmm [ ARG D
PROBLEM TO BE SOLVED: To manufacture an active matrix . | ‘%gi‘“i = gm.wm 1
type organic EL display body at low cost by pattern—applying M

organic light emitting materials of red, green and blue on a
base having a thin film transistor by means of ink jet.
SOLUTION: On a glass base 101, an ITO transparent picture
slement electrode 103 is formed after a thin film transistor
102 is formed therson. A positive hole injection layer 104 of
polyphenylene vinylene or the like is further formed thereon.
This positive hole injection layer 104 is obtained by applying
polytetrahydrothiophenyl phenviene of precursor followed by
heating and polymerization. Organic light emitting layers 106~ W ad
108 of rad, gresn and biue are formed thereon every picture o RS
element. The organic light emitting layers are color— arranged :
and formed according to the pattern of each color every
picture element by an ink jet printer 105. Further, A reflecting
electrode 109 such as Mg, Ag or the like is formed therson
by evaporation.
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* NOTICES %

JPD and 1MPIT are not responsible for any
damages caused by the use of this transiation.

1.This document has been translated by computer. So the translation may not reflect the original
precisaly.

2455 shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS
{Claim{s)]

[Claim 1]A hole injection layer is formed in the transparent pixel electrode upper layer formed in a
zlass substrate which has a thin film transistor, In 2 manufacturing method of an active~matrix type
organic electroluminescence display ohject with which an organic luminous layer which has the
luminescent color besides chosen as a layer from red, green, and blue for every pixel at least is
formed, and also a reflector is formed in this upper laver, A manufacturing method of an active—matrix
type organic electroluminescence display object, wherein formation and arrangement of the
aforementioned organic luminous layer are made by an ink jet system.

[Claim 2lin the transparent pixel electrode upper layer formed in a glass substrate which has a thin
film transistor, for every pixel at least Red, In a manufacturing method of an active~matrix type
organic electroluminescence display oliect with which an organic luminous layer which has the
luminescent color chosen from green and blue is formed, and alsoe a raflector is formed in this upper
laver, A manufacturing method of an active~matrix type organic slectroluminescence display obiect,
wharein formation and arrangement of the aforementioned organic luminous layer are made by an ink
jet system,

[Claim 3]In the reflection pixel electrode upper layer formed in a glass subsirate which has a thin film
transistor, for every pixel at least Red, In a manufacturing method of an active~matrix type organic
electroluminescence display ohiect with which an organic luminous layer which has the luminescent
color chosen from green and blue is formed, and a hole injection layer is formed in this upper layer,
and also a transparent electrode is formed in this upper layer, A manufacturing method of an active—
matrix type organic electroluminescence display object, wherein formation and arrangement of the
aforementioned organic luminous layer are made by an ink jet system.

[Claim 4]In the reflection pixel electrode upper layer formed in a glass substrate which has a thin film
transistor, for every pixel at least Red, In a manufacturing method of an active-matrix type organic
elactroluminescence display ohiect with which an organic luminous layver which has the luminescent
color shosen from green and blue is formed, and also a transparent slectrode is formed in this upper
layer, A manufacturing method of an active—matrix type organic electroluminescence display object,
wherein formation and arrangement of the aforementioned organic luminous fayer are made by an ink
jgt system,

[Transiation dons.]
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DETAILED DESCRIPTION

[Detailed Desoription of the Invention]
{0001]

{Field of the Invention]This invention ralates to the manufacturing method using the ink jet system of
active~matrix tyvpe EL display object which used the thin film transistor.

{oon2]

{Description of the Prior Art]An organic EL device has the composition which sandwiched the thin
film containing a fluorescence organic compound by the anode and the cathode, |t is an element
which makes an exciton {exciton) generate and is made to emit light using discharge (fluorescence
and phosphorescence) of the light at the time of this exciton being deactivated by making an electron
and an electron hole (hole) pour in and recombine with the aforementioned thin film.

{00031 The feature of this organic EL device is 100 ~ 100000 cd/m2 at the low voitage not more than
10V. It is that the high—intensity surface light of a grade is possible, and luminescence from blue to
rad is possible by choosing the kind of fluorescent substance.

{00041 The organic EL device attracts attention as what realizes an inexpensive large area full color
display device (the Institute of Electronics, Information and Communication Engineers technical
report, the 89th volume, NO.108, 49 pages, 1989). According to the report, the organic coloring
matter which shows a strong flucrascence was used for the luminous layer, and blue, green, and
bright red luminescence have been obtained. This shows a filmy and strong fluorescence, is having
used organic coloring matter with few pin hole defects, and is considered that it has realized the
high~intensity full color display.

{00051 The thin film layer which consists of a mixture of an organic electric charge material and an
organic luminesaent material is provided, in JPH5~78655,A, the ingredient of an organic luminous
laver prevents concentration guenching, and expands the rangs of choics of a luminescent material to
it, and making it into a high—intensity full color elemeant is proposed.

(0008 However, reference is made by neither of the reports about the composition and the
manufacturing method of the actual full color display pansl

(00071

[Broblem to be solved by the invention]The organic thin film EL slement using the above—mentioned
organic coloring matter shows luminescence of blue, green, and rad, However, in order to realize a full
color display object as known well, it is necessary to arrange the organic luminous laver which emits
light in the three primary colors for every pixel. Conventionally, technology which patterns an organic
fuminous laver was made very difficult. A cause is the point that the surface of metal of one of
reflector material is unstable, and the patterning accuracy of vacuum evaporation does not come out.
The 2nd is the point that polymer or the precursor which form a hole injection layer and an organic
fuminous layer do not have tolerance to pattern processes, such as photo lithography.

[6008]This invention solves problem which was mentioned above., The purpose is to provide a
manufacturing method of an active~matrix type EL display object which patterned an organic
luminous layer for every pixel with an ink jet system.

fonos]

[Means for solving problem]The manufacturing method of the active~matrix type organic
electroluminescence display object in connsction with this invention, A hole injection layer is formed
in the transparent pixal electrode upper layer formed in the glass substrate which has a thin film
transistor, In the manufacturing method of an active~matrix type organic slectroluminescence display
chiect with which the organic luminous laver which has the luminescent color besides chosen as the
layer from red, green, and blue for every pixel at least is formed, and also a reflactor is formed in this
upper laver, It is characterized by making formation and arrangement of the aforementioned organic
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luminous laver by an ink jet system, In the transparent pixel electrode upper laver formed in the glass
substrate which has a thin film transistor, for every pixel at least Red, In the manufacturing method
of an active~matrix type organic electroluminescance display object with which the organic luminous
layer which has the luminescent color chosen from green and blue is formed, and also a reflector is
formed in this upper layer, formation and arrangement of the aforementioned organic luminous layer
are made by an ink jet systemn,

[0010]In the reflection pixel electrode upper laver formed in the glass substrate which has a thin film
transistor, for every pixel at least Red, In the manufacturing method of an active—matrix type organic
electroluminescence display object with which the organic luminous layer which has the luminescent
color chosen from green and blue is formed, and a hole injection layer is formed in this upper laver,
and also a transparent electrode is formed in this upper layer, It is characterized by making formation
and arrangement of the aforementioned organic luminous layer by an ink jet system, In the reflection
pixel electrode upper layer formed in the glass substrate which has a thin film transistor, for every
pixel at jeast Red, In the manufacturing method of an active~matrix type organic alectroluminescence
display object with which the organic luminous layer which has the luminescent color chosen from
green and biue is formed, and also a transparent electrode is formed in this upper layer, formation
and arrangement of the aforementioned organic luminous layer are made by an ink jet system.

302, the picture element electrode 303, and the thin film transistor 304, by the ink jet method, this
invention is carrving out patterning spreading of red and the green and blue organic luminescent
material, and realizes a full color display.

foo12]

[Mode for carrying out the invention]Hereafter, the suitable embodiment of this invention is described
with reference to Drawings.

[0013H{(Warking example 1) As shown in drawing 1, after forming the thin film transistor 102 on the
glass substrate 101, the ITO transparent pixel electrode 103 is formed.

(0014 Polvtetrahydro thiopheny! phenylens which is a polymer precursor as a hole injection material
is coated. By heating, a precursor serves as polyphenylene vinylene and the 0.05—micron—thick hole
injection layer 104 is formed.

[0015]Next, patterning spreading of the luminescent material which colors in red, green, and biue with
the ink jet printing equipment 105 is carried out, and the 0.05~micron—thick layers colors 108, 107,
and 108 are formed. Into red light material, polvphenviene vinylene and poly alkyl phenylene are used
for polyphenylene vinviene and blue light material at cyano polyphenyiene vinylene and green
emission material It is the Cambridge Display Technologies make, and such organic
electroluminescence materials are liguefied and available.

[0018]Finally, the 0.1-0.2-micron—thick MgAg reflector 109 is formed with vacuum deposition.

{00171 Thereby, the full color organic electroluminescence display ohiect of a direct viewing type is
completad.

{0018](Working example 2) As shown in drawing 2, after forming the thin film transistor 202 on the
glass substrate 201, the AlLi reflection pixel electrode 203 is formed.

{0018]Next, patterning spreading of the luminescent material which colors in red, green, and blue with
the ink jet printing equipment 207 is carried out, and the layvers colors 204, 205, and 206 are formed.
Into red light material, polyphenylene vinvlene and poly alkyl phenviene are used for polyphenylene
vinylene and blue light material at cvano polyphenylene vinylene and green emission material. It is the
Cambridge Display Technologies make, and such organic slectroluminescence materials are liquefied
and available,

[0020]Polvtetrahydro thiophenyl phenylene which is a polymer precursor as a hole injection material
is formed by the cast method. By heating, a precursor serves as polyphenylens vinylene and the hole
injection layer 208 is formed.

(0021 Finally, the ITO transparent electrode 209 is formed with vacuum deposition.

(00221 Thereby, a reflection type full color organic slectroluminescence display object is completed.
[0023 Working example 3) 2,3,6,7-tetrahydre t1-oxo 1 H,5 H,11H=-(1) benzo PIRANG [ 6,7.8~] [iil-
kino lysine 10~carboxylic acid is used as an organic luminescent material of an organic luminous layer,
It is considered as a green luminescent material by mixing both, using 1,1-bis—{4~N,N~ditolylamine
phenyl) cyclohexane as an organic hole injection layer material.

[0024]Similarly, it mixes with hole injection layer material, using 2-13 4'~dihydroxyphenyl-3,5,7-
trihydroxy 1-benzo pyrviium perchliorate as a red organic luminescent material

[0025Hn a blue light layer, using tris(B—hydroxygquinclinel) aluminum as an organic hole injection
material as an organic luminescent material, 2,3,6,7-tetrahydro 8—methyl-11-oxo 1 H,5 H,11H~(1)
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benzo PIRANG [ 6, 7, and 8~] [ii]~kino lysine is mixed, and a luminescent material is created.
[0026] At the same process as the working axample 1 or the working sxample 2, partial patierning of
each juminous layer is carried out with an ink jet printer apparatus, and an active—matrix type arganic
electroluminescence display obiect is created.

[002718esides the organic electroluminescence material used by this example, an aromatic diamine
derivative (TDP), An oxydi azole dimer (OXD), an oxydi azole derivative (PBD}, A JISUCHIRU arvlene
derivative (DSA), a quinolinoel system metal complex, a beryilium benzo quinolinel complex (Beba), A
triphenyiamine derivative (MTDATA), a distyryl derivative, a pyrazoline dimer, Although rubrens,
Quinacridone, a triazole derivative, polyphenvlene, a poly alkyl fluorene, polyalkyithio Foehn, an
azomethine zing complex, the Pori Phi Lynne zine complex, a benzooxazol zing complex, and a
phenanthroline europium complex can be used, It is not a thing restricted to this.

foo2g]

[Effect of the Invention]Patterning became possible in forming and arranging the arganic
electroluminescence material it was presupposed that patierning was impossible of material
canventionally with an ink jet system, and the active~matrix type organic electroluminescence display
ohject of the full color display was realized. Manufacture of the full color display obiect of a big
screen is attained [ that it is inexpensive and ] by this, and an effect is size.

[Transiation done.]

754



* NOTICES %

JP0 and INPIY are not responsible for any
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DESCRIPTION OF DRAWINGS

{Brief Description of the Drawings]

[Drawing 11t is a figure showing the process of the active~matrix type organic slectroluminescence
display object in a 1st embodiment of this invention,
[Drawing 211t is a figure showing the process of the active~matrix type organic slectroluminescence
display object in a 2nd embodiment of this invention.
[Drawing 311t is a figure showing the layers color formed by the ink jet methed on the thin film
transistor of this invention.

{Explanations of letters or numerals]

101 Glass substrate

102 Thin film transistor

103 Transparent pixel slectrode

104 Hole injection layer

105 Inkjet printer head

108 Crganic luminous laver (the 15t color)

107 Organic luminous layer (the 2nd color)

108 Organic tuminous layer (the 3rd color)

108 Reflector

201 Glass substrate

202 Thin film transistor

203 Reflaction pixel electrode

204 Organic luminous layer {the 1st color)

205 Organic luminous layer (the 2nd color)

208 Organic kuminous laver (the 3rd solor)

207 Inkiet printer head

208 Hole injection layer

209 Transparent electrode

301 Signal wire

302 Gate line

303 Picture slement electrode

304 Thin film transistor

305 Organic luminous layer (the tst coler)

306 Organic luminous fayer (the 2nd color)

307 Organic luminous laver (the 3rd color)

{Translation done.]
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* NOTICES %

JPG and INPIT are not responsible for any
damages caused by the use of this transistion.

1.This document has been translated by computer. So the translation may not reflect the original
preciseby.

244k shows the word which can not be transiated.

3In the drawings, any words are not transiated.

[Claim(s)]

[Claim 1]A substrate.

The 1st electrode.

A frame wall surrounding 4 rounds of sach pixel

An organic layer formed on an slsctrode,

The 2nd electrode formed on an organic laver.

In an organic light emitting element provided with the above,

An organic light emitting element which a solution or dispersion Hquid containing an organic material
poured in inside a frame wall solidifies, and at least one layer in an organic laver is formed, and is
characterized by the aforementioned corner's having an angle taken and a frame wall becoming so
that a corner of the frame wall inside may be full of a solution or dispersion liquid containing a
poured—in organic material,

{Claim 2]The organic light emitting element according to claim 1 which is close inside a frame wall
and pravents a short circuit of the Znd electrode and the 1st elecirode when an organic layer is filled
with a corner of the frame wall inside which had an angle taken.

[Glaim 3linstall the 1st electrodes successively in all directions on the surface of a substrate, and 4
rounds of each electrode laver are surrounded with a frame wall, In a manufacturing method of an
organic light emitting element which it has, a process of pouring in a solution or dispersion liquid
containing an organic material, carrying out an organic laver at least 1 stratification, and subsequently
forming the 2nd electrode on an electrode layer a frame wall, A manufacturing method of an organic
light emitting element, wherein an angle is taken and a corner of the inside becomes so that it may be
full with a solution or dispersion liquid containing an organic material,

[Claim 41A manufacturing method of the organic light emitting element according to claim 3, whersin
critical surface tension of a frame wall is smaller than surface tension of a solution or dispersion
liquid containing an organic material poured in inside a frame wall,

[Claim 5]A manufacturing method of the organic light emitting element according to claim 3 or 4 with
larger critical surface tension of the 1st slectrode than surface tension of a solution or dispersion
fiquid containing an organic material

[Claim 8]A manufacturing method of an organic light emitting slement of any one description of five
from Claim 3 which acquires a frame wall which formed a resist film on the surface of a substrate,
ranked second and stched the aforementioned resist film using a photo mask of a frame wall which
has the corner by which chamfering was made, and in which chamfering was made when forming a
frame wall.

{Claim 7]A manufacturing method of an organic light emitting element of any one description of six
from Glaim 3 formed using one which is chosen from a spin coat method, the ink jet methed, and 2
nozzle spray method of injection methods from a solution or dispersion liguid in which an organic
laver includes an organic material

{Translation done.]
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* NOTICES %

JPO and INPIT are not responsibie for any
damages caused by the use of this transiation.

1.This document has been translated by computer. Se the transliation may not reflect the original
precisely.

2400k shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

{ooa1]

[Field of the Invention)This invention relates to an organic light emitting element used as a pixal of a
display, and a manufacturing method for the same.

[0o02]

[Description of the Prior Art]Although the applying methods, such as a spin coat methed, a dip
method, and a doctor blade method, were conventionally used for production of the organic LED
davice by wet process, it was difficult to colorize a pixel by patterning of a luminous layer in these
methods. However, the method of patternizing a luminous layer by the ink jet method, and forming it
as one solution over this problem, is proposed in recent years (B HI10~12377 A, Appl,
Phys.Lett.No.72, 518 pages, and 1898 year).

[0003]After patterning the cathode formed on the transparent base and considering it as an anode
group, The electroluminescence devices of the structure which formed the bank between the
aforementioned cathodes, formed the electric charge pouring transporting bed and/or the luminous
layer in the Hauid phase between the aforementioned banks, and formed the anode on it are indicatsd
(JUP H11-87062 A). In these electroluminescence devices, since critical-surface—tension gammac of
the component of a bank is smaller than the surface tension gamma of the aforementioned liquid
phase, a bank has water and oil repallency. Therefore, since the substance which formas these layers
does not straddle between pixels, fault current between pixsls is prevented. Even if it breathes out
the material liquids which form a luminous layer using an ink jet head, the surface tension gamma of
these soivents is 30 or more dyne/om, and since NURE to a bank is small, it is settled in a pixel and
it does not usually pollute the adioining pixel. Therefors, a skillful colored presentation becomes
possible by positive luminescence of each pixel

[0004]

[Probiem to be solved by the inventioniHowever, by making critical~surface~tension gammac of the
component of a bank smaller than the surface tension gamma of the liquid phase which forms an
elactric charge pouring transporting bed and/or a luminous layer, When a pixel is enclosed on a bank,
the liquid which forms a luminous layer to the corner within the bank which divides a pixel dogs not
permeate, but the 1st slectrode layer becomes unreserved. Therefore, when the liquid which forms a
luminous layer forms the 2nd electrode layer on the organic layer solidified and formed, it is easy to
produce a short cirouit between the Ist slecirode layer and the 2nd electrode layer. In order to solve
this problem, the method of combining the method of forming the 2nd electrode layer, and the
procaess of forming an organic layer by dry processes, such as a vacuum deposition method, and wat
process only with the portion in which the organic laver is formed is also possible, but when these
methods are used, the numerical aperture of an organic layer falls remarkably.

{0005 This invention is made in view of the above—mentioned problem, the short cirsuit between
alactrode layers is prevented, and the whole organic layer including the corner of each pixal provides
an organic light emitting slement which emits light uniformly, and a manufacturing method for the
same.

[0008]

[Means for solving problem]in the organic light emitting element which has a substrate, the 1st
electrode (film) installed in all directions successively by that surface, a frame wall surrounding 4
rounds of sach pixel, the organic layer formed on the electrode laver, and the 2nd slectrode layer
group formed on the organic layer according to this invention, The solution or dispersion liquid
containing the organic material poured in inside the frame wall solidifies the erganic layer of at least
one layer, it is formed, and an organic light emitting element, wherein the aforemertioned corner has
an angle taken and a frams wall becomes so that the corner of the frame wall inside may be full of
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the sclution or dispersion liquid containing the poured—in organic material is provided.

[0007]That is, since this invention persons did not produce a crevice between an organic layer and
the corner inside a frame wall, they sxamined the form of the corner of the frame wall inside
wholeheartedly, As a result, when the solution or dispersion liquid (it is hereafter called the “organic
material figuid” for short) which includes an organic material by taking the angle inside a frame wall is
poured in inside a frame wall, organic material liquid is filled with the corner of the frame wall inside,
and when organic material liquid solidifies, an organic layer without a crevice is formed between the
corners of the frame wall inside. Therefore, it can be prevented from the Znd electrode layer
infiltrating into the crevice between a frame wall and an organic layer, and connesting with the 1st
electrode layver too hastily. While having the outstanding display guality, it becomes possible to
manufacture easily and inexpensive an organic light emitting element with a high numerical aperture
with wet process.

[0008]According to another viewpoint of this invention, the st electrode layer groups are installed
successively in all directions on the surface of a substrate, In the manufacturing method of the
organic light emitting element which has the process of surrounding 4 rounds of esach pixel with a
frame wall, pouring in organic material liquid on an electrode layer, forming the organic layer of at
least one layer, and subsequently forming the 2nd slectrode layer group, The manufaciuring method
of an organic light emitting element, wherein an angle is taken and a frame wall becomes so that the
comner of the inside may be full with organic material liquid is provided.

[0009]The critical surface tension in this invention means “the critical surface tension of JISUMAN
(Zisman)” which specifies the degres of "NURE” of the liguid in the solid surface. Namely, on the
surface of solids, such as an organic high polymer of most with the low energy surface, and an
organic compound, A polar organic Hiquid, saturated hydrocarbon, water with various surface tension,
etg. are dropped, Value gammas of the surface tension of the point that the approximation straight
lines obtained by measuring those angles of contact theta and plotting these costheta to the surface
tension gamma [dyne/cm] of sach liguid cross the horizon which is theta= 0 degres of angles of
contact [dyne/om] serves as oritical surface tension in this invention. The surface tension of the
organic material liquid in this invention means the value gamma [dyne/cm] of the surface tension

displayed as work [erg] for a fiquid to build the surface of an unit area [om?],

[0010]80 that the oritical surface tension of 8 frame wall may become smaller than the surface
tension of the organic material liquid poured in inside a frame wall. Since the paries-medialis-orbitae
side of a frame wall serves as water repelisnce or oil repellency to organic material liquid when
pouring in organic material liquid inside a frame wall by choosing the both sides of organic material
liquid and frame wall construction material, That is, since organic material liquid does not soak the top
inside of a frame wall, the pixel which organic material liquid is transmitted to a frame wall, and
adicing is not straddled, and the short circuit between pixels can be prevented.

{00111Since contamination with the organic material liguid of the adicining pixel is prevented,
problems, such as mixed colors, can also be avoided and the whole organic layer can be made to emit
light uniformly. As for the difference of the critical surface tension at 20 ## of the paries—medialis~
orbitae side of a frame wall, and the surface tension at 20 %% of organic material liquid, it is preferrad
that they are 5 or more dyne/om. Since the adhesion force to the frame wall of organic material
liquid is small if it is in this range, a convex meniscus is formed.

{001210n the other hand, the NURE nature of organic material liguid to an electrode layer can
improve, and organic material liquid can be filled with choosing the construction material of the Tst
electrode layer and organic material liquid so that the critical surface tension of the st electrode
laysr may becoms larger than the surface tension of organic material quid even to the lowser corner
of the inside corner of a frams wall. As a result, with a high numerical aperture having, the short
circuit between pixels and between electrode layers can be prevented, and a very skillful colored
presentation becomes poasible. As for the difference of the oritical surface tension at 20 %% of the
1st electrods layer, and the surface tansion at 20 %% of organic material liquid, it is preferred that
they are 5 or more dyne/cm.

[0013]in the display of monochrome or a zene color, the pixel in this invention means a pixel, and, in
the case of multicolor and a full color display, means subpixel. Although the form in particular of a
pixel is not limited, polyzonal shape, a circle configuration, and elliptical are illustrated. In order to
form a film uniform to the corner of a pixel, when it looks down, the circular thing in which the corner
of a pixel makes a concave toward a center is preferred.

[0014)As a method of pouring in organic material liquid to the inside of a frame wall, publicly known
methods of making organic material liquid breathe out, such as a nozzle spray method, are employable
from a spin coat method, the ink jet method make organic material liquid breathe out from an ink jet
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head, a nozzle, or a nesdie.

{06015)

[Mode for carryving out the invention]Hereafter, this invention is not limited by this aithough the
organic light emitting element of this invention and the embodiment of the manufacturing method are
described with reference to drawing 8 from drawing 1.

[0016]A fundamental structure of the organic LED device as an organio light emitting element of this
invention is shown in drawing 1. In drawing 1, this order comes to laminate the deflection plate 7, the
substrate 1, the 1st electrode layer 2, the organic layer 3, the 2nd electrode layer 4, and the sealing
film 8, the frame wall 5 encloses the circumference of the organic layer 3, and the organic LED
device 10 forms one pixel {pixel}. The convex meniscus at the time of pouring in organic material
liquid is solidified, and the organic layer 3 is formed. As the substrate 1, a quartz substrate, a glass
substrate, a plastic plate, ete. are used.

[00171When the display which the 1st electrode layer 2 and the 2nd electrode laver 4 are electrode
pairs which form positive~negative two peles, and consists of two or more organic LED devices 10 is
formed, Since luminescence from the organic layer 3 is emitted from the substrate 1 side when the
substrate 1 and the st electrode layer 2 are transparent, in order to raise luminous efficiency, it is
preferred to have a reflecting film in the side which does not adjoin the organic laver 3 of that the
2nd electrode layer 4 is a reflector or the 2nd electrode laver 4. On the contrary, the 2nd electrode
layer 4 can be constituted from a transparent material, and luminescence from the organic layer 3
can alsc be made to emit from the 2nd electrode layer 4 side. In this case, it is preferred that the ist
slestrode layer 2 is a reflector, that the substrate 1 is a reflective substrate, or to have a reflecting
film between the 1st electrode layer 2 and the substrate 1.

{0018)As a transparent electrode, transparent electrodes, such as Cul, ITQ, SnOz, ZnQ, and CuAiOZ,

are used. As a reflector, the cascade screen of metal, such as alloys, such as metal, such as
aluminum and calcium, magnesium silver, and lithium aluminum, magnesium/silver, the cascade screen
of insulators, such as lithium fluoride/aluminum, and metal, etc. are used. The deflection plate 7 is
formed in the outside of the substrate 1, in order to acquire the good contrast in a display. The
sealing film 6 {or sealing substrate) is formed in order to prevent damage or degradation of the Znd
electrode layer 4.

[06018]Since an angle is taken, the corner of the inside becomes so that it may be full with the
organic material liquid mentioned later, organic material liquid solidifies the frame wall § according to
the form inside the frame wall 5 and the organic layer 3 is formed, a pixel is determined by the form
of the frame wall 5. (a) ~ {¢) of drawing 2 is a horizontal sectional view showing an example of the
form of the corner 51 of the frame wall 5 inside which forms each pixel (51a-51s). As form of the
corner 51, like 51a and 51b, “chamfering” could be carried out in 1 or two or more straight lines, and
"chamfering” could be carried out like 51c with the curve which makes a concave toward a center.
“Chamfering” of the corner 51 of four corners may be made into a different size, and it may be made
different form.

(00207 The frame wall § is producible by a photolithography. In this case, after preparing the photo
mask of the frame wall 5 which has the corner 51 of desired form and forming a resist film, it can
etch using this photo mask and the frame wall 5 in which desired “chamfering” was made can be
formed. The frame wall 5 consists of construction material which has critical surface tension smaller
than the surface tension of the organic material liquid poured in inside the frame wall §, and is formed
with the organic material that a convex meniscus is formed in the upper surface of organic material
fiquid, by stopping "NURE" organic material liquid and inside the frame wall 5. Therefore, as for the
frame wall 5, the material is chosen by a relation with the surface tension of organic material liquid.
[0021]The desirable materials for forming the frame wall 5 are enumerated below. Value gammac of
the critical surface tension of frame wall material [ in / in the inside of () / 20 %% ] [dvne/om] is
shown. As a desirable material of the frame wall 5, for example Perphloro octylethylmethacrylate (15
dyne/cm), Polypropylensa hexafluoride (16 dyne/om), polytetraflucrosthylene (18 dyne/cm),
Polyethylens trifluoride (22 dyne/om), polydimethyisiloxane (24 dynes/(om)), Polyvinylidene fluoride
(25 dyne/cm), polyethylene (31 dyne/cm), polystyrene (33 dyne/cm), Asahi Glass SAITOPPU
{trademark] (19 dyne/cm), ete. are mentioned. What mixed KBM7103 made from the Shin-etsu
chemistry (20 dyne/cm) and 7803015 dynes/(cm)P801M (8 dynes/(cm)) as a guest is mentioned as
a desirable material, using a positive resist as a host.

[0022]1The frame wall 5 should just be formed in the part between pixels at least, it may be layer
structure, and may be the multilayer structure which superimposes a thin film, and, as for the
structure of the frame wall 5, it is preferred that it is insoluble or refractory to the solvent of organic
material liquid. In order to raise the display quality as a display, it is also preferred to use the material
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for black matrices. Or after forming the frame wall B using such materials, the value of critical~
surface—~tension gammac of the surface of the frame wall 5 may be controlled by performing plasma
treatment, UV processing, gassing, ste.

[0023]Although the wall surface portion inside the frame wall 5 is constituted using the above
materials or by performing the above processings, the frame wall 5, In order to form a more effective
convex meniscus, it is preferred that the difference of critical-surface~tension gammac of the
material of the frame wall 5 and the surface tension gamma of the organic material liquid used as the
organic layer 3 mentioned later is at least 5 or more dyne/em. When the frame wall § forms the 2nd
electrode laver 4 further using a shadow mask, The damage to the organic layer 3 by adhesion of a
shadow mask can be prevented, and even if it does not use a shadow mask by making form of the
frame wall 5 into a suitable form, for example, reverse tapered shape, patterning of the 2nd electrode
iayer 4 is attained.

[0024]The organic layer 3 may be the structure of having an organic layer of at least one layer, and
may be the laver structure which consists only of organic layers, or the multilayer structure of a
charge transport layer and an organic layer. A buffer layer may be inserted if needed. When
cansidering it as the multilayer structure of a charge transport layer and an organic layer, it is good
also considering a charge transport layer and an organic layer as every one layer each, and two or
more above~mentioned each lavers may be used svery. To make the organic layer 3 into the
multilayer structure which consists of an organic layver of two or more layers, it is required to form at
least one laver of an organic layer by wet process. At this time, other organic layers may be formed
by wet procsss, and may be formed of dry processes, such as a vacuum deposition method.

[0025]If the organic laver 3 is based on the wet process which can form a thin film from the state of
coating liquid (organic material liquid), material in particular will not be limited. Although there are
various kinds of methods for forming thin film, such as the method of carrying out the regurgitation of
the organic material liquid from a spin coat method, a dip methed, a doctor blade methed, print
processes, an slectrodeposition process or an ink jet head, a nozzle, or a neadle, as wet process, for
example, Especially the method of carrying out the regurgitation of the coating figuid from an ink jet
head, a nozzle, or a needie is preferrsd. Although the materials (organic material liquid) which are
suitable by the method of adopting differ a little, it becomes conditions that the surface tension
gamma of organic material liquid is larger than critical~surface—tension gammac of the frame wall §,
and it is still smaller than critical-surface—tension gammac of the electrode layer 2 and the slectrode
layer 4.

[00268]The organic material lquid used with wet process can be divided into the coating liquid for
luminous layer formation, and the coating liquid for charge transport layer formation. A high polymer
luminescent material publicly known [ for organic LED ] as coating liquid for luminous layer formation,
For example, the poly [2~decyloxy 1.4-phenylene ] (DO-PPP). Poly[2 5-screw [2-(N, N N~triethyl

ammonium) ethoxyl~1,4-phenylens=alto 14-phenylene] dibromide (PPP“NEt;}, The poly [2-(2'~

ethythexvioxy)-5-methoxy— 1, the 4—phenylenevinylene 1 (MEH-PPV). The poly [5-methoxy—{2-pro
PAMNOKI sisal FONIDO)~-1,4-phenvienevinviene ] (MPS-PPV). the coating liguid which made the
publicly known scivent dissolve or distribute poly[2,5-bisthexyloxy)—1,4—phenylene— (1~
cyanovinylene)! (CN-PPV) etc. = or, The publicly known low molecule luminescent material for
organic LED, for example, tetraphenyibutadiene, (TPB), a coumarin, the Nile red, an oxadiazole
derivative, ete., The coating liquid which made the publicly known solvent dissolve or distribute a
publicly known polymer material (PC), for example, polycarbonate, poly methyl methacryiate (PMMA),
a polyvinyl carbazole (PVCz), etc. can be used. To these coating liquid, if needed The object for pH
adjustments, the object for viscosity control, for osmosis promotion, The additive agents for leveling
etc., the ohject for organic LED, and the publicly known hole carrying material for organic photo
conductors. for sxample, the aforementioned N,N'-bis—~(3-methylpheny)-N N ~bis—{ghenyl)-benzidine
(TPD) — NN'-JI (naphthalene~1-y)-N,N'~diphenyl~benzidine (NPD) etc., an slectron transport
material (For example, 3~ (d~biphenylyl 4-4-phenylene-5-t-buthylphenyl 1,2, 4—triazole (TAZ) —)) tris
(8—hydroxy kino RINONATO) aluminum (Alqg) stc. — etc. — dopants, such as a charge transporting

material, an acceptor, and a donor, etc. may be added.

[0027]A polymer charge transporting material publicly known [ for organic LED and for organic photo
conductors | as coating liquid for charge transport layer formation. for example, poly aniiine (PAND
and 3.4~polyethylene dioxythiophene (PEDT) — The poly {triphenylamine derivative] (Poly-TPD) poly
[oxadiazole derivative ] (Poly-0OXZ etc.). the coating liquid which made the publicly known solvent
dissolve or distribute the aforsmentioned PVCz ste. == or, The coating liquid which made the publicly
known solvent dissolve or distribute the obiect for organic LED, the publicly known low molecule
charge transporting materials for organic photo conductors (for example, above TRPD, NPD, an
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oxadiazole derivative, ete.), and publicly known polymer materials (for example, the aforementioned
PG, PMMA, PVCz, eto.) can be used. Dopants, such as additive agents the object for pH adjustments,
the object for viscosity control, the obhject for fullness promotion, the object for leveling, for surface
tension adiustment, ate., an acceptor, and & donor, etc. may be added in these liguid if needed.
[00281When using the ink jet method, can use the conventional solvent by using the aforementioned
polymer material as the solvent dissclved or distributed, but. The solvent of low steam pressure

[ inside / of these solvents ], for example, ethylene glycol, Propylene glycol, triethylene glvcol,
ethylene glycol monomethyl ether, Ethylene glycol monoethyl ether, triethvlene glycol monomethyl
ether, It is preferred that triethylene glvcol monoethy! ether, glycerin, a formamide, N-methyl-2-
pyrrolidone, cyclohexane, 1-propancl, octane, nonane, Decean, ete. ars included. As for the
presentation rate of solid content and a solvent in the coating liquid for luminous layer formation, and
the coating liguid for charge transport layer formation, adjusting is preferred so that the viscosity at
20 ** of coating liquid may be 10 or less mPa~s, and it is preferred to adjust the surface tension
gamma so that it may become at least 40 dyne/om.

[00291The organic laver 3 can also be formed between the electrode layer 2 and the electrode layer
4 by the conventional dry process, for example, resistance heating vacuum deposition, EB vacuum
deposition, the ion plating method, etc. As an organic material which can be used by a dry process,
the publicly known luminescent material for organic LED is usable, and an organic layer may comprise
only an organic material and may contain the additive agent etc. As a charge transporting material,
the ohject for organic LED and a publicly known material for organic photo conductors are usable,
and a charge transport layer may comprise only a charge transporting material, and may contain the
additive agent etc.

(0030 Next, arrangement of the organic layer 3 for arranging two or more organic LED devices, and
forming an organic LED display is explained, referring to the top view of drawing 3. There are three
kinds of the organic layers 3, the red (R) smission pixal 11, the green (G3) emission pixel 12, and the
blue (B) emission pixel 13, and the organic LED display 20 of this invention, It is a predetermined
arrangement pattern, or these three kinds of organic layers 3 are arranged to matrix form, and it
constitutes them from a random pattern.

[00311The siripe shape which the emission pixel of each above~mentioned color adicined by the
shorter side of the frame wall  comes to arrange drawing 3 (a) [stripe arvangement]. The emission
pixel of each above~mentioned color adioins on the square of the frame wall §, and mosaic shape

arrangement] by which the emission pixel of each above—mentioned color was arranged regularly is
Hlustrated. As for the number of arrangement of the red (R) emission pixel 11, the green (G) emission
pixel 12, and the blue (B) emission pixel 13, in the arrangement of these emission pixels, it is not
necessarily good to be no match for 1:1:1. The area of each pixel may be the same and may differ by
each pixel. it may be not three kinds (3 colors) but one kind {1 color).

[0032]1Can form the form of the above—mentioned pixel by forming in the form of a request of a frame
wall at the time of frame wall production, and the formation method of this frame wall, Although not
limited in particular, when forming a frame wall with the photolithographic methaod, for example, It is
possible to control appropriately conditions, such as an exposing sondition, form of a photo mask,
baking temperature, and bake tims, and to produce them, It is also possible to produce by making it
fix, after the slot of the form of a desired frame wall sticks the ¥k type, ditches, to a substrate,
infiltrates the liquefied raw material for frame wall formation into formed space and is filled up.
[0033]Next, the connaction methad of 1st electrode layer 2 corresponding to each pixsl and Znd
electrode laver 4 is explained, referring to the top view of drawing 4 and drawing 5. The organic LED
display of this invention has good Ist electrode layer 2 and 2nd electrode layer 4 which pinch the
organic layer 3 also as an electrode configuration of the bias stripe shape which intersects

the st elestrode laver 2 or the 2nd electrode layer 4 may connect with the 2nd electrode layer 4 or
the 1st electrode layer 2 via the thin film transistor 21 {TFT) connected by the predetermined source
busa line 22 and the gate bus line 23.

{0034]

[Working example]Hereafter, the example of an embodiment is shown.

the working example 1 — the ITO transparent siripe electrode of 200—micrometer width is first
produced for the glass substrate 1 with ITO with 130-nm thickness in a 240—micrometer pitch as the
1st electrode layer 2 with photolithography method.Next, the conventional dry processes, such as a
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cleaning method by the conventional wet process using isopropyl alcohel, acetone, and pure water
and UV ozonization, and plasma treatment, wash the glass substrate 1 with ITO, for example. At this
time, critical~surface—~tension gammac at 20 ** on the surface of ITO was 56 dyne/om.

[00351Next, on this substrate 1, critical~surface~tension gammac at 20 ** applied the positive resist
of 20 dyne/om with the spin coat method, and formed the resist film of 30 micrometers of thickness.
Next, the frame wall 5 was produced using the mask for exposure. As shown in drawing 2 (c) which
the corner inside the frame wall 5 mentioned above, the thing of the form of the corner 51¢ whish
consists of a curve which makes a concave toward the center was used for the mask for exposure.
Subsequently, the residue of the resist was flushed and the frame wall § of 40-micromeater width was
produced in a 230-micrometer pitch in the direction which goes in the dirsction paralle! to [TO direct
with a 540~micrometer pitch and ITQ.

{00361Next, surface tension formed the 50-nm—thick hole injection layer by the commaercial spin
coater using 43 dynes/cm 3.4-polyethylens dioxythiophene solution in 20 4% Next, with the
commercial dispenser, patterning spreading of red and the luminescent material that emits light green
and blue was carried out, and the 50~nm—thick luminous layer was formed. Here, poly para—phenylene
was used as a polyphenylene vinylene precursor and a blue light material as a cvano polyphenyiene
vinylene precursor and a green emission material as a red light material, respectively, At this time,
the surface tension gamma at 20 %% of all the coating liquid was 48 dyne/cm. However, about the
cvano polyphenylens vinvlene precursor and the polyphenylene vinylene precursor, 150 *% and heat~
treatment for § hours were performed under Ar atmosphere after forming a film, and it changed into
cvano polyphenviene vinylene and polyphenylene vinylene, respactively. The stripe arrangement of
drawing 3 {a) was used for the arrangement pattern of a luminous layer.

[0037INext, the AlLj alloy slectrode as the 2nd slectrode layer 4 was formed by carrving out vapor
codeposition of aluminum and the Li using the 0.2-micrometer [ in thickness ], 510-micrometer [ in
width ], and pitch 540micrometer shadow mask. Finally the epoxy resin was used and sealing was
performed. the organic LED display produced as mentioned above —— bstween the st electrode layer
2 and the 2nd electrode laver 4 and the st electrode layer 2 — doing what — and the 2nd electrode
layer 4 =~ the short circuit which does what and comes out was not generated, and unaven
luminescence from the edge of the picture element part accompanying the unevenness of the
thickness of a luminous laver and a charge transport layer was not sesn. Uniform luminescence was
obtained from all the pixels by impressing the pulse voltage of 30V to this display.

[0038]As a discharging method of working—example 2 organic—material liquid, the organic LED display
was produced like the working example 1 instead of the dispenser axcept having used the commercial
ink jet printer.The regurgitation of the organic material liquid by an ink jet printer, As shown in
drawing 8, corresponding to the interval of the frame wall § formed in matrix form, the three ink jet
heads 24 are arranged with a predetermined arrangement pattern, The red (R) emission pixel 11, the
green (G) emission pixel 12, and the biue (B) emission pixel 13 are made to breathe out on the st
electrode 2 inside the frame wall 5 from these ink jet heads 24, The regurgitation of the emission
pixel which carried out parallel translation of these ink jet heads 24, and furthermore described them
above was repeated, and the luminous layer was formed.

[00397the formed organic LED display == between the st electrode laver 2 and the 2nd electrode
layer 4 and the 1st electrode layer 2 — doing what — and the 2nd electrode layer 4 ~— the short
circuit which does what and comes out was not generated, and uneven luminescence from the edge
of the picture slement part accompanying the unevenness of the thickness of a luminous layer and a
charge transport layer was not seen. Uniform luminescence was obtained from all the pixels by
impressing the pulse voltage of 30V to this display.

[00407the working example 3 — first, after forming a thin film transistor on the glass substrate 1, the
long side formed the ITO transparent electrode at 500 micrometers as the 1st electrode layer 2, so
that a shorter side might be set to 220 micrometers. At this time, critical~surface~tension gammac at
20 %% gn the surface of ITO was 56 dyne/cm.

[0041]Next, critical~surface~tension gammac at 20 %% formed the resist film of 30 micrometers of
thickness with the spin coat method on this substrate 1 using the positive resist of 20 dyne/cm.
MNext, the frame wall 5 was produced using the mask for exposure. As shown in drawing 2 {¢) which
the inside corner of the frame wall 5 mentioned above, the thing of the form of the corner 51c which
makes convex toward the senter was used for the mask for exposure. Subsequently, the residue of
the resist was flushed and the frame wall 5 of 40~micrometer width was produced in a 230~
micrometer pitch in the direction which goes in the direction parallel to ITO direct with a 540~
micrometer pitch and ITO. Next, the organism was formed like the working example 2. Next, the AlLi
alloy slsctrode as the 2nd slectrode layer 4 was formed by carrying out vapor codeposition of

779



aluminum and the Li. Finally the epoxy resin was used and sealing was performed,

{00427Tthe formed organic LED display — between the 1st electrode laver 2 and the 2nd electrode
laver 4 and the st electrode layer 2 ~ doing what — and the 2nd slectrode layer 4 — the short
cirouit which doss what and comes out was not generated, and unsven luminescence from the sdge
of the picture slement part accompanying the unevenness of the thickness of a luminous layer and a
charge transport laver was not seen, Uniform luminescence was obtained from all the pixels by
impressing the pulse voltage of 30V to this display.

[0043]

[Effact of the Invention]in this invention, when organic material liquid is poured in inside a frame wall
by taking the angle inside a frame wall, organic material liguid is filled with the cormer of the frams
wall inside, and whan organic material liquid solidifies, an organic layer without a crevice is formed
between the corners of the frame wall inside. Therefore, it can be prevented from the 2nd electrode
layer infilirating into the crevice between a frame wall and an organic layer, and connecting with the
15t electrode laver too hastily.

(0044150 that the critical surface tension of a frame wall may become smaller than the swface
tension of the organic material liquid poured in inside a frame wall. A convex meniscus can be formed
in the upper surface of organic material liguid, and it can be settled inside a frame wall, without
organic material iquid straddiing the adicining pixel, and the whole organic laver can be made to emit
light uniformly by choosing the both sides of organic material liquid and frame wall construction
material. Organic material liguid can be filled with choosing both so that the critical surface tension of
the 1st electrode layer mav become larger than the surface tension of organic material Hquid even to
the lower corner of the inside corner of a frame wall. As a result, with a high numerical aperture
having, the short circuit betwsen pixels and betwesn electrodes layers can be prevented, and a very
skiliful colorad presentation becomes possible.

[0045}the mixed colors depended to mix an organic layer or an organic layver = being mixed —
luminescance of the luminescent color with high energy accompanying the energy transfer which
happans between luminescent materials is suppressed, and remarkable detarioration of display quality
can be preventad, When the 2nd electrode layer Is formed using a shadow mask, the damage to the
organic layer by adhesion of a shadow mask can be prevented. In this case, even if it does not use a
shadow mask by making form of a frame wall into a suitable form, for example, reverse tapered shape,
patterning of the 2nd electrode layer is attained.

[0048] Therefore, while having the display quality which prevented the short circuit between electrode
lavers and between pixels, and was excellent with the manufacturing method of this invention, it
becomes possible to manufacture easily and inexpensive an organic light emitting element with a high
numerical aperture with wet process.

[Transiation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damagas caused by the use of this transiation.

1.This dosument has been transiated by computer. So the translation may not reflect the original
pracisely.

2550k shows the word which can not be translated.

3In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[Drawing 11The enfarged vertical longitudinal sectional view of the organic LED display by this
invention.

[Drawing 2] The horizontal sectional view explaining the form of the corner inside [ frame wall ]

drawing 1 of an organic LED display.

organic LED display by this invention.

[Drawing 5]The outline part plan showing other examples of composition of the electrode layer of the
crganic LED display by this invention corresponding te drawing 4.
[Drawing 81The key map explaining an example of the formation method of the organic layer of this
invention.

[Explanations of letters or numerals]

1 Substrate

2 The st electrode layer

3 Organic layer

4 The 2nd electrode laver

§ Frame wall

8 Sealing film

7 Deflection plate

10 Organic LED device (organic light emitting element)

11 Red light pixel

12 Green emission pixel

13 Blue light pixel

20 Organic LED display

21 Thin film transistor {TFT)

22 Source bus line

23 Gate bus line

24 Ink jet head

51 Corner

[Translation done.]
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre the Apphication of

Yojiro MATSUEDA Group Art Unit: 2629
Application No.:  12/917 885 Examiner: D BOLOTIN
Filed: November 2, 2010 Docket No.:  114251.03

For:  ACTIVE MATRIX SUBSTRATE, ELECTRG-OPTICAL DEVICE, AND
ELECTRONIC DEVICE

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Pursuant to 37 CFR §1.56, the attention of the Patent and Trademark Office is hereby
directed to the reference(s) listed on the attached PTO-1449. Unless otherwise indicated herein,
one copy of each reference is attached. It is respectfully requested that the information be
expressly considered during the prosecution of this application, and that the reference(s) be made
of record therein and appear among the "References Cited” on any patent to issue therefrom.

B3 1. This Information Disclosure Statement is being filed more than three months after
the U.S. filing date AND after the mailing date of the first Office Action on the merits,
but before the mailing date of a Final Rejection, Notice of Allowance or other action that
closes prosecution {&.g., Quayle Action).

4 a. I hereby certify that no item of information in this Information Disclosure
Statement was cited in a communication from a foreign patent office in a
counterpart foreign application, and, to my knowledge after making reasonable
inquiry, no item of information in this Information Disclosure Statement was
known to any individual designated in 37 CFR §1.56(c) more than three months
prior to the filing of this Information Disclosure Statement. 37 CFR §1.97(e)(2).

< 2. Each item of information contained in this Information Disclosure Statement was
either first cited in a communication from a patent office in a counterpart foreign or
international application or from the USPTO, or is a communication that was issued by a
patent office in a counterpart foreign or international application or by the USPTO, and
this communication was not received by any individual designated in §1.56(c) more than
thirty days prior to the filing of this Information Disclosure Statement.

793



Application No. 12/917,885

D 3. In accordance with 37 CFR §1.98(a}2)(ii), copies of any U.S. patents and patent
application publications are not attached.

One or more reference cited herein was cited in an Office Action in U.S.
11/483.087. Sec Reference 1. A copy of the Office Action is submitted

4 4.
Application No,

for the Examiner's consideration as Reference 2.

Respectfully submitied,

James A. Qliff
Registration No. 27,075

Shahid K. Khan
Registration No. 60,984

JAG:SEK szk

Date: June 7, 2012
DEPOSIT ACCOUNT USE
OQLiFy & BERRIDGE, PLC AUTHORIZATION
P.0O. Box 320850 Please grant any extension
Alexandria, Virginia 22338-4850 necessary for entry of this filing;
Telephone: {783) 836-6400 Charge any fee due to our
Deposit Account No. 15-0461
D
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Disposition of Claims

5)X] Claim(s) 1.2 and 11-2Qis/are pending in the application.
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7)X Claim(s) 1,2,13,14 and 17-20is/are rejected.
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Application Papers

10)[] The specification is objected to by the Examiner.
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Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
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1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
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application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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Application/Control Number: 12/917,885 Page 2
Art Unit: 2629

DETAILED ACTION

It would be of great assistance to the Office if all incoming papers pertaining to a

filed application carried the following items:

1.

Application number (checked for accuracy, including series code and
serial no.).

2. Group art unit number (copied from most recent Office communication).
3. Filing date.
4, Name of the examiner who prepared the most recent Office action.
5. Title of invention.
6. Confirmation number (See MPEP § 503).
Status of Claims
1. Claims 1, 2, 11 and 12 have been amended, claims 3 — 10 have been canceled,

new claims 17 — 20 have been added; and claims 1, 2 and 11 — 20 are pending.

Terminal Disclaimer

2. The terminal disclaimer filed on 05/09/2011 disclaiming the terminal portion of

any patent granted on this application which would extend beyond the expiration date of

U.S. Patent No. 7,483,001 has been reviewed and is approved.

Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —
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(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

4. Claims 1, 2, 13, 14 and 17 — 20 are rejected under 35 U.S.C. 102(e) as being

anticipated by Koyama (US 7,277,070).

As to claim 1, Koyama discloses an electro-optical device comprising: a data line
(signal line Si of fig. 20); a control line (gate signal line Gaj of fig. 20); and a unit circuit
arranged corresponding to an intersection of the data line and the control line (fig. 20),
the unit circuit including: a first transistor (transistor 104 of fig. 20) that includes a first
semiconductor film (semiconductor film 5005 of fig. 21A); an electro-optical element
(pixel electrode 181 of fig. 20) electrically connected to one of a source or a drain of the
first transistor (181 is electrically connected to 104 through transistor 105 of fig. 20); a
second transistor (transistor 103 of fig. 20) that includes a second semiconductor film
(semiconductor film 5004 of fig. 21A), the second transistor connected between the one
of the source or the drain and a gate of the first transistor (transistor 103 of fig. 20); and
a holding element that is connected to the gate of the first transistor and holds a gate
voltage of the first transistor according to a data signal (capacitor 107 of fig. 20), and

a wiring (184 of fig. 20) connected between the second transistor (103 of fig. 20)
and the gate of the first transistor (104 of fig. 20); and the first transistor supplying a
current based on the gate voltage (TFT 104 is current controlling TFT (col. 27, line 60 —
col. 28, line 20), inherently, TFT 104 is on based on voltage at the gate, inducing current

through OLED) to the electro-optical element (181 of fig. 22), the wiring being formed in
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a layer which is different from a layer in which the first semiconductor film and the
second semiconductor film

are formed (as shown in fig. 20, the wiring is not in semiconductor areas of either
TFT 103 or TFT 104, the wiring is formed in layer 5059 of figs. 22 and 23); and the
wiring being formed in a layer different from a gate layer in which the gate of the first
transistor is formed (as shown in fig. 20, the wiring 184 and gate layer 185 are in
different layers (col. 27, line 60 — col. 28, line 20)).

As to claim 2 (dependent on 1), Koyama discloses the electro-optical device,
wherein the first transistor has a conduction type different from a conduction film the
second transistor has (second switching transistor TFT 103 may be n-channel and
current controlling TFT may be p-cannel, col. 9, lines 45 — 50).

As to claim 13 (dependent on 1) and claim 14 (dependent on 2), Koyama

discloses an electric device comprising an electro-optic device (television of fig. 24A).

As to claim 17, Koyama discloses an electro-optical device comprising: a data
line (signal line Si of fig. 20); a control line (gate signal line Gaj of fig. 20); a power line
(power line Vi of fig. 20); and a unit circuit arranged corresponding to an intersection of
the data line and the control line (fig. 20), the malt circuit including: a first transistor
(transistor 104 of fig. 20) that includes a first semiconductor film (semiconductor film
5005 of fig. 21A); an electro-optical element (pixel electrode 181 of fig. 20) electrically
connected to one of a source or a drain of the first transistor (181 is electrically

connected to 104 through transistor 105 of fig. 20); a second transistor (transistor 103 of
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fig. 20) that includes a second semiconductor film (semiconductor film 5004 of fig. 21A),
the second transistor connected between the one of the source or the drain and a gate
electrode of the first transistor (transistor 104 of fig. 20); a holding element that is
connected to the gate electrode of the first transistor and holds a gate voltage of the first
transistor according to a data signal (capacitor 107 of fig. 20); and a wiring connected
between the gate electrode of the first transistor and the second transistor (184 of fig.
20), the first transistor supplying a current, based on the gate voltage to the electro-
optical element (TFT 104 is current controlling TFT (col. 27, line 60 — col. 28, line 20),
inherently, TFT 104 is on based on voltage at the gate, inducing current through OLED),
the wiring being formed in a layer which is different from a layer in which the first
semiconductor film and the second semiconductor film are formed (as shown in fig. 20,
the wiring is not in semiconductor areas of either TFT 103 or TFT 104, the wiring is
formed in layer 5059 of figs. 22 and 23), and the wiring being formed in a layer different
from a gate layer in which the gate electrode of the first transistor formed (as shown in
fig. 20, the wiring 184 and gate layer 185 are in different layers (col. 27, line 60 — col.

28, line 20)).

As to claim 18, Koyama discloses an electro-optical device comprising: a data
line (signal line Si of fig. 20); a control line (gate signal line Gaj of fig. 20); a power line
(power line Vi of fig. 20); and a unit circuit arranged corresponding to an intersection of
the data line and the control line (fig. 20), the unit circuit including: a first transistor

(transistor 104 of fig. 20) that includes a first semiconductor film (semiconductor film
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5005 of fig. 21A); an electro-optical element (pixel electrode 181 of fig. 20) electrically
connected to one of a source or a drain of the first transistor (181 is electrically
connected to 104 through transistor 105 of fig. 20); a second transistor (transistor 103 of
fig. 20) that includes a second semiconductor film (semiconductor film 5004 of fig. 21A),
the second transistor connected between the one of a source or the drain and a gate
electrode of the first transistor (transistor 104 of fig. 20); a holding element that is
connected to the gate electrode of the first transistor and holds a gate voltage of the first
transistor according to a data signal (capacitor 107 of fig. 20); and a wiring connected
between the gate electrode of the first transistor and the second transistor (184 of fig.
20), the first transistor supplying a current based on the gate voltage to the electro-
optical element (TFT 104 is current controlling TFT (col. 27, line 60 — col. 28, line 20),
inherently, TFT 104 is on based on voltage at the gate, inducing current through OLED),
and the wiring being (184 of fig. 20) formed in a layer in which the data line (182 of fig.

20) and the power line (Vi of fig. 20) are formed.

As to claim 19 (dependent on 17), Koyama discloses the electro-optical device,
wherein the first transistor (104 of fig. 20) has a first terminal and a second terminal
(source an drain shown in fig. 20), and a channel region disposed between the first
terminal and the second terminal (channel region of 104 of fig. 20 corresponding to
layer 5005 of fig. 21A), the first terminal (terminal connected to Vi of fig. 20) being
disposed between the power line (Vi of fig. 20) and the second terminal (terminal

connected to 186 of fig. 20), and the first transistor controlling an electrical connection
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between the first terminal and the second terminal (via gate 185 of fig. 21).

As to claim 20 (dependent on 18), Koyama discloses the electro-optical device,
wherein the first transistor (104 of fig. 20) has a first terminal, a second terminal (source
an drain shown in fig. 20), and a channel region disposed between the first terminal and
the second terminal (channel region of 104 of fig. 20 corresponding to layer 5005 of fig.
21A), the first terminal (terminal connected to Vi of fig. 20) being disposed between the
power line (Vi of fig. 20) and the second terminal (terminal connected to 186 of fig. 20),
and the first transistor controlling an electrical connection between the first terminal and

the second terminal (via gate 185 of fig. 21).

Allowable Subject Matter
5. Claims 11,12, 15 and 16 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.
6. The following is a statement of reasons for the indication of allowable subject

3matter:
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The Prior Art of record discloses the electro-optical device wherein the control
line (gate line Gaj of fig. 20) supplies a control signal to a gate of the second transistor

(103 of fig. 20), but fails to disclose that “the control line intersecting the wiring’.

Response to Arguments
7. Applicant's arguments filed 04/26/2012 have been fully considered but they are
not persuasive.
8. As to Applicant’s argument that “Koyama does not disclose that the wiring being
formed in a layer different from a gate layer in which the gate of the first transistor is
formed,” the Examiner respectfully disagrees. Koyama discloses “connection wiring line
184" (col. 27, line 65 — col. 28, line 2). As shown in fig. 20, the connection wiring 184
and gate 185 are in different layers.
9. As to Applicant’s argument that “description alone does not provide sufficient
detail to determine whether the wiring connecting TFT 103 and the gate of the TFT 104
is either the connection wiring 184, the gate wiring line 185, or both the connection
wiring 184 and the gate wiring line 185,” the Examiner respectfully disagrees. As show
in fig. 20, wiring 184 connecting source region of transistor 103 and the gate 185 of
transistor 104.
10.  Asto Applicant’s argument that “Koyama does not anticipate that the wiring

being formed in a layer different from a gate layer in which the gate of the first transistor
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is formed,” the Examiner respectfully disagrees. As shown in fig. 20, “connection wiring

line 184” and the gate 185 of transistor 184 are in different layers.

Conclusion
11.  THIS ACTION IS MADE FINAL. Applicantis reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DMITRIY BOLOTIN whose telephone number is
(571)270-5873. The examiner can normally be reached on Monday-Friday, 7:30am -
5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Amare Mengistu can be reached on (571)272-7674. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DMITRIY BOLOTIN/
Examiner, Art Unit 2629
/Amare Mengistu/
Supervisory Patent Examiner, Art Unit 2629
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Yojiro MATSUEDA Group Art Unit: 2629
Application No.: 12/917,885 Examiner: D. BOLOTIN
Filed: November 2, 2010 Docket No.:  114251.03

For: ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND
ELECTRONIC DEVICE

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Pursuant to 37 CFR §1.56, the attention of the Patent and Trademark Office is hereby
directed to the reference(s) listed on the attached PTO-1449. Unless otherwise indicated herein,
one copy of each reference is attached. It is respectfully requested that the information be
expressly considered during the prosecution of this application, and that the reference(s) be made
of record therein and appear among the "References Cited" on any patent to issue therefrom.

X 1. This Information Disclosure Statement is being filed more than three months
after the U.S. filing date and after the mailing date of a Final Rejection, Notice of
Allowance, or other action that closes prosecution (e.g., Quayle Action), but on or
before payment of the Issue Fee. The fees associated with this filing under 37 C.F.R.
§1.17(p) are being paid electronically with this filing. The Commissioner is hereby
authorized to charge any additional fee (or credit any overpayment) associated for this
filing to Deposit Account No. 15-0461.

= a. I hereby certify that no item of information in this Information Disclosure
Statement was cited in a communication from a foreign patent office in a
counterpart foreign application, and, to my knowledge after making reasonable
inquiry, was known to any individual designated in 37 CFR §1.56(c) more than
three months prior to the filing of this Information Disclosure Statement.
37 CFR §1.97(e)(2).
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=< 2. Each item of information contained in this Information Disclosure Statement was
either first cited in a communication from a patent office in a counterpart foreign or
international application or from the USPTO, or is a communication that was issued by a
patent office in a counterpart foreign or international application or by the USPTO, and
this communication was not received by any individual designated in §1.56(c) more than
thirty days prior to the filing of this Information Disclosure Statement.

Y 3. In accordance with 37 CFR §1.98(a)(2)(ii), copies of any U.S. patents and patent
application publications are not attached.

JAO:SZK/bbe
~Date: July 16, 2012

OLIFF & BERRIDGE, PLC

P.O. Box 320850

Alexandria, Virginia 22320-4850
Telephone: (703) 836-6400
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Respectfully submitted,
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James A. Oliff
Registration No. 27,075

Shahid K. Khan
Registration No. 60,984

DEPOSIT ACCOUNT USE
AUTHORIZATION
Please grant any extension
necessary for entry of this filing;
Charge any fee due to our
Deposit Account No. 15-0461
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Initials No. Document Number Date Country English English
Abstract | Translation

OTHER DOCUMENTS
Examiner | Cite | Including name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title
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number(s), publisher, city and/or country where published.

EXAMINER DATE CONSIDERED

Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in conformance and
not considered. Include copy of this form with next communication to applicant.

Date: July 16,2012
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CONTINUED EXAMINATION UNDER 37 C.F.R. §1.114

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

In accordance with the provisions of 37 C.F.R. §1.114, Applicant hereby requests
continued examination.

(<X Applicant further requests entry and consideration of the attached submission.

The above-identified application was filed on or after June 8, 1995. Thus, entry is
proper under 37 C.F.R. §1.114(d).

Attached hereto is our check no. 247989 in the amount of $930.00 as payment of the
fees set forth in 37 C.F.R. §1.17(¢). The Commissioner is hereby authorized to charge any
additional fees or credit any overpayment associated for this filing to Deposit Account No.

15-0461.
Respectfully submitted,
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James A. Oliff
Registration No. 27,075

Hirotsuna Yamashita
Registration No. L0563

JAO:HQY/prg
Date: September 28, 2012
DEPOSIT ACCOUNT USE
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Telephone: (703) 836-6400 Charge any fee due to our
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PATENT APPLICATION

HE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Yojiro MATSUEDA Group Art Unit: 2629
Application No.: 12/917,885 Examiner: D. BOLOTIN
Filed: November 2, 2010 Docket No.: 114251.03

For:  ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND
ELECTRONIC DEVICE

AMENDMENT WITH REQUEST FOR CONTINUED EXAMINATION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In reply to the June 28, 2012 Office Action, and upon entry of the attached Request
for Continued Examination, please consider the following:

Amendments to the Claims as reflected in the listing of claims; and

Remarks.
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Amendments to the Claims:
The following listing of claims will replace all prior versions, and listings, of claims
in the applicatioﬁ:
1. (Currently Amended) An electro-optical device comprising:
a data line;
a control line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element ele'ctrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate of the first
transistor;

a holding element that is connected to the gate of the first transistor
and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the second transistor and the gate of the
first transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed, and

the wiring being formed in athe layer different from a gate layer in which the

gate of the first transistor is fermed-formed. and
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the wiring having a portion formed in the layer, the portion extending in a

direction in which the data line extends.

2. (Previously Presented) The electro-optical device according to claim 1,
wherein the first transistor has a conduction type different from a conduction film the second
transistor has.

3-10. (Canceled)

11. (Previously Presented) The electro-optical device according to claim 1,
wherein the control line supplies a control signal to a gate of the second transistor, the control
line intersecting the wiring.

12. (Previously Presented) The electro-optical device according to claim 11,

wherein the unit circuit further includes a third transistor coupled between the
holding element and the data line, and

wherein the second transistor and the third transistor are controlled according
to the control signal.

13. (Previously Presented) An electric device comprising an electro-optical
device according to claim 1.

14. (Previously Presented) An electric device comprising an electro-optical
device according to claim 2.

15. (Previously Presented) An electric device comprising an electro-optical
device according to claim 11.

16. (Previously Presented) An electric device comprising an eleétro-opti_cal
device according to claim 12.

17. (Currently Amended) An electro—optical'device comprising:

a data line;

a control line;
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a power line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring being formed in a layer which is different from a layer.in which the
first semiconductor film and the second semiconductor film are formed, and

the wiring being formed in athe layer different from a gate layer in which the

gate electrode of the first transistor fermed-formed, and

the wiring having a portion formed in the layer. the portion extending in a

direction in which the data line extends.

18. (Currently Amended) An electro-optical device comprising:
a data line;
a control line;

a power line; and

-4-
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a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of a source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element, and

the wiring being formed in athe layer in which the data line and the power line
are fermed-formed. and

the wiring having a portion formed in the layer. the portion extending in a

direction in which the data line extends.

19. (Previously Presented) The electro-optical device according to claim 17,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and
the second terminal.

20. (Previously Presented) The electro-optical device according to claim 18,
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wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and

the first transistor controlling an electrical connection between the first terminal and

the second terminal.
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REMARKS
Claims 1, 2 and 11-20 are pending in this application. By this Amendment, claims 1,
17 and 18 are amended. Support for the amendments may be found in at least Figs. 2, 8 and
10. No new matter is added. Applicant respectfully requests reconsideration and prompt
allowance of the pending claims at least in light of the following remarks.

| Allowable Claims

Applicant gratefully acknowledges the Office Action's indication that claims 11, 12,
15 and 16 recite allowable subject matter.

1I. 35 U.S.C. §102(e) Rejection

Claims 1, 2, 13, 14 and 17-20 are rejected under 35 U.S.C. §102(e) as being
anticipated by U.S. Patent No. 7,277,070 (Koyama). Applicant respectfully traverses the
rejection for the following two reasons.

A. Koyama Fails To Disclose A Wiring Connected Between
The Second Transistor And The Gate Of The First Transistor

Koyama fails to disclose "a wiring connected between the second transistor and the
gate of the first transistor," as recited in claim 1, and "a wiring connected between the gate
electrode of the first transistor and the second transistor," as recited in claims 17 and 18.

The Office Action asserts that a connection wiring line 184 of Koyama corresponds to
the claimed wiring. The Office Action also asserts that Fig. 20 of Koyama discloses that the
connection wiring line 184 is connected between a second switching TFT 103 (i.e., the
asserted claimed second transistor) and a gate of a current controlling TFT 104 (i.e., the
asserted claimed first transistor). This assertion is unreasonable for the following three

reasons.

i. 1t Is Improper To Rely On Fig. 20

It is improper for the Office Action to rely on Fig. 20 of Koyama for the above

feature. Fig. 20 of Koyama is a top view of a pixel of a light emitting device. However, Fig.
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20 does not clearly show how the connection wiring line 184 is connected. It is improper for
the Patent Ofﬁcé to rely on a drawing of the cited reference if the drawing is not clearly
described as disclosing the claimed feature. "A drawing can be used as prior art and
anticipate claim only if the drawing clearly shows the structure which is claimed." In re
Mraz, 455 F.2d 1069, 173 USPQ 25 (CCPA 1972); MPEP §2125. Thus, it is improper that
the Office Action relies on Fig. 20 of Koyéma for the above feature.

Further, as discussed below, it is reasonably interpreted that Fig. 20 of Koyama fails
to disclose that the connection wiring line 184 is connected between the second switching
TFT 103 (i.e., the asserted claimed second transistor) and the gate of the current controlling
TFT 104 (i.e., the asserted claimed first transistor).

ii. Fig. 20 of Koyama Fails To Disclose The Above Feature

As sown in the attached enlarged Fig. 20 of Koyama, the configuration of the
connection wiring line 184 is unclear. Thus, the Office Action's assertion (i.e., the
connection wiring line 184 is connected between the second switching TFT 103 and the gate
of a current controlling TFT 104) is groundless. Further, as discussed below, it is reasonably
interpreted that Fig. 20 of Koyama fails to disclose that the connection wiring line 184 is
connected between the second switching TFT 103 and the gate of a current controlling TFT
104.

As sown in the attached enlarged Fig. 20 of Koyama, because hatching lines in a
region depicted as 184 are the same as those in Vi, it is reasonably understood that the
connection wiring line 184 is formed in the same layer as a power supply line Vi.
Accordingly, two possible cross-sectional structures can be derived from Figure 20 as shown
in Cross-sections I and II (see attached Enlarged Fig. 20 of Koyama).

Cross-section I shows the connecting wiring line 184 extending parallel to a gate

wiring line 185 and connected to the power supply line Vi. However, this cross-sectional
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structure appears to be impossible, because a part of the gate wiring line 185 should form, as
one of two electrodes, a capacitor 107 in combination with a part of the power supply line Vi,
as the other of the two electrodes. However, as shown in Cross-section I, if the connection
wiring line 184 were connected to the power supply line Vi, no capacitor could be formed
betwéen the wiring lines 184 and 185 because no potential difference exists. Therefore,
possible structure should be Cross-section I1.

In Cross-section II, the connection wiring line 184 is formed on contact holes, but it
cannot be extended parallel to the gate wiring line 185 towards the gate of the transistor 104
for the following reasons. First, because the gate wiring line 185 is already connected to the
gate of the transistor 104, there is no need for the connection wiring line 184 to be further
connected to the gate of the transistor 104. Secondly, if the connection wiring line 184 were
to extend towards the gate of the transistor 104, it should overlap with the gate wiring line
185. However, there is no indication in Figure 20 that the connection wiring line 184
overlaps with the gate wiring line 185 and the gate wiring line 185 alone is depicted as a line
to connect the contact hole with the gate of the transistor 104. Accordingly, it is reasonably
concluded that the connection wiring line 184 in Figure 20 is merely formed on the contact
holes, and thus Fig. 20 of Koyama fails to disclose that the connection wiring line 184 is
connected between the second switching TFT 103 and the gate of a current controlling TFT
104. Thus, Fig. 20 of Koyama fails to disclose the above feature of claims 1, 17 and 18.

ili. Koyama Fails To inherently Disclose The Above Feature

Koyama fails to inherently disclose the above feature of claims 1, 17 and 18. As
discussed above, Fig. 20 of Koyama fails to disclose the above feature. Further, the
specification of Koyama fails to disclose the above feature (see, e.g., column 27, line 65-
column 28, line 2). Thus, the Office Action appears to assert that Koyama inherently disclose

the above feature. However, Koyama fails to inherently disclose the above claimed feature.
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To establish inherency, it must be clear that the missing descriptive matter is necessarily
present in the thing described in the reference, and that it would be so recognized by persons
of ordinary skill (MPEP §2112). Inherency may not be established by probabilities or
possibilities (/d.). The mere fact that a certain thing may result from a given set of
circumstances is not sufficient (/d). In the present case, as discussed above, it is reasonably
interpreted that Koyama fails to disclose that the connection wiring line 184 is connected
between the second switching TFT 103 and the gate of a current controlling TFT 104. In
addition, the Examiner does not provide any extrinsic evidence proving that the above
claimed feature is necessarily present in Fig. 20. Because the Examiner does not provide the
extrinsic evidence that must make clear that the above claimed feature is necessary present
(i.e., the connection wiring line 184 is necessary connected between the second switching
TFT 103 and a gate of a current controlling TFT 104), Fig. 20 does not inherently disclose
the above claimed feature. Thus, Koyama fails to disclose the above feature of claims 1, 17
and 18.

B. Koyama Fails To Disclose The Claimed Features of The Wiring

Koyama fails to disclose "the wiring being formed in the layer different from a gate
layer in which the gate of the first transistor is formed, and the wiring having a portion
formed in the layer, the portion extending in a direction in which the data line extends," as
recited in claims 1, 17 and 18.

First, Koyama fails to disclose that the asserted connection wiring line 184 extends in
a direction a data line extends (see Fig. 20). Thus, Koyama fails to disclose i) the wiring
having a portion formed in the layer, the portion extending in a direction in which the data
line extends, as recited in claims 1, 17 and 18.

Second, Koyama fails to disclose ii) the wiring being formed in the layer different

from a gate layer in which the gate of the first transistor is formed. The Office Action asserts

-10-
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that Fig. 20 of Koyama discloses that the connection wiring line 184 and the gate wiring line
185 are different layers. This assertion is unreasonable.

That, it is improper for the Office Action to rely on Fig. 20 of Koyama for the above
feature because Fig. 20 does not clearly show how the connection wiring line 184 and the
gate wiring line 185 are formed. "A drawing can be used as prior art and anticipate claim
only if the drawing clearly shows the structure which is claimed." In re Mraz, 455 F.2d 1069, -
173 USPQ 25 (CCPA 1972); MPEP §2125.

Further, Koyama discloses that the second switching TFT 103 has a source region and
a drain region one of which is connected to the drain region of the current controlling TFT
104 through the connection wiring line 183 and the other of which is connected to a
connection wiring line 184 and to a gate wiring line 185 (see, column 27, line 65-column 28,
line 2). However, Koyama fails to disclose that the wiring 184 and a gate wiring line 185 are
different layers.

In addition, Koyama fails to inherently disclose this feature. To establish inherency, it

must be clear that the missing descriptive matter is necessarily present in the thing described

in the reference, and that it would be so recognized by persons of ordinary skill (MPEP
§2112). Inherency may not be established by probabilities or possibilities (/d.). The mere
fact that a certain thing may result from a given set of circumstances is not sufficient (/d). In
the present case, the Examiner does not provide any extrinsic evidence proving that the above
claimed feature is necessarily present in Koyama (i.e., the connection wiring line 184 and the
gate wiring line 185 are different layers). Because the Examiner does not provide the
extrinsic evidence that must make clear that the above claimed feature is necessarily present,

Koyama does not inherently disclose the above claimed feature.

-11-
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Thus, Koyama fails to disclose ii) the wiring being formed in the layer different from
a gate layer in which the gate of the first transistor is formed. Accordingly, Koyama fails to
disclose the above feature of claims 1, 17 and 18.

C. Conclusion

Thus, claims 1, 17 and 18 are patentable over Koyama. Further, claims 2, 13, 14, 19
and 20 are patentable for at least the same reasons as claims 1, 17 and 18, as well as for the
additional features they recite. Applicant respectfully requests withdrawal of the rejection.

* * ok % %

In view of the foregoing, it is respectfully submitted that this application is in

condition for allowance. Favorable reconsideration and prompt allowance of the claims are

earnestly solicited.

-12-
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Should the Examiner believe that anything further would be desirable in order to

place this application in even better condition for allowance, the Examiner is invited to

contact the undersigned at the telephone number set forth below.

JAO:HQY/prg

Attachment:
Request for Continued Examination
Enlarged Fig. 20 of Koyama

Date: September 28, 2012

OLIFF & BERRIDGE, PLC

P.O. Box 320850

Alexandria, Virginia 22320-4850
Telephone: (703) 836-6400

-13-
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James A. Oliff
Registration No. 27,075

Hirotsuna Yamashita
Registration No. L0563

DEPOSIT ACCOUNT USE
AUTHORIZATION
Please grant any extension
necessary for entry of this filing;
Charge any fee due to our
Deposit Account No. 15-0461
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United States Patent and Trademark Office
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P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov
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2695
| NOTIFICATION DATE | DELIVERY MODE |
10/18/2012 ELECTRONIC
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Application No. Applicant(s)

12/917,885 MATSUEDA, YOJIRO
Office Action Summary Examiner Art Unit

DMITRIY BOLOTIN 2695

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX Responsive to communication(s) filed on 28 September 2012.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X] Claim(s) 1.2 and 11-2Qis/are pending in the application.
ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 1,2,13,14,17-20 is/are rejected.
8)X Claim(s) 11,12.15 and 16 is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)] The drawing(s) filed on _____is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) X Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 7/16/2012. 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20121012
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DETAILED ACTION

It would be of great assistance to the Office if all incoming papers pertaining to a

filed application carried the following items:

1.

Application number (checked for accuracy, including series code and
serial no.).

2. Group art unit number (copied from most recent Office communication).
3. Filing date.
4, Name of the examiner who prepared the most recent Office action.
5. Title of invention.
6. Confirmation number (See MPEP § 503).
Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this

application is eligible for continued examination under 37 CFR 1.114, and the fee set

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

09/28/2012 has been entered.

Status of Claims

2. Claims 1, 17 and 18 have been amended, claims 3 — 10 have been canceled;

and claims 1, 2 and 11 — 20 are pending.

Terminal Disclaimer
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3. The terminal disclaimer filed on 05/09/2011 disclaiming the terminal portion of
any patent granted on this application which would extend beyond the expiration date of

U.S. Patent No. 7,483,001 has been reviewed and is approved.

Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

5. Claims 1, 2, 13, 14 and 17 - 20 are rejected under 35 U.S.C. 102(e) as being

anticipated by Koyama (US 7,277,070).

As to claim 1, Koyama discloses an electro-optical device comprising: a data line
(signal line Si comprising wiring 190 supplying signal to transistor 102 of fig. 20); a
control line (gate signal line Gaj of fig. 20); and a unit circuit arranged corresponding to
an intersection of the data line and the control line (fig. 20), the unit circuit including: a
first transistor (transistor 104 of fig. 20) that includes a first semiconductor film
(semiconductor film 5005 of fig. 21A); an electro-optical element (pixel electrode 181 of
fig. 20) electrically connected to one of a source or a drain of the first transistor (181 is
electrically connected to 104 through transistor 105 of fig. 20); a second transistor

(transistor 103 of fig. 20) that includes a second semiconductor film (semiconductor film
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5004 of fig. 21A), the second transistor connected between the one of the source or the
drain and a gate of the first transistor (transistor 103 of fig. 20); and a holding element
that is connected to the gate of the first transistor and holds a gate voltage of the first
transistor according to a data signal (capacitor 107 of fig. 20), and

a wiring (184 of fig. 20) connected between the second transistor (103 of fig. 20)
and the gate of the first transistor (104 of fig. 20); and the first transistor supplying a
current based on the gate voltage (TFT 104 is current controlling TFT (col. 27, line 60 —
col. 28, line 20), inherently, TFT 104 is on based on voltage at the gate, inducing current
through OLED) to the electro-optical element (181 of fig. 22), the wiring being formed in
a layer which is different from a layer in which the first semiconductor film and the
second semiconductor film

are formed (as shown in fig. 20, the wiring is not in semiconductor areas of either
TFT 103 or TFT 104, the wiring is formed in layer 5059 of figs. 22 and 23);

the wiring being formed in the layer different from a gate layer in which the gate
of the first transistor is formed (as shown in fig. 20, the wiring 184 and gate layer 185
are in different layers (col. 27, line 60 — col. 28, line 20)), and

the wiring having a portion formed in the layer (wiring 184 of fig. 20), the portion
extending in a direction in which the data line extends (as shown in fig. 20, the wiring
extends in the direction corresponding to the wiring 190).

As to claim 2 (dependent on 1), Koyama discloses the electro-optical device,

wherein the first transistor has a conduction type different from a conduction film the
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second transistor has (second switching transistor TFT 103 may be n-channel and
current controlling TFT may be p-cannel, col. 9, lines 45 — 50).
As to claim 13 (dependent on 1) and claim 14 (dependent on 2), Koyama

discloses an electric device comprising an electro-optic device (television of fig. 24A).

As to claim 17, Koyama discloses an electro-optical device comprising: a data
line (signal line Si comprising wiring 190 supplying signal to transistor 102 of fig. 20); a
control line (gate signal line Gaj of fig. 20); a power line (power line Vi of fig. 20); and a
unit circuit arranged corresponding to an intersection of the data line and the control line
(fig. 20), the malt circuit including: a first transistor (transistor 104 of fig. 20) that
includes a first semiconductor film (semiconductor film 5005 of fig. 21A); an electro-
optical element (pixel electrode 181 of fig. 20) electrically connected to one of a source
or a drain of the first transistor (181 is electrically connected to 104 through transistor
105 of fig. 20); a second transistor (transistor 103 of fig. 20) that includes a second
semiconductor film (semiconductor film 5004 of fig. 21A), the second transistor
connected between the one of the source or the drain and a gate electrode of the first
transistor (transistor 104 of fig. 20); a holding element that is connected to the gate
electrode of the first transistor and holds a gate voltage of the first transistor according
to a data signal (capacitor 107 of fig. 20); and a wiring connected between the gate
electrode of the first transistor and the second transistor (184 of fig. 20), the first
transistor supplying a current, based on the gate voltage to the electro- optical element

(TFT 104 is current controlling TFT (col. 27, line 60 — col. 28, line 20), inherently, TFT
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104 is on based on voltage at the gate, inducing current through OLED), the wiring
being formed in a layer which is different from a layer in which the first semiconductor
film and the second semiconductor film are formed (as shown in fig. 20, the wiring is not
in semiconductor areas of either TFT 103 or TFT 104, the wiring is formed in layer 5059
of figs. 22 and 23), the wiring being formed in the layer different from a gate layer in
which the gate electrode of the first transistor formed (as shown in fig. 20, the wiring 184
and gate layer 185 are in different layers (col. 27, line 60 — col. 28, line 20)), and the
wiring having a portion formed in the layer (wiring 184 of fig. 20), the portion extending
in a direction in which the data line extends (as shown in fig. 20, the wiring extends in

the direction corresponding to the wiring 190).

As to claim 18, Koyama discloses an electro-optical device comprising: a data
line (signal line Si comprising wiring 190 supplying signal to transistor 102 of fig. 20); a
control line (gate signal line Gaj of fig. 20); a power line (power line Vi of fig. 20); and a
unit circuit arranged corresponding to an intersection of the data line and the control line
(fig. 20), the unit circuit including: a first transistor (transistor 104 of fig. 20) that includes
a first semiconductor film (semiconductor film 5005 of fig. 21A); an electro-optical
element (pixel electrode 181 of fig. 20) electrically connected to one of a source or a
drain of the first transistor (181 is electrically connected to 104 through transistor 105 of
fig. 20); a second transistor (transistor 103 of fig. 20) that includes a second
semiconductor film (semiconductor film 5004 of fig. 21A), the second transistor

connected between the one of a source or the drain and a gate electrode of the first
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transistor (transistor 104 of fig. 20); a holding element that is connected to the gate
electrode of the first transistor and holds a gate voltage of the first transistor according
to a data signal (capacitor 107 of fig. 20); and a wiring connected between the gate
electrode of the first transistor and the second transistor (184 of fig. 20), the first
transistor supplying a current based on the gate voltage to the electro-optical element
(TFT 104 is current controlling TFT (col. 27, line 60 — col. 28, line 20), inherently, TFT
104 is on based on voltage at the gate, inducing current through OLED), the wiring
being (184 of fig. 20) formed in the layer in which the data line (182 of fig. 20) and the
power line (Vi of fig. 20) are formed, and the wiring having a portion formed in the layer
(wiring 184 of fig. 20), the portion extending in a direction in which the data line extends
(as shown in fig. 20, the wiring extends in the direction corresponding to the wiring 190).
As to claim 19 (dependent on 17), Koyama discloses the electro-optical device,
wherein the first transistor (104 of fig. 20) has a first terminal and a second terminal
(source an drain shown in fig. 20), and a channel region disposed between the first
terminal and the second terminal (channel region of 104 of fig. 20 corresponding to
layer 5005 of fig. 21A), the first terminal (terminal connected to Vi of fig. 20) being
disposed between the power line (Vi of fig. 20) and the second terminal (terminal
connected to 186 of fig. 20), and the first transistor controlling an electrical connection

between the first terminal and the second terminal (via gate 185 of fig. 21).

As to claim 20 (dependent on 18), Koyama discloses the electro-optical device,

wherein the first transistor (104 of fig. 20) has a first terminal, a second terminal (source
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an drain shown in fig. 20), and a channel region disposed between the first terminal and
the second terminal (channel region of 104 of fig. 20 corresponding to layer 5005 of fig.
21A), the first terminal (terminal connected to Vi of fig. 20) being disposed between the
power line (Vi of fig. 20) and the second terminal (terminal connected to 186 of fig. 20),
and the first transistor controlling an electrical connection between the first terminal and

the second terminal (via gate 185 of fig. 21).

Allowable Subject Matter

©. Claims 11,12, 15 and 16 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.
7. The following is a statement of reasons for the indication of allowable subject
3matter:

The Prior Art of record discloses the electro-optical device wherein the control
line (gate line Gaj of fig. 20) supplies a control signal to a gate of the second transistor

(103 of fig. 20), but fails to disclose that “the control line intersecting the wiring’.

Response to Arguments
8. Applicant's arguments filed 09/28/2012 have been fully considered but they are

not persuasive.
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9. As to Applicant’s argument that Koyama fails to disclose "a wiring connected
between the second transistor and the gate of the first transistor," as recited in claim 1,
and "a wiring connected between the gate electrode of the first transistor and the
second transistor," as recited in claims 17 and 18, the Examiner respectfully disagrees.
Koyama discloses a wiring 184 of fig. 20 connected between the second transistor 103
of fig. 20 and the gate 185 of fig. 20 of the first transistor 104 of fig. 20 and Koyama
discloses a wiring 184 of fig. 20 connected between the gate electrode 185 of fig. 20 of
the first transistor 104 of fig. 20 and the second transistor 103 of fig. 20.

10.  Asto Applicant’s argument that figure 20 of Koyama does not clearly show how
the connection wiring line 184 is connected, the Examiner respectfully disagrees. First,
Koyama discloses that source or drain of transistor 103 is connected to the connection
wiring 184 and a gate wiring 185, col. 28, lines 1 - 5, therefore connection wiring 184
and a gate wiring 185 are indeed connected to each other. Second, as can be seen
from fig. 20, connection wiring 184 is connected to the source or drain of TFT 103
through a via represented by “X” (the profile can be seen from fig. 23A, where
connection wiring 184 is represented by element 5059) and connection wiring 184 is
extended to be connected to gate wiring 185 that another via represented by “X”.
Therefore, Koyama clearly show how the connection wiring line 184 is connected.

11.  Asto Applicant’s argument that Koyama fails to disclose that the connection
wiring line 184 is connected between the second switching transistor TFT 103 and the
gate of current controlling TFT 104, the Examiner respectfully disagrees. Koyama

discloses that source or drain of transistor 103 is connected to the connection wiring

845



Application/Control Number: 12/917,885 Page 10
Art Unit: 2695

184 and a gate wiring 185, col. 28, lines 1 — 5, as show in fig. 20, the gate wiring 185 is
not directly connected to the source or drain of transistor 103 (this can also be seen
from fig. 23A, where the gate of current controlling TFT 5055 is not directly connected to
the source or drain of the second switching TFT, but instead the source or drain of the
second switching TFT is connected to connection wiring 5059). Therefore Koyama
discloses that the connection wiring line 184 is connected between the second
switching transistor TFT 103 and the gate 185 of current controlling TFT 104.

12.  Asto Applicant’s argument that “because the gate wiring line 185 is already
connected to the gate of the transistor 104, there is no need for the connection wiring
line 184 to be further connected to the gate of the transistor 104,” the Examiner
respectfully disagrees. Just because the gate wiring line 185 is already connected to the
gate of the transistor 104 does not mean that the gate wiring is connected to the source
or drain of transistor 103 and Koyama discloses that source or drain of transistor 103 is
connected to the connection wiring 184 and a gate wiring 185, col. 28, lines 1 — 5.

13.  Asto Applicant’s argument that “connection wiring 184 (according to cross-
section Il) cannot be extended parallel to the gate wiring line 185,” the Examiner
respectfully disagrees. The Examiner generally agrees with applicants Cross-section |l
except for one important part, in order for layer 184 and 185 to be connected as shown
by the applicant, layers 184 and 185 must overlap. There cannot be a connection
between two layers unless the layers overlap so a via can be formed. Therefore,
connection wiring 184 must be extended parallel to the gate wiring line 185 at least

enough to form an interlayer connecting via.
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14.  Asto Applicant’s argument that “if the connection wiring line 184 were to extend
towards the gate of the transistor 104, it should overlap with the gate wiring line 185.
However, there is no indication in Figure 20 that the connection wiring line 184 overlaps
with the gate wiring line 185 and the gate wiring line 185 alone is depicted as aline to
connect the contact hole with the gate of the transistor 104,” the Examiner respectfully
disagrees. Below are figures 1, 2 and 3; figure 1 corresponds to fig. 20 showing the
semiconductor film layers of transistors 103 and 104, figure 2 corresponds to fig. 20
showing the layer corresponding to the connection wiring 184 and fig. 3, corresponds to
fig. 20 showing the layer corresponding to the gate wiring 185. As shown below in
figures 2 and 3, the gate wiring 185 overlaps the connection wiring 184. The gate line
185 cannot be directly connected to the source or drain region of transistor 103,
because as shown in fig. 20, the semiconductor film layers of transistors 103 ends
before gate wiring 185 begins and therefore, gate wiring 185 and semiconductor film
layers of transistors 103 do not overlap, connection wiring 184 serves as a bridge

connecting semiconductor film layers of transistors 103 and gate wiring 185.
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Figure 2
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Figure 3

15.  Asto Applicant’s argument that “Koyama fails to disclose "the wiring being
formed in the layer different from a gate layer in which the gate of the first transistor is
formed, and the wiring having a portion formed in the layer, the portion extending in a
direction in which the data line extends," as recited in claims 1, 17 and 18,” the
Examiner respectfully disagrees. Koyama discloses the wiring 184 corresponding to
5059 of fig. 23A being formed in the layer corresponding to figure 2 above different from
a gate layer of figure 3 above in which the gate 185 corresponding to element 5055 of
fig. 23A of the first transistor 104 is formed. Koyama also discloses that the wiring 184
of fig. 20 having a portion formed in the layer, the portion extending in a direction in
which the data line extends as shown in fig. 20, 184 extends in the direction of data line

190.
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16.  Asto Applicant’s argument that “Koyama fails to disclose ii) the wiring being
formed in the layer different from a gate layer in which the gate of the first transistor is
formed," as recited in claims 1, 17 and 18,” the Examiner respectfully disagrees.
Koyama discloses the wiring 184 of fig. 20 being formed in the layer corresponding to
5059 of fig. 23A and figure 2 above different from a gate layer corresponding to 5055 of

fig. 23A and figure 3 above in which the gate 185 of the first transistor 104 is formed.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DMITRIY BOLOTIN whose telephone number is
(571)270-5873. The examiner can normally be reached on Monday-Friday, 7:30am -
5:00pm.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Amare Mengistu can be reached on (571)272-7674. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DMITRIY BOLOTIN/
Examiner, Art Unit 2695
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-Amendments to the Claims:

The following listing of claims will replace all prior versions, and listings, of claims
in the application:
1. (Currently Amended) An electro-optical device comprising:
a data line;
a control line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate of the first
transistor;

a holding element that is connected to the gate of the first transistor
and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the second transistor and the gate of the
first transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed,

the wiring beinghaving a portion formed in the layer different from a gate

layer in which the gate of the first transistor is formed, andthe portion crossing another wiring

formed in the gate layer.
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2. (Previously Presented) The electro-optical device according to claim 1,
wherein the first transistor has a conduction type different from a conduction film the second
transistor has.

3-10. (Canceled)

11. (Previously Presented) The electro-optical device according to claim 1,
wherein the control line supplies a control signal to a gate of the second transistor, the control
line intersecting the wiring.

12. (Previously Presented) The electro-optical device according to claim 11,

wherein the unit circuit further includes a third transistor coupled between the
holding element and the data line, and

wherein the second transistor and the third transistor are controlled according
to the control signal.

13. (Previously Presented) An electric device comprising an electro-optical
device according to claim 1.

14. (Previously Presented) An electric device comprising an electro-optical
device aécording to claim 2.

15. (Previously Presented) An electric device comprising an electro-optical
device according to claim 11.

16. (Previously Presented) An electric device comprising an electro-optical
device according to claim 12.

17. (Currently Amended) An electro-optical device comprising:

a data line;

a control line;
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a power line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including;:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed,

the wiring beinghaving a portion formed in the layer different from a gate

layer in which the gate electrode of the first transistor formed, ardthe portion crossing

another wiring formed in the gate layer.

18. (Currently Amended) An electro-optical device comprising:

a data line;

a control line;
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a power line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of a source or the drain and a gate electrode of
the first transistor;

a holding element that is connected to the gate electrode of the first
transistor and holds a gate volfage of the first transistor according to a data signal; and

a wiring connected between the gate electrode of the first transistor and
the second transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,

the wiring beinghaving a portion formed in the layer in which the data line and

the power line are formed, andthe portion crossing another wiring formed in the gate layer.

19. (Previously Presented) The electro-optical device according to claim 17,

wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and

the first transistor controlling an electrical connection between the first terminal and

the second terminal.
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20. (Previously Presented) The electro-optical device according to claim 18,
wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and
the first transistor controlling an electrical connection between the first terminal and
the second terminal.
21. (New) An electro-optical device comprising:
a data line;
a control line; and
a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate of the first
transistor;

a holding element that is connected to the gate of the first transistor
and holds a gate voltage of the first transistor according to a data signal; and

a wiring connected between the second transistor and the gate of the
first transistor,

the first transistor supplying a current based on the gate voltage to the electro-
optical element,
the wiring being formed in a layer which is different from a layer in which the

first semiconductor film and the second semiconductor film are formed,
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the wiring having a portion formed in the layer different from a gate layer in

which the gate of the first transistor is formed, the portion crossing the control line.

-7-
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REMARKS
Claims 1, 2 and 11-21 are pending in this application. By this Amendment, claims 1,
17 and 18 are amended. Claim 21 is added. Support for the amendments may be found in at
least Figs. 2, 8 and 10. No new matter is added. Applicant respectfully requests
reconsideration and prompt allowance of the pending claims at least in light of the following
remarks.

I. Allowable Claims

Applicant gratefully acknowledges the Office Action's indication that claims 11, 12,
15 and 16 recite allowable subject matter.
IL. 35 U.S.C. §102(e) Rejection

Claims 1, 2, 13, 14 and 17-20 are rejected under 35 U.S.C. §102(e) as being
anticipated by U.S. Patent No. 7,277,070 (Koyama). Applicant respectfully traverses the
rejection.

A. Claims 1 and 17

Koyama fails to disclose "a wiring connected between the second transistor and the
gate of the first transistor...the wiring having a portion formed in the layer different from a
gate layer in which the gate of the first transistor is formed, the portion crossing another
wiring formed in the gate layer," as recited in claims 1 and 17 for the following three reasons.

First, Koyama fails to disclose a wiring that connects between the second transistor
and the gate of the first transistor, and has a portion formed in the layer different from a gate
layer in which the gate of the first transistor is formed. The Office Action asserts a wiring
184 and a gate wiring line 185, of Koyama, correspond to the claimed wiring and the gate of
the first transistor, respectively. The Office Action also asserts Fig. 20 and column 27, line
60-column 28, line 20, of Koyama disclose this feature (Office Action on page 4). This

assertion is unreasonable. Koyama discloses that a second switching TFT 103 has a source

-8-
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region and a drain region one of which is connected to a drain region of the current
controlling TFT 104 through a connection wiring line 183 and the other of which is
connected to a connection wiring line 184 and to a gate wiring line 185 (see, column 27, line
65-column 28, line 2). However, the asserted section of Koyama is silent about layers where
the wiring 184 (i.e., the asserted claimed wiring) and the gate wiring line 185 (i.e., the
asserted claimed gate of the first transistor) are formed (see also Fig. 20). Specifically,
Koyama fails to disclose that the wiring 184 is formed in a layer which is different from a
layer the gate wiring line 185 is formed. Thus, Koyama fails to disclose i) a wiring that
connects between the second transistor and the gate of the first transistor the wiring and has a
portion formed in the layer different from a gate layer in which the gate of the first transistor
is formed.

Further, Koyama fails to inherently disclose this feature. To establish inherency, it

must be clear that the missing descriptive matter is necessarily present in the thing described

in the reference, and that it would be so recognized by persons of ordinary skill (MPEP
§2112). Inherency may not be established by probabilities or possibilities (/d.). The mere
fact that a certain thing may result from a given set of circumstances is not sufficient (/d). In
the present case, as discussed above, Koyama is silent about layers where the wiring 184 and
the gate wiring line 185 are formed. Further, the Examiner does not provide any extrinsic
evidence proving that the above feature is necessarily present in Koyama. Because the
Examiner does not provide the extrinsic evidence that must make clear that the above feature
is necessary present (i.e., the wiring 184 is formed in a layer which is different from a layer
the gate wiring line 185 is formed), Koyama does not inherently disclose the above feature.
Thus, Koyama fails to disclose the above feature.

Second, Koyama fails to disclose that the portion of the wiring crosses another wiring

formed in the gate layer. As shown in Fig. 20, Koyama fails to disclose that the connection
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wiring line 184 has a portion that crosses another wiring formed in a gate layer (i.e., a layer

where the gate wiring line 185 is formed) (see Fig. 20). Further, as discussed above, Koyama
is silent about a layer where the gate wiring line 185 is formed. Thus, Koyama fails to
disclose ii) the portion of the wiring which crosses another wiring formed in the gate layer.

Third, Applicant stresses that it is improper for the Office Action's continued reliance
on Fig. 20 of Koyama for the claimed feature. Fig. 20 of Koyama is a top view of a pixel of a
light emitting device. However, Fig. 20 does not clearly show how the connection wiring
line 184 is connected. For example, the Office Action asserts that the connection wiring line
184 is connected to the source or drain of TFT103 at an "X" (the Office Action on page 9).
However, this is mere a conclusive statement without factual support (i.e., the specification
does not disclose that the he connection wiring line 184 is connected to the source or drain of
TFT103 through an "X"). It is improper for the Patent Office to rely on a drawing of the
cited reference if the drawing is not clearly described as disclosing the claimed feature. "A
drawing can be used as prior art and anticipate claim only if the drawing clearly shows the
structure which is claimed." In re Mraz, 455 F.2d 1069, 173 USPQ 25 (CCPA 1972); MPEP
§2125. Thus, it is improper that the Office Action relies on Fig. 20 of Koyama for the above
features.

B. Claim 18

Similar to the above, analysis, Koyama fails to disclose "a wiring connected between
the gate electrode of the first transistor and the second transistor...the wiring having a portion
formed in the layer in which the data line and the power line are formed, the portion crossing
a line formed in the gate layer," as recited in claim 18. In addition, Koyama fails to disclose
that the connection wiring line 184 has a portion formed in a layer in which a data line and a

power line are formed (see Fig. 20).

-10-
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C. Conclusion

Thus, claims 1, 17 and 18 are patentable over Koyama. Further, claims 2, 13, 14, 19
and 20 are patentable for at least the same reasons as claims 1, 17 and 18, as well as for the
additional features they recite. Applicant respectfully requests withdrawal of the rejection.
III. New Claim

Similar to the above analysis, Koyama fails to disclose "a wiring connected between
the second transistor and the gate of the first transistor...the wiring having a portion formed
in the layer different from a gate layer in which the gate of the first transistor is formed, the
portion crossing the control line," as recited in claim 21. In addition, Koyama fails to
disclose that the connection wiring line 184 has a portion that crosses a control line (see Fig.
20). Thus, claim 21 is patentable over Koyama.

* * %k * *

In view of the foregoing, it is respectfully submitted that this application is in

condition for allowance. Favorable reconsideration and prompt allowance of the claims are

earnestly solicited.
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Should the Examiner believe that anything further would be desirable in order to

place this application in even better condition for allowance, the Examiner is invited to
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DETAILED ACTION

It would be of great assistance to the Office if all incoming papers pertaining to a

filed application carried the following items:

1.

Application number (checked for accuracy, including series code and
serial no.).

2. Group art unit number (copied from most recent Office communication).
3. Filing date.
4, Name of the examiner who prepared the most recent Office action.
5. Title of invention.
6. Confirmation number (See MPEP § 503).
Status of Claims
1. Claims 1, 17 and 18 have been amended, claims 3 — 10 have been canceled,

new claim 21 has been added; and claims 1, 2 and 11 — 21 are pending.

Terminal Disclaimer

2. The terminal disclaimer filed on 05/09/2011 disclaiming the terminal portion of

any patent granted on this application which would extend beyond the expiration date of

U.S. Patent No. 7,483,001 has been reviewed and is approved.

Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —
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(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

4. Claims 1, 2,13, 14 and 17 — 20 are rejected under 35 U.S.C. 102(e) as being

anticipated by Koyama (US 7,277,070).

As to claim 1, Koyama discloses an electro-optical device comprising: a data line
(signal line Si comprising wiring 190 supplying signal to transistor 102 of fig. 20); a
control line (gate signal line Gaj of fig. 20); and a unit circuit arranged corresponding to
an intersection of the data line and the control line (fig. 20), the unit circuit including: a
first transistor (transistor 104 of fig. 20) that includes a first semiconductor film
(semiconductor film 5005 of fig. 21A); an electro-optical element (pixel electrode 181 of
fig. 20) electrically connected to one of a source or a drain of the first transistor (181 is
electrically connected to 104 through transistor 105 of fig. 20); a second transistor
(transistor 103 of fig. 20) that includes a second semiconductor film (semiconductor film
5004 of fig. 21A), the second transistor connected between the one of the source or the
drain and a gate of the first transistor (transistor 103 of fig. 20); and a holding element
that is connected to the gate of the first transistor and holds a gate voltage of the first
transistor according to a data signal (capacitor 107 of fig. 20), and

a wiring (184 of fig. 20) connected between the second transistor (103 of fig. 20)
and the gate of the first transistor (104 of fig. 20); and the first transistor supplying a

current based on the gate voltage (TFT 104 is current controlling TFT (col. 27, line 60 —
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col. 28, line 20), inherently, TFT 104 is on based on voltage at the gate, inducing current
through OLED) to the electro-optical element (181 of fig. 22),

the wiring being formed in a layer which is different from a layer in which the first
semiconductor film and the second semiconductor film are formed (as shown in fig. 20,
the wiring is not in semiconductor areas of either TFT 103 or TFT 104, the wiring is
formed in layer 5059 of figs. 22 and 23);

the wiring having a portion formed in the layer different from a gate layer in which
the gate of the first transistor is formed (as shown in fig. 20, the wiring 184 and gate
layer 185 are in different layers (col. 27, line 60 — col. 28, line 20)), and the portion
(wiring 184 of fig. 20) crossing another wiring formed in the gate layer (as shown in fig.
20 (corresponding to Figure 1 bellow), the wiring 184 crosses gate wiring 185 to form a
junction such that wiring 184 and 185 may be connected: “the other of which [drain or
source] is connected to a connection wiring line 184 and to a gate wiring line 1857, col.
27, line 60 — col. 28, line 20. It is absolutely necessary when connecting two wirings
disposed in two different layers to overlap and since 184 and 185 are connected they

necessarily overlap).

873



Application/Control Number: 12/917,885 Page 5
Art Unit: 2695

As to claim 2 (dependent on 1), Koyama discloses the electro-optical device,
wherein the first transistor has a conduction type different from a conduction film the
second transistor has (second switching transistor TFT 103 may be n-channel and
current controlling TFT may be p-cannel, col. 9, lines 45 — 50).

As to claim 13 (dependent on 1) and claim 14 (dependent on 2), Koyama

discloses an electric device comprising an electro-optic device (television of fig. 24A).

As to claim 17, Koyama discloses an electro-optical device comprising: a data

line (signal line Si comprising wiring 190 supplying signal to transistor 102 of fig. 20); a

control line (gate signal line Gaj of fig. 20); a power line (power line Vi of fig. 20); and a

874



Application/Control Number: 12/917,885 Page 6
Art Unit: 2695

unit circuit arranged corresponding to an intersection of the data line and the control line
(fig. 20), the malt circuit including: a first transistor (transistor 104 of fig. 20) that
includes a first semiconductor film (semiconductor film 5005 of fig. 21A); an electro-
optical element (pixel electrode 181 of fig. 20) electrically connected to one of a source
or a drain of the first transistor (181 is electrically connected to 104 through transistor
105 of fig. 20); a second transistor (transistor 103 of fig. 20) that includes a second
semiconductor film (semiconductor film 5004 of fig. 21A), the second transistor
connected between the one of the source or the drain and a gate electrode of the first
transistor (transistor 104 of fig. 20); a holding element that is connected to the gate
electrode of the first transistor and holds a gate voltage of the first transistor according
to a data signal (capacitor 107 of fig. 20); and a wiring connected between the gate
electrode of the first transistor and the second transistor (184 of fig. 20), the first
transistor supplying a current, based on the gate voltage to the electro- optical element
(TFT 104 is current controlling TFT (col. 27, line 60 — col. 28, line 20), inherently, TFT
104 is on based on voltage at the gate, inducing current through OLED), the wiring
being formed in a layer which is different from a layer in which the first semiconductor
film and the second semiconductor film are formed (as shown in fig. 20, the wiring is not
in semiconductor areas of either TFT 103 or TFT 104, the wiring is formed in layer 5059
of figs. 22 and 23), the wiring having a portion formed in the layer different from a gate
layer in which the gate electrode of the first transistor formed (as shown in fig. 20, the
wiring 184 and gate layer 185 are in different layers (col. 27, line 60 — col. 28, line 20)),

and the portion (wiring 184 of fig. 20) crossing another wiring formed in the gate layer
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(as shown in fig. 20 (corresponding to Figure 2 bellow), the wiring 184 crosses gate
wiring 185 to form a junction such that wiring 184 and 185 may be connected: “the other
of which [drain or source] is connected to a connection wiring line 184 and to a gate
wiring line 185”, col. 27, line 60 — col. 28, line 20. It is absolutely necessary when
connecting two wirings disposed in two different layers to overlap and since 184 and

185 are connected they necessarily overlap).

As to claim 18, Koyama discloses an electro-optical device comprising: a data
line (signal line Si comprising wiring 190 supplying signal to transistor 102 of fig. 20); a

control line (gate signal line Gaj of fig. 20); a power line (power line Vi of fig. 20); and a
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unit circuit arranged corresponding to an intersection of the data line and the control line
(fig. 20), the unit circuit including: a first transistor (transistor 104 of fig. 20) that includes
a first semiconductor film (semiconductor film 5005 of fig. 21A); an electro-optical
element (pixel electrode 181 of fig. 20) electrically connected to one of a source or a
drain of the first transistor (181 is electrically connected to 104 through transistor 105 of
fig. 20); a second transistor (transistor 103 of fig. 20) that includes a second
semiconductor film (semiconductor film 5004 of fig. 21A), the second transistor
connected between the one of a source or the drain and a gate electrode of the first
transistor (transistor 104 of fig. 20); a holding element that is connected to the gate
electrode of the first transistor and holds a gate voltage of the first transistor according
to a data signal (capacitor 107 of fig. 20); and a wiring connected between the gate
electrode of the first transistor and the second transistor (184 of fig. 20), the first
transistor supplying a current based on the gate voltage to the electro-optical element
(TFT 104 is current controlling TFT (col. 27, line 60 — col. 28, line 20), inherently, TFT
104 is on based on voltage at the gate, inducing current through OLED), the wiring
having a portion (184 of fig. 20) formed in the layer in which the data line (182 of fig. 20)
and the power line (Vi of fig. 20) are formed, the portion (wiring 184 of fig. 20) crossing
another wiring formed in the gate layer (as shown in fig. 20 (corresponding to Figure 3
bellow), the wiring 184 crosses gate wiring 185 to form a junction such that wiring 184
and 185 may be connected: “the other of which [drain or source] is connected to a

connection wiring line 184 and to a gate wiring line 1857, col. 27, line 60 — col. 28, line
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20. It is absolutely necessary when connecting two wirings disposed in two different

layers to overlap and since 184 and 185 are connected they necessarily overlap).
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As to claim 19 (dependent on 17), Koyama discloses the electro-optical device,
wherein the first transistor (104 of fig. 20) has a first terminal and a second terminal
(source an drain shown in fig. 20), and a channel region disposed between the first
terminal and the second terminal (channel region of 104 of fig. 20 corresponding to
layer 5005 of fig. 21A), the first terminal (terminal connected to Vi of fig. 20) being
disposed between the power line (Vi of fig. 20) and the second terminal (terminal

connected to 186 of fig. 20), and the first transistor controlling an electrical connection
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between the first terminal and the second terminal (via gate 185 of fig. 21).

As to claim 20 (dependent on 18), Koyama discloses the electro-optical device,
wherein the first transistor (104 of fig. 20) has a first terminal, a second terminal (source
an drain shown in fig. 20), and a channel region disposed between the first terminal and
the second terminal (channel region of 104 of fig. 20 corresponding to layer 5005 of fig.
21A), the first terminal (terminal connected to Vi of fig. 20) being disposed between the
power line (Vi of fig. 20) and the second terminal (terminal connected to 186 of fig. 20),
and the first transistor controlling an electrical connection between the first terminal and

the second terminal (via gate 185 of fig. 21).

Allowable Subject Matter

5. Claims 11,12, 15 and 16 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.
6. The following is a statement of reasons for the indication of allowable subject
3matter:

The Prior Art of record discloses the electro-optical device wherein the control
line (gate line Gaj of fig. 20) supplies a control signal to a gate of the second transistor

(103 of fig. 20), but fails to disclose that “the control line intersecting the wiring”.
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7. Claim 21 is allowed.
8. The following is an examiner’s statement of reasons for allowance: Koyama
discloses electro-optical device as claimed in claim 21, but does not disclose that a
wiring connecting the second transistor and the gate of the first transistor comprises a
portion formed in a layer other than semiconductor layer or the gate layer of the first
transistor, and said portion crossing the control line of the electro-optical device.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Response to Arguments
9. Applicant's arguments filed 01/18/2013 have been fully considered but they are
not persuasive.
10.  As to Applicant’s argument that Koyama fails to disclose "a wiring connected
between the second transistor and the gate of the first transistor...the wiring having a
portion formed in the layer different from a gate layer in which the gate of the first
transistor is formed, the portion crossing the wiring formed in the gate layer," the
Examiner respectfully disagrees. Koyama discloses a wiring 184 of fig. 20 connected

between the second transistor 103 of fig. 20 and the gate 185 of fig. 20 of the first
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transistor 104 of fig. 20. In particular, Koyama discloses a wiring (184 of fig. 20)
connected between the gate electrode of the first transistor (185 of fig. 20) and the
second transistor (103 of fig. 20), the wiring having a portion (184 of fig. 20) formed in
the layer different from a gate layer (185 of fig. 20) in which the gate of the first
transistor is formed, the portion (wiring 184 of fig. 20) crossing another wiring formed in
the gate layer (as shown in fig. 20 (corresponding to Figure 4 bellow), the wiring 184
crosses gate wiring 185 to form a junction such that wiring 184 and 185 may be
connected. As stated by Koyama: “the other of which [drain or source] is connected to a
connection wiring line 184 and to a gate wiring line 185", col. 27, line 60 — col. 28, line
20. Specially, as shown in fig. 23A, the only connection to the transistor 103 is the
wiring 5059 which does not correspond to the gate layer, therefore, it is absolutely
necessary when connecting two wirings disposed in two different layers to overlap and

since 184 and 185 are connected they necessarily overlap).
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11.  As to Applicant’s argument that Koyama fails to disclose "Koyama fails to
disclose a wiring that connects the second transistor and the gate of the first transistor,
and has a portion formed in a layer different from a gate layer in which the gate of the
first transistor is formed," the Examiner respectfully disagrees. Koyama discloses a
wiring (184 of fig. 20, corresponding to 5059 of fig. 23A) that connects the second
transistor (103 of fig. 20) and the gate of the first transistor (185 of fig. 20), and has a
portion formed in a layer different from a gate layer in which the gate of the first
transistor is formed (as shown in fig. 20 and 23A, the wiring 184 is formed in a layer

other than the gate layer of the first transistor).
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12.  As to Applicant's argument that: “the Examiner does not provide any extrinsic
evidence proving that the above features are necessarily present,” the Examiner
respectfully disagrees. No extrinsic evidence is necessary sing all of the evidence may
be found in the Koyama reference. Koyama discloses that second transistor 103 is
connected to the wiring 184 and gate line 185 (col. 28, lines 1 - 5), further Koyama
discloses that the only thing connected the source/drain of the second transistor are
wiring 5058 and wiring 5059 of fig. 23A which as shown in the figure 23A are not formed
of a gate layer of any of the transistors. Therefore, in order to establish connection
between transistor 103 and the gate wiring 185 (col. 28, lines 1 — 5), as shown in fig. 20,
the wirings 184 and 185 must overlap and that is shown in fig. 20.

13.  Asto Applicant’s argument that Koyama fails to disclose that the connection
wiring line 184 is connected between the second switching transistor TFT 103 and the
gate of current controlling TFT 104, the Examiner respectfully disagrees. Koyama
discloses that source or drain of transistor 103 is connected to the connection wiring
184 and a gate wiring 185, col. 28, lines 1 — 5, as show in fig. 20, the gate wiring 185 is
not directly connected to the source or drain of transistor 103 (this can also be seen
from fig. 23A, where the gate of current controlling TFT 5055 is not directly connected to
the source or drain of the second switching TFT, but instead the source or drain of the
second switching TFT is connected to connection wiring 5059). Therefore Koyama
discloses that the connection wiring line 184 is connected between the second

switching transistor TFT 103 and the gate 185 of current controlling TFT 104.

883



Application/Control Number: 12/917,885 Page 15
Art Unit: 2695

14.  As to Applicant’s argument that “because the gate wiring line 185 is already
connected to the gate of the transistor 104, there is no need for the connection wiring
line 184 to be further connected to the gate of the transistor 104,” the Examiner
respectfully disagrees. Just because the gate wiring line 185 is already connected to the
gate of the transistor 104 does not mean that the gate wiring is connected to the source
or drain of transistor 103 and Koyama discloses that source or drain of transistor 103 is
connected to the connection wiring 184 and a gate wiring 185, col. 28, lines 1 — 5.

15.  As to Applicant’s argument that “connection wiring 184 (according to cross-
section Il) cannot be extended parallel to the gate wiring line 185,” the Examiner
respectfully disagrees. The Examiner generally agrees with applicants Cross-section |l
except for one important part, in order for layer 184 and 185 to be connected as shown
by the applicant, layers 184 and 185 must overlap. There cannot be a connection
between two layers unless the layers overlap so a via can be formed. Therefore,
connection wiring 184 must be extended parallel to the gate wiring line 185 at least
enough to form an interlayer connecting via.

16.  As to Applicant’s argument that “if the connection wiring line 184 were to extend
towards the gate of the transistor 104, it should overlap with the gate wiring line 185.
However, there is no indication in Figure 20 that the connection wiring line 184 overlaps
with the gate wiring line 185 and the gate wiring line 185 alone is depicted as a line to
connect the contact hole with the gate of the transistor 104,” the Examiner respectfully
disagrees. Below are figures 5, 6 and 7; figure 5 corresponds to fig. 20 showing the

semiconductor film layers of transistors 103 and 104, figure 6 corresponds to fig. 20
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showing the layer corresponding to the connection wiring 184 and fig. 7, corresponds to
fig. 20 showing the layer corresponding to the gate wiring 185. As shown below in
figures 2 and 3, the gate wiring 185 overlaps the connection wiring 184. The gate line
185 cannot be directly connected to the source or drain region of transistor 103,
because as shown in fig. 20, the semiconductor film layers of transistors 103 ends
before gate wiring 185 begins and therefore, gate wiring 185 and semiconductor film
layers of transistors 103 do not overlap, connection wiring 184 serves as a bridge

connecting semiconductor film layers of transistors 103 and gate wiring 185.

R R 2 qigad i

Figure 5
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17.  As to Applicant’s argument that “Koyama fails to disclose "the wiring being
formed in the layer different from a gate layer in which the gate of the first transistor is
formed, and the wiring having a portion formed in the layer, the portion extending in a
direction in which the data line extends," as recited in claims 1, 17 and 18,” the
Examiner respectfully disagrees. Koyama discloses the wiring 184 corresponding to
5059 of fig. 23A being formed in the layer corresponding to figure 6 above different from
a gate layer of figure 7 above in which the gate 185 corresponding to element 5055 of
fig. 23A of the first transistor 104 is formed. Koyama also discloses that the wiring 184
of fig. 20 having a portion formed in the layer, the portion extending in a direction in
which the data line extends as shown in fig. 20, 184 extends in the direction of data line
190.

18.  As to Applicant’s argument that “Koyama fails to disclose ii) the wiring being
formed in the layer different from a gate layer in which the gate of the first transistor is
formed," as recited in claims 1, 17 and 18,” the Examiner respectfully disagrees.
Koyama discloses the wiring 184 of fig. 20 being formed in the layer corresponding to
5059 of fig. 23A and figure 6 above different from a gate layer corresponding to 5055 of
fig. 23A and figure 7 above in which the gate 185 of the first transistor 104 is formed.
19.  Asto Applicant's arguments that: "Koyama fails to disclose that the portion of the
wiring crosses another wiring formed in the gate layer," the examiner respectfully
disagrees. As shown in fig. 20 and explained in the remarks above, the wirings 184 of

fig. 20 and 185 overlap so they may be connected by a via, therefore portion of the
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wiring 184 of fig. 20crosses another wiring 185 of fig. 20 formed in the gate layer of the
first transistor.

20.  As to Applicant’s argument that figure 20 of Koyama does not clearly show how
the connection wiring line 184 is connected, the Examiner respectfully disagrees. First,
Koyama discloses that source or drain of transistor 103 is connected to the connection
wiring 184 and a gate wiring 185, col. 28, lines 1 - 5, therefore connection wiring 184
and a gate wiring 185 are indeed connected to each other. Second, as can be seen
from fig. 20, connection wiring 184 is connected to the source or drain of TFT 103
through a via represented by “X” (the profile can be seen from fig. 23A, where
connection wiring 184 is represented by element 5059) and connection wiring 184 is
extended to be connected to gate wiring 185 that another via represented by “X”.

Therefore, Koyama clearly show how the connection wiring line 184 is connected.

Conclusion
21. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DMITRIY BOLOTIN whose telephone number is
(571)270-5873. The examiner can normally be reached on Monday-Friday, 7:30am -
5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Amare Mengistu can be reached on (571)272-7674. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DMITRIY BOLOTIN/
Examiner, Art Unit 2695
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PATENT APPLICATION

RESPONSE UNDER 37 CFR §1.116
EXPEDITED PROCEDURE
TECHNOLOGY CENTER ART UNIT 2695

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Yojiro MATSUEDA Group Art Unit: 2695
Application No.: 12/917.885 Examiner; D. BOLOTIN
Filed: November 2, 2010 Docket No.: 114251.03

For: ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND
ELECTRONIC DEVICE

AMENDMENT AFTER FINAL REJECTION UNDER 37 CFR §1.116

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In reply to the February 13, 2013 Office Action, please consider the following:

Amendments to the Claims as reflected in the listing of claims; and

Remarks.
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Amendments to the Claims:

The following listing of claims will replace all prior versions, and listings, of claims
in the application:
1. (Canceled)
2, (Currently Amended) The electro-optical device according to elatm—tclaim
21, wherein the first transistor has a conduction type different from a conduction filmtype the
second transistor has.
3-10. (Canceled)
11. (Currently Amended) The electro-optical device according to elaim-tclaim
21, wherein the control line supplies a control signal to a gate of the second transistors-the
12. (Previously Presented) The electro-optical device according to claim 11,
wherein the unit circuit further includes a third transistor coupled between the
holding element and the data line, and
wherein the second transistor and the third transistor are controlled according

to the control signal.

13. {Currently Amended) An electric device comprising an electro-optical device
according to elaimtclaim 21.
14. (Previously Presented) An electric device comprising an electro-optical

device according to claim 2.

15. (Previously Presented) An electric device comprising an electro-optical
device according to claim 11.

16. (Previously Presented) An electric device comprising an electro-optical
device according to claim 12.

17. (Canceled)
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18. (Currently Amended) AnThe electro-optical device according to claim 21,

further eomprising:comprising a power line, the power line being formed in a layer in which

the data line and the wiring are formed.

a-second-ransistor-that-ineludes-a second-semiconductorfilmthe

o-the-electro-

19. (Currently Amended) The electro-optical device according to elaim-1t7claim

[t
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wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and

the first transistor controlling an electrical connection between the first
terminal and the second terminal.

20. (Previously Presented) The electro-optical device according to claim 18,

wherein the first transistor has a first terminal, a second terminal, and a
channel region disposed between the first terminal and the second terminal, the first terminal
being disposed between the power line and the second terminal, and

the first transistor controlling an electrical connection between the first terminal and
the second terminal.
21. (Previously Presented) An electro-optical device comprising:

a data line;

a conirol line; and

a unit circuit arranged corresponding to an intersection of the data line and the
control line, the unit circuit including:

a first transistor that includes a first semiconductor film;

an electro-optical element electrically connected to one of a source or a
drain of the first transistor;

a second transistor that includes a second semiconductor film, the
second transistor connected between the one of the source or the drain and a gate of the first
transistor;

a holding element that is connected to the gate of the first transistor

and holds a gate voltage of the first transistor according to a data signal; and

A
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a wiring connected between the second transistor and the gate of the
first transistor,
the first transistor supplying a current based on the gate voltage to the electro-
optical element,
the wiring being formed in a layer which is different from a layer in which the
first semiconductor film and the second semiconductor film are formed,
the wiring having a portion formed in the layer different from a gate layer in

which the gate of the first transistor is formed, the portion crossing the control line.
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REMARKS
Claims 2, 11-16 and 18-21 are pending in this application. By this Amendment,
claims 2, 11, 13, 18 and 19 are amended. Claims 1 and 17 are canceled without surrender or
disclaimer of the subject matter recited therein. Support for the amendments may be found in
at least the original claims. No new matter is added. Applicant respectfully requests
reconsideration and prompt allowance of the pending claims at least in light of the following
remarks.

1. Allowed Claim and Allowable Claims

Applicant gratefully acknowledges the Office Action's indication that i} claim 21 is
allowed and if) claims 11, 12, 15 and 16 recite allowable subject matter.

1. Entry of the Amendments is Proper under 37 CFR §1.116

Eniry of the amendments is proper under 37 C.F.R. §1.116 because the amendments:
(a) place the application in condition for allowance for the reasons discussed herein; (b) do
not raise any new issue requiring further search and/or consideration; (¢) satisfy a
requirement of form asserted in the previous Office Action; (d) do not present any additional
claims without canceling a corresponding number of finally rejected claims; and (e) place the
application in better form for appeal, should an appeal be necessary.

Alternatively, entry of the amendments is proper under 37 C.F.R. §1.116 in view of
the Patent Office's After Final Consideration Pilot (AFCP) because the amendments can be
determined to place the application in condition for allowance by changing form and/or new
dependent claims, which require only a limited amount of further consideration or search.

Entry of the amendments is thus respectfully requested.

III. 35 U.S.C. §102(a)

Claims 1, 2, 13 14 and 17-20 are rejected under 35 U.8.C. §102(a) over U.S. Patent

No. 7,277,070 (Koyama). Applicant respectfully traverses the rejection.

-6-
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By this Amendment, claims 1 and 17 are canceled. Claims 2, 13 and 18-20 are
amended to depend from claim 21. Claim 21 is allowed. Thus, claims 2, 13 and 18-20 are
also patentable. Applicant respectfully requests withdrawal of the rejection.

* % * £ %

In view of the foregoing, it is respectfully submitted that this application is in
condition for allowance. Favorable reconsideration and prompt allowance of the claims are
earnestly solicited.

Should the Examiner believe that anything further would be desirable in order to
place this application in even better condition for allowance, the Examiner is invited to

contact the undersigned at the telephone number set forth below.,

Respectfully submitted,

H [67244@5 l) ,"z

\

James A. Oliff
Registration No. 27,075

Hirotsuna Yamashita
Registration No. L0563

JAO:HQY/prg

Date: April 11,2013

DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 320850 Please grant any extension
Alexandria, Virginia 22320-4850 necessary for entry of this filing;
Telephone: (703) 836-6400 Charge any fee due to our
Deposit Account No. 15-0461

900



Electronic Acknowledgement Receipt

EFS ID: 15496246
Application Number: 12917885
International Application Number:
Confirmation Number: 2374

Title of Invention:

ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC
DEVICE

First Named Inventor/Applicant Name:

Yojiro MATSUEDA

Customer Number:

25944

Filer:

William P. Berridge/Portia Gordon

Filer Authorized By:

William P. Berridge

Attorney Docket Number: 114251.03
Receipt Date: 11-APR-2013
Filing Date: 02-NOV-2010
Time Stamp: 16:40:50

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
119343
1 11425103_AAFR.pdf yes 7
50b8039f6ebae7c85317ef0b1f7a93b3b516|
49ab

901




Multipart Description/PDF files in .zip description
Document Description Start End
Amendment After Final 1 1
Claims 2 5
Applicant Arguments/Remarks Made in an Amendment 6 7
Warnings:
Information:
Total Files Size (in bytes){ 119343

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

902




PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number

Filing Date

Substitute for Form PTO-875 12/917,885 11/02/2010

IX To be Mailed

APPLICATION AS FILED — PART |

eNTITY: [X] LARGE [] smALL []MICRO

*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), o (c))
|:] SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS : N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%,_lgﬁﬂ'g';‘ SIZE FEE for small entity) for each additional 50 sheets or
( 16(5)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
= 04/11/2013 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S | [gaerern =11 Minus | - 20 -0 x $80 = 0
5 5
Independ: .
G oy e e -1 Minus | -4 -0 x $420 = 0
<§( [] Application Size Fee (37 CFR 1.16(s))
I:' FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z | Total (37 cFR . *x
& me(\))( Minus - X $ =
Independent “ i ek
% $37C€R1.16@ Minus = X $ =
& [T reptcancrs
] pplication Size Fee (37 CFR 1.16(s))
=
<C I:' FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /NICHELE PETERSON/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

903



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
25944 7590 04/26/2013
OLIFF & BERRIDGE, PLC BOLOTIN, DMITRIY
P.O. BOX 320850
ALEXANDRIA, VA 22320-4850 | ART UNIT PAPER NUMBER |
2695
DATE MAILED: 04/26/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/917.885 11/02/2010 Yojiro MATSUEDA 114251.03 2374

TITLE OF INVENTION: ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC DEVICE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 07/26/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
PTOL-85 (Rev. 02/11)

904



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

25944 7590 0412612013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
OLIFF & BERRIDGE, PLC States Postal Service with sufficient postage for first class mail in an envelope
P.O. BOX 320850 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

S transmitted to the USPTO (571) 273-2885, on the date indicated below.

ALEXANDRIA, VA 22320-4850

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/917,885 11/02/2010 Yojiro MATSUEDA 114251.03 2374
TITLE OF INVENTION: ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC DEVICE
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 30 $2080 07/26/2013
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
BOLOTIN, DMITRIY 2695 345-076000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ' . 2
(2) the name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individuat [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
Page 2 of 4

PTOL-85 (Rev. 02/11)
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i

. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR l 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v: epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to e ief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Page 3 of 4
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/917,885 11/02/2010 Yojiro MATSUEDA 114251.03 2374
25944 7590 04/26/2013 I EXAMINER |
OLIFF & BERRIDGE, PLC BOLOTIN, DMITRIY
P.O. BOX 320850
ALEXANDRIA, VA 22320-4850 [ axronm PAPERNUMBER |

2695

DATE MAILED: 04/26/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 4 of 4
PTOL-85 (Rev. 02/11)
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)
12/917,885 MATSUEDA, YOJIRO
. s i i AlA (First Inventor to
Notice of Allowability g’l\‘m‘g}\‘?rBOLOTIN ‘;gg;’"“ File) Statis
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1. X] This communication is responsive to Remarks and Amendment filed on 04/11/2013 .
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 2,11-16 and 18-21. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see htip://www.uspto.gov/patents/inil_evenis/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov .

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)X] Al b)[Some *c) [] None of the:
1. X Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ____.

Interim copies:
a)[J Al by[JSome c)[] None of the: Interim copies of the priority documents have been received.

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [[] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/DMITRIY BOLOTIN/
Examiner, Art Unit 2695

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-13) Notice of Allowability Part of Paper No./Mail Date 20130412
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

CONFIRMATION NO. 2374

OLIFF & BERRIDGE, PLC
P.0. BOX 320850
ALEXANDRIA, VA 22320-4850
UNITED STATES

SERIAL NUMBER FILINgAgrrE 371(c) CLASS GROUP ART UNIT ATTORNE(Y) DOCKET
12/917,885 11/02/2010 345 2695 114251.03
RULE
APPLICANTS
Yojiro MATSUEDA, Chino-shi, JAPAN;
ek CONTINUING DATA dekdeddkddkdkddkkkdkhkkhhhhhkhkd
This application is a CON of 11/483,109 07/10/2006 PAT 7982692
which is a DIV of 10/299,861 11/20/2002 PAT 7483001
** FOREIGN APPLICATIONS
JAPAN 2001-356007 11/21/2001
JAPAN 2001-371410 12/05/2001
JAPAN 2001-371403 12/05/2001
** |F REQUIRED, FOREIGN FILING LICENSE GRANTED **
11/15/2010
Foreign Pricrity claimed M ves o STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met aYes D No D m%ﬁgﬁéa COUNTRY DRAWINGS CLAIMS CLAIMS
Verified and /DMITRIY BOLOTIN/
AcanSWIedged Examiner's Signature Initials JAPAN 15 10 1
ADDRESS

TITLE

ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC DEVICE

FILING FEE
RECEIVED [No.

1340 No.

for following:

FEES: Authority has been given in Paper
to charge/credit DEPOSIT ACCOUNT

[Q All Fees

|01.16 Fees (Filing)

‘EI 1.18 Fees (Issue)

‘EI Other

‘EI Credit

|
|
‘EI 1.17 Fees (Processing Ext. of time) |
|
|
|

BIB (Rev. 05/07).
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

12917885 MATSUEDA, YOJIRO
Examiner Art Unit
DMITRIY BOLOTIN 2629
CPC- SEARCHED
Symbol Date Examiner

CPC COMBINATION SETS - SEARCHED

Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
345 76-83 1/28/2011 DB
315 169.1-169.4 1/28/2011 DB

Updated Search

06/07/2011 DB

Updated Search

10/25/2011 DB

349 42,43,46

10/25/2011 DB

Updated Search

06/08/2012 DB

Updated Search

10/13/2012 DB

Updated Search

02/07/2013 DB

Updated Search

04/12/2013 DB

SEARCH NOTES

Search Notes

Date Examiner

Google

1/28/2011 DB

EAST

1/28/2011 DB

Updated Search

06/07/2011 DB

Updated Search

10/25/2011 DB

Updated Search

06/08/2012 DB

Updated Search

10/13/2012 DB

Updated Search

02/07/2013 DB

Updated Search

04/12/2013 DB

Inventor Search

04/12/2013 DB

Interference Search Printout

04/12/2013 DB

/DMITRIY BOLOTIN/
Examiner.Art Unit 2695

U.S. Patent and Trademark Office
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INTERFERENCE SEARCH

US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
PGPub Search, See Interference Search Printout 04/12/2013 DB
Searched all class/subclass above 04/12/2013 DB

/DMITRIY BOLOTIN/
Examiner.Art Unit 2695

U.S. Patent and Trademark Office Part of Paper No. : 20130412
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Application/Control No.

Reexamination

Applicant(s)/Patent Under

Index of Claims 12917885 MATSUEDA, YOJIRO
IUICARERINR |-
DMITRIY BOLOTIN 2695
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted I Interference 0] Objected
[ Claims renumbered in the same order as presented by applicant O cpa O T.D. O R.1.47
CLAIM DATE
Final Criginal [01/28/2011(06/07/2011 | 10/25/2011|06/08/2012|10/13/2012| 02/07/2013 | 04/12/2013
1 v v v v v v
2 2 v v v v v v =
3 v v
4 v v
5 v v
6 v v
7 v v
8 v v
9 v v
10 v v - - - B
4 11 o o o o =
5 12 o} o} o} o} =
8 13 v v v v =
3 14 v v v v =
7 15 (o] (o] (@] (@] =
6 16 (o] (@] (@] (@] =
17 v v v
9 18 v v v -
10 19 v v v =
11 20 v v v _
1 21 = =

U.S. Patent and Trademark Office
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Part of Paper No. : 20130412




Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

12917885 MATSUEDA, YOJIRO
DMITRIY BOLOTIN 2695
CPC
Symbol Type Version
CPC Combination Sets
Symbol Type Set Ranking Version
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
345 76 G| o G 3/30
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
315 169.3
/DMITRIY BOLOTIN/
Examiner.Art Unit 2695 Total Claims Allowed:
1
(Assistant Examiner) (Date)
/DMITRIY BOLOTIN/
Examiner.Art Unit 2695 04/12/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 21 1

U.S. Patent and Trademark Office

Part of Paper No. 20130412
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;5417sss MATSUEDA, YOJIRO
VRN 15
DMITRIY BOLOTIN 2695
O Claims renumbered in the same order as presented by applicant O CPA O T O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17
2 2 9 18
3 10 19
4 11 20
5 1 21
6
7
8
9
10
4 11
12
8 13
3 14
7 15
6 16

/DMITRIY BOLOTIN/
Examiner.Art Unit 2695 Total Claims Allowed:

1
(Assistant Examiner) (Date)

/DMITRIY BOLOTIN/
Examiner.Art Unit 2695 04/12/2013 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 21 1

U.S. Patent and Trademark Office Part of Paper No. 20130412
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref iHits Search Query DBs Default {Plurals {iTime
# Operator Stamp

L1 82 ((YOJRO) near2 (MATSUEDA)).INV. US-PGPUB;;{ADJ ON 2013/04/12
USPAT; 23:25
USOCR

L2 {192 W((YOURO) near2 (MATSUEDA)).INV.  §EPO; JPO; JADJ ON 2013/04/12
DERWENT 23:25

S1 0 "12917885" US-PGPUB; §ADJ ON 2011/01/27
USPAT; 17:37
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2 P "7483001".pn. US-PGPUB; JADJ ON  2011/01/27
USPAT; 17:49
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

1 (10/299861).APP. US-PGPUB;;ADJ ON 2011/01/27
USOCR 17:49

2 "6781155".pn. US-PGPUB; {ADJ ON 2011/01/28
USPAT; 11:04
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S5 3 "20040207615" US-PGPUB; ADJ ON 2011/01/28
USPAT; 11:16
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S6 0 "12917885" and (opposite polarities) US-PGPUB; {ADJ ON 2011/01/28
USPAT; 11:19
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S7 0 "12917885" and (opposite) US-PGPUB; {ADJ ON 2011/01/28
USPAT; 11:19
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

I8 i3 1"10299861" and (opposite) {US-PGPUB; {{ADJ JON  §2011/01/28;

file:///Cl/Users/dbolotin/Documents/e-Red%20Folder/12917885/EASTSearchHistory.12917885_AccessibleVersion.htm[4/12/2013 11:44:15 PM]
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EAST Search History

USPAT; 11:20
USOCR;
FPRS;

EPO; JPG;
DERWENT;
IBM_TDB

9 3 "10299861" and (opposite polarities) US-PGPUB; {ADJ ON 2011/01/28
USPAT; 11:20
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S10 2 "20020067323" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 11:42
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S11 342 "20100295820" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 11:49
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S12 {3 "20040207615" US-PGPUB; §ADJ ON 2011/01/28
USPAT; 12:08
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S13 {1807 oled and @ad<"20011121" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 13:14
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S14 69 S13 and 345/76.ccls. US-PGPUB; ADJ ON 2011/01/28
USPAT; 13:15
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S15  §262 S13 and "345"/$.ccls. US-PGPUB; {ADJ ON 2011/01/28
USPAT; 13:17
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S16 {6 "09787036" US-PGPUB; §ADJ ON 2011/01/28
USPAT; 13:43
USOCR;
FPRS;
EPO; JPO;
DERWENT;

file:///Cl/Users/dbolotin/Documents/e-Red%20Folder/12917885/EASTSearchHistory.12917885_AccessibleVersion.htm[4/12/2013 11:44:15 PM]
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EAST Search History

IBM_TDB !

S17 2 "6859913".pn. US-PGPUB;iADJ ON 2011/01/28
USPAT; 13:44
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S18 2 "6859193".pn. US-PGPUB; ADJ ON 2011/01/28
USPAT; 13:44
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S19 #2 "20020008822" US-PGPUB; #ADJ ON 2011/01/28
USPAT; 13:59
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S20 {286 ("3590156" | "3761617" | "4008383" | {US-PGPUB;{ADJ ON 2011/01/28
"4114070" | "4482841" | "4528480" | H{USPAT; 14:58
"4532506" | "4554539" | "4613793" | {USOCR
"4652872" | "4736137" | "4797667" |
"4957747" | "4958105" | "4962374" |
"4963861" | "4975691" | "5003302" |
"5028916" | "5063378" | "5079483" |
"5095248" | "5172032" | "5302966" |
"5463279" | "5670979" | "5684365" |
"5952789").PN. OR ("6229506").URPN.

S21 §28 ("3590156" | "3761617" | "4006383" | {US-PGPUB;{ADJ ON 2011/01/28
"4114070" | "4482841" | "4528480" | {USPAT; 14:59
"4532506" | "4554539" | "4613793" | {USOCR
"4652872" | "4736137" | "4797667" |
"4957747" | "4958105" | "4962374" |
"4963861" | "4975691" | "5003302" |
"5028916" | "5063378" | "5079483" |
"5095248" | "5172032" | "5302966" |
"5463279" | "5670979" | "5684365" |
"5952789").PN.

S22 i1 "6194837".pn. US-PGPUB;:ADJ ON 2011/01/28
USPAT; 15:03
USOCR

S23 {10 ("20010019327" | "20010026835" | US-PGPUB;ADJ ON 2011/01/28
"20010040565" | "20020008822" | USPAT; 15:04
"20020067323" | "20040207615" | USOCR
"6194837" | "6781155" | "6794675" |
"RE35827").PN.

S24 {1745  ((oled or amoled or el or US-PGPUB;ADJ ON 2011/01/28
electroluminescent) and (second USPAT; 16:19
transistor) and layer and (via or USOCR
(contact hole)))

S25 {1747 ((oled or amoled or el or US-PGPUB; {ADJ ON 2011/01/28
electroluminescent) and (second USPAT; 16:20
transistor) and layer and (via or USOCR;

(contact hole))) FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

file:///Cl/Users/dbolotin/Documents/e-Red%20Folder/12917885/EASTSearchHistory.12917885_AccessibleVersion.htm[4/12/2013 11:44:15 PM]
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S26 182 25 and @ad<"20011121" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:20
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S27 1845 ((oled or amoled or el or US-PGPUB;:{ADJ ON 2011/01/28
electroluminescent) and (third USPAT; 16:22
transistor) and layer and (via or USOCR;
(contact hole))) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S28 63 27 and @ad<"20011121" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:23
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S29 6782 345/76-83.ccls. US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:27
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S30 738 829 and (third transistor) US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:28
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S31 35 S30 and @ad<"20011121" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:28
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S32 4 FETlington US-PGPUB; #{ADJ ON 2011/01/28
USPAT; 16:33
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S33 {56 paired fet US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:33
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S34 {39 S33 and @ad<"20011121" US-PGPUB; §ADJ ON 2011/01/28
USPAT; 16:34
USOCR;
FPRS;
EPO; JPO;
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DERWENT:
IBM_TDB

S35 {2245 315/169.1-169.4.ccls. and US-PGPUB; #ADJ ON 2011/01/28
@ad<"20011121" USPAT; 16:36
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S36 {45 S35 and (third transistor) US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:37
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S37 51 S35 and (third (transistor or TFT)) US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:37
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S38 3054 349/139.ccls. US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:39
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S39 i34 349/139.ccls. and (third (transistor or {US-PGPUB;{ADJ ON 2011/01/28
TFT)) USPAT; 16:39
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

0 2 "20070188453" US-PGPUB; ADJ ON 2011/01/28
USPAT; 16:44
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

41 #5 "7208942" .pn. US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:44
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

2 {0 "200900096750" US-PGPUB; §ADJ ON 2011/01/28
USPAT; 16:44
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

A3 2 "20090079711" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:44
USOCR;
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FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

A4 42 "20090096750" US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:45
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

45 {11 40 or A1 or 43 or S44 US-PGPUB; {ADJ ON 2011/01/28
USPAT; 16:45
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

46 {214 (first (transistor or TFT)) with (second {US-PGPUB;{ADJ ON 2011/01/28
(transistor or TFT)) with (contact hole) §USPAT; 16:52
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S47  §109 (first (transistor or TFT)) with (second {US-PGPUB;{ADJ ON 2011/01/28
(transistor or TFT)) with (contact hole) {USPAT; 16:52

with layer USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

A8 {25 A7 and @ad<"20011121" US-PGPUB;ADJ ON 2011/01/28
USPAT; 16:52
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

$49 48 ((transistor or TFT)) with (contact hole) §US-PGPUB;{ADJ ON 2011/01/28
with (gate layer) with (metal layer) USPAT; 16:56
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S50 2 gate with source with drail US-PGPUB; ADJ ON 2011/01/28
USPAT; 16:58
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S51 {{281354 tgate with source with drain US-PGPUB;;{ADJ ON 2011/01/28
USPAT; 16:58
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

Sh2 {5800 cascade and S51 US—PGPUB;EADJ ON §2011/01/28§
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USPAT;
USOCR;
FPRS;

EPO; JPG;
DERWENT;
IBM_TDB

17:00

S53

2521

S52 and @ad<"20011121"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2011/01/28
17:00

Sb4

(S29 or S35) and 53

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPG;
DERWENT;
IBM_TDB

ADJ

ON

2011/01/28
17:00

S55

1985

pixel layout

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2011/01/28
17:01

S56

652

S51 and Sb5

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2011/01/28
17:01

S57

98

S56 and @ad<"20011121"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPG;
DERWENT;
IBM_TDB

ADJ

ON

2011/01/28
17:01

S58

10

("20010019327" | "20010026835" |
"20010040565" | "20020008822" |
"20020067323" | "20040207615" |
"6194837" | "6781155" | "6794675" |
"RE35827").PN.

US-PGPUB;
USPAT;
USOCR

ADJ

ON

2011/01/28
17:52

S59

10

(US-20040207615-$% or US-
20020021266-$ or US-20020186188-$
or US-20020044111-% or US-
20010043173-$).did. or (US-6781155-$
or US-7277070-$ or US-6859193-$ or
US-6501448-% or US-6958740-9) .did.

US-PGPUB;
USPAT

ADJ

ON

2011/01/28
17:52

S60

SH9 not SH8

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2011/01/28
17:52

S61

SH9 not S60

US-PGPUB;
USPAT;

ADJ

ON

2011/01/28
17:52
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USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S62 {2 "6229506".pn. US-PGPUB; {ADJ ON 2011/10/24
USPAT; 15:55
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
63 §28 ("3590156" | "3761617" | "4006383" | HUS-PGPUB;{ADJ ON 2011/10/24
"4114070" | "4482841" | "4528480" | HUSPAT; 16:03
"4532506" | "4554539" | "4613793" | HYUSOCR
"4652872" | "4736137" | "4797667" |
"4957747" | "4958105" | "4962374" |
"4963861" | "4975691" | "5003302" |
"5028916" | "5063378" | "5079483" |
"5095248" | "5172032" | "5302966" |
"5463279" | "5670979" | "5684365" |
"5952789").PN.
64 290 ("6229506"). URPN. USPAT ADJ ON 2011/10/24
16:04
S65 {1467 315/169.1,163.3.ccls. USPAT ADJ ON 2011/10/24
16:40
S66 209903 {i"257".clas. USPAT ADJ ON 2011/10/24
16:45
S67 3§95 $65 and S66 USPAT ADJ ON 2011/10/24
16:46
S68 {1467 315/169.1,163.3.ccls. USPAT ADJ ON 2011/10/24
22:17
S69 115337 iigate near4 source USPAT ADJ ON 2011/10/24
22:17
S70 §323 $68 and 69 USPAT ADJ ON 2011/10/24
22:19
S71 {117 S70 and @ad<"20011121" US-PGPUB; {ADJ ON 2011/10/24
USPAT; 22:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S72 1225592 i{igate near3 source US-PGPUB;{ADJ ON 2011/10/24
USPAT; 22:37
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB
S73 6604 oled and S72 US-PGPUB; {ADJ ON 2011/10/24
USPAT; 22:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S74 {1020 S73 and 345/76.ccls. US-PGPUB; #ADJ ON 2011/10/24
USPAT; 22:38
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USOCR;
FPRS;

EPO; JPG;
DERWENT;
IBM_TDB

S75 {702 S74 and layer US-PGPUB; {ADJ ON 2011/10/24
USPAT; 22:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S76  #39 S75 and @ad<"20011121" US-PGPUB; {ADJ ON 2011/10/24
USPAT; 22:39
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S77 126293 {i(gate near?2 transistor) nearb (source  {US-PGPUB;#ADJ ON 2011/10/24
near2 transistor) USPAT; 22:46
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S78 990 S77 and OLED US-PGPUB; {ADJ ON 2011/10/24
USPAT; 22:47
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S79 {701 S78 and layer US-PGPUB; $ADJ ON 2011/10/24
USPAT; 22:47
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S80 {14 S79 and @ad<"20011121" US-PGPUB; {ADJ ON 2011/10/24
USPAT; 22:47
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S81 {48 ("20040207615" | "6794675" | US-PGPUB;{{ADJ ON 2011/10/25
"6958740" | "6271543" | USPAT; 11:57
"20020008822" | "20020067323" | USOCR;
"6118506" | "20010026835" | FPRS;
"20010040565" | "20010017517" | EPO; JPC;
"20020030770" | "6501448" | DERWENT;
"20020186188" | "RE35827" | IBM_TDB
"20010043173" | "6859193" |
"6882102" | "20020070385" |
"5815226" | "20010019327" |
"6194837" | "7277070" | "6781155" |
"20020021266" | "20020044111").PN.

S82 {40 ("20010017618" | "20010035863" | US-PGPUB;{jADJ ON 2011/10/25
"20010052608" | "20020014852" | USPAT; 12:01
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"20040246241" | "6859193" |
"6947019" | "20010035863" |
"20020014852" | "20040113873" |
"6943759" | "6661180" | "6947019" |
"20030098708" | "20040256617" |
"20060214890" | "6667580" |
"6522315" | "20020075208" |
"20040183791" | "6166714" |
"20050140610" | "6577302" |

"20020075208" | "20020135309" | USOCR
"20020163514" | "20020195968" |
"20030020335" | "20030098708" |
"20040036664" | "20040113873" |
"20040165003" | "20040183791" |
"20040246241" | "20040256617" |
"20050140610" | "20050219168" |
"20060119552" | "20060214890" |
"5680149" | "6023259" | "6091382" |
"6166714" | "6229506" | "6373454" |
"6377235" | "6522315" | "6577302" |
"6650060" | "6661180" | "6667580" |
"6734636" | "6744414" | "6750833" |
"6788003" | "6859193" | "6900784" |
"6943759" | "6947019").PN.
S83  #90 (Shirasaki near2 Tomoyuki).in. US-PGPUB; §ADJ ON 2011/10/25
USPAT; 12:04
USOCR
S84 8 $83 and @ad<"20011121" US-PGPUB; {ADJ ON 2011/10/25
USPAT; 12:04
USOCR
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB
S85 666090 {"67" and @ad<"20011121" US-PGPUB; {ADJ ON 2011/10/25
USPAT; 12:07
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S86 {1472 315/169.1,163.3.ccls. USPAT ADJ ON 2011/10/25
12:07
S87 1210155 §i"257" .clas. USPAT ADJ ON 2011/10/25
12:07
S88  #95 S86 and S87 USPAT ADJ ON 2011/10/25
12:07
89 {43 88 and @ad<"20011121" US-PGPUB; §ADJ ON 2011/10/25
USPAT; 12:07
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S90 82 ("6229506" | "6023259" | "6788003" | HUS-PGPUB;{ADJ ON 2011/10/25
"6900784" | "6377235" | USPAT; 12:21
"20040036664" | "20010017618" | USOCR;
"20010052606" | "20020163514" | FPRS;
"20030020335" | "20050219168" | EPO; JPG;
"8091382" | "6373454" | "6734636" | {{DERWENT;
"6744414" | "6667580" | "6960680" | /BM_TDB

file:///Cl/Users/dbolotin/Documents/e-Red%20Folder/12917885/EASTSearchHistory.12917885_AccessibleVersion.htm[4/12/2013 11:44:15 PM]

925




EAST Search History

"6750833" | "20020135309" |
"20040165003" | "6650060" |
"20020195968" | "5680149" |
"6873174").PN.

"20040246241" | "20040256617"
"20050140610" | "20050157581"
"20050219168" | "20060214890" |

91 {166 "0120591" US-PGPUB; {ADJ ON 2011/10/25
USPAT; 12:29
USOCR;
FPRS;
EPO; JPG;
DERWENT;
|IBM_TDB
S92 i1 "10472423" US-PGPUB; {ADJ ON 2011/10/25
USPAT; 12:31
USOCR;
FPRS;
EPO; JPG;
DERWENT;
|IBM_TDB
S93 {42 ("20010017618" | "20010035863" | US-PGPUB; {ADJ ON 2011/10/25
"20010052606" | "20020014852" | USPAT; 12:31
"20020075208" | "20020135309" | USOCR
"20020163514" | "20020195968" |
"20030020335" | "20030098708" |
"20030103022" | "20030112205" |
"20040036664" | "20040165003" |
"20040183791" | "20040236443" |
|
|

"5680149" | "6023259" | "6091382" |
"6166714" | "6229506" | "6373454" |
"6522315" | "6577302" | "6650060" |
"6661180" | "6667580" | "6734636" |
"6744414" | "6750833" | "6788003" |

| |

"6859193" | "6900784" | "6930680"
"6943759" | "6947019").PN.

S94 {16 (oled and (third transistor)) and US-PGPUB; #ADJ ON 2011/10/25
@ad<"20011121" USPAT; 12:34
USOCR
S95 i1 "7483001".pn. US-PGPUB; {ADJ ON 2011/10/25
USPAT; 14:26
USOCR
96 i1 "12917885" US-PGPUB;:{ADJ ON 2011/10/25
USPAT; 14:26
USOCR
897 i5 "10299861" US-PGPUB; {ADJ ON 2011/10/25
USPAT; 14:27
USOCR
$98 25 ("20010014493" | "20010019327" | US-PGPUB; {ADJ ON 2011/10/25
"20010026835" | "20010040565" | USPAT; 14:28
"20020000614" | "20020008822" | USOCR
"20020067323" | "20020154253" |
"20040012548" | "20040207615" |
"20070007527" | "5867233" |
"6100119" | "6153893" | "6373454" |
"6468839" | "6515428" | "6661180" |
"6781155" | "6794675" | "6859193" |
"6914390" | "6952244" | "7106006" |
"RE35827").PN.
S99 2 "7277070".pn. US-PGPUB; {ADJ ON 2011/10/25
USPAT; 15:46

file:///Cl/Users/dbolotin/Documents/e-Red%20Folder/12917885/EASTSearchHistory.12917885_AccessibleVersion.htm[4/12/2013 11:44:15 PM]

926



EAST Search History

USOCR;
FPRS;

EPO; JPG;
DERWENT;
IBM_TDB

S100 8 "10299861" US-PGPUB; {ADJ ON 2011/10/25
USPAT; 15:50
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

S$133 {2 "7277070".pn. US-PGPUB; {ADJ ON 2012/06/08
USPAT; 10:42
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S134 i§5 "20050231122" or "7483001".pn. US-PGPUB; {ADJ ON 2012/10/10
USPAT; 12:23
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S$135 i1 "13217982" and record US-PGPUB; {ADJ ON 2012/10/10
USPAT; 12:28
USOCR;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB

S$136 2 "8510207".pn. US-PGPUB; $ADJ ON 2012/10/11
USPAT; 14:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S137 i1 "12917885" US-PGPUB; {ADJ ON 2013/02/07
USPAT; 18:23
USOCR;
FPRS;
EPO; JPG;
DERWENT;
|IBM_TDB

EAST Search History (I nterference)

Ref {Hits Search Query DBs iiDefault {Plurals iTime
# Operator Stamp

S101 #2209 349/139.ccls. us- ADJ ON 2011/10/25
PGPUB; 14:33
USPAT;
UPAD

S102 {672 S101 and @ad<"20011121" Us- ADJ ON 2011/10/25
PGPUB; 14:33
USPAT;
UPAD
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S$103 {5 S$102 and oled us- ADJ ON 2011/10/25
PGPUB; 14:34
USPAT;
UPAD
S$104 41715  315/169.1,163.3.ccls. us- ADJ ON 2011/10/25
PGPUB; 14:34
USPAT;
UPAD
S105 {6782  1#345/76-83.ccls. us- ADJ ON 2011/10/25
PGPUB; 14:34
USPAT;
UPAD
S$106 18124  §S104 or S105 us- ADJ ON 2011/10/25
PGPUB; 14:34
USPAT;
UPAD
S$107 214896 H(oled or amoled or el or uUs- ADJ ON 2011/10/25
electroluminescent) PGPUB; 14:35
USPAT;
UPAD
S108 {5481 S106 and S107 us- ADJ ON 2011/10/25
PGPUB; 14:35
USPAT;
UPAD
S109 {875 S$108 and @ad<"20011121" us- ADJ ON 2011/10/25
PGPUB; 14:36
USPAT;
UPAD
S110 {164 S109 and (layer with gate) us- ADJ ON 2011/10/25
PGPUB; 14:36
USPAT;
UPAD
S111 4§23 ("20020196206" | "20030098827" | us- ADJ ON 2011/10/25
"20040150591" | "20040233143" | PGPUB; 14:48
"3659159" | "5235253" | "5610628" | USPAT
"5990629" | "6023259" | "6091203" |
"6229506" | "6246180" | "6304304" |
"6373454" | "6462722" | "6509690" |
"6522315" | "6542138" | "6577302" |
"6580408" | "6734836" | "6750833" |
"6839045").PN.
S112 13626  1§349/42,43,46.ccls. us ADJ ON 2011/10/25
PGPUB; 14:55
USPAT
S$113 {569 $107 and S112 us ADJ ON 2011/10/25
PGPUB; 14:58
USPAT
S114 §130 S$113 and @ad<"20011121" us ADJ ON 2011/10/25
PGPUB; 14:58
USPAT;
UPAD
S115 {16 (oled and (third transistor)) and us- ADJ ON 2011/10/25
@ad<"20011121" PGPUB; 15:04
USPAT;
UPAD
S116 1239 (S107 and (third transistor)) and us ADJ ON 2011/10/25
@ad<"20011121" PGPUB; 15:04
USPAT;

UPAD
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S117 4222182 igate with source with drain uUs- ADJ ON 2011/10/25
PGPUB; 15:04
USPAT;
UPAD

S118 128 S116 and S117 us- ADJ ON 2011/10/25
PGPUB; 15:05
USPAT;
UPAD

S119 28 S116 and (plan view) us- ADJ ON 2011/10/25
PGPUB; 15:10
USPAT;
UPAD

S120 221474 {gate nearb source us- ADJ ON 2011/10/25
PGPUB; 15:12
USPAT;
UPAD

S121 {124 S116 and S120 us- ADJ ON 2011/10/25
PGPUB; 15:12
USPAT;
UPAD

S122 ii16 S121 and (plan view) us- ADJ ON 2011/10/25
PGPUB; 15:13
USPAT;
UPAD

S$123 123 S121 and (layout) us- ADJ ON 2011/10/25
PGPUB; 15:13
USPAT;
UPAD

S124 {106 (first (transistor or TFT)) with (second us- ADJ ON 2011/10/25

(transistor or TFT)) with (contact hole) PGPUB; 15:16
with layer USPAT;

UPAD

S$125 |22 S$124 and @ad<"20011121" us- ADJ ON 2011/10/25
PGPUB; 15:17
USPAT;
UPAD

S$126 {3465 1315/169.2,169.3.ccls. us- ADJ ON 2011/10/25
PGPUB; 15:18
USPAT;
UPAD

$127 {230 S$126 and (third transistor) us- ADJ ON 2011/10/25
PGPUB; 15:18
USPAT;
UPAD

S128 §31 S127 and @ad<"20011121" us- ADJ ON 2011/10/25
PGPUB; 15:18
USPAT;
UPAD

S$129 i1 "7277070".pn. us ADJ ON 2011/10/25
PGPUB; 15:24
USPAT;
UPAD

S$130 {1 "7277070".pn. USS ADJ ON 2011/10/25
PGPUB; 15:46
USPAT;
UPAD

S131 §9 "7233342" us ADJ ON 2011/10/25
PGPUB; 16:58
USPAT

file:///Cl/Users/dbolotin/Documents/e-Red%20Folder/12917885/EASTSearchHistory.12917885_AccessibleVersion.htm[4/12/2013 11:44:15 PM]
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
ommissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

TNSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through S should be completed where
gipé:roprizlle. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlgss cory;cted below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS” for
mai e fee notifications.

Note: A certilicate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This ccrligcalc cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Enper& Each additional paper. such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Y Certificate of Mailing or Transmission
25944 7590 04/26/2013 I hereb cenigy that this Fee(s) Transmittal is being deposited with the United
€l

OLIFF & BERRIDGE, PLC States Postal Service with sufficient postage for first class mail in an envelo
addressed to the Mail Stop ISSUE FEE address above, or being facsimile

P.0. BOX 320850 wransmitted to the USPTO (571) 273-2885. on the date indicated below.
ALEXANDRIA, VA 22320-4850
(Depusitor’s name)
(Signature)
(Date)
APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. | CONFIRMATION NO.
12/917,885 11/02/2010 Yojiro MATSUEDA 114251.03 2374
TITLE OF INVENTION: ACTIVE MATRIX SUBSTRATE, ELECTRO-OPTICAL DEVICE, AND ELECTRONIC DEVICE
I APPLN. TYPE ENTITY STATUS l ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE I
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 07/26/2013
I EXAMINER ' | ART UNIT l CLASS-SUBCLASS I
BOLOTIN, DMITRIY 2695 345-076000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). 1 OLIFF & BERRIDGE, PLC

(1) the names of up to 3 registered patent altorneys
a Chan§c of correspondence address (or Change of Correspondence or agents OR, alternatively,

22
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
(J "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

bad

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assi‘%ncc is identified below, no assignec data will appcar on the patent. If an assignec is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
SEIKO EPSON CORPORATION TOKYO, JAPAN

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individual & Corporation or other private group entity J Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
&) 1ssue Fee &) A check is enclosed. Check No. 253804 ($2080)
Publication Fee (No small entity discount permitted) d Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies &) The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number 15 - ;;4 61 __ (enclose an extra copy of this form).

B7/26/2013 LNGUYEN2 BOERBA49 12917885

81 FC:1561 1788.66 0P
Page 2 of 4 82 FC:1504 368.88 Op

PTOL-85 (Rev. 02/11)
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5. Change in Entity Status (from status indicated above)

Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
d Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
d Applicant changing to regular undiscountcd fec status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

L‘Té pae July 25, 2013

Typed or printed name __Hirotsuna Yamashita Registration No. __ 10563

Authorized Signature L‘{

b

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submutting the completed application form to the USPTO. Time will vary de| ndin§ upon the individual case. Any comments on the amount of lime you require to complete
this form and/or sm:ﬁgcslions for reducing this burden, should be sent to the Chicf Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Page 3 of 4

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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) Sheet 3 of 3
Receipt date: 11/02/2010 12917885 - GALT 2629
Fom] PTO-1449 US Dept. of Commerce ATTY DOCKET NO. APPLICATION NO.
{REV. 1/06) PATENT & TRADEMARK OFFICE 114251.03 New U.S. Patent
Application
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) APPLICANT
Yojiro MATSUEDA
FILING DATE GROUP
November 2, 2010
U.S. PATENT DOCUMENTS
Examiner Cite
Initials No. Document Number Date Name
42 200170026125 Al 10/04/2001 Yamazaki et al.
43 6,094,248 07/25/2000 Hayashi
44 5,684,365 11/04/1997 Tang et al.
45 6,509,688 B1 01/21/2003 Bae et al.
46 6,657,230 12/2003 Murade
47 6,515,428 02/2003 Yeh et al.
48 6,548,960 B2 04/15/03 Inukai
49 6,756,740 B2 06/29/04 Inukai
50 6,690,033 B2 02/10/04 Yamazaki et al.
51 2004/0135181 Al 07/15/04 Yamazaki et al.
52 2002/0000614 Al 01/03/02 Chen et al.
53 2002/0154253 Al 10/24/02 Cairns et al.
54 2001/0014493 Al 08/16/01 Inoue et al.
55 6,100,119 08/08/00 Jang et al.
Ci’!a% R GehSAS2RI 515428 02/04/03 Yeh etal.
q-tecyare] !)f)li el
57 0,952,244 B2 10/04/05 Cairns et al.
to ddeum s
b e 58 6,468,839 B2 10/22/02 Inoue et al.
/MHLE.
6/7/k01% 59 6,153,893 11/28/00 Inoue et al.
)/ 2
60 6,373,454 B FYPYC Knappetal.  April 16,2002
FOREIGN PATENT DOCUMENTS
Examincr Cite With With
Initials No. Document Number Date Country English English
Abstract Translation
61 JP-A-2001-242827 09/07/2001 Japan
62 JP-A-2001-318628 11/16/2001 Japan
OTHER DOCUMENTS
Examiner Cite Including name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials No. journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published
63 Shang-Li Chen et al.; "Current Programmed Pixel Structures for OLED"; Electronics Research & Service Organization; Hsinchu,
Taiwan; October 2001, pp. 399-402.
64 Eiji Takeda et al.; "An As-P(n"-n") Double Diffused Drain MOSFET for VLSI's"; IEEE Transactions on Electron Devices, IEEE
Service Center; Piscataway, NJ; vol. 30; no. 6; Junc 1983; pp. 652-657.
M ' re : DATE CONSIDE! i
EXAMINER /Dmamy Boioim/ *8“928/201 1
Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in conformance
and not considered. Include copy of this form with next communication to applicant.

Date: November 2, 2010

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./
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Receipt date: 11/02/2010 12917885 - GAU: 2629

Form PTO-1449 US Dept. of Commerce ATTY DOCKET NO. APPLICATION NO.
(REV. 1/06) PATENT & TRADEMARK OFFICE 114251.03 New U.S. Patent
Application
INFORMATION DISCLOSURE STATEMENT
(Use several sheets if necessary) APPLICANT
Yojiro MATSUEDA
FILING DATE GROUP
November 2, 2010
U.S. PATENT DOCUMENTS
Examiner Cite
Initials No. Document Number Date Name
19 6,859,193 B! 02/22/2005 Yumoto
20 2004/012548 01/22/2004 Anzai
21 el Q2 1
Cl'larg (‘ \ UH,,!: b 6,661,180 2/09/2003 Koyama
22 6,914,390 B2 07/05/2005 Koyama
to dgeument;
- 23 7,106,006 B2 09/12/2006 Koyama
/MHLE
6//7 o013 24 2007/0007527 Al 01/11/2007 Koyama
25 5,867,233 02/02/1999 Tanaka
26 6,307,528 10/2001 Yap
27 6,225,750 05/2001 Kimura
FOREIGN PATENT DOCUMENTS
Examiner Cite With With
Initials No. Document Number Date Country English English
Abstract Translation
28 CN 1291786A 04/18/2001 China
29 CN 1242924A 01/26/2000 China
30 JP-A-2001-185354 07/06/2001 Japan X X
31 JP-A-11-074073 03/16/1999 Japan X X
32 WO 01/06484 Al 01/25/2001 WIPO X
i3 JP-A-2000-284722 10/13/2000 Japan X X
34 JP-A-2000-267131 09/29/2000 Japan X X
35 JP-A-2000-137241 05/16/2000 Japan X X
36 JP-A-2003-323133 11/14/2003 Japan X X
37 JP-A-2002-351357 12/06/2002 Japan X X
38 WO 01/18774 Al 03/15/2001 WIPO X
39 WO 01/75853 10/11/2001 WIPO
40 JP-A-60-128486 07/09/1985 Japan
41 EP 1003 223 A2 05/24/2000 Europe
EXAMINER :’D iyt i/ DATE CONSIDERED
/Dmitriy Bolotin/ 28/
) 01/26/2011
Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in conformance
and not considered. Include copy of this form with next communication to applicant.

Date: November 2. 2010

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.B./
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Application/Control No. Applicant(s)/Patent Under
Reexamination
) . 12/917,885 MATSUEDA, YOJIRO
Notice of References Cited _ .
Examiner Art Unit
DMITRIY BOLOTIN 2629 Page 1 of 1
U.S. PATENT DOCUMENTS
* ooums‘?éﬂl‘i?m“éiﬂ"ﬁié Code MM??;?YY Name Classification
* A | US-2001/0043173 A1 11-2001 TROUTMAN, RONALD ROY 345/82
* B | US-2002/0021266 A1 02-2002 Koyama et al. 345/76
* c | US-2002/0044111 A1 04-2002 Yamazaki et al. 345/83
* D | US-2002/0186188 A1 12-2002 Cok, Ronald S. 345/82
* E | US-6,501,448 B1 12-2002 Komiya et al. 345/80
* | g | Us-7,277,070 B2 ee-2004 | Yammmr-Temomu K oyama (October 2, 2007 257/72
* | g | US-6,958,740 B1 +E=PO8 vemoto=akira Nishikawa October 25, 2005 345/211
* H | US-6,859,193 B1 02-2005 Yumoto, Akira 345/82
| us-
J | USs-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Document Number Date Countr Name Classification
Country Code-Number-Kind Code MM-YYYY y
N
O
[ k4 nfe 5) applied
to do8ient
V|
7l B 5
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20110127
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/917.885 09/03/2013 8525760 114251.03 2374
25944 7590 08/14/2013

OLIFF & BERRIDGE, PLC
P.0. BOX 320850
ALEXANDRIA, VA 22320-4850

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Yojiro MATSUEDA, Chino-shi, JAPAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Case 2:22-cv-00118-JRG Document 2 Filed 04822 Page 1 of L PagsiD #: 104

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
: Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Eastern District of Texas, Marshall Division on the following
[ Trademarks or [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-cv-00118 4/18/2022 for the Eastern District of Texas, Marshall Division
PLAINTIFF DEFENDANT
Element Capital Commercial Company PTE. LTD BOE Technology Group Co., Ltd; Beijing BOE Display
technology Co., Ltd; and Motorola (Wuhan) Mobility
Technologies COmmunication Co., Ltd.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 7,259,736 8/21/2007 Element Capital Commercial Company PTE. LTD
2 8,164,267 4/24/2012 Element Capital Commercial Company PTE. LTD
3 8,525,760 9/3/2013 Element Capital Commercial Company PTE. LTD
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [ Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director

Copy 4—Case file copy
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Case 2:22-cv-00118-JRG Document 2

AQ 120 (Rev. 08/10)

Filed 04/18/22 Page 1 of 1 PagelD #: 104

REPORT ON THE

TO: Mail Stop 8
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Eastern District of Texas, Marshall Division on the following
[ Trademarks or [/ Patents. ( [] the patent action involves 35 U.S.C. § 292.);
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-cv-00118 4/18/2022 for the Eastern District of Texas, Marshall Division
PLAINTIFF DEFENDANT

Element Capital Commercial Company PTE. LTD

BOE Technology Group Co., Ltd; Beijing BOE Display
technology Co., Ltd; and Motorola (Wuhan) Mobility
Technologies COmmunication Co., Ltd.

TRADEMARENO. R DI AR HOLDER OF PATENT OR TRADEMARK
17,259,736 8/21/2007 Element Capital Commercial Company PTE. LTD
2 8,164,267 4/24/2012 Element Capital Commercial Company PTE. LTD
3 8,525,760 9/3/2013 Element Capital Commercial Company PTE. LTD
4
3

In the above—entitled case, the followi

ng patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY

[0 Amendment

[J Answer [ Cross Bill [J Other Pleading

DATE OF PATENT
OR TRADEMARK

PATENT OR
TRADEMARK NO.

HOLDER OF PATENT OR TRADEMARK

3
4
5
In the above—cntitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to

Copy 3—Upon termination of action, mail this copy to Director

Director  Copy 4—Case file copy

938




	25944_12917885_10-19-2011_WFEE
	25944_12917885_10-19-2011_N417
	25944_12917885_10-19-2011_RCEX
	25944_12917885_10-19-2011_XT/
	25944_12917885_10-19-2011_AMSB
	25944_12917885_10-19-2011_CLM
	25944_12917885_10-19-2011_REM
	25944_12917885_10-19-2011_WFEE
	25944_12917885_10-25-2011_IDS
	25944_12917885_10-25-2011_N417
	25944_12917885_11-02-2011_CTNF
	25944_12917885_11-02-2011_892
	25944_12917885_11-02-2011_FWCLM
	25944_12917885_11-02-2011_1449
	25944_12917885_11-02-2011_SRFW
	25944_12917885_11-02-2011_1449
	25944_12917885_11-02-2011_1449
	25944_12917885_12-09-2011_IDS
	25944_12917885_12-09-2011_N417
	25944_12917885_02-02-2012_A.I.
	25944_12917885_02-02-2012_CLM.NE
	25944_12917885_02-02-2012_REM
	25944_12917885_02-02-2012_N417
	25944_12917885_02-09-2012_NTC.A.NONCPL
	25944_12917885_02-09-2012_WFEE
	25944_12917885_03-09-2012_A...
	25944_12917885_03-09-2012_CLM
	25944_12917885_03-09-2012_REM
	25944_12917885_03-09-2012_N417
	25944_12917885_03-27-2012_NTC.A.NONCPL
	25944_12917885_04-26-2012_A...
	25944_12917885_04-26-2012_REM
	25944_12917885_04-26-2012_LET.
	25944_12917885_04-26-2012_A...
	25944_12917885_04-26-2012_CLM
	25944_12917885_04-26-2012_REM
	25944_12917885_04-26-2012_IDS
	25944_12917885_04-26-2012_FOR
	25944_12917885_04-26-2012_FOR
	25944_12917885_04-26-2012_FOR
	25944_12917885_04-26-2012_FOR
	25944_12917885_04-26-2012_FOR
	25944_12917885_04-26-2012_N417
	25944_12917885_04-26-2012_WFEE
	25944_12917885_06-07-2012_IDS
	25944_12917885_06-07-2012_N417
	25944_12917885_06-28-2012_CTFR
	25944_12917885_06-28-2012_FWCLM
	25944_12917885_06-28-2012_SRFW
	25944_12917885_06-28-2012_1449
	25944_12917885_06-28-2012_1449
	25944_12917885_06-28-2012_1449
	25944_12917885_07-16-2012_IDS
	25944_12917885_07-16-2012_WFEE
	25944_12917885_07-16-2012_N417
	25944_12917885_09-28-2012_RCEX
	25944_12917885_09-28-2012_AMSB
	25944_12917885_09-28-2012_CLM
	25944_12917885_09-28-2012_REM
	25944_12917885_09-28-2012_DRW
	25944_12917885_10-18-2012_CTNF



