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(7) ABSTRACT

A liquid crystal display device with low power consumption
is provided. In the liquid crystal display device having a
source signal line driver circuit, a gate signal line driver
circuit, a DAC controller, and a pixel portion and performing
an image display using an n-bit (n is a natural number, nZ22)
digital image signal, one pixel has memory circuits for
storing an n-bit digital image signal and a D/A converter, and
the n-bit digital image signal for one frame can be stored in
the pixel. In case of a static image display, the image signal
stored in the memory circuits is read out every frame to
perform the display, and thus, only a DAC controller is
driven during the display. Therefore, this contributes to a
reduction of the power consumption of the entire liquid
crystal display device.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a display device
and a driver circuit of the display device, particularly to an
active matrix display device having thin film transistors
formed on an insulator and a driver circuit of the active
matrix display device. More particularly, the present inven-
tion relates to an active matrix liquid crystal display device
using a digital image signal as an image source and a driver
circuit of the active matrix liquid crystal display device.

[0003]

[0004] In recent years, a display device having a semi-
conductor film formed on an insulator, particularly on a glass
substrate, particularly an active matrix display device using
thin film transistors (hereinafter referred to as TFTs) have
been spreading. The active matrix display device using TFTs
has several hundred thousands to several millions of TFTs
arranged in matrix and performs an image display by
controlling a charge of each pixel.

1. Field of the Invention

2. Description of the Related Art

[0005] Further, as a recent technique, a technique relating
to a polysilicon TFT for simultaneously forming a driver
circuit in the peripheral portion of a pixel portion with a
pixel TFT constituting a pixel is developing, which greatly
contributes to miniaturization and lower power consumption
of a device. Along with this, a liquid crystal display device
has been becoming an essential device for a display portion
of a mobile apparatus etc. in which the applied field has been
remarkably expanding in recent years.

[0006] A schematic diagram of an active matrix liquid
crystal display device of a normal digital system is shown in
FIG. 14A. A pixel portion 1404 is arranged in the center of
a substrate 1401. On the upper side of the pixel portion, a
source signal line driver circuit 1402 for controlling source
signal lines is arranged. On the right and left sides of the
pixel portion, gate signal line driver circuits 1403 for con-
trolling gate signal lines are arranged. Although symmetri-
cally arranged on the right and left sides of the pixel portion
in FIG. 14A, the gate signal line driver circuit 1403 may be
arranged on one side. However, the arrangement on both
sides is desirable from the viewpoint of driving efficiency
and driving reliability of the liquid crystal display device.
Input of signals to the respective driver circuits from the
outside is conducted through flexible printed circuits (FPCs)
1405.

[0007] FIG. 14B is an enlarged view of a circuit diagram
of a portion of 2x2 pixels surrounded by a dotted line frame
1406 in the pixel portion 1404 in FIG. 14A. One pixel has
a source signal line 1451, a gate signal line 1452, a pixel
TFT 1453, a liquid crystal 1454, and a storage capacitor
1455.

[0008] The source signal line driver circuit 1402 has the
structure shown in FIG. 15, for example. The driver circuit
shown as an example in FIG. 15 is a source signal line driver
circuit corresponding to a 3-bit digital gradation display,
which has a shift register circuit (SR) 1501, a first latch
circuit (LAT1) 1502, a second latch circuit (LAT2) 1503, a
D/A (digital/analog) converter (DAC) 1504 and the like.

May 17, 2007

Note that although not shown in FIG. 15, a buffer circuit, a
level shifter circuit and the like may be arranged if neces-
sary.

[0009] The operation is simply described with reference to
FIG. 15. First, the shift register circuit 1501 is input with
clock signals (S-CLK, S-CLKb) and a start pulse (S-SP),
and sampling pulses are sequentially output. Then, the
sampling pulses are input to the first latch circuit 1502, and
in accordance with this timing, digital image signals (digital
data) also input to the first latch circuit 1502 are respectively
held. Here, D2 is the most significant bit (MSB) and D0 is
the least significant bit (LSB). In the first latch circuit 1502,
after the completion of holding the digital image signals for
one horizontal period, the digital image signals held in the
first latch circuit 1502 are simultaneously transferred to the
second latch circuit 1503 in accordance with the input of
latch signals (latch pulses) in a return line period.

[0010] Thereafter, the shift register circuit 1501 is oper-
ated again, and holding of digital image signals for the next
horizontal period is started. On the other hand, at the same
time, the digital image signals held in the second latch
circuit 1503 are converted into analog image signals in the
D/A converter 1504. The digital image signal converted into
an analog image signal is written into a pixel 1505 of one
row in a state that the gate signal line is selected through the
source signal line. This operation is repeated, and thus, the
image display is conducted.

[0011] In a general active matrix liquid crystal display
device, renewal of a screen display is conducted about sixty
times per second in order to smoothly perform a display of
moving images. That is, it is necessary that every time a
digital image signal is supplied each one frame, write into a
pixel is conducted. Even if the image is a static image, the
same signal has to be continuously supplied every one
frame, Thus, it is necessary that the driver circuit continu-
ously and repeatedly performs the process of supplying the
same digital image signal.

[0012] There is a method in which a digital image signal
of a static image is once written into an external memory
circuit, and then, the digital image signal is supplied to a
liquid crystal display device from the external memory
circuit every one frame. However, the external memory
circuit and the driver circuit have to continuously operate in
any case.

[0013] Particularly in mobile apparatuses, lower power
consumption is greatly desired. Further, in the mobile appa-
ratus, though it is mostly used in a static image mode, the
external circuit, the driver circuit, and the like are continu-
ously operated in a static image display as described above.
Thus, this is an obstacle to the lower power consumption.

SUMMARY OF THE INVENTION

[0014] The present invention has been made in view of the
above, and an object of the present invention is therefore to
reduce power consumption of an external circuit, a signal
line driver circuit, and the like in displaying a static image
by using a novel circuit.

[0015] In order to solve the above object, the present
invention uses the following means.

[0016] One pixel has memory circuits for storing respec-
tive bits of a digital image signal and a D/A converter, and
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the digital image signal input from a source signal line is
once held in the memory circuits and D/A-converted to
thereby drive a liquid crystal. In case of a static image,
information written into a pixel is the same after the digital
image signal is once stored in the memory circuit. Therefore,
without renewal of the digital image signal every one frame,
the digital image signal stored in the memory circuit is read
out to enable a display of the static image. That is, while the
static image display is performed, after the process operation
of the digital image signal for one frame, the digital image
signal stored in the memory circuit is processed by the D/A
converter in the pixel to perform write into the pixel. Thus,
during this period, the display can be performed while the
most parts of the driver circuit are stopped. As a result, this
contributes to a sharp reduction in power consumption. In a
liquid crystal display device using the present invention, it
becomes possible to reduce the power consumption by
approximately 100 mW in prior art to approximately 10 mW.

[0017] Hereinafter, structures of a display device of the
present invention are described.

[0018] According to a first aspect of the present invention,
there is provided a liquid crystal display device having a
source signal line driver circuit, a gate signal line driver
circuit, a DAC controller, and a pixel portion, the liquid
crystal display device performing an image display using an
n-bit (n is a natural number, n=2) digital image signal,
characterized in that:

[0019] one pixel in the pixel portion has 1 bitxn memory
circuits for storing the n-bit digital image signal and a D/A
converter.

[0020] According to a second aspect of the present inven-
tion, there is provided a liquid crystal display device having
a source signal line driver circuit, a gate signal line driver
circuit, a DAC controller, and a pixel portion, the liquid
crystal display device performing an image display using an
n-bit (n is a natural number, n=2) digital image signal,
characterized in that:

[0021] one pixel in the pixel portion has 1 bitxn memory
circuits for storing the n-bit digital image signal and a D/A
converter; and

[0022] the memory circuits store the n-bit digital image
signal for one frame.

[0023] According to a third aspect of the present inven-
tion, there is provided a liquid crystal display device having
a source signal line driver circuit, a gate signal line driver
circuit, a DAC controller, and a pixel portion, the liquid
crystal display device performing an image display using an
n-bit (n is a natural number, n=2) digital image signal,
characterized in that:

[0024] one pixel in the pixel portion has 1 bitxn memory
circuits for storing the n-bit digital image signal and a D/A

converter; and
[0025] the liquid crystal display device has:

[0026] means for outputting a sampling pulse in
accordance with a clock signal and a start pulse;

[0027] means for holding the digital image signal in
accordance with the sampling pulse;
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[0028]
nal;

[0029] means for reading out the stored digital image
signal and conducting D/A conversion to obtain an
analog gradation signal; and

[0030] means for performing the image display in
accordance with the analog gradation signal.

means for storing the held digital image sig-

[0031] According to a fourth aspect of the present inven-
tion, the liquid crystal display device of any of the first to
third aspects of the present invention is characterized in that
the source signal line driver circuit sequentially inputs a
digital image signal bit by bit.

[0032] According to a fifth aspect of the present invention,
the liquid crystal display device of any of the first to third
aspects of the present invention is characterized in that the
gate signal line driver circuit sequentially drives the memory
circuits in one pixel bit by bit through gate signal lines in one
horizontal period.

[0033] According to a sixth aspect of the present inven-
tion, the liquid crystal display device of any of the first to
third aspects of the present invention is characterized in that
the DAC controller is input with a plurality of fixed electric
potentials (voltages) and selects one or more of the plurality
of fixed electric potentials (voltages) to supply them to a
pixel.

[0034] According to a seventh aspect of the present inven-
tion, the liquid crystal display device of the sixth aspect of
the present invention is characterized in that the DAC
controller has a plurality of latch circuits and selects one or
more of the plurality of fixed electric potentials (voltages) in
accordance with selection information stored in the latch
circuits.

[0035] According to an eighth aspect of the present inven-
tion, the liquid crystal display device of the seventh aspect
of the present invention is characterized in that the selection
information is rewritten every constant period.

[0036] According to a ninth aspect of the present inven-
tion, the liquid crystal display device of any of the first to
third aspects of the present invention is characterized in that
the memory circuit is a static type memory (SRAM).

[0037] According to a tenth aspect of the present inven-
tion, the liquid crystal display device of any of the first to
third aspects of the present invention is characterized in that
the source signal line driver circuit, the gate signal line
driver circuit, and the DAC controller are formed on the
same substrate as the pixel portion.

[0038] According to an eleventh aspect of the present
invention, the liquid crystal display device of any of the first
to third aspects of the present invention is characterized in
that the source signal line driver circuit, the gate signal line
driver circuit, or the DAC controller is an external circuit.

[0039] According to a twelfth aspect of the present inven-
tion, the liquid crystal display device of any of the first to
third aspects of the present invention is characterized in that:

[0040] in a display period of a static image, only the DAC
controller is driven;

[0041] adigital image signal stored in the memory circuits
is repeatedly read out, and D/A conversion is conducted to
obtain an analog gradation signal;
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[0042] the image display is conducted in accordance with
the analog gradation signal; and thus

[0043] the source signal line driver circuit and the gate
signal line driver circuit are stopped.

[0044] According to a thirteenth aspect of the present
invention, the liquid crystal display device of any of the first
to third aspects of the present invention is characterized in
that:

[0045] in a display period of a static image, only the DAC
controller is driven;

[0046] adigital image signal stored in the memory circuits
is repeatedly read out, and D/A conversion is conducted to
obtain an analog gradation signal;

[0047] the image display is conducted in accordance with
the analog gradation signal; and thus

[0048] an external circuit not including the DAC control-
ler is stopped.

[0049] According to a fourteenth aspect of the present
invention, the liquid crystal display device of any of the first
to third aspects of the present invention is characterized in
that:

[0050] the source signal line driver circuit has an X-ad-
dress decoder;

[0051] the gate signal line driver circuit has a Y-address
decoder; and

[0052] in the memory circuit, rewrite is possible in a pixel
at arbitrary coordinates in a display region.

[0053] According to a fifteenth aspect of the present
invention, the liquid crystal display device of any of the first
to third aspects of the present invention is characterized in
that the memory circuits are formed over a glass substrate.

[0054] According to a sixteenth aspect of the present
invention, the liquid crystal display device of any of the first
to third aspects of the present invention is characterized in
that the memory circuits are formed over a plastic substrate.

[0055] According to a seventeenth aspect of the present
invention, the liquid crystal display device of any of the first
to third aspects of the present invention is characterized in
that the memory circuits are formed over a stainless sub-
strate.

[0056] According to an eighteenth aspect of the present
invention, the liquid crystal display device of any of the first
to third aspects of the present invention is characterized in
that the memory circuits are formed over a single crystal
wafer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] FIG. 1 is a circuit diagram of a pixel portion of a
liquid crystal display device of the present invention;

[0058] FIG. 2 is a circuit diagram of a source signal line
driver circuit of the liquid crystal display device of the
present invention;

[0059] FIG. 3 is a circuit diagram of a gate signal line
driver circuit of the liquid crystal display device of the
present invention;
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[0060] FIG. 4 is a circuit diagram of a DAC controller of
the liquid crystal display device of the present invention;

[0061] FIGS. 5A and 5B are detailed diagrams of the
circuits indicated by blocks in the respective circuit dia-
grams of the present invention;

[0062] FIGS. 6A to 6C are detailed diagrams of the
circuits indicated by blocks in the respective circuit dia-
grams of the present invention;

[0063] FIG. 7 is a diagram showing a timing chart about
operation of the liquid crystal display device of the present
invention;

[0064] FIG. 8 is a diagram showing a timing chart about
operation of the liquid crystal display device of the present
invention;

[0065] FIG. 9 is a diagram showing an actual layout of a
pixel portion of a liquid crystal display device of Embodi-
ment 1;

[0066] FIGS. 10A to 10C are circuit diagrams of a pixel
having a D/A converter constituted of a plurality of grada-
tion power source lines and decoders of Embodiment 3;

[0067] FIGS. 11A and 11B are circuit diagrams of a pixel
having a D/A converter constituted of a plurality of grada-
tion power source lines and decoders of Embodiment 3;

[0068] FIG. 12 is a schematic diagram of a whole substrate
of a liquid crystal display device of Embodiment 1;

[0069] FIGS. 13A and 13B are diagrams showing an
example in which an X-address decoder and a Y-address
decoder are added to the liquid crystal display device of
Embodiment 4;

[0070] FIGS. 14A and 14B are schematic diagrams of a
whole substrate and a circuit diagram of a pixel portion of
a conventional liquid crystal display device, respectively;

[0071] FIG. 15 is a circuit diagram of a source signal line
driver circuit of the conventional liquid crystal display
device;

[0072] FIGS. 16A to 16C are diagrams showing examples
of a manufacturing process of a liquid crystal display device
of Embodiment 2;

[0073] FIGS. 17A to 17C are diagrams showing examples
of the manufacturing process of the liquid crystal display
device of Embodiment 2;

[0074] FIGS. 18A to 18C are diagrams showing examples
of the manufacturing process of the Liquid crystal display
device of Embodiment 2;

[0075] FIG. 19 is a diagram showing examples of the
manufacturing process of the liquid crystal display device of
Embodiment 2;

[0076] FIG. 20 is a block diagram showing a structure of
a portable information terminal of Embodiment 5;

[0077] FIG. 21 is a block diagram showing a structure of
a portable telephone of Embodiment 5;

[0078] FIGS. 22Ato 22D are diagrams showing examples
of electronic equipment to which the liquid crystal display
device of the present invention is applied in Embodiment 6;
and
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[0079] FIGS. 23Ato 23C are diagrams showing examples
of electronic equipment to which the liquid crystal display
device of the present invention is applied in Embodiment 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0080] An embodiment mode of the present invention is
described. Note that although a case where a gradation of a
digital image signal is 3-bit is taken as an example for a
concrete explanation, the present invention is not limited to
3-bit. The same method can be applied to an n-bit digital
image signal.

[0081] FIG. 1 is a circuit diagram of a pixel portion of a
display device of the present invention. A portion sur-
rounded by a dotted line frame 100 corresponds to one pixel,
and adjacent three pixels have color filters of R, G and B,
respectively to perform a color image display. The one pixel
has a source signal line 101, a first gate signal line 102, a
second gate signal line 103, a third gate signal line 104, a
first pixel TFT 105, a second pixel TFT 106, a third pixel
TFT 107, a first memory circuit 108, a second memory
circuit 109, a third memory circuit 110, gradation power
source selection TFTs 111 to 116, low voltage side gradation
power source lines (Vi) 117 to 119, high voltage side
gradation power source lines (Vi) 120 to 122, a first DAC
capacitor 123, a second DAC capacitor 124, a third DAC
capacitor 125, a pixel portion reset signal line 126, a pixel
portion reset TFT 127, a storage capacitor 128, a halftone
gradation power source line (V,,) 129, a common power
source line 130, and a liquid crystal element (LC). Operation
of the respective portions is described later.

[0082] Here, when the DAC capacitors 123 1o 125 are
represented by C,5 to C, 55, the capacity ratio is set to 4: 2
:1. The capacity to be charged is determined by a 3-bit
digital image signal, and electric charges in 8 levels is
charged in accordance with the combination of the capacity.
Thus, a control of a voltage applied to the liquid crystal
element is conducted.

[0083] FIG. 2 is a circuit diagram of a source signal line
driver circuit of the display device of the present invention.
Here, a display device of color QVGA is taken as an
example, and the number of pixels in a horizontal direction
is 960 pixels (320xRGB).

[0084] The source signal line driver circuit shown in the
figure has a shift register 201, a NAND circuit 202, a buffer
203, a level shifter 204, a first latch circuit 205, a second
latch circuit 206, a pixel 207, and the like. In addition,
reference numeral 1 indicates a start pulse (R—L) (S-SP); 2,
a clock signal (S-CLK); 25, a clock signal (inversion)
(S-CLKb); 3, an initial reset signal (S-Ini-Re); 4, a start
pulse (L—R); 5, a scanning direction switching signal (LR);
5b, a scanning direction switching signal (inversion) (LRb);
6, a digital image signal red first phase (Data-R1); 7, a digital
image signal green first phase (Data-G1); 8, a digital image
signal blue first phase (Data-B1); 9, a digital image signal
red second phase (Data-R2); 10, a digital image signal green
second phase (Data-G2); 11, a digital image signal blue first
phase (Data-B2); 12, a digital image signal red third phase
(Data-R3); 13, a digital image signal green third phase
(Data-G3); 14, a digital image signal blue third phase
(Data-B3); 15, a digital image signal red fourth phase
(Data-R4); 16, a digital image signal green fourth phase
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(Data-G4); 17, a digital image signal blue fourth phase
(Data-B4); and 18, a latch pulse (S-LAT).

[0085] The shift register 201 has the structure shown in
FIG. 5A. In FIG. 5A, reference numerals 41 to 51 attached
to inputs/outputs of respective signals correspond to refer-
ence numerals 41 to 51 attached to input/output pins of a
block diagram of the same figure. The shift register used
here has a shift register portion 501 for sequentially output-
ting sampling pulses and a level shifter portion 502 using a
differential amplifier circuit.

[0086] As for the NAND circuit 202 and the buffer 203,
general ones may be used, and thus, the explanation thereof
is omitted here.

[0087] The level shifter 204 performs conversion of a
voltage amplitude of a digital image signal supplied from an
external source. The level shifter 204 has the structure
shown in FIG. 5B, and has 12 level shifter circuits (indicated
by Unit in a block diagram of FIG. 5B) and a current source
(indicated by Sup. in the block diagram of FIG. 5B). Circuit
diagrams of the level shifter circuit and the current source
are also shown in FIG. 5B. Digital image signals input from
twelve signal lines (RGBx4 phases) are subjected to the
conversion of a voltage amplitude by the respective level
shifters and output to video signal lines.

[0088] The first latch circuit 205 and the second latch
circuit 206 have the structures shown in FIG. 6A. Reference
numerals 59 to 61 attached to outputs/inputs of respective
signals correspond to reference numerals 59 to 61 attached
to input/output pins of a block diagram of the same figure.

[0089] The operation of the source signal line driver
circuit is explained. FIG. 7 is a timing chart, which is
referred for the explanation. Note that FIG. 2 described
above is referred for the circuit diagram. Reference numeral
701 indicates one horizontal period; 702, a return line
period. The shift register 201 outputs sampling pulses
sequentially by input of start pulses (S-SP) and clock signals
(S-CLK). Thereafter, the sampling pulses pass through the
NAND circuit 202 and the buffer 203, and become pulses for
conducting a latch operation in the first latch circuit 205. In
the first latch circuit 205, digital image signals are sequen-
tially latched in accordance with the timing of the sampling
pulse. Since the source signal line driver circuit shown in
FIG. 2 applies three colors of RGB and video 4-divisions,
the first latch circuit 205 of twelve stages simultaneously
performs the latch operation with the timing of one sampling
pulse. After the completion of the latch operation of one row
in a horizontal direction, a latch pulse (S-LAT) is input in a
return line period, and in accordance with the timing, the
digital image signals are transferred to the second latch
circuit 206 from the first latch circuit 205. Note that the shift
register 201 through the second latch circuit 206 in FIG. 2
perform the above operation three times in one horizontal
period to sequentially process the 3-bit digital image signals.

[0090] The source signal line driver circuit in the liquid
crystal display device of the present invention has a structure
in which data every bit is sequentially input as shown in FIG.
7. Here, the input of data is conducted in the order of D2, D1
and D0. With this structure, it is possible to reduce the
number of latch circuits in the source signal line driver
circuit.

[0091] FIG. 3 is a circuit diagram of a gate signal line
driver circuit of the display device of the present invention.
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Here, the display device of color QVGA is taken as an
example, and the number of pixels in a vertical direction is
240 pixels. Note that, in the liquid crystal display device of
the present invention, in the case where a gradation of a
digital image signal is 3-bit, one pixel is controlled by using
three gate signal lines. Thus, in FIG. 3, the number of gate
signal lines is 240x3=720. That is, in order to realize n-bit
digital gradation according to the present invention, n-gate
signal lines are used per one pixel, and the number of gate
signal lines may be 240xn in case of FIG. 3.

[0092] The gate signal line driver circuit shown in the
figure has a shift register 301, a NAND circuit 302, a
multiplexer 303 using a NOR circuit, a level shifter 304, a
bufter 305, and the like. In addition, reference numeral 21
indicates a start pulse (D—U) (G-SP); 22, a clock signal
(G-CLK); 22, a clock signal (inversion) (G-CLKDb); 23, an
initial reset signal (G-Ini-Re); 24, a start pulse (U—D)
(G-SP); 25, a scanning direction switching signal (UD); 255,
a scanning direction switching signal (inversion) (UDb); 26,
a multiplexer signal 1 (GMPX1); 27, a multiplexer signal 2
(GMPX2); and 28, a multiplexer signal 3 (GMPX3).

[0093] The shift register 301 is identical with the circuit
shown in FIG. 5A in the heading of the source signal line
driver circuit, and thus, the explanation is omitted.

[0094] The level shifter 304 has the structure as shown in
FIG. 6B. In FIG. 6B, reference numerals 62 and 63 attached
to inputs/outputs of respective signals correspond to refer-
ence numerals 62 and 63 attached to input/output pins of a
block diagram of the same figure.

[0095] As for the NAND circuit 302 and the buffer 305,
general ones may be used, and thus, the explanation thereof
is omitted here.

[0096] Next, the operation of the gate signal line driver
circuit is explained. In FIG. 8, a timing chart is shown. The
timing chart is referred for the explanation. Reference
numeral 801 indicates one horizontal period; 802, a DAC
processing period; and 803, a display period. Note that FIG.
3 described above is referred for the circuit diagram. The
shift register 301 sequentially outputs selection pulses by
input of start pulses (G-SP) and clock signals (G-CLK).
Thereafter, the selection pulses pass through the NAND
circuit 302 and are input to the multiplexer 303. The
multiplexer 303 is input with first to third multiplex signals
(G-MPX1 to 3) together and sequentially outputs three
selection pulses having a pulse width that is one third as
wide as a pulse output from the shift register. These are
output to the gate signal line as gate signal line selection
pulses, and a voltage is applied to a gate electrode of a pixel
TFT.

[0097] FIG. 4 is a circuit diagram of a DAC controller of
the display device of the present invention. The DAC
controller shown in the figure has a shift register 401, a
NAND circuit 402, a multiplexer 403 using a NOR circuit,
alevel shifter 404, a gradation power source selection circuit
(Vpx Select) 405, and the like. Note, reference numeral 31
indicates a start pulse (D—=U) (C-SP); 32, a clock signal
(C-CLK); 325, a clock signal (inversion) (C-CLKb); 33, an
initial reset signal (C-Ini-Re); 34, a start pulse (U—D)
(C-SP); 35, a scanning direction switching signal (UD); 355,
a scanning direction switching signal (inversion) (UDb); 36,
a polarity inversion signal (C-Pol-S); 37, a reset signal 2
(C-Res-2); 38, a reset signal 1 (C-Res-1); 39, a polarity
switching signal (C-Pol-V).
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[0098] Here, the circuits of the shift register 401 through
the level shifter 404 are identical with those of the gate
signal line driver circuit described using FIG. 3, and thus,
the explanation thereof is omitted here.

[0099] The gradation power source selection circuit 405
has the structure shown in FIG. 6C. In FIG. 6C, reference
numerals 64 to 68 attached to inputs/outputs of respective
signals correspond to reference numerals 64 to 68 attached
to input/output pins of a block diagram of the same figure.

[0100] Subsequently, the operation of the DAC controller
is explained. FIG. 8 is a timing chart which is referred for the
explanation. Note that FIG. 4 described above is referred for
the circuit diagram. The operation of the shift register 401
through the NAND circuit 402 is the same as the gate signal
line driver circuit. The multiplexer 403 is input with a
polarity inversion signal (C-Pol-S), a reset signal 1
(C-Resl), and a reset signal 2 (C-Res2) to obtain a logical
sum with a selection pulse output from the shift register 401.
Among these signals, the reset signal 1 is subjected to the
conversion of a voltage amplitude in the level shifter 404
and directly output to a reset signal line of a pixel portion.
The reset signal 2 and the polarity inversion signal are
subjected to the conversion of a voltage amplitude in the
level shifter 404 and then, input to the gradation power
source selection circuit 405.

[0101] Here, the operation of the gradation power source
selection circuit 405 is described. The gradation power
source selection circuit 405 is input with a polarity switching
signal (C-Pol-V) in addition to the above-described two
signals. This signal is one for switching positive and nega-
tive of a voltage applied to the liquid crystal element every
constant period (normally, every one frame period). When
the gradation power source selection circuit 405 is input
with the polarity inversion signal (C-Pol-S), the state of the
polarity switching signal (C-Pol-V) at this time is latched.
Thereafter, until the polarity inversion signal (C-Pot-S) is
input again, the state controls a group of analog switches
(see a detailed diagram of FIG. 6C) in the gradation power
source selection circuit 405. Here, positive or negative of an
electric potential applied to a pixel is determined.

[0102] Either Vi or Vi, is selected as the high voltage
side gradation power supply line, and either V; or V;, is
selected as the low voltage side gradation power source line.
At this time, when an electric potential (voltage) of an
opposing electrode of the liquid crystal is indicated as COM
and V> V>V [Ve=Vi[* Vi =V vV~ VeV

[0103] Forexample, if Vy, =0V, V==V, =5V, and V;;, =-
Vi ,==5V, this satisfies the above conditions, and also is
simple and desirable.

[0104] Further, while the reset signal 2 is being input, the
same potential as the low voltage side gradation power
source line is forcedly input to the high voltage side grada-
tion power source line (Vi) (that is, V;=V; in FIG. 1).
During writing operation for 3 bits to the memory circuits of
the pixel portion, which will be described later, a charge is
not stored in the DAC capacitors.

[0105] Subsequently, the operation of processing of sig-
nals in a pixel through displaying is explained. FIG. 1
described above is referred for the explanation. A 3-bit
digital image signal is sequentially input every bit from the
source signal line 101. The three gate signal lines 102 to 104
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arranged in one pixel are sequentially selected in one
horizontal period, whereby this digital image signal is writ-
ten into the respective memory circuits.

[0106] First, the reset signal 1 (C-Rest) is input, the pixel
portion reset TFT 127 is made conductive, and an electric
potential of the opposing electrode is nitialized to V, ;. Next,
the reset signal 2 (C-Res2) is input, and the state in which
a charge is not stored in the DAC capacitors 123 to 125 is
fixed.

[0107] Subsequently, one horizontal period is divided into
three sub-periods. In the first sub-period, the first gate signal
line 102 is selected at the timing of the first multiplex signal
(G-MPX1) to make the first pixel TFT 105 conductive, and
then, a digital image signal (D2) of the most significant bit
is written into the memory circuit 108. Thereafter, the
second gate signal line 103 is selected at the timing of the
second multiplex signal (G-MPX2) to make the second pixel
TFT 106 conductive, and then, a digital image signal (D1)
of the second bit is written into the memory circuit 109.
Finally, the third gate signal line 104 is selected at the timing
of the third multiplex signal (G-MPX3) to make the third
pixel TFT 107 conductive, and then, a digital image signal
(D0) of the least significant bit is written into the memory
circuit 110.

[0108] The gradation power source lines are selected for
respective bits by the gradation power source selection TFTs
111 to 116 in accordance with the digital image signals
stored in the memory circuits 108 to 110. At this time, the
pulse of the reset signal 2 (C-Res2) stops, charges are stored
in the DAC capacitors 123 to 125, and the liquid crystal
element is driven to perform an image display.

[0109] Inorderto make the liquid crystal display device of
the present invention compatible with an n-bit digital image
signal, it is appropriate that one horizontal period is divided
into n and the same process is conducted. Thereafter, the
write of signals to the memory circuit can be conducted bit
by bit.

[0110] In the case where a static image is displayed, the
source signal line driver circuit and the gate signal line
driver circuit are stopped, and only the DAC controller is
operated. At this time, the digital image signal stored in the
memory circuits is read out every frame, whereby the static
image display can be continuously performed. Therefore, it
is possible to drastically reduce the power consumption of
the driver circuit in comparison with a conventional display
device.

[0111] Note that a capacitor type D/A converter using a
plurality of capacitors is used as a D/A converter in this
embodiment mode, but a resistance type D/A converter that
provides a plurality of electric potentials by resistance
division, and the like may also be used.

[0112] Hereinafter, embodiments of the present invention
are described.

Embodiment 1

[0113] FIG. 12 is an overall schematic diagram of a liquid
crystal display device of the present invention. A pixel
portion 1205 is provided in the center portion of a substrate
1201, and an FPC 1206 for inputting signals is provided in
the end portion. A source signal line driver circuit 1202 is
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arranged under the pixel portion 1205, and processes digital
image signals and performs write in a source signal line. On
the right and left sides of the pixel portion 1205 are arranged
a gate signal line driver circuit 1203 for selecting a gate
signal line and a DAC controller 1204 for controlling a D/A
converter arranged in the pixel portion. Taking the driving
reliability, efficiency, and the like of the liquid crystal
display device into consideration, the opposite arrangement
of the driver circuits on both sides of the pixel portion is
desirable as shown in FIG. 14A. However, the one side
arrangement may be adopted as in this embodiment. Further,
in order to take the arrangement on both sides with the
circuit structure shown in FIG. 12, a method of forming the
gate signal line driver circuit 1203 and the DAC controller
1204 as one circuit is given. In accordance with the opera-
tion of the driver circuit as shown above, since the gate
signal line driver circuit 1203 and the DAC controller 1204
are driven by clock signals having the same frequency, it is
easy to integrally form one circuit as described above. Thus,
it can be said that the above-described method is an effective
means.

[0114] FIG. 9 shows an example of the circuit layout of the
pixel portion of the active matrix substrate of the liquid
crystal display device of the present invention. In FIG. 9, an
opposing electrode arranged on the side of an opposing
substrate, a pixel electrode, and the like are omitted. Note
that reference numerals in the figure are the same as those in
the circuit diagram of FIG. 1. Further, VDD indicates a
positive power source line; VSS, a negative power source
line; COM, a common power source line; Vi, a high voltage
side gradation power source line; V;, a low voltage side
gradation power source line; V,, a halftone gradation power
source line; Gate, a gate signal line; and Reset, a reset signal
line.

[0115] A portion surrounded by a dotted line frame 100
corresponds to one pixel. Portions surrounded by dotted line
frames 108 to 110, respectively, correspond to memory
circuits for storing a digital image signal every bit, and in the
figure shown in this embodiment, the memory circuits are
general SRAMs in which an inverter is connected in a loop
shape. As described above, in the liquid crystal display
device of the present invention, a number of elements are
required for the circuit structure of the pixel portion in
comparison with a general case, and thus, it is difficult to
secure an opening ratio. Therefore, a reflection type struc-
ture of the pixel portion is desirably adopted for the liquid
crystal display device of the present invention. However, if
saving space in the respective portions is possible due to
minute processing of the circuit, and the like, a transmission
type liquid crystal display device may be easily applied.

Embodiment 2

[0116] In this embodiment, a method of simultaneously
forming of TFTs of a pixel portion 5100 and of a driver
circuit 5101 (source signal side driver circuit and gate signal
side driver circuit) which is formed the periphery of the pixel
portion of the display device of the present invention.
However, to simplify of the explanation, concerning the
driver circuit portion, CMOS circuit, which is a basic circuit,
is illustrated.

[0117] FIG. 16A is referred. First, in this embodiment, a
substrate 5001 is used, which is made of glass such as
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barium borosilicate glass or aluminum borosilicate, repre-
sented by such as Corning #7059 glass and #1737 glass.
Note that, as the substrate 5001, there is no limitation
provided that it is a substrate with transmittance, and a
quartz substrate may be used. A plastic substrate with heat
resistance to a process temperature of this embodiment may
also be used.

[0118] Then, a base film 5002 formed of an insulating film
such as a silicon oxide film, a silicon nitride film or a silicon
nitride oxide film is formed on the substrate 5001. In this
embodiment, a two-layer structure is used as the base film
5002. However, a single-layer film or a lamination structure
consisting of two or more layers of the insulating film may
be used. As a first layer of the base film 5002, a silicon
nitride oxide film 50014 is formed with a thickness of 10 to
200 nm (preferably 50 to 100 nm) with a plasma CVD
method using SiH,, NH;, and N,O as reaction gas. In this
embodiment, the silicon nitride oxide film 5002« (compo-
sition ratio Si=32%, 0=27%, N =24% and H =17%) with a
film thickness of 50 nm is formed. Then, as a second layer
of the base film 5002, a silicon nitride oxide film 50025 is
formed and laminated into a thickness of 50 to 200 nm
(preferably 100 to 150 nm) with a plasma CVD method
using SiH,, and N,O as reaction gas. In this embodiment,
the silicon nitride oxide film 50025 (composition ratio
Si=32%, O =59%, N =7% and H=2%) with a film thickness
of 100 nm is formed.

[0119] Subsequently, semiconductor layers 5003 to 5006
are formed on the base film. The semiconductor layers 5003
to 5006 are formed from a semiconductor film with an
amorphous structure which is formed by a known method
(such as a sputtering method, an LPCVD method, or a
plasma CVD method), and is subjected to a known crystal-
lization process (a laser crystallization method, a thermal
crystallization method, or a thermal crystallization method
using a catalyst such as nickel). The crystalline semicon-
ductor film thus obtained is patterned into desired shapes to
obtain the semiconductor layers. The semiconductor layers
5003 to 5006 are formed into the thickness of from 25 to 80
nm (preferably 30 to 60 nm). The material of the crystalline
semiconductor film is not particularly limited, but it is
preferable to be formed of silicon, a silicon germanium
(Si,Ge,_,(X=0.0001 to 0.02)) alloy, or the like. In this
embodiment, 55 nm thick amorphous silicon film is formed
by a plasma CVD method, and then, a nickel-containing
solution is held on the amorphous silicon film. A dehydro-
genation process of the amorphous silicon film is performed
(500° C. for one hour), and thereafter a thermal crystalliza-
tion process is performed (550° C. for four hours) thereto.
Further, to improve the crystallinity thereof, a laser anneal-
ing treatment is performed to form the crystalline silicon
film. Then, this crystalline silicon film is subjected to a
patterning process using a photolithography method, to
obtain the semiconductor layers 5003 to 5006.

[0120] Further, after the formation of the semiconductor
layers 5003 to 5006, a minute amount of impurity element
(boron or phosphorus) may be doped to control a threshold
value of the TFT.

[0121] Besides, in the case where the crystalline semicon-
ductor film is manufactured by the laser crystallization
method, a pulse-oscillation type or continuous-wave type
excimer laser, YAG laser, or YVO, laser may be used. In the
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case where those kinds of laser are used, it is appropriate to
use a method in which laser light radiated from a laser
oscillator is condensed by an optical system into a linear
beam, and is irradiated to the semiconductor film. Although
the conditions of the crystallization should be properly
selected by an operator, in the case where the excimer laser
is used, a pulse oscillation frequency is set as 30 Hz, and a
laser energy density is set as 100 to 400 mJ/cm? (typically
200 to 300 mJ/cm?). In the case where the YAG laser is used,
it is appropriate that the second harmonic is used to with a
pulse oscillation frequency of 1 to 10kHz and a laser energy
density of 300 to 600 mj/cm>(typically, 350 to 500 mJ/cm®).
Then, laser light condensed into a linear shape with a width
of 100 to 1000 pm, for example, 400 um is irradiated to the
whole surface of the substrate, and an overlapping ratio
(overlap ratio) of the linear laser light at this time may be set
as 50 to 90%.

[0122] A gate insulating film 5007 is then formed for
covering the semiconductor layers 5003 to 5006. The gate
insulating film 5007 is formed of an insulating film contain-
ing silicon by a plasma CVD method or a sputtering method
into a film thickness of from 40 to 150 nm. In this embodi-
ment, the gate insulating film 5007 is formed of a silicon
nitride oxide film into a thickness of 110 nm by a plasma
CVD method (composition ratio Si =32%, O =59%, N =7%,
and H =2%). Of course, the gate insulating film 5007 is not
limited to the silicon nitride oxide film, and an other
insulating film containing silicon may be used as a single
layer or a lamination structure.

[0123] Besides, when the silicon oxide film is used, it can
be possible to be formed by a plasma CVD method in which
TEOS (tetracthyl orthosilicate) and O,, are mixed and
discharged at a high frequency (13.56 MHz) power density
of 0.5 to 0.8 W/cm? with a reaction pressure of 40 Pa and a
substrate temperature of 300 to 400° C. Good characteristics
as the gate insulating film can be obtained in the manufac-
tured silicon oxide film thus by subsequent thermal anneal-
ing at 400 to 500° C.

[0124] Then, on the gate insulating film 5007, a first
conductive film 5008 with a thickness of 20 to 100 nm and
asecond conductive film 5009 with a thickness of 100 to 400
nm are formed and laminated. In this embodiment, the first
conductive film 5007 of TaN film with a film thickness of 30
nm and the second conductive film 5008 of a W film with a
film thickness of 370 nm are formed into lamination. The
TaN film is formed by sputtering with a Ta target under a
nitrogen containing atmosphere. Besides, the W film is
formed by the sputtering method with a W target. The W film
may be formed by a thermal CVD method using tungsten
hexafluoride (WE ). Whichever method is used, it is neces-
sary to make the material have low resistance for use as the
gate electrode, and it is preferred that the resistivity of the W
film is set to less than or equal to 20 uQcm. By making the
crystal grains large, it is possible to make the W film have
lower resistivity. However, in the case where many impurity
elements such as oxygen are contained within the W film,
crystallization is inhibited and the resistance becomes
higher. Therefore, in this embodiment, by forming the W
film by a sputtering method using a target with a purity of
99.9999%, and in addition, by taking sufficient consider-
ation to prevent impurities within the gas phase from mixing
therein during the film formation, a resistivity of from 9 to
20 pQcm can be realized.
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[0125] Note that, in this embodiment, the first conductive
film 5008 is made of TaN, and the second conductive film
5009 is made of W, but the material is not particularly
limited thereto, and either film may be formed of an element
selected from the group consisting of Ta, W, Ti, Mo, Al, Cu,
Cr, and Nd, or an alloy material or a compound material
containing the above element as its main constituent.
Besides, a semiconductor film, typified by a polycrystalline
silicon film doped with an impurity element such as phos-
phorus, may be used. Further, an AgPdCu alloy may be used.
Besides, any combination may be employed such as a
combination in which the first conductive film is formed of
tantalum (Ta) and the second conductive film is formed of
W, a combination in which the first conductive film is
formed of titanium nitride (TiN) and the second conductive
film is formed of W, a combination in which the first
conductive film is formed of tantalum nitride (TaN) and the
second conductive film is formed of Al, or a combination in
which the first conductive film is formed of tantalum nitride
(TaN) and the second conductive film is formed of Cu.

[0126] Next, as shown in FIG. 16B, mask 5010 made of
resist are formed using a photolithography method, and a
first etching process is performed in order to form electrodes
and wirings. This first etching process is performed with the
first and second etching conditions. In this embodiment, as
the first etching conditions, an ICP (inductively coupled
plasma) etching method is used, a gas mixture of CF,,
Cl,and O, is used as an etching gas, the gas flow rate is set
to 25/25/10 scem, and plasma is generated by applying a 500
W RF (13.56 MHz) power to a coil shape electrode under 1
Pa. A dry etching device with ICP (Model E6450ICP)
produced by Matsushita Electric Industrial Co. Ltd. is used
here. A 150 W RF (13.56 MHz) power is also applied to the
substrate side (test piece stage) to effectively apply a nega-
tive self-bias voltage. The W film is etched with the first
etching conditions, and the end portion of the second con-
ductive layer is formed into a tapered shape. In the first
etching conditions, the etching rate for W is 200.39 nm/min.,
the etching rate for TaN is 80.32 nm/min, and the selectivity
of W to TaN is about 2.5. Further, the taper angle of W is
about 26° with the first etching conditions.

[0127] Thereafter, as shown in FIG. 16B, the first etching
conditions are changed into the second etching conditions
without removing the mask 5010 made of resist, a mixed gas
of CF, and Cl, is used as an etching gas, the gas flow rate
is set to 30/30 sccm, and plasma is generated by applying a
500 W RF (13.56 MHz) power to a coil shape electrode
under 1 Pa to thereby perform etching for about 30 seconds.
A 20W RF (13.56 MHz) power is also applied to the
substrate side (test piece stage) to effectively a negative
self-bias voltage. The W film and the TaN film are both
etched on the same order with the second etching conditions
in which CF, and Cl,, are mixed. In the second etching
conditions, the etching rate for W is 58.97 nm/min, and the
etching rate for TaN is 66.43 nm/min. Note that, the etching
time may be increased by approximately 10 to 20% in order
to perform etching without any residue on the gate insulating
film.

[0128] In the first etching process, the end portions of the
first and second conductive layers are formed to have a
tapered shape due to the effect of the bias voltage applied to
the substrate side by adopting masks of resist with a suitable
shape. The angle of the tapered portions may be set to 15°
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to 45°. Thus, first shape conductive layers 5011 to 5015 (first
conductive layers 5011a to 5015a and second conductive
layers 50115 to 50155) constituted of the first conductive
layers and the second conductive layers are formed by the
first etching process. Reference numeral 5007 denotes a gate
insulating film, and regions of the gate insulating film which
are not covered by the first shape conductive layers 5011 to
5015 are made thinner by approximately 20 to 50 nm by
etching.

[0129] Then, a first doping process is performed to add an
impurity element for imparting an n-type conductivity to the
semiconductor layer without removing the mask made of
resist (FIG. 5B). Doping may be carried out by an ion doping
method or an ion implantation method. The condition of the
ion doping method is that a dosage is 1x10"* to 5x10*°
atoms/cm?, and an acceleration voltage is 60 to 100 keV. In
this embodiment, the dosage is 1.5%10" atoms/cm” and the
acceleration voltage is 80 keV. As the impurity element for
imparting the n-type conductivity, an element which belongs
to group 15 of the periodic table, typically phosphorus (P) or
arsenic (As) is used, and phosphorus is used here. In this
case, the conductive layers 5011 to 5015 become masks to
the impurity element for imparting the n-type conductivity,
and high concentration impurity regions 5016 to 5019 are
formed in a self-aligning manner. The impurity element for
imparting the n-type conductivity is added to the high
concentration impurity regions 5016 to 5019 in the concen-
tration range of 1x10°° to 1x10*! atoms/cm®.

[0130] Thereafter, as shown in FIG. 16C, the second
etching process is performed without removing the masks
made of resist. Here, a mixed gas of CF,, Cl, and O,, is used
as an etching gas, the gas flow rate is set to 20/20/20 sccm,
and plasma is generated by applying a 500 W RF (13.56
MHz) power to a coil shape electrode under 1 Pa to thereby
perform etching. A 20 W RF (13.56 MHz) power is also
applied to the substrate side (test piece stage) to effectively
apply a negative self-bias voltage. In the second etching
process, the etching rate for W is 124.62 nm/min, the etching
rate for TaN is 20.67 nm/min, and the selectivity of W to
TaN is 6.05. Accordingly, the W film is selectively etched.
The taper angle of W is 70° in the second etching. Second
conductive layers 50205 to 50245 are formed by the second
etching process. On the other hand, the first conductive
layers 5011a to 50154 are hardly etched, and first conductive
layers 5020a to 5024a are formed.

[0131] Next, a second doping process is performed. Sec-
ond conductive layers 50205to 50245 are used as masks to
an impurity element, and doping is performed such that the
impurity element is added to the semiconductor layer below
the tapered portions of the first conductive layers. In this
embodiment, phosphorus (P) is used as the impurity ele-
ment, and plasma doping is performed with the dosage of
1.5x10 atoms/cm?, the current density 0.5 pA and the
acceleration voltage of 90 keV. Thus, low concentration
impurity regions 5025 to 5028, which overlap with the first
conductive layers, are formed in a self-aligning manner. The
concentration of phosphorus (P) in the low concentration
impurity regions 5025 to 5028 is 1x10'7 to 5x10'® atoms/
cm’, and has a gentle concentration gradient in accordance
with the film thickness of the tapered portions of the first
conductive layers. Note that, in the semiconductor layer that
overlaps with the tapered portions of the first conductive
layers, the concentration of the impurity element slightly
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falls from the end portions of the tapered portions of the first
conductive layers toward the inner portions. The concentra-
tion, however, keeps almost the same level. Further, the
impurity element is added to the high concentration impurity
regions 5016 to 5019. (FIG. 17A)

[0132] Subsequently, as shown in FIG. 17B, after the
masks made of resist are removed, a third etching process is
conducted using a photolithography method. In this third
etching process, the tapered portions of the first conductive
layers are partially etched to make the first conductive layers
have shapes overlapping the second conductive layers.
However, masks made of resist 5029 are formed in the
regions to which the third etching process is not conducted.

[0133] Etching conditions in the third etching process are
such that Cl, and SF are used as etching gases, a gas flow
rate 1s set to 10/50 sccm, and the ICP etching method is used
as in the first and second etching processes. Note that, in the
third etching process, the etching rate to TaN is 111.2
nm/min and the etching rate to the gate insulating film is
12.8 nm/min.

[0134] Inthis embodiment, etching is performed such that
an RF (13.56 MHz) power of 500 W is applied to a coil
shape electrode with a pressure of 1.3 Pa to generate plasma.
An RF (13.56 MHz) power of 10 W is applied to the
substrate side (sample stage), thereby applying substantially
a negative self-bias voltage. Thus, first conductive layers
50304 to 5032a are formed.

[0135] Through the third etching process, impurity regions
(LDD regions) 5033 and 5034 are formed, which do not
overlap the first conductive layers 5030a to 50324. Note that
the impurity regions (GOLD regions) 5025 and 5028 remain
overlapping the first conductive layers 5020a and 5024aq,
respectively.

[0136] As described above, in this embodiment, the impu-
rity regions (LDD regions) 5033 and 5034 not overlapping
the first conductive layers and the impurity regions (GOLD
regions) 5025 and 5028 overlapping the first conductive
layers can be simultaneously formed. Thus, the impurity
regions can be separately formed in accordance with the
TFT characteristics.

[0137] Subsequently, after the masks made of resist are
removed, the gate insulating film 5007 is subjected to an
etching process. This etching process is conducted using
CHF as an etching gas by a reactive ion etching method
(RIE method). In this embodiment, the third etching process
is conducted with a chamber pressure of 6.7 Pa, RF power
of 800 W and a CHF; gas flow rate of 35 sccm. Thus, parts
of the high concentration impurity regions 5016 to 5019 are
exposed, and gate insulating films 5007a to 50074 are
formed.

[0138] Next, masks 5035 made of resist are newly formed,
and a third doping process is conducted. By this third doping
process, impurity regions 5036 added with the impurity
element imparting the second conductivity type (p-type)
opposite to the first conductivity type (n-type) are formed in
the semiconductor layer that becomes an active layer of a
p-channel TFT (FIG. 17C). The first conductive layer 5030a
is used as a mask to the impurity element, and the impurity
element imparting p-type conductivity is added to thereby
form the impurity regions in a self-aligning manner.
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[0139] In this embodiment, the impurity regions 5036 are
formed by an ion doping method using diborane (B,Hy).
Note that the semiconductor layers forming n-channel TFTs
are covered by the masks 5035 made of resist in this third
doping process. By the first doping process and the second
doping process, the impurity regions 5036 are added with
phosphorous at different concentrations. However, in any of
the regions, the doping process is performed such that the
concentration of the impurity element imparting p-type
conductivity is 2x10™* 2x10*" atoms/cm’. Thus, no problem
occurs since the impurity regions function as the source
regions and drain regions of the p-channel TFT

[0140] Through the above-described processes, the impu-
rity regions are formed in the respective semiconductor
layers. Note that, in this embodiment, a method is shown, in
which doping of the impurity element (B) is performed after
etching the gate insulating film, but doping of the impurity
element may be conducted without etching the gate insu-
lating film.

[0141] Subsequently, the masks 5035 made of resist are
removed, and a first interlayer insulating film 5037 is formed
as shown in FIG. 18A. As the first interlayer insulating film
5037, an insulating film containing silicon is formed with a
thickness of 100 to 200 nm, by using a plasma CVD method
or a sputtering method. In this embodiment, a silicon oxide
nitride film is formed with a thickness of 150 nm by the
plasma CVD method. Of course, the first interlayer insulat-
ing film 5037 is not limited to the silicon oxide nitride film,
and other insulating films containing silicon may also be
used in a single layer or a lamination structure.

[0142] Then, a process of activating the impurity elements
added into the respective semiconductor layers is conducted.
This activation process is performed by a thermal annealing
method using an annealing furnace. The thermal annealing
method may be conducted with an oxygen concentration of
1 ppm or less, preferably 0.1 ppm or less in a nitrogen
atmosphere at 400 to 700° C., typically, 500 to 550° C. In
this embodiment, the activation process is performed by a
heating process at 550° C. for 4 hours. Note that, in addition
to the thermal annealing method, a laser annealing method
or a rapid thermal annealing method (RTA method) may be
applied.

[0143] Note that, in this embodiment, with the activation
process, Ni used as a catalyst in the crystallization is gettered
to the impurity region containing P at high concentration to
reduce the nickel concentration in the semiconductor layer
that mainly becomes a channel forming region. The TFT
having the channel forming region thus manufactured has
the lowered off current value and the good crystallinity.
Thus, a high electric field effect mobility can be obtained,
thereby being capable of achieving the satisfactory charac-
teristics.

[0144] Further, before the formation of the first interlayer
insulating film 5037, the activation process may be con-
ducted. However, in the case where the used wiring material
1s weak to heat, it is preferable that the activation process is
performed after the interlayer insulating film 5037 (the
insulating film containing silicon as its main constituent, for
example, silicon nitride film) is formed to protect the wirings
or the like as in this embodiment.

[0145] Besides, the doping process maybe conducted after
the activation process, and then, the first interlayer insulating
film 5037 may be formed.
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[0146] Furthermore, a heating process at 300 to 550° C.
for 1 to 12 hours is conducted in an atmosphere containing
hydrogen of 3 to 100%, thereby conducting a step of
hydrogenating the semiconductor layers. In this embodi-
ment, a heating process is conducted at 410° C. for 1 hour
in a nitrogen atmosphere containing hydrogen of approxi-
mately 3%. This is a step of terminating dangling bonds in
the semiconductor layer by hydrogen contained in the intet-
layer insulating film 5037. As another means for hydroge-
nation, plasma hydrogenation (using hydrogen excited by
plasma) may be carried out.

[0147] Moreover, in the case where a laser annealing
method is used for the activation process, it is desirable that
laser light emitted from an excimer laser, a YAG laser or the
like is irradiated after the hydrogenation.

[0148] Next, as shown in FIG. 18B, a second interlayer
insulating film 5038 made from an organic insulating mate-
rial is formed on the first interlayer insulating film 5037. In
this embodiment, an acrylic resin film is formed with a
thickness of 1.6 pm. Thereafter, patterning is performed for
forming contact holes that reach the respective impurity
regions 5016, 5018, 5019, and 5036.

[0149] A film formed from an insulating material contain-
ing silicon or organic resin is used as the second interlayer
insulating film 5038. Silicon oxide, silicon nitride, and
silicon oxide nitride may be used for the insulating material
containing silicon, and polyimide, polyamide, acryl, BCB
(benzocyclobutene) and the like may be used for the organic
resin.

[0150] In this embodiment, a silicon oxide nitride film is
formed by a plasma CVD method. Note that the thickness of
the silicon oxide nitride film is preferably 1 to 5 um (more
preferably 2 to 4 pm). The silicon oxide nitride film is
effective in suppressing deterioration of the EL element
since the amount of moisture contained in the film itself is
small.

[0151] Further, dry etching or wet etching may be used for
the formation of the contact holes. However, taking the
problem of electrostatic destruction in etching into consid-
eration, the wet etching method is desirably used.

[0152] Furthermore, in the formation of the contact holes
here, the first interlayer insulating film 5037 and the second
interlayer insulating film 5038 are etched at the same time.
Thus, in consideration for the shape of the contact hole, it is
preferable that the material with an etching rate faster than
that of the material for forming the first interlayer insulating
film 5037 is used as the material for forming the second
interlayer insulating film 5038.

[0153] Then, wirings 5039 to 5044, which are electrically
connected with the impurity regions 5016, 5018, 5019, and
5036, respectively, are formed. Here, the wirings are formed
by patterning a lamination film of a Ti film of 50 nm
thickness and an alloy film (alloy film of Al and Ti) of 500
nm thickness, but other conductive films may also be used.

[0154] As described above, the driver circuit 5101 having
the n-channel TFT 5102 and the p-channel TFT 5103, and
the pixel portion 5100 having the pixel TFT 5104 and the
storage capacitor 5105 can be formed over the same sub-
strate. In this specification, such a substrate is referred to as
an active matrix substrate.
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[0155] Further, as for the storage capacitor, before the
formation of the gate conductive films, doping of impurity
elements may be performed on necessary portions to form
capacitors. One photo resist mask is increased with this
method, but the storage capacitor can be formed without
applying bias.

[0156] Subsequently, a third interlayer insulating film
5045 1s formed. This process is performed so as to level the
surface on which a TFT is formed for the subsequent
formation of a pixel electrode. Thus, it is desirable that the
third interlayer insulating film 5045 is formed of an insu-
lating film made of a resin film such as acryl, which has an
excellent leveling property. Then, an MgAg film is formed
thereon, and a pixel electrode (reflecting electrode) 5046 is
formed by patterning the film (FIG. 18C).

[0157] On the other hand, an opposing substrate 5047 is
prepared. As shown in FI1G. 19, the opposing substrate 5047
is provided with color filter layers 5048 to 5050, and an
overcoat layer 5051. The color filter layers are structured
such that the color filter layers 5048 and 5049 of different
colors are formed in an overlapping manner above the TFTs,
and serve also as a light shielding film. Note that the color
filter layers of respective colors are formed from resin mixed
with pigment with a thickness of 1 to 3 um. A photosensitive
material is used for the color filter layers, and a predeter-
mined pattern can be formed using a mask. Simultaneously,
a spacer (not shown) is formed by using the color filter
layers. The spacer may be formed by forming the color
filters in an overlapping manner. The height of the spacer can
be set to 2 to 7 um, preferably 4 to 6 um by taking the
thickness of the overcoat layer 5051 of 1 to 4 pum into
consideration. The height enables the formation of a gap in
bonding the active matrix substrate and the opposing sub-
strate. The overcoat layer 5051 is formed from an optically
hardened or thermally hardened type organic resin material,
and polyimide, acrylic resin or the like may be used.

[0158] After the formation of the overcoat layer 5051, an
opposing electrode 5052 made of a transparent conductive
film is formed by patterning. Thereafter, an orientation film
5053 is formed on both the active matrix substrate and the
opposing substrate, and a rubbing process is performed.

[0159] Thereafter, the active matrix substrate and the
opposing substrate are bonded by a sealant 5055. The sealant
5055 1s mixed with a filler, and the two substrates are bonded
with a uniform interval by the filler and the spacer. Subse-
quently, a liquid crystal material 5054 is injected between
both the substrates to completely encapsulate the liquid
crystal material 5054 by an encapsulant (not shown). A
known liquid crystal material may be used as the liquid
crystal material 5054. As described above, the active matrix
liquid crystal display device as shown in FIG. 19 is com-
pleted.

[0160] Note that the TFT in the active matrix liquid crystal
display device manufactured by the above-described pro-
cesses takes a top gate structure. However, this embodiment
can also be applied with ease with respect to a bottom gate
structure TFT and TFTs having other structures.

[0161] Further, a glass substrate is used in this embodi-
ment, but there is no limitation on the substrate. This
embodiment can be implemented in the case where a plastic
substrate, a stainless substrate, a single crystal wafer, or the
like other than the glass substrate is used.
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Embodiment 3

[0162] In the liquid crystal display device of the present
invention, which is shown in the embodiment mode, the
capacitor type D/A converter (C-DAC) is adopted for the
D/A converter arranged in the pixel portion. However, the
present invention can be easily implemented even with the
employment of another type /A converter. In this embodi-
ment, an example is described, in which a pixel portion is
structured by using a D/A converter different from that in the
embodiment mode.

[0163] One example is shown in FIG. 10A. A circuit
diagram of pixels shown in FIG. 10A corresponds to a 3-bit
digital image signal, similarly to the circuit diagram in the
embodiment mode. A portion surrounded by a dotted line
frame 1000 corresponds to one pixel. 8 gradation power
source lines are arranged in the pixel portion, and are
provided with electric potentials in 8§ levels; V0, V1, . . .,
V7, respectively. The 3-bit digital image signal stored in the
memory circuits is input to a decoder 1001. The decoder
1001 is constituted of 8 (2°) of 3-input NAND circuits as
shown in FIG. 10B. Reference numerals attached to input/
output pins of the block diagram correspond to reference
numerals attached to inputs/outputs of the circuit diagram.
When the 3-bit digital image signal is input to the decoder,
an output is obtained from any of 77 to 84. This output pulse
is input to a switch 1002, and as shown in FIG. 10C, any one
of the 8 gradation power source lines is selected to apply the
electric potential of the selected gradation power source line
to the liquid crystal element. Note that inversion of positive
and negative with respect to the electric potential may be
conducted for a constant period (for example, one frame
period) in order to perform inversion drive. In the case
where gradation expression is conducted using the D/A
converter with the above structure, 2" gradation power
source lines are required with respect to n-bit gradation.

[0164] Similarly, another example of pixels each having a
D/A converter using a decoder is shown in FIG. 11A.
Contrary to the D/A converter constituted by using the
3-input NAND circuits, in the pixel shown in FIG. 11A, the
D/A converter and a switch circuit are integrally formed as
shown in FIG. 11B. Thus, a decrease in the number of
elements is attained. The liquid crystal element is applied
with the electric potential from each gradation power source
line through 3 TFTs in series.

[0165] Inthe D/A converter of the pixel shown in FIG. 10
or FIG. 11, a single TFT is used as the switch of a potential
output portion for the explanation. However, stabilization of
the operation may be attained by using an analog switch, a
transmission gate, or the like.

Embodiment 4

[0166] A liquid crystal display device of the present inven-
tion enables the lower power consumption by mounting
decoders on a source signal line driver circuit and a gate
signal line driver circuit. One example thereof is shown
below.

[0167] FIG. 13Ais an overall schematic diagram in which
the decoders are mounted on a source signal line and a gate
signal line in the liquid crystal display device of the present
invention. A pixel portion 1305 is arranged in the center of
a substrate 1301. On the upper side of the pixel portion is
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arranged the source signal line driver circuit and X-address
decoder 1302 for controlling source signal lines. On the right
and left sides of the pixel portion are arranged the gate signal
line driver circuit and Y-address decoder 1303 for control-
ling gate signal lines and a DAC controller 1304. A circuit
diagram of the decoder portion is shown in FIG. 13B. The
decoder portion has an address signal line 1311, a NAND
circuit 1312, a level shifter 1313, a buffer 1314, and the like.
In case of an n-bit address signal, an n-input NAND circuit
is used. Such decoders are used on the source signal line side
and on the gate signal line side, whereby an arbitrary
selection of coordinates is possible in a display region of the
pixel portion 1305. That is, in the case where a renewal is
conducted on only a part of a screen, only the part is selected
by the decoders, and write to the memory circuits of the
pixel may be conducted. With respect to the portion where
a renewal of the image signal is not performed, a display of
a static image is continuously performed in accordance with
the image signal stored in the memory circuits.

[0168] Note that the decoder as shown in FIG. 13B may be
used on both the source signal line side and the gate signal
line side, but this is simply one example of the circuit
structure. There is no limitation on the form of a decoder.

Embodiment 5

[0169] FIG. 20 shows an example in which the liquid
crystal display device of the present invention is applied to
a portable information terminal. Note, reference numeral
2001 indicates a pen input tablet; 2002, a detection circuit;
2003, a memory card; 2004, a power source; 2005, an
external interface port; 2006, a CPU; 2007, an image signal
processing circuit; 2008, a tablet interface; 2009, a flash
memory; 2010, a DRAM/; 2011, a VRAM,; 2012, a LCD
controller; 2013, a liquid crystal display device; 2014, a
pixel portion; 2015, a gate signal line driver circuit; 2016, a
source signal line driver circuit; and 2017, a DAC controller.
In this embodiment, in case of a static image display, the
functions of an image signal processing circuit 2007 of a
CPU 2006, a VRAM 2011, and the like are stopped, thereby
being capable of attaining the low power consumption. In
FIG. 20, the operation during the static image display is
conducted only in the circuits surrounded by dotted line
frames. Further, an LCD controller 2012 may be mounted to
a liquid crystal display device 2013 by COG, or may be
integrally formed with the liquid crystal display device on
the substrate.

[0170] Further, FIG. 21 shows an example in which the
liquid crystal display device of the present invention is
applied to a portable telephone. Similarly to the above-
described portable information terminal, the operation of
some circuits can be stopped during the static image display.
Thus, the low power consumption can be attained. In
addition, reference numeral 2101 indicates a keyboard,
2102, a voice processing circuit; 2103, a memory card,
2104, a power source; 2105, an external interface port; 2106,
a CPU; 2107, an image signal processing circuit; 2108, a
keyboard interface; 2109, a flash memory; 2101, a DRAM,;
2111, a VRAM; 2117, a LCD controller; 2113, a liquid
crystal display device; 2114, a pixel portion; 2115, a gate
signal line driver circuit; 2116, a source signal line driver
circuit; 2117, a DAC controller; 2118, a sending and receiv-
ing circuit; 2119, a microphone; and 2120, a speaker.
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Embodiment 6

[0171] The liquid crystal display device of the present
invention has various usages. In this embodiment, the appli-
cation example of electronic devices incorporating the liquid
crystal display device of the present intention is explained.

[0172] The following can be given as examples of such
electronic devices: a portable information terminal (such as
an electronic book, a mobile computer, a mobile telephone);
a video camera; a digital camera; a personal computer; a
television and a projector device and like that. Examples of
these electronic devices are shown in FIGS. 22A to 23C.

[0173] FIG. 22A is a liquid crystal display (LCD) appa-
ratus, containing a casing 3301, a support stand 3302, and a
display portion 3303. The liquid crystal display device of the
present invention can be used in the display portion 3303.

[0174] FIG. 22B is a video camera, containing a main
body 3311, a display portion 3312, an audio input portion
3313, operation switches 3314, a battery 3315, and an image
receiving portion 3316. The liquid crystal display device of
the present invention can be used in the display portion
3312.

[0175] FIG. 22C is a personal computer, containing a main
body 3321, a casing 3322, a display portion 3323, and a
keyboard 3324. The liquid crystal display device of the
present invention can be used in the display portion 3323.

[0176] FIG. 22D is a portable information terminal, con-
taining a main body 3331, a stylus 3332, a display portion
3333, an operation button 3334, and an external interface
3335. The liquid crystal display device of the present
invention can be used in the display portion 3333.

[0177] FIG.23A1is aportable telephone, containing a main
body 3401, an audio output portion 3402, an audio input
portion 3403, a display portion 3404, operation switches
3405, and an antenna 3406. The liquid crystal display device
of the present invention can be used in the display portion
3404.

[0178] FIG. 23B is an audio reproducing device, specifi-
cally a car audio system, containing a main body 3411, a
display portion 3412, and operation switches 3413 and 3414.
The liquid crystal display device of the present invention can
be used in the display portion 3412. Furthermore, an audio
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reproducing device for a car is shown in Embodiment 6, but
it may also be used for a mobile type and a domestic type of
audio reproducing device.

[0179] FIG. 23C is a digital camera, containing a main
body 3501, a display device (A) 3502, a view finder 3503,
an operation switches 3504, a display portion (B) 3505 and
a battery 3506. The liquid crystal device of the present
invention can be used in the display device (A) 3502 and a
display portion (B) 3505.

[0180] The range of applications of the present invention
is thus extremely wide, and it is possible to apply the present
invention to electronic devices in all fields. Furthermore, any
constitution of the liquid crystal display device shown in
Embodiments 1 to 5 may be employed in the electronic
devices of Embodiment 6.

[0181] In the liquid crystal display device of the present
invention, storage of the digital image signal is conducted by
using the memory circuits arranged in each of the pixels.
Thus, in displaying the static image, the digital image signal
stored in the memory circuits is repeatedly used, whereby it
1s possible to stop the source signal line driver circuit and the
gate signal line driver circuit in continuously performing the
static image display. Further, it is possible to stop the circuit
such as the image signal processing circuit for processing
the signal to be input to the liquid crystal display device in
continuously performing the static image display. Thus, this
greatly contributes to the low power consumption of the
liquid crystal display device.
What is claimed is:

1. A liquid crystal display device comprising:

a source signal line driver circuit;

a gate signal line driver circuit;

a DAC controller;

a pixel portion,

wherein an image display is performed using an n-bit

digital image signal,
wherein n is a natural number and n=2,

wherein one pixel in the pixel portion has 1 bitxn memory
circuits for storing the n-bit digital image signal and a
D/A converter.
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