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7) ABSTRACT

In a semiconductor device with a reflective passive matrix
liquid crystal display mounted thereto, the area for mounting
a logic circuit is reduced, the product is reduced in size, and
further the reliability is improved. A semiconductor device
with a reflective passive matrix liquid crystal display
mounted thereto is reduced in size by forming all or some of
externally-mounted logic circuits in a region overlapping a
pixel region on a substrate where a reflective electrode is

(22) Filed: Nov. 27, 2002
formed. The present invention can also reduce the number of
(30) Foreign Application Priority Data IC chips and the like mounted to a substrate greatly and the
reliability in mounting IC chips and the like to a substrate
Nov. 30, 2001 (JP) e 2001-367976 can be improved.
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FIG. 11

Relative scanning direction of the laser
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PASSIVE MATRIX DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Filed of the Invention

[0002] The present invention relates to a semiconductor
device. In particular, the present invention relates to tech-
nology of a semiconductor device having a display unit
(hereinafter referred to as an image display unit) that dis-
plays images (video and character information), especially
of a passive matrix display device.

[0003] 2. Related Art of the Invention

[0004] Semiconductor devices and, particularly, electronic
devices having an image display unit (also referred to as a
semiconductor display unit because it is a display unit of a
semiconductor device) have been vigorously developed in
recent years, and their applications can be represented by
such portable devices as game devices, laptops, cellular
phones as well as such diversities as liquid crystal TVs,
liquid crystal displays, EL displays and so on. As compared
to the traditional CRTs, the semiconductor display units can
be realized in reduced weights, reduced thickness and con-
suming electric power in small amounts.

[0005] As the conventional semiconductor display units,
there have been known a semiconductor display unit of the
passive matrix type having a pixel region on which striped
electrodes are formed in a manner to intersect each other on
the upper and lower sides with the liquid crystal layer or
light-emitting layer sandwiched therebetween, and a semi-
conductor display unit of the active matrix type having a
pixel region on which thin-film transistors (hereinafter
referred to as TFTs) are arranged like a matrix.

[0006] FIG. 2, FIGS. 4A and 4B show an example of a
configuration of the passive matrix liquid crystal display
device that is an example of traditional semiconductor
display units. A description of the configuration will be made
as follows.

[0007] FIG. 4A shows a block diagram of a display unit
(a liquid crystal display unit) of the passive matrix liquid
crystal display device. The passive matrix liquid crystal
display device has a pixel portion 100, a signal line driving
circuit 101, and a scanning line driving circuit 102. A signal
line 103 connected to the signal line driving circuit 101 and
a scanning line 104 connected to the scanning line 102 are
crossed to form the pixel portion 100.

[0008] FIG. 4B is a configuration figure of the passive
matrix liquid crystal display device. A scanning line and a
signal line are formed on substrates 105 and 106 respec-
tively. The signal line driving circuit 109 and the scanning
line driving circuit 108 are formed and mounted on the
different substrate from that forms pixels. FIG. 4B shows
that a driver IC in which the signal line driving circuit 109
and the scanning line driving circuit 108 are formed on the
silicon substrate is mounted on an FPC 110 using TAB
method. There is another method that the driver IC is
mounted on the substrate 105 or 106.

[0009] FIG. 2 shows that an example of a cross-sectional
view of a pixel region of the passive matrix liquid crystal
display device. The pixel region of the passive matrix liquid
crystal display device is comprised of two glass substrates (a
pair of glass substrate) 201 and 208 sandwiching a liquid
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crystal layer 205, and a polarizing plate 209. In addition, a
reflective electrode 207 and an oriented film 206 are formed
on the glass substrate. A color filter 202, a transparent
electrode 203, and an oriented film 204 are formed on the
glass substrate 201. The glass substrates 208 and 201 are
arranged so that the reflective electrode 207 and the trans-
parent electrode 203 are crossed each other. The polarizing
plate 209 is comprised of a combination the following; a
circle polarizing plate, a linear polarizing plate, a retardation
film, and the like.

[0010] FIG. 2 shows an example of a reflective liquid
crystal display device though, a transparent electrode is used
instead of the reflective electrode 207 in the case of the
transparent liquid crystal display device.

[0011] The description of a configuration of electronic
devices having the semiconductor display unit will be made
with reference to FIG. 3. FIG. 3 shows a simplified block
diagram of a portion relates to an image display.

[0012] In FIG. 3, a semiconductor device 301 receives or
forms image data, processes the image data, converts the
format, and has a function of displaying the image.
Examples of the semiconductor device 301 include game
devices, video cameras, car navigation systems, personal
computers and so on.

[0013] On the semiconductor device 301, a pixel region
319 is formed on a substrate having an insulating surface, a
scanning line drive circuit 318, a signal line drive circuit
317, and other logic circuits are formed on the different si I
icon substrates respectively and are mounted in the form of
IC chips. Some of the circuit blocks may often be formed on
the same silicon substrate.

[0014] The semiconductor device 301 is constituted by an
input terminal 311, a first control circuit 312, a second
control circuit 313, a CPU 314, a first memory 315, a second
memory 316, and the semiconductor display unit 302. The
input terminal 311 receives data that serve as the basis of
image data depending upon the kind of the electronic
devices. For example, the input data are those through an
antenna in the case of a broadcast receiver, and the input data
are those from a CCD in the case of a video camera. The
input data may be those from a DV tape or a memory card.
The data input through the input terminal 311 are converted
into image signals through the first control circuit 312. The
first control circuit 312 processes the image signals, such as
decoding the image data that are compressed and encoded
according to the MPEG standard and the tape format, and
interpolating and resizing the image. The image signals
output from the first control circuit 312 and the image
signals formed or processed by the CPU 314, are fed to the
second control circuit 313, and are converted into a format
(e.g., scanning format, etc.) that is adapted to the semicon-
ductor display unit 302. The second control circuit 313
produces image signals and control signals of which the
formats have been converted.

[0015] The CPU 314 efficiently controls the signal pro-
cessing in the first control circuit 312, second control circuit
313 and other interface circuits. The CPU 314 further forms
and processes the image data. The first memory 315 is used
as a memory region for storing image data from the first
control circuit 312 and for storing image data from the
second control circuit 313, as a work memory region for
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executing the control operation by using a CPU, and as a
work memory region at the time of forming the image data
by the CPU. As the first memory 315, there can be used a
DRAM or an SRAM. The second memory 316 stores the
color data and character data, and is necessary when the
image data are to be formed or processed by the CPU 314.
The second memory 316 is constituted by a mask ROM or
an EPROM.

[0016] The semiconductor display unit 302 is constituted
by the signal line driving circuit 317, scanning line drive
circuit 318 and pixel region 319. The signal line driving
circuit 317 receives image signals and control signals from
the second control circuit 313 (clock signals, start pulse
signals and the like), and the scanning line driving circuit
318 receives control signals (clock signals, start pulse sig-
nals and the like) from the second control circuit 313. The
pixel region 319 displays the image.

[0017] The electronic device having the semiconductor
display unit can assume a variety of constitutions in addition
to the constitution shown in FIG. 3. The simplest constitu-
tion may comprise the semiconductor display unit, input/
output terminals and a simple control circuit as exemplified
by a liquid crystal display or an EL display. When the CPU
bears a too large load in the architecture shown in FIG. 3,
an image processor may be newly provided to reduce the
burden of the CPU.

[0018] Inelectronic equipment that has the semiconductor
display unit described abowve, it is often that before being
mounted, a driving circuit and a logic circuit are formed on
a substrate different from a substrate on which pixels are
formed.

[0019] Reduction in size of electronic equipment is now
an important object to achieve, as the spread of portable
electronic equipment becomes clear. In a semiconductor
device structured like this, a lot of IC chips are necessary for
mounting aside from a substrate on which pixels are formed
and therefore it is not easy to reduce the device in size. Even
if logic circuits in the IC chips can be made small, the IC
chips need a large margin to mount and it still is difficult to
reduce the size of the entire device. On the other hand, if the
mounting margin is reduced to make the device smaller, a
high mounting technique is required and problems arise in
terms of cost and reliability of the mounted parts.

SUMMARY OF THE INVENTION

[0020] The present invention has been made in view of the
above, and an object of the present invention is therefore to
provide a semiconductor device having an image display
unit that can be reduced in size. Another object of the present
invention is to provide a semiconductor device having a
passive matrix image display unit that can be reduced in
size. Still another object of the present invention is to
provide electronic equipment having a semiconductor dis-
play unit that can be reduced in size. Still another object of
the present invention is to provide electronic equipment
having a semiconductor display unit in which defects
accompanying mounting of IC chips and the like to a
substrate are reduced.

[0021] In order to attain the above objects, the present
invention provides a passive matrix semiconductor device in
which an active element having a transistor function, typi-
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cally a TFT, is formed in an arbitrary region overlapping a
pixel region on a substrate having an insulating surface and
the active element constitute a logic circuit. In other words,
the present invention is characterized by reducing a passive
matrix semiconductor device in size by forming a logic
circuit, a signal line driving circuit, and a scanning line
driving circuit on a first substrate and forming on a second
substrate that faces the first substrate, circuits that are not
formed on the first substrate.

[0022] As a display device having a TFT formed on a
substrate that has an insulating surface, an active matrix
display device is known in which a TFT is placed in each
pixel. A manufacturing method similar to the one for an
active matrix display device can be used to place a TFT in
a pixel region of a passive matrix display device where a
pixel region does not have a TFT. The present invention is
characterized in that a TFT is formed on a substrate having
an insulating surface but, unlike an active matrix display
device where a TFT is placed in each pixel in order to select
and drive a pixel, a logic circuit 1s formed in an arbitrary
region overlapping a pixel region while keeping a passive
matrix driving method. This structure is obtained by
employing a reflective passive matrix display device and
forming a logic circuit below a reflective electrode.

[0023] A transmissive semiconductor display device can
also be formed if a signal line driving circuit and a scanning
line driving circuit are formed on a different substrate from
a substrate on which a logic circuit is formed and if the
signal line driving circuit and the scanning line driving
circuit overlap the logic circuit.

[0024] The term logic circuit in the present invention
refers to electric circuits in general which are composed of
circuit elements such as a transistor, a capacitor element, and
a resistor element to have specific functions. A register, a
decoder, a counter, a frequency divider circuit, a memory, a
control circuit, a CPU, etc. fall within the category of the
logic circuit. An electric circuit and a logic circuit have the
same meaning here.

[0025] When a logic circuit is built from TFTs, preferably
TFTs having excel lent characteristics in terms of mobility,
S value, threshold voltage, and the like are used in order to
obtain high operation speed. A method of manufacturing
TFTs that have high mobility, in particular, will be described
in detail in the following embodiments.

[0026] In the present invention, it is preferable to form a
light-shielding film to avoid irradiating a TFT with light and
degrading its characteristics. The light-shielding film may be
formed between a reflective electrode and a TFT or may be
formed on an opposite side substrate. The light-shielding
film may be omitted if the distance between reflective
electrodes is set small.

[0027] According to the present invention, a semiconduc-
tor device can be reduced in size by forming all or a part of
a logic circuit that is external to the device in prior art in a
region that overlaps a pixel region on a substrate where a
reflective electrode is formed. The present invention also
makes it possible to greatly reduce the number of IC chips
and the like mounted to a substrate, and thereby solves the
reliability problem accompanying mounting of IC chips and
the like to a substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the accompanying drawings:

[0029] FIGS. 1A and 1B are schematic diagrams of a
semiconductor device with a reflective passive matrix liquid
crystal display mounted thereto, the display having a logic
circuit formed below a pixel region,

[0030] FIG. 2 is a sectional view showing pixels of a
reflective passive matrix liquid crystal display device,

[0031] FIG.3 is a schematic diagram showing an example
of a circuit structure of a conventional semiconductor device
with a liquid crystal display mounted thereto;

[0032] FIGS. 4A and 4B are schematic diagrams showing
a pixel region and driving circuits of a conventional passive
matrix liquid crystal display device;

[0033] FIG. 5 is a sectional view showing a reflective
electrode and TFTs which are formed on the same substrate;

[0034] FIG. 6 is a schematic diagram of a device in which
an electric circuit is formed below a display;

[0035] FIGS. 7A to 7D are sectional views showing a
process of manufacturing TFTs of a pixel and of a logic
circuit;

[0036] FIGS. 8A to 8D are sectional views showing a
process of manufacturing TFTs of a pixel and of a logic
circuit;

[0037] FIG.9 is a schematic diagram of an optical system
used when a semiconductor film formed on a substrate
surface is irradiated with laser light,

[0038] FIG. 10 is an SEM image of a surface of a
crystalline semiconductor film;

[0039] FIG. 11 is an SEM image of a surface of a
crystalline semiconductor film;

[0040] FIG. 12 is a graph showing results of Raman
scattering spectroscopy performed on a semiconductor film;

[0041] FIGS. 13A to 13H are sectional views showing a
process of manufacturing TFTs;

[0042] FIGS. 14A and 14B are a graph showing electric
characteristics of an n-channel TFT and a graph showing
electric characteristics of a p-channel TFT, respectively;

[0043] FIGS. 15A to 15C are sectional views showing a
process of crystallizing a semiconductor;

[0044] FIGS. 16A and 16B are a graph showing electric
characteristics of an n-channel TFT and a graph showing
electric characteristics of a p-channel TFT, respectively;

[0045] FIGS. 17A and 17B are a graph showing ¢lectric
characteristics of an n-channel TFT and a graph showing
electric characteristics of a p-channel TFT, respectively;

[0046] FIGS. 18A and 18B are a graph showing electric
characteristics of an n-channel TFT and a graph showing
electric characteristics of a p-channel TFT, respectively;

[0047] FIG. 19 is a schematic diagram showing an
example of a circuit structure below a liquid crystal display;

[0048] FIG. 20 is a schematic diagram showing an
example of a circuit structure below a liquid crystal display;
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[0049] FIG. 21 is a schematic diagram showing an
example of a circuit structure below a liquid crystal display;

[0050] FIG. 22 is a schematic diagram showing an
example of a circuit structure below a liquid crystal display;

[0051] FIGS. 23A to 23G are perspective views of elec-
tronic equipment with a display mounted thereto;

[0052] FIGS. 24A and 24B are schematic diagrams of a
passive matrix display device; and

[0053] FIGS. 25A and 25B are schematic diagrams of a
passive matrix display device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0054] Embodiment 1

[0055] This embodiment shows as a semiconductor device
to which the present invention is applied a passive matrix
display device, namely, a semiconductor device having a
passive matrix display unit. As a typical mode thereof, a
description is given with reference to FIGS. 1A and 1B and
FIG. 5 on a device in which a signal line driving circuit, a
scanning line driving circuit, and an arbitrary logic circuit
with TFTs as its structural components are formed on a first
substrate for forming a reflective electrode. A sectional
structure of the device is also described.

[0056] FIGS. 1A and 1B are schematic diagrams of a
substrate with reflective electrodes formed thereon which
are viewed from above and in perspective, respectively.
FIGS. 1A and 1B show the structure of the semiconductor
device. In FIGS. 1A and 1B, a signal line driving circuit
404, a scanning line driving circuit 403, and a logic circuit
405 are formed on a substrate 401. Reflective electrodes on
the substrate 401 and transparent electrodes on a substrate
(opposite substrate) 408 are arranged to form stripe patterns.
Thus obtained is a pixel region. The driving circuits and the
logic circuit can be formed in an arbitrary region on the
substrate 401 that overlaps a pixel region 402.

[0057] An output of the signal line driving circuit 404 is
connected to signal lines 406 that are the reflective elec-
trodes. The connection can be achieved by any method. In
this embodiment, the output is connected directly to the
signal lines through a contact hole formed in an interlayer
insulating film (See FIG. 5). On the other hand, an output of
the scanning line driving circuit 403 is connected to scan-
ning lines (not shown in the drawings) formed on the
opposite substrate 408. The connection can be achieved by
any method. In this embodiment, a terminal provided in the
substrate 401 and a terminal provided in the opposite
substrate 408 are connected by an anisotropic conductive
film that contains conductive fillers (not shown in the
drawings).

[0058] Input/output terminals of the logic circuit including
the driving circuits are formed on the substrate 401 as
needed, and the terminals are connected to other semicon-
ductor parts through an FPC 407. The input/output terminals
can be led out of the substrate 401 from any of the four sides
of the substrate. Any connection method can be employed.

[0059] Although the reflective electrodes in FIGS. 1A and
1B are described as signal lines, the reflective electrodes
may be scanning lines. In this case, the connection of the
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scanning line driving circuit and the connection of the signal
line driving circuit are switched. Structures other than the
one shown in FIGS. 1A and 1B may be employed, and one
or both of the signal line driving circuit and the scanning line
driving circuit may be mounted by the TAB method or the
like instead of forming them on the substrate 401. A semi-
conductor device of the present invention can take various
modes but the essence of the present invention is in the mode
for forming driving circuits and other arbitrary logic circuits
in an arbitrary region on a substrate with a reflective
electrode formed thereon (on the substrate side) that over-
laps a pixel region.

[0060] Next, a sectional structure of a semiconductor
device of the present invention is described. FIG. § is an
example of a sectional view obtained by cutting along the
line AA' the substrate shown in FIG. 1A on which the
reflective electrodes are formed. An opposite substrate on
which a liquid crystal layer, color filters, a transparent
electrode, an oriented film, and the like are formed, have the
same sectional structure as the one shown in FIG. 2, and
therefore an explanation thereof is omitted.

[0061] In FIG. 5, a logic circuit portion is schematically
shown to the left of the dot-dash line and a signal line driving
circuit portion is schematically shown to the right of the
dot-dash line. In the logic circuit portion, an n-channel TFT
501 and a p-channel TFT 502 are shown as representative
elements that are formed on a substrate 504 to constitute the
logic circuit. In the driving circuit portion, an n-channel TFT
503 and a p-channel TFT 500 are shown as representative
elements that are formed on the substrate 504. A reflective
electrode 505 is formed above the TFTs with an interlayer
film 506 interposed therebetween. An oriented film 508 is
formed on the reflective electrode 505. As shown in a
driving circuit output portion, the reflective electrode 505 is
connected directly to a wire 507 of the TFT through a
contact hole formed in the interlayer film 506. A light-
shielding film may be formed between the interlayer film
and the reflective electrode (not shown in the drawing).
Instead, the light-shielding film may be formed on the
opposite side substrate.

[0062] In FIG. 5, the TFTs that constitute the driving
circuit portion and the TFTs that constitute the logic portion
have the same structure but they may have different struc-
tures. For instance, if the driving circuit is 16 V driving and
other logic circuits are 5 V driving, the TFTs of the driving
circuit may have an LDD structure to have a different
withstand voltage and a different reliability.

[0063] Examples of logic circuits formed in the present
invention other than driving circuits include a timing gen-
erator (timing generating circuit), an SRAM, a DRAM, an
image processing circuit, an interface circuit to communi-
cate with an external device, a CPU, a graphic accelerator,
a mask ROM, and DSP or the like.

[0064] These logic circuits can be built from n-channel
TFTs and p-channel TFTs and therefore may be manufac-
tured by using techniques for forming TFTs on a substrate
that has an insulating surface. Some of logic circuits use a
resistor element and a capacitor element. In this case, known
manufacture techniques can be used to form a resistor
element and a capacitor element. For example, an active
layer doped with an impurity can be used as a resistor
element. A capacitor element which is formed from an active
layer, a gate insulating film, and a gate electrode can be used.
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[0065] Major TFTs formed on glass substrates are ones
that use amorphous silicon for their active layers and ones
that use polysilicon. From the viewpoint of operation speed
of a circuit, it is preferable for a TFT to have high mobility
and a TFT using polysilicon is preferred to a THFT using
amorphous silicon in building a logic circuit. On the other
hand, a TFT using amorphous silicon can be formed at low
cost and therefore preferred in a circuit that does not need to
operate at high speed.

[0066] When a logic circuit is formed on a glass substrate,
the operation speed is important in most cases and therefore
it is preferable to manufacture a TFT using a process that can
provide a TFT having even higher mobility than an ordinary
polysilicon TFT. Examples of this process include a semi-
conductor film crystallization method disclosed in JP
10-247735 A and a crystallization method using a continu-
ous wave laser and shown in the following embodiments.

[0067] As described, a semiconductor device of the
present invention is characterized in that a logic circuit,
which in prior art is formed and mounted on a substrate
different from a substrate for forming a reflective electrode,
is integrally formed on a substrate for forming a reflective
electrode by constituting the logic circuit from TFTs placed
in a region that overlaps the reflective electrode with an
insulating film interposed therebetween. As a result, a semi-
conductor device with reduced size can be obtained and the
obtained semiconductor device is highly reliable and is
greatly simplified in regard to mounting different substrates.

[0068]

[0069] In a semiconductor device having a passive matrix
display unit in accordance with the present invention, an
arbitrary logic circuit can be built on a substrate for forming
a reflective electrode. This embodiment describes a semi-
conductor device of the present invention with reference to
FIG. 6.

[0070] FIG. 6 is a diagram of a semiconductor device
showing a top view of a substrate for forming a reflective
electrode. The semiconductor device shown in FIG. 6 has a
substrate 601, a pixel region 602, a scanning line driving
circuit 603, a signal line driving circuit 604, signal lines 605,
and an FPC 606. The semiconductor device shown in FIG.
6 further has a CPU 611, a first control circuit 607, a second
control circuit 608, a first memory 609, and a second
memory 610 as arbitrary logic circuits. The logic circuits are
connected by buses (wires).

[0071] The semiconductor device shown in FIG. 6 is a
device that takes in or creates image data, process the image
data, and converts the format of the image data to display an
image. Since the present invention is characterized by form-
ing at least a logic circuit and a pixel portion on different
substrates and the operations and functions of the logic
circuit and others are as illustrated in FIG. 3, explanations
thereof are omitted in this embodiment.

[0072] Arrangement of the logic circuits on the substrate
is not limited to the example shown in FIG. 6. Any arrange-
ment can be employed if the block structure is identical to
FIG. 6.

[0073] A semiconductor device of the present invention
can take various structures other than the one shown in FIG.
6. The simplest structure would be to manufacture a driving

Embodiment 2
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circuit, an input/output terminal, and a simple control circuit
on a substrate for forming a reflective electrode, for
example, liquid crystal displays and EL displays. If there is
too much load on the CPU in the architecture shown in FIG.
6 as in high-performance game machines, a structure may be
employed in which the load of a CPU is lessened by forming
an image processor or the like on a substrate for forming a
reflective electrode.

[0074] In the example shown in this embodiment, all logic
circuits are formed on a substrate for forming a reflective
electrode. However, only some of logic circuits may be
formed on the substrate. For instance, logic circuits that
cannot be formed on the substrate due to restrictions on
space (area) and operation speed of TFTs may be connected
to other IC chips or the like through an FPC or the like.

[0075] As described, a semiconductor device of the
present invention is superior to conventional devices in size
reduction and reliability resulting from simplification of
mounted parts. If nearly all of the system can be formed on
the substrate, avery small semiconductor device about the
same size as the screen size can be obtained.

[0076] Embodiment 3

[0077] This embodiment describes with reference to
FIGS. 7A to 8D a process of manufacturing a logic circuit
composed of a CMOS circuit and a passive matrix liquid
crystal display on the same substrate.

[0078] First, as shown in FIG. 7A, a quartz substrate,
silicon substrate, metal substrate, or stainless steel substrate
with an insulating film formed on its surface is prepared as
a substrate 5000. A plastic substrate may be employed if it
has a heat-resistance that can withstand the treatment tem-
perature of this manufacturing process. The substrate 5000
in this embodiment is formed of glass such as barium
borosilicate glass or alumino-borosilicate glass.

[0079] Next, a base film 5001 is formed on the substrate
5000 from an insulating film such as a silicon oxide film, a
silicon nitride film, or a silicon oxynitride film. In this
embodiment, a silicon oxynitride film 5001« is formed as a
first layer of the base film 5001 by plasma CVD using SiH,,
NH,;, and N,O as reaction gas to a thickness of 10 to 200 nm
(preferably 50 to 100 nm). The silicon oxynitride film 50014
in this embodiment is 50 nm in thickness. As a second layer
of the base film 5001, a silicon oxynitride film 50015 is
formed by plasma CVD using SiH, and N,O as reaction gas
to a thickness of 50 to 200 nm (preferably 100 to 150 nm).
The silicon oxynitride film 50015 formed in this embodi-
ment is 100 nm in thickness. Although the base film 5001 in
this embodiment has a two-layer structure, it may be a single
layer or more than two layers of the above insulating films.

[0080] On the base film, a semiconductor film is formed.
The semiconductor film is formed by a known method
(sputtering, LPCVD, plasma CVD, or the like) to a thickness
of 25 to 200 nm (preferably 30 to 150 nm), and is crystal-
lized by laser crystallization. The laser used in laser crys-
tallization is desirably a continuous wave or pulse oscillation
solid-state laser, gas laser, or metal laser. Examples of the
solid-state laser include a continuous wave or pulse oscil-
lation YAG laser, YVO, laser, YLF laser, YAIO; laser, glass
laser, ruby laser, alexandrite laser, and Ti: sapphire laser.
Examples of the gas laser include a continuous wave or
pulse oscillation excimer laser, Ar laser, Kr laser, and CO,
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laser. Examples of the metal laser include a continuous wave
or pulse oscillation helium cadmium laser, copper steam
laser, and gold steam laser. Laser crystallization may be used
alone or in combination with other known crystallization
methods (such as RTA, a thermal crystallization method
using an annealing furnace, or a thermal crystallization
method using a metal element that accelerates crystalliza-
tion).

[0081] The semiconductor film can be an amorphous
semiconductor film, a microcrystalline semiconductor film,
a crystalline semiconductor film, or the like. A compound
semiconductor film having an amorphous structure, such as
an amorphous silicon germanium film, may also be
employed.

[0082] In this embodiment, plasma CVD is used to form
an amorphous silicon film with a thickness of 50 nm and the
amorphous silicon film is subjected to thermal crystalliza-
tion using a metal that accelerates crystallization and to laser
crystallization. Nickel is used as the metal element and is
introduced to the top face of the amorphous silicon film by
a solvent application method. Then heat treatment is per-
formed on the film at 550° C. for five hours to obtain a first
crystalline silicon film. Laser light emitted from a 10 W
power continuous wave YVO, laser is converted into the
second harmonic by a non-linear optical element and then
formed into a linear beam by an optical system that is shown
in any one of the following embodiments 4 through 7. Thus
obtained is a second crystalline silicon film. The second
crystalline silicon film, which is the first crystalline silicon
film irradiated with laser light, is improved in crystallinity.
The energy density required here is 0.01 to 100 MW/cm?
(preferably 0.1 to 10 MW/cm?). The stage is irradiated while
moving it at a rate of 0.5 to 2000 cm/s relative to the laser
light to form the crystalline silicon film. If a pulse oscillation
excimer laser is used, it is desirable to set the frequency to
300 Hz and the laser energy density to 100 to 1000 mJ/cm?
(typically 200 to 800 mJ/em?). In this case, laser light may
overlap with each other by 50 to 98%.

[0083] Although the first crystalline silicon film can be
used to manufacture a TFT, the second crystalline silicon
film is more desirable since it is improved in crystallinity
and can advance electric characteristics of the TFT. For
instance, a TFT formed from the first crystalline silicon film
has a mobility of about 300 cm*/Vs whereas a TFT formed
from the second crystalline silicon film has a remarkably
improved mobility of 500 to 600 cm?/Vs.

[0084] The crystalline semiconductor film thus obtained is
patterned by photolithography to form semiconductor layers
5002 to 5005.

[0085] After the semiconductor layers 5002 to 5005 arc
formed, the semiconductor layers may be doped with a
minute amount of impurity element (boron or phosphorus)
in order to control the threshold of TFTs.

[0086] Next, a gate insulating film 5006 is formed to cover
the semiconductor layers 5002 to 5005. The gate insulating
film 5006 is an insulating film containing silicon and formed
by plasma CVD or sputtering to a thickness of 40 to 150 nm.
In this embodiment, a silicon oxynitride film with a thick-
ness of 110 nm is formed as the gate insulating film 5006 by
plasma CVD. The gate insulating film 5006 is not limited to
the silicon oxynitride film and may be a single layer or
laminate of other insulating films that contain silicon.
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[0087] When a silicon oxide film is used as the gate
insulating film 5006, the film may be formed by plasma
CVD using a mixture of TEOS (tetraethyl orthosilicate) and
O, and setting the reaction pressure to 40 Pa, the substrate
temperature to 300 to 400° C., and the high-frequency
(13.56 MHz) power density to 0.5 to 0.8 W/cm? for electric
discharge. The silicon oxide film formed by the above
process can provide an excel lent characteristic as the gate
insulating film 35006 if it is then subjected to thermal
annealing at 400 to 500° C.

[0088] A first conductive film 5007 with a thickness of 20
to 100 nm and a second conductive film 5008 with a
thickness of 100 to 400 nm are layered on the gate insulating
film 5006. In this embodiment, on the first conductive film
5007 which is a TaN film with a thickness of 30 nm, the
second conductive film 5008 which is a W film with a
thickness of 370 nm is laminated.

[0089] This embodiment uses sputtering to form the TaN
film that is the first conductive film 5007 using a Ta target
in an atmosphere containing nitrogen. The W film that is the
second conductive film 5008 is formed by sputtering using
a W target. The W film may instead be formed by thermal
CVD using tungsten hexafluoride (WFy).

[0090] Although the first conductive film 5007 is a TaN
film and the second conductive film 5008 is a W film in this
embodiment, materials for forming the first conductive film
5007 and the second conductive film 5008 are not particu-
larly limited. The first conductive film 5007 and the second
conductive film 5008 may be formed of elements selected
from the group consisting of Ta, W, Ti, Mo, Al, Cu, Cr, and
Nd, or alloy materials or compound materials that contain
the elements listed above as major components. The con-
ductive films may also be semiconductor films, typically
polycrystalline silicon films, doped with phosphorus or other
impurity elements, or AgPdCu alloy films.

[0091] A resist mask 5009 is formed by photolithography
to conduct first etching treatment for forming electrodes and

wires. The first etching treatment employ first and second
etching conditions. (FIG. 7B)

[0092] In this embodiment, the first etching conditions
include employing ICP (inductively coupled plasma) etch-
ing, using CF,, Cl,, and O, as etching gas, setting the gas
flow rate ratio thereof to 25:25:10 (sccm), and giving an RF
(13.56 MHz) power of 500 W to a coiled electrode at a
pressure of 1.0 Pa to generate plasma for etching. The
substrate side (sample stage) also receives an RF (13.56
MHz) power of 150 W so that substantially negative self-
bias voltage is applied. The W film is etched under these first
etching conditions to taper the first conductive layer 5007
around the edge.

[0093] Without removing the resist mask 5009, the first
etching conditions are switched to the second etching con-
ditions. The second etching conditions include using CF,
and Cl, as etching gas, setting the gas flow rate ratio thereof
to 30:30 (sccm), and giving an RF (13.56 MHz) power of
500 W to a coiled electrode at a pressure of 1.0 Pa to
generate plasma for etching for about 15 seconds. The
substrate side (sample stage) also receives an RF (13.56
MHz) power of 20 W so that substantially negative self-bias
voltage is applied. The first conductive layer 5007 and the
second conductive layer 5008 are etched under the second
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etching conditions to about the same degree. In order to etch
the layers without leaving any residue on the gate insulating
film 5006, the etching time may be prolonged by 10 to 20%.

[0094] In the above first etching treatment, the first con-
ductive layer 5007 and the second conductive layer 5008 are
tapered around the edges by shaping the resist mask properly
and by the effect of the bias voltage applied to the substrate
side. In this way, first shape conductive layers 5010 to 5014
consisting of the first conductive layer S007 and the second
conductive layer 5008 are formed through the first etching
treatment. Regions of the gate insulating film 5006 that are
not covered with the first shape conductive layers 5010 to
5014 are etched by 20 to 50 nm to form thinned regions.

[0095] Next, the second etching treatment is conducted
without removing the resist mask 5009 (FIG. 7C). In the
second etching treatment, SF,, Cl,, and O, are used as
etching gas, the gas flow rate ratio thereof is set to 24:12:24
(scem), and an RF (13.56 MHz) power of 700 W is given to
a coiled electrode at a pressure of 1.3 Pa to generate plasma
for etching for about 25 seconds. The substrate side (sample
stage) also receives an RF (13.56 MHz) power of 10 W so
that substantially negative self-bias voltage is applied. The
W film is thus etched selectively to form second shape
conductive layers 5015 to 5019. The first conductive layers
501542 to 50184 are hardly etched in the second etching
treatment.

[0096] Then, without removing the resist mask 5009, the
first doping treatment is carried out to dope the semicon-
ductor layers 5002 to 5005 with an impurity element that
gives the n type conductivity. The first doping treatment
employs ion doping or ion implantation. The ion doping
conditions include setting the dose to 1x10'® to 5x10™
atoms/cm” and the acceleration voltage to 40 to 80 ke V. In
this embodiment, the dose is set to 5.0x10'* atoms/cm? and
the acceleration voltage is set to 50 keV. An impurity
element that gives the n type conductivity is an element
belonging to Group 15, typically, phosphorus (P) or arsenic
(As). This embodiment employs phosphorus (P). In this
case, the second shape conductive layers 5015 to 5018 serve
as masks against the impurity element that gives the n type
conductivity and first impurity regions (N-regions) 5020 to
5023 are formed in a self-aligning manner. The first impurity
regions 5020 to 5023 are doped with the impurity element
that gives the n type conductivity in a concentration of
1x10" to 1x10°° atoms/cm?.

[0097] Subsequently, the resist mask 5009 is removed and
a new resist mask 5024 is formed for the second doping
treatment. The acceleration voltage is higher in the second
doping treatment than in the first doping treatment. The ion
doping conditions include setting the dose to 1x10*° to
3x10 atoms/cm> and the acceleration voltage to 60 to 120
keV. In this embodiment, the dose is set to 3.0x10* atoms/
cm® and the acceleration voltage is set to 65 keV. In the
second doping treatment, the second conductive layer 50156
and the resist 5024 are used as masks against the impurity
element and the semiconductor layer under the tapered
portion of the first conductive layer 50154 and a region of
the semiconductor film 5004 that is not covered with any
mask are doped with the impurity element. Then the third
doping treatment is carried out with the acceleration voltage
set lower than in the second doping treatment to obtain the
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state of FIG. 7D. The ion doping conditions include setting
the dose to 1x10%° 1o 1x10?7 atoms/cm? and the acceleration
voltage to 50 to 100 keV.

[0098] As a result of the above second and third doping
treatment, a second impurity region (N-region, Lov region)
5026 overlapping the first conductive layer is doped with an
impurity element that gives the n type conductivity in a
concentration of 1x10"® to 5x10'° atoms/cm?. Third impu-
rity regions (N+regions) 5025 and 5028 are doped with an
impurity element that gives the n type conductivity in a
concentration of 1x10'° to 5x10*! atoms/cm>. Through the
first and second doping treatment, regions that are not doped
with an impurity element at all or regions doped with a
minute amount of impurity element are formed in the
semiconductor layers 5002 to 5005. In this embodiment, the
regions that are not doped with an impurity element at all or
regions doped with a minute amount of impurity element are
called channel regions 5027 and 5030. Of the first impurity
regions (N-regions) 5020 to 5023 formed through the first
doping treatment, there is a region that is covered with the
resist 5024 during the second doping treatment. This region
is still called as a first impurity region (N-region, LDD
region) and denoted by 5029 in this embodiment.

[0099] Although the second impurity region (N-region)
5026 and the third impurity regions (N+regions) 5025 and
5028 are formed by the second doping treatment alone in
this embodiment, the present invention is not limited thereto.
The regions may be formed by plural doping treatment
changing the doping treatment conditions suitably.

[0100] Next, the resist mask 5024 is removed and a new
resist mask 5031 is formed as shown in FIG. 8A. Thereafter
the fourth doping treatment is conducted. Through the fourth
doping treatment, fourth impurity regions (P+regions) 5032
and 5034 and fifth impurity regions (P-regions) 5033 and
5035 are formed in the semiconductor layers that are to serve
as active layers of p-channel TFTs. The fourth and fifth
impurity regions are doped with an impurity element that
gives the conductivity reverse to the n type conductivity.

[0101] In the fourth doping treatment, the second conduc-
tive layers 50165 and 5018b are used as masks against the
impurity element. In this way, the semiconductor layers are
doped with an impurity element that gives the p type
conductivity to form the fourth impurity regions (P+regions)
5032 and 5034 and the fifth impurity regions (P-regions)
5033 and 5035 in a self-aligning manner.

[0102] The fourth impurity regions 5032 and 5034 and the
fifth impurity regions 5033 and 5035 in this embodiment are
formed by ion doping using diborane (B,H,). The ion
doping conditions include setting the dose to 1x10'° atoms/
cm? and the acceleration voltage to 80 keV.

[0103] In the fourth doping treatment, the semiconductor
layers for forming n-channel TFTs are covered with the
resist mask 5031.

[0104] The fourth impurity regions (P+regions) 5032 and
5034 and the fifth impurity regions (P-regions) 5033 and
5035 have been doped with phosphorus by the first and the
second doping treatment indifferent concentrations. How-
ever, any region of the fourth impurity regions (P+regions)
5032 and 5034 and fitth impurity regions (P-regions) 5033
and 5035 is doped, by the fourth doping treatment, with an
impurity element that gives the p type conductivity in a
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concentration of 1x10" to 5x10°! atoms/cm®. Therefore the
fourth impurity regions (P+regions) 5032 and 5034 and the
fifth impurity regions (P-regions) 5033 and 5035 have no
problem in functioning as source regions and drain regions
of p-channel TFTs.

[0105] Although the fourth impurity regions (P+regions)
5032 and 5034 and the fifth impurity regions (P-regions)
5033 and 5035 are formed by the fourth doping treatment
alone in this embodiment, the present invention is not
limited thereto. The regions may be formed by plural doping
treatment changing the doping treatment conditions suitably.

[0106] Next, the resist mask 5031 is removed and a first
interlayer insulating film 5036 is formed as shown in FIG.
8B. This first interlayer insulating film 5036 is an insulating
film containing silicon and is formed by plasma CVD or
sputtering to a thickness of 100 to 200 nm. In this embodi-
ment, a silicon oxynitride film is formed by plasma CVD to
a thickness of 100 nm. The first interlayer insulating film
5036 is not limited to the silicon oxynitride film but may be
asingle layer or laminate of other insulating films containing
silicon.

[0107] Next, heating treatment (heat treatment) is con-
ducted as shown in FIG. 8C to restore the crystallinity of the
semiconductor layers and activate the impurity elements
used to dope the semiconductor layers. The heat treatment is
achieved by thermal annealing using an annealing furnace.
The thermal annealing is conducted in a nitrogen atmo-
sphere with the oxygen concentration set to 1 ppm or less,
preferably 0.1 ppm or less, at 400 to 700° C. In this
embodiment, the semiconductor layers are subjected to heat
treatment at 410° C. for an hour for activation. Other than
thermal annealing, laser annealing or rapid thermal anneal-
ing (RTA) can be employed.

[0108] This heat treatment may be conducted before the
first interlayer insulating film 5036 is formed. However, if
the materials forming the first conductive layers 5015a to
5019a and the second conductive layers 5015b to 50195 are
weak against heat, it is preferred to conduct the heat treat-
ment after the first interlayer insulating film 5036 (an
insulating film mainly containing silicon, for example, a
silicon nitride film) is formed as in this embodiment to
protect the wires and the like.

[0109] By putting the heat treatment after formation of the
first interlayer insulating film 5036 (an insulating film
mainly containing silicon, for example, a silicon nitride film)
as described above, hydrogenation of the semiconductor
layers is achieved as well as activation. In the hydrogenation
process, dangling bonds in the semiconductor layers are
terminated by hydrogen contained in the first interlayer
insulating film 5036.

[0110] Alternatively, heat treatment for activation may be
separated from heat treatment for hydrogenation.

[0111] The semiconductor layers can be hydrogenated
irrespective of presence or absence of the first interlayer
insulating film 5036. Examples of alternative hydrogenation
means include plasma hydrogenation using hydrogen that is
excited by plasma, and heat treatment conducted in an
atmosphere containing 3 to 100% of hydrogen at 300 to 450°
C. for 1 to 12 hours.

[0112] On the first interlayer insulating film 5036, a sec-
ond interlayer insulating film 5037 is formed. An inorganic
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insulating film can be used as the second interlayer insulat-
ing film 5037. For example, a silicon oxide film formed by
CVD or a silicon oxide film applied by SOG (spin on glass)
can be employed. The second interlayer insulating film 5037
may be an organic insulating film instead. For example, a
polyimide film, a polyamide film, a BCB (benzocy-
clobutene) film, or an acrylic film can be employed. A
laminate of an acrylic film and a silicon oxynitride film may
also be used.

[0113] In this embodiment, an acrylic film is formed to a
thickness of 1.6 um as the second interlayer insulating film.
The second interlayer insulating film 5037 can ease the level
difference caused by the TFTs that are formed on the
substrate 5000 and level the surface. Since its major role is
planarization, a film that can level a surface well is preferred
as the second interlayer insulating film 5037.

[0114] Next, the second interlayer insulating film 5037,
the first interlayer insulating film 5036, and the gate insu-
lating film 5006 are etched by dry etching or wet etching to
form contact holes that reach the third impurity regions 5025
and 5028 and the fourth impurity regions 5032 and 5034.

[0115] Subsequently, wires 5038 to 5041 and a pixel
electrode 5042 are formed to be electrically connected to the
respective impurity regions. These wires are formed by
patterning a laminate consisting of a 50 nm thick Ti film and
a 500 nm thick alloy film (Al-Ti alloy film). The wires are
not limited to the two-layer structure and may take a
single-layer structure or a multi-layer structure with three or
more layers. Wire materials are not limited to Al and Ti. For
example, the wires may be formed by patterning a laminate
in which an Al film or a Cu film is formed on a TaN film and
a Ti film is formed to top them. A desirable wire material is
one having excellent reflectivity.

[0116] A third interlayer insulating film 5053 is formed
next. An inorganic insulating film or an organic insulating
film can be used as the third interlayer insulating film. An
inorganic third interlayer insulating film may be a silicon
oxide film formed by CVD, a silicon oxide film applied by
SOG (spin on glass), a silicon nitride film or silicon oxyni-
tride film formed by sputtering, or the like. An organic third
interlayer insulating film may be an acrylic resin film or the
like.

[0117] Examples of a combination of the second interlayer
insulating film 5037 and the third interlayer insulating film
5053 are given below.

[0118] In one combination example, a laminate of an
acrylic film and a silicon nitride film or silicon oxynitride
film formed by sputtering is used as the second inter layer
insulating film 5037 and a silicon nitride film or silicon
oxynitride film formed by sputtering is used as the third
interlayer insulating film 5053. In another combination
example, a silicon oxide film formed by plasma CVD is used
as the second interlayer insulating film 5037 and the third
interlayer insulating film 5053 is also a silicon oxide film
formed by plasma CVD. In another combination example, a
silicon oxide film formed by SOG is used as the second
interlayer insulating film 5037 and the third interlayer insu-
lating film 5053 is also a silicon oxide film formed by SOG.
In another combination example, a laminate of a silicon
oxide film formed by SOG and a silicon oxide film formed
by plasma CVD is used as the second interlayer insulating
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film 5037 and a silicon oxide film formed by plasma CVD
is used as the third interlayer insulating film 5053. In another
combination example, an acrylic film is used as the second
interlayer insulating film 5037 and an acrylic film is also
used as the third interlayer insulating film 5053. In another
combination example, a laminate of an acrylic film and a
silicon oxide film formed by plasma CVD is used as the
second interlayer insulating film 5037 and a silicon oxide
film formed by plasma CVD is used as the third interlayer
insulating film 5053. In another combination example, a
silicon oxide film formed by plasma CVD is used as the
second interlayer insulating film 5037 and an acrylic film is
used as the third interlayer insulating film 5053.

[0119] Then a light-shielding film 5052 is formed on a
region of the third interlayer insulating film 5053 that
includes the logic circuit portion. The light-shielding film
5052 is formed so as to cover the entire lower region of a
pixel. Acrylic or other resins can be used as the light-
shielding film 5052. Alternatively, metals such as titanium
layered on aluminum, or chromium can be used for the
light-shielding film. When a metal is used for the light-
shielding film, the light-shielding film has to be electrically
separated from a reflective electrode 5051 described later by
forming an interlayer insulating film on the surface of the
metal film or by other methods. Instead of forming the
light-shielding film 5052, shielding against light may be
achieved by making a colored layer 5049 overlap with
another colored layer that has a different color from the layer
5049 in a region where the reflective electrode 5051
described later is not formed or in a region of the pixel
excluding the openings. The colored layer 5049 is formed on
an opposite substrate and is described later. In this embodi-
ment, forming the light-shielding film 5052 is chosen and an
acrylic film is used as the light-shielding film 5052.

[0120] Next, the light-shielding film 5052 and the third
interlayer insulating film 50353 are etched by dry etching or
wet etching to form a contact hole that reaches the pixel
electrode 5042.

[0121] Then the reflective electrode 5051 is formed on the
light-shielding film 5052.

[0122] An oriented film 5054 is formed on an area includ-
ing at least the reflective electrode 5051 and is subjected to
rubbing treatment.

[0123] An opposite substrate 5046 is prepared next. The
colored layer (color filter) 5049 and a planarization film
5055 are formed on the opposite substrate 5046. However,
the planarization film 5055 may be omitted if it is not
necessary.

[0124] On the planarization film 5055, an opposite elec-
trode 5048 is then formed from a transparent conductive
film. An oriented film 5047 is formed on the entire surface
of the opposite substrate and is subjected to rubbing treat-
ment. The opposite electrode 5048 and the reflective elec-
trode 5051 cross each other forming stripe patterns as shown
in FIG. 2.

[0125] Then the substrate on which the TFTs are formed
is bonded to the opposite substrate by a seal member 5044.
The seal member 5044 has fillers mixed therein, and the
fillers together with columnar spacers keep the distance
between the two substrates uniform while they are bonded.
Thereafter, a liquid crystal material 5050 is injected to the
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space between the substrates and the device is completely
sealed with an end-sealing agent (not shown in the drawing).
As the liquid crystal material 5050, a known liquid crystal
material may be used. In this way, a liquid crystal display
device shown in FIG. 8D is completed. If necessary, the
substrate on which the TFTs are formed or the opposite
substrate is cut into desired shapes. When a polarizing plate
and an FPC (not shown in the drawing) are bonded, the
device is completed as a product.

[0126] The semiconductor device manufactured in this
embodiment has a logic circuit formed below a pixel region
and therefore the product can be reduced in size. The TFTs
manufactured in this embodiment may have a bottom gate
structure or a dual gate structure.

[0127] This embodiment can be combined with other
embodiments.

[0128] Embodiment 4

[0129] This embodiment shows an example of a method
for crystallizing a semiconductor film for manufacturing a
semiconductor active layer of a TFT (including a channel
formation region, source region, and drain region) included
in a semiconductor device of the present invention.

[0130] As a base film, a silicon oxynitride film (compo-
sition ratio: 8i=32%, 0=59%, N=7%, and H=2%) in 400 nm
thick is formed on a glass substrate by plasma CVD method.
Then, as a semiconductor film, 150 nm of amorphous silicon
film is formed on the base film by plasma CVD method.
Then, thermal processing at 500° C. is performed thereon for
three hours so that hydrogen contained in the semiconductor
film is discharged. After that, the semiconductor film is
crystallized by laser annealing method.

[0131] As the laser used for laser annealing method,
continuous oscillating YVO, laser is used. For the laser
annealing method, the second harmonic (wavelength 532
nm) of the YVO, laser is used as laser light. As the beam in
a predetermined form, laser light is irradiated to the semi-
conductor film formed on the substrate surface by using an
optical system.

[0132] The form of the beam irradiated to the substrate can
be varied depending on the type of laser or optical system.
In this way, the aspect ratio and/or distribution of energy
density of the beam irradiated onto the substrate can be
changed. For example, various forms of the beam irradiated
onto the substrate are possible such as linear, rectangular and
elliptical forms. In this embodiment, the second harmonic of
the YVO, laser in an elliptical form of 200 umx50 um is
irradiated to the semiconductor film by using an optical
system.

[0133] FIG. 9 shows a model diagram of an optical
system, which is used when laser light is irradiated to a
semiconductor film on a substrate surface.

[0134] Laser light (the second harmonic of YVO, laser)
emitted from a laser 151 enters a convex lens 153 through
a mirror 152. The laser light enters to the convex lens 153
diagonally. As a result, a focus position is shifted due to the
aberration such as astigmatism. Thus, elliptical beam 156
can be formed in an irradiated surface or near there.

[0135] Then, the elliptical beam 156 formed in this way is
irradiated, and a glass substrate 155 is moved in a direction
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indicated by a reference numeral 157 or 158. Then, in the
semiconductor film 154 formed on the glass substrate 155,
the elliptical beam 156 is irradiated by relatively being
moved.

[0136] The relative scanning direction of the elliptical
beam 156 is perpendicular to the major axis of the elliptical
beam 156.

[0137] In this embodiment, the elliptical beam of 200
umx50 um is formed having incident angle ¢ of about 20°
of laser light with respect to the convex lens 153. The
elliptical beam is irradiated on the glass substrate 155 by
being moved at the speed of 50 cm/s. Thus, the semicon-
ductor film is crystallized.

[0138] The seco etching is performed on the crystalline
semiconductor film obtained in this way. FIG. 10 shows the
result of the observation of the surface by using an SEM
with 10,000 magnifications. The seco solution used for the
seco etching is manufactured by adding K, Cr,0, as additive
to HF:H,0=2:1. One shown in FIG. 10 is obtained by
relatively scanning laser light in a direction indicated by an
arrow shown in FIG. 10. Large crystal grains are formed in
parallel with the scanning direction of the laser light. In
other words, the crystal is raised so as to extend in the
scanning direction of the laser light.

[0139] In this way, large crystal grains are formed on the
crystallized semiconductor film by using the method accord-
ing to this embodiment. Therefore, when the semiconductor
film is used as a TFT active layer to manufacture a TFT, the
number of the crystal grain boundaries included in the
channel forming area of the TFT can be reduced. In addition,
each crystal grain internally has crystallinity, which is essen-
tially single crystal. Therefore, the mobility (field effect
mobility) as high as that of a transistor using a single crystal
semiconductor can be obtained.

[0140] Furthermore, when the TFT is positioned such that
the direction that the carrier moves can be the same as the
direction that the formed crystal grains extend, the number
of times that the carriers cross the crystal grain boundary can
be extremely reduced. Therefore, a variation in ON current
value (value of drain current flowing when the TFT is ON),
an OFF current value (value of drain current flowing when
the TFT is OFF), a threshold voltage, an S-value and ficld
effect mobility can be reduced. As a result, the electric
characteristic can be improved significantly.

[0141] In order to irradiate the elliptical beam 156 in a
wide range of the semiconductor film, the elliptical beam
156 is scanned in a direction perpendicular to the major axis
to irradiate to the semiconductor film multiple times. Here,
the position of the elliptical beam 156 is shifted in the
direction parallel to the major axis for every single scan. The
scanning direction becomes opposite between serial scans.
In the serial two scans, one will be called outward scan and
the other will be called inward scan hereinafter.

[0142] The amount of shifting the position of the elliptical
beam 156 to the direction parallel to the major axis for every
single scan is expressed by pitch d. A reference numeral D1
indicates, in the outward scan, the length of the elliptical
beam 156 in the direction perpendicular to the scanning
direction of the elliptical beam 156 in an area having large
crystal grains as shown in FIG. 10. A reference numeral D2
indicates, in the inward scan, the length of the elliptical
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beam 156 in the direction perpendicular to the scanning
direction of the elliptical beam 156 in an area having large
crystal grains as shown in FIG. 10. In this case, an average
value of D1 and D2 is D.

[0143] Here, an overlap ratio Ry; [%] is defined by
Equation 1.

Ry1=(1-4/D)x100
[0144] In this embodiment, the overlap ratio Ry is 0%.
[0145] Embodiment 5

[0146] This embodiment is different from the Embodi-
ment 4 in the method for crystallizing a semiconductor film
when an active layer of a TFT included in the semiconductor
device of the present invention is manufactured.

[Equation 1]

[0147] The steps up to forming an amorphous silicon film
as a semiconductor film are the same as those of the
Embodiment 4. After that, the method disclosed in Japanese
Patent Application Laid-open No. Hei 7-183540 is used.
Nickel acetate solution (5 ppm in weight conversion con-
centration and 10 ml in volume) is coated on the semicon-
ductor film by spin coating method. Then, thermal process-
ing is performed thereon in a nitrogen atmosphere at 500° C.
for one hour and in a nitrogen atmosphere at 550° C. for
twelve hours. Then, the crystallinity of the semiconductor
film is improved by laser annealing method.

[0148] As the laser used for laser annealing method,
continuous oscillating YVO, laser is used. For the laser
annealing method, the second harmonic (wavelength 532
nm) of the YVO, laser is used as laser light. The elliptical
beam of 200 umx50 um is formed having incident angle ¢
of about 20° of laser light with respect to the convex lens
153 in the optical system shown in FIG. 9. The elliptical
beam is moved and irradiated to the glass substrate 155 at
the speed of 50 cm/s. Thus, the crystallinity of the semi-
conductor film is improved. The relative scanning direction
of the elliptical beam 156 is perpendicular to the major axis
of the elliptical beam 156.

[0149] The seco etching is performed on the crystal line
semiconductor film obtained in this way. FIG. 11 shows the
result of the observation of the surface by using an SEM
with 10,000 magnifications. One shown in FIG. 11 is
obtained by relatively scanning laser light in a direction
indicated by an arrow shown in FIG. 11. Large crystal grains
extend in the scanning direction.

[0150] In this way, large crystal grains are formed on the
crystallized semiconductor film according to the present
invention. Therefore, when the semiconductor film is used to
manufacture a TFT, the number of the crystal grain bound-
aries included in the channel forming area of the TFT can be
reduced. In addition, each crystal grain internally has crys-
tallinity, which is essentially single crystal. Therefore, the
mobility (field effect mobility) as high as that of a transistor
using a single crystal semiconductor can be obtained.

[0151] Furthermore, the formed crystal grains are aligned
in one direction. Thus, when the TFT is positioned such that
the direction that the carriers move can be the same as the
direction that the formed crystal grains extend, the number
of times that the carriers cross the crystal grain boundary can
be extremely reduced. Therefore, a variation in ON current
value, an OFF current value, a threshold voltage, an S-value
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and field effect mobility can be reduced. As a result, the
electric characteristic can be improved significantly.

[0152] In order to irradiate the elliptical beam 156 in a
wide range of the semiconductor film, the elliptical beam
156 is scanned in a direction perpendicular to the major axis
to irradiate to the semiconductor film multiple times (this
operation may be called scan). Here, the position of the
elliptical beam 156 is shifted in the direction parallel to the
major axis for every single scan. The scanning direction
becomes opposite between continuous scans. As same in
Embodiment 4, in the continuous two scans, one will be
called outward scan and the other will be called inward scan
hereinafter.

[0153] The amount of shifting the position of the elliptical
beam 156 to the direction parallel to the major axis for every
single scan is expressed by pitch d. A reference numeral D1
indicates, in the outward scan, the length of the elliptical
beam 156 in the direction perpendicular to the scanning
direction of the elliptical beam 156 in an area having large
crystal grains as shown in FIG. 11. A reference numeral D2
indicates, in the inward scan, the length of the elliptical
beam 156 in the direction perpendicular to the scanning
direction of the elliptical beam 156 in an area having large
crystal grains as shown in FIG. 11. In this case, an average
value of D1 and D2 is D.

[0154] Here, an overlap ratio Ryy [%] is defined like
Equation 1. In this embodiment, the overlap ratio Ry ; is 0%.

[0155] InFIG. 12, a thick line indicates a result of Raman
spectroscopy performed on the crystalline semiconductor
film (represented by Improved CG-Silicon in FIG. 12)
obtained by using the above-described crystallization
method. Here, for comparison, a thin line indicates a result
of Raman spectroscopy performed on the single crystal
silicon (represented by ref. (100) Si Wafer in FIG. 12). In
FIG. 12, a dotted line indicates a result of Raman spectros-
copy performed on a semiconductor film (represented by
excimer laser annealing in FIG. 12). In order to obtain the
semiconductor film, an amorphous silicon film is formed
and hydrogen contained in the semiconductor film is dis-
charged through thermal processing. Then, the semiconduc-
tor film is crystallized by using excimer laser with pulse
oscillation.

[0156] The Raman shift of the semiconductor film
obtained by using the method of this embodiment has the
peak at 517.3 cm™. The half value breadth is 4.96 cm™. On
the other hand, the Raman shift of the single crystal silicon
has the peak at 520.7 cm™. The half value breadth is 4.44
cm™t. The Raman shift of the semiconductor film crystal-
lized by using the excimer laser with the pulse oscillation
has the peak at 516.3 cm™. The half value breadth is 6.16
cm™

[0157] From the results in FIG. 12, the crystallinity of the
semiconductor film obtained by using the crystallization
method described in this embodiment is closer to that of the
single crystal silicon than the crystallinity of the semicon-
ductor film crystallized by using the excimer laser with pulse
oscillation.

[0158]

[0159] In this embodiment, a case where a semiconductor
film crystallized by using the method described in the

Embodiment 6
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Embodiment 6 i1s used to manufacture a TFT will be
described with reference to FIGS. 13A to 13H and an
electrical characteristic of the manufactured TFT is
described with FIGS. 14A and 14B.

[0160] A glass substrate is used as a substrate 20 in this
embodiment. As a base film 21, 50 nm of silicon oxynitride
film (composition ratio Si=32%, 0=27%, N=24%, and
H=17%) and 100 nm of silicon oxynitride film (composition
ratio Si=32%, 0=59%, N=7%, and H=2%) are stacked on
the glass substrate by plasma CVD method. Next, as a
semiconductor film 22, 150 nm of amorphous silicon film is
formed on the base film 21 by plasma CVD method. Then,
thermal processing is performed thereon at 500° C. for three
hours to discharge hydrogen contained in the semiconductor

film (FIG. 13A).

[0161] After that, the second harmonic (wavelength 532
nm, 5.5 W) of the continuous oscillating YVO,, laser is used
as the laser light to form an elliptical beam of 200 gmx50 ym
having incident angle ¢ of about 20° of laser light with
respect to the convex lens 153 in the optical system shown
in FIG. 9. The elliptical beam is irradiated on the semicon-
ductor film 22 by relatively being scanned at the speed of 50
cm/s (FIG. 13B).

[0162] Then, first doping processing is performed thereon.
This is channel doping for controlling the threshold value.
B Hj is used as material gas having a gas flow amount of 30
sccm, a current density of 0.05 #A, an accelerating voltage
of 60 keV, and a dosage of 1x10'*/cm?. Thus, the semicon-
ductor film 24 is formed (FIG. 13C).

[0163] Next, after etching the semiconductor film 24 into
a desired form by patterning, a silicon oxynitride film in 115
nm thick is formed by plasma CVD method as a gate
insulating film 27 covering the etched semiconductor film.
Then, a TaN film 28 in 30 nm thick and a W film 29 in 370
nm thick are stacked on the gate insulating film 27 as a
conductive film (FIG. 13D).

[0164] A mask (not shown) made of resist is formed
thereon by using photolithography method, and the W film,
the TaN film and the gate insulating film are etched. Thus,
the conductive layers 30, 31, and the gate insulating film 32
are formed.

[0165] Then, the mask made of resist is removed, and a
new mask 33 is formed. The second doping processing is
performed thereon and an impurity element imparting the
n-type to the semiconductor film is introduced. In this case,
the conductive layers 30 and 31 are masks for the impurity
element imparting the n-type, and an impurity region 34 is
formed in a self-aligned manner. In this embodiment, the
second doping processing is performed under two conditions
because the semiconductor film is thick as much as 150 nm.
In this embodiment, phosphine (PH,) is used as material gas.
The dosage of 2x10%/cm? and the accelerating voltage of 90
keV are used, and then the dosage of 5x10*/cm? and the
accelerating voltage of 10 keV are used for the processing
(FIG. 13E).

[0166] Next, the mask 33 made of resist is removed, and
a new mask 35 made of resist is formed additionally for
performing the third doping processing. Through the third
doping processing, an impurity region 36 is formed con-
taining an impurity element for imparting the opposite
conductive type against the one conductive type to the
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semiconductor film, which is an active layer of a p-channel
TFT. By using the conductive layers 30 and 31 as a mask for
the impurity element, the impurity region 36 is formed in the
self-aligned manner by addition of the impurity element for
imparting the p-type. Also the third doping processing in this
embodiment is performed under two conditions because the
semiconductor film is thick as much as 150 nm. In this
embodiment, diborane (B,H,) is used as material gas. The
dosage of 2x10'3/cm? and the accelerating voltage of 90 ke V
are used, and then the dose amount of 1x10'*/cm? and the
accelerating voltage of 10 keV are used for the processing

(FIG. 13F).

[0167] Through these steps, the impurity regions 34 and
36 are formed on the respective semiconductor layers.

[0168] Next, the mask 35 made of resist is removed, and
silicon oxynitride film (composition ratio Si=32.8%,
0=63.7%, and N=3.5%) in 50 nm thick is formed as a first
interlayer insulating film 37 by plasma CVD method.

[0169] Next, thermal processing is performed thereon to
recover crystallinity of the semiconductor layers and to
activate the impurity elements added to the semiconductor
layers, respectively. Then, thermal processing by thermal
annealing method using an anneal furnace is performed at
550° C. for four hours in a nitrogen atmosphere (FIG. 13G).

[0170] Next, a second interlayer insulating film 38 of an
inorganic or organic insulating material is formed on the first
interlayer insulating film 37. In this embodiment, after
forming a silicon nitride film in 50 nm thick by CVD
method, a silicon oxide film in 400 nm thick is formed.

[0171] After the thermal processing, hydrogenation pro-
cessing can be performed. In this embodiment, the thermal
processing is performed at 410° C. for one hour in a nitrogen
atmosphere by using an anneal furnace.

[0172] Next, a wiring 39 is formed for connecting to the
impurity regions electrically. In this embodiment, the wiring
39 is formed by patterning a laminate film of a Ti film in 50
nm thick, an Al-Si film in 500 nm thick and a Ti film in 50
nm thick. Naturally, the construction is not limited to the
two-layer construction, but may be a single layer construc-
tion or a laminate construction having three or more layers.
The material of the wiring is not limited to Al and Ti. For
example, Al and/or Cu may be formed on a TaN film. Then,
a laminate film having a Ti film may be patterned to form a
wiring (FIG. 13H).

[0173] In this way, the n-channel TFT 51 and the p-chan-
nel TFT 52 are formed, both having the channel length of 6
um and the channel width of 4 ym.

[0174] FIGS. 14A and 14B show results of measuring
these electrical characteristics. FIG. 14A shows an electric
characteristic of the n-channel TFT 51. FIG. 14B shows an
electric characteristic of the p-channel TFT 52. The electric
characteristics are measured at two measurement points in a
range of gate voltage Vg=-16 to 16 V and in the range of
drain voltage Vd=1 V and 5 V. In FIGS. 14A and 14B, the
drain current (ID) and the gate current (IG) are indicated by
solid lines. The mobility (#FE) is indicated by a dotted line.

[0175] Because large crystal grains are formed on the
semiconductor film crystallized according to the present
invention, the number of crystal grain boundaries containing
the channel forming region can be reduced when a TFT is
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manufactured by using the semiconductor film. Further-
more, because the formed crystal grains direct to the same
direction, the number of times of crossing the crystal grain
boundaries by carriers can be extremely reduced. Therefore,
a TFT having the good electric characteristic can be obtained
as shown in FIGS. 14A and 14B. Especially, the mobility is
524 cm®/Vs in the n-channel TFT and 205 cm®/Vs in the
p-channel TFT. When a display device is manufactured by
using this type of TFT, the operational characteristic and the
reliability can be improved also.

[0176] Since TFT manufactured using the process as
shown in this embodiment has the high mobility, it becomes
possible to realize the logic circuit of high-speed operation.
For example, it becomes possible to realize 5 MHz or more
as frequency of operation in CPU, DSP, a graphics accel-
erator, an image-processing circuit, a timing generator, and
the like. Moreover, it is possible to realize 200 nsec or less
as a read-out speed of SRAM. Moreover, it is possible to
realize below 1 usec as a read-out speed of DRAM. By
realizing such a high-speed logic circuit, it becomes possible
to manufacture a more complicated system on the substrate
that has the insulated surface.

[0177] In other words, when restriction of a speed of
operation decreased, it becomes possible to form more
various logic circuits or systems, and it becomes possible to
realize more highly efficient and small semiconductor
device.

[0178] Embodiment 7

[0179] In this embodiment, a case where a TFT is manu-
factured by using a semiconductor film crystallized by using
the method described in Embodiment 5 will be described
with reference to FIG. 15 and FIGS. 16A to 18B.

[0180] The steps up to forming the amorphous silicon film
as the semiconductor film are the same as Embodiment 6.
The amorphous silicon film is formed in 150 nm thick (FIG.
15A).

[0181] After that, the method disclosed in the Japanese
Patent Application Laid-Open No. Hei 7-183540 is used.
Nickel acetate solution (5 ppm in weight conversion con-
centration and 10 ml in volume) is coated on the semicon-
ductor film by spin coating method to form a metal con-
taining layer 41. Then, thermal processing is performed
thereon in a nitrogen atmosphere at 500° C. for one hour and
in a nitrogen atmosphere at 550° C. for twelve hours. Then,
a semiconductor film 42 is obtained (FIG. 15B).

[0182] Then, the crystallinity of the semiconductor film 42
is improved by laser annealing method.

[0183] As the laser used for laser annealing method,
continuous oscillating YVO, laser is used. For the condition
for the laser annealing method, the second harmonic (wave-
length 532 nm, 5.5 W) of the YVO, laser is used as laser
light. The elliptical beam of 200 umx50 ym is formed having
incident angle ¢ of about 20° of laser light with respect to the
convex lens 53 in the optical system shown in FIG. 9. The
elliptical beam is moved and irradiated to the substrate at the
speed of 20 cm/s or 50 cm/s. Thus, the crystallinity of the
semiconductor film 42 is improved. As a result, a semicon-
ductor film 43 is obtained (FIG. 15C).

[0184] The steps after the crystallizing the semiconductor
film in FIG. 15C are the same as the steps shown in FIGS.
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13C to 13H shown in Embodiment 6. In this way, the
n-channel TFT 51 and the p-channel TFT 52 are formed,
both having the channel length of 6 um and the channel
width of 4 um. These electrical characteristics are measured.

[0185] FIGS. 16A to 18B show electric characteristics of
the TFT manufactured through these steps.

[0186] FIGS. 16A and 16B show these electrical charac-
teristics of a TFT manufactured by moving the substrate at
the speed of 20 cm/s in the laser annealing step in FIG. 15C.
FIG. 16A shows an electric characteristic of the n-channel
TET 51. FIG. 16B shows an electric characteristic of the
p-channel TFT 52. FIGS. 17A and 17B show these elec-
trical characteristics of a TFT manufactured by moving the
substrate at the speed of 50 cm/s in the laser annealing step
in FIG. 15C. FIG. 17A shows an electric characteristic of
the n-channel TFT 51. FIG. 17B shows an electric charac-
teristic of the p-channel TFT 52.

[0187] The electric characteristics are measured in a range
of gate voltage Vg=-16 to 16 V and in the range of drain
voltage Vd=1 V and 5 V. In FIGS. 16A to 17B, the drain
current (ID) and the gate current (IG) are indicated by solid
lines. The mobility (uFE) is indicated by a dotted line.

[0188] Because large crystal grains are formed on the
semiconductor film crystallized according to the present
invention, the number of crystal grain boundaries contained
in the channel forming region can be reduced when a TFT
is manufactured by using the semiconductor film. Further-
more, the formed crystal grains direct to the same direction.
In addition, the small number of grain boundaries is laid in
a direction crossing the relative scanning direction of laser
light. Therefore, the number of times of crossing the crystal
grain boundaries by carriers can be extremely reduced.

[0189] Accordingly, a TFT having the good electric char-
acteristic can be obtained as shown in FIGS. 16A to 17B.
Especially, the mobility is 510 cm?/Vs in the n-channel TFT
and 200 cm?/Vs in the p-channel TFT in FIGS. 16A and
16B. The mobility is 595 cm?/Vs in the n-channel TFT and
199 cm?/Vs in the p-channel TFT in FIGS. 17A and 17B.
When a semiconductor apparatus is manufactured by using
this type of TFT, the operational characteristic and the
reliability can be also improved.

[0190] FIGS. 18A and 18B show these electrical charac-
teristics of a TFT manufactured by moving the substrate at
the speed of 50 cm/s in the laser annealing step in FIG. 15C
that is a different from shown in FIGS. 17A and 17B. FIG.
18A shows an electric characteristic of the n-channel TFT
51. FIG. 18B shows an electric characteristic of the p-chan-
nel TFT 52.

[0191] The electric characteristics are measured in a range
of gate voltage Vg=-16 to 16 V and in the range of drain
voltage Vd=0.1 V and 5 V.

[0192] As shown in FIGS. 18A and 18B, a TFT having
the good electric characteristic can be obtained. Especially,
the mobility is 657 cm?/Vs in the n-channel TFT in FIG.
18A and 219 cm®/Vs in the p-channel TFT in FIG. 18B.
When a semiconductor apparatus is manufactured by using
this type of TFT, the operational characteristic and the
reliability can be also improved.

[0193] Since TFT manufactured using the process as
shown in this embodiment has the high mobility, it becomes
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possible to realize the logic circuit of high-speed operation.
For example, it becomes possible to realize 5 MHz or more
as frequency of operation in CPU, DSP, a graphics accel-
erator, an image-processing circuit, a timing generator, and
the like. Moreover, it is possible to realize 200 nsec or less
as a read-out speed of SRAM. Moreover, it is possible to
realize below 1 usec as a read-out speed of DRAM. By
realizing such a high-speed logic circuit, it becomes possible
to manufacture a more complicated system on the substrate
that has the insulated surface.

[0194] In other words, when restriction of a speed of
operation decreased, it becomes possible to form more
various logic circuits or systems, and it becomes possible to
realize more highly efficient and small semiconductor
device.

[0195] Embodiment 8

[0196] FIG. 19 is a block diagram of logic circuits of a
semiconductor device. In the semiconductor device, pixels
of a passive matrix liquid crystal display are formed on a
substrate 705 and the logic circuits are formed in a region
below the pixels. An image processing circuit 700 receives
data from an external device through an interface circuit
706. The image processing circuit 700 reads data out of a
work memory 701 where a control signal or data for creating
image data is stored temporarily and writes data in the work
memory 701 as the need arises. The image processing circuit
700 two-dimensionally accesses a frame memory 704 to
write image data to be displayed on the display. The image
data written in the frame memory 704 is sent to a signal line
driving circuit 703 and a scanning line driving circuit 702,
so that an image is displayed using pixels. A DRAM or
SRAM is used as the work memory 701 and the frame
memory 704. The frame memory may be omitted if it is not
necessary. Some of the logic circuits may be mounted
externally.

[0197] The TFT manufacturing method of this embodi-
ment can be combined with Embodiments 3 through 7.

[0198] Embodiment 9

[0199] FIG. 20 is a block diagram of logic circuits of a
semiconductor device. In the semiconductor device, pixels
of a passive matrix liquid crystal display are formed on a
substrate 805 and the logic circuits are formed on the
substrate 805 in a region below the pixels. A timing gen-
erator 800 generates clock signals for determining operation
timing of a scanning line driving circuit 801 and a signal line
driving circuit 802. A gray scale power generating portion
804 outputs a voltage for determining the gray scale refer-
ence. A format converting portion 803 performs image
processing such as decompression and decode of input
signals that have been compressed and encoded, and inter-
polation and resizing of images. The image data that has
finished format conversion is sent to the scanning line
driving circuit 801 and the signal line driving circuit 802, so
that an image is displayed using pixels. Some of the above
logic circuits may be mounted externally.

[0200] The TFT manufacturing method of this embodi-
ment can be combined with Embodiments 3 through 7.

[0201] Embodiment 10

[0202] FIG. 21 is a block diagram of logic circuits of a
semiconductor device. In the semiconductor device, pixels
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of a passive matrix liquid crystal display are formed on a
substrate 904 and the logic circuits are formed in a region
below the pixels. The logic circuits in the semiconductor
device shown in FIG. 21 are a first scanning line driving
circuit 901, a second scanning line driving circuit 903, a first
signal line driving circuit 900, and a second signal line
driving circuit 902, and they are formed along the four sides
of the substrate. In this embodiment, a background image
outputted from the first signal line driving circuit 900 to a
first signal line (not shown in the drawing) is scanned by the
first scanning line driving circuit 901 to display the back-
ground image. Text data outputted from the second signal
line driving circuit 902 to a second signal line (not shown in
the drawing) is scanned by the second scanning line driving
circuit 903 to display text independent of display of a
background image.

[0203] Arrangement of the driving circuits is not limited to
the above and each driving circuit may be divided into more
than two. Some of the driving circuits may be mounted
externally.

[0204] The TFT manufacturing method of this embodi-
ment can be combined with Embodiments 3 through 7.

[0205] Embodiment 11

[0206] FIG. 22 is a block diagram of logic circuits of a
portable game machine. In the portable game machine,
pixels of a passive matrix liquid crystal display are formed
and the logic circuits are formed on a substrate 1008 in a
region below the pixels.

[0207] Data is sent from an external device that is not
placed on the substrate 1008 to a system bus 1005 through
an interface circuit 1001. Examples of the external device
include a ROM and a keyboard. Communication with the
external device is control led by a CPU 1000. The data past
the system bus 1005 is stored in a memory 1002, Then the
data is subjected to image processing by an image process-
ing circuit 1003 and is stored in a VRAM 1004. The image
data stored in the VRAM 1004 is set to a scanning line
driving circuit 1006 and a signal line driving circuit 1007, so
that an image is displayed using pixels. A DRAM or SRAM
is used as the memory 1002 and the VRAM 1004. Some of
the above logic circuits may be mounted externally.

[0208] The TFT manufacturing method of this embodi-
ment can be combined with Embodiments 3 through 7.

[0209] Embodiment 12

[0210] Examples of electronic devices to which the
present invention is applied include a video camera, a digital
camera, a goggle type display (head-mounted display), a
navigation system, a sound reproducing system (car audio
system, audio component stereo, or the like), a laptop, a
game player, a portable information terminal (mobile com-
puter, portable telephone, portable game player, electronic
book, or the like), and an image reproducing system pro-
vided with a recording medium (specifically, device which
plays a recording medium such as a digital versatile disc
(DVD) and is provided with a display for displaying
images). Specific examples of the electronic devices are
shown in FIGS. 23A to 23G.

[0211] FIG. 23A shows a display device, which includes
a casing 1401, a support stand 1402, and a display unit 1403.
The present invention can be applied to the display unit
1403.



US 2003/0166336 Al

[0212] FIG. 23B shows a video camera, which is consti-
tuted by a main body 1411, a display unit 1412, a sound
input portion 1413, operation switches 1414, a battery 1415,
an image receiving portion 1416, and the like. The present
invention can be applied to the display unit 1412.

[0213] FIG. 23C shows a laptop computer, which is
constituted by a main body 1421, a casing 1422, a display
unit 1423, a keyboard 1424, and the like. The present
invention can be applied to the display unit 1423.

[0214] FIG. 23D shows a portable information terminal,
which is constituted by a main body 1431, a stylus 1432, a
display unit 1433, operation buttons 1434, an external
interface 1435, and the like. The present invention can be
applied to the display unit 1433.

[0215] FIG. 23E shows a sound reproducing system,
specifically, an audio system for an automobile, which is
constituted by a main body 1441, a display unit 1442,
operation switches 1443 and 1444, and the like. The present
invention can be applied to the display unit 1442. Further,
the audio system for an automobile is taken as an example
here, but a portable or domestic audio system may be given.

[0216] FIG. 23F shows a digital camera, which is consti-
tuted by a main body 1451, a display unit A 1452, an
eyepiece portion 1453, operation switches 1454, a display
unit B 1455, a battery 1456, and the like. The present
invention can be applied to the display unit A 1452 and the
display unit B 1455.

[0217] FIG. 23G shows a portable telephone, which is
constituted by a main body 1461, a sound output portion
1462, a sound input portion 1463, a display unit 1464,
operation switches 1465, an antenna 1466, and the like. The
present invention can be applied to the display unit 1464.

[0218] Not only a glass substrate but also a heat-resistance
plastic substrate can be used for the display device used in
each of the above electronic devices. Thus, reduction in
weight of the electronic device can be attained.

[0219] It is noted that the above are described just as part
of example, the present invention is not limited to these
applications.

[0220] Further, the electronic device in this embodiment
can be realized by using the structure based on any combi-
nation of Embodiments 1 to 11.

[0221] Embodiment 13

[0222] This embodiment describes an example in which a
signal line driving circuit and a scanning line driving circuit
are formed on a first substrate (also called a pixel substrate)
having an insulating surface, a CPU as an example of a logic
circuit is formed on a second substrate (also called an
opposite substrate) facing the first substrate, and the signal
line driving circuit and the scanning line driving circuit
(hereinafter these circuits being referred to as driving cir-
cuits) are connected to the CPU by wire bonding. The
description is given with reference to FIGS. 24A and 24B.

[0223] FIG. 24A shows a passive matrix display device
having a first substrate 50 and a second substrate 55. A signal
line driving circuit 52, a scanning line driving circuit 53, and
a first electrode 54 connected to the signal line driving
circuit are formed on the first substrate 50. A second
electrode 54' to serve as an opposite clectrode and a CPU 56
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are formed on the second substrate 55. The signal line
driving circuit, the scanning line driving circuit, and the
CPU have TFTs.

[0224] The second electrode 54" is placed on a face of the
second substrate 55 that faces the first substrate (hereinafter
referred to as primary face). The CPU 56 is placed on a face
of the second substrate 55 that is opposite to the primary face
(hereinafter referred to as secondary face).

[0225] FIG. 24B is a sectional view taken along the line
A-A' in FIG. 24A. A liquid crystal material (liquid crystal
layer) is provided between the first substrate 50 and the
second substrate 55 but is not shown in the drawing for
conveniences’ sake.

[0226] The TFTs of the signal line driving circuit and
scanning line driving circuit and the first electrode 54 which
are placed on the first substrate can be manufactured by any
method described in Embodiments 3 through 11.

[0227] Described next is a method of manufacturing the
second electrode 54' and the CPU 56 which are placed on the
second substrate.

[0228] Consulting any method described in Embodiments
3 through 11, TFTs functioning as the CPU are formed first
on the secondary face of the second substrate. Thereafter, a
dummy substrate is placed on the TFTs to form on the
primary face of the second substrate the second electrode 54'
and, if necessary, color filters, a planarization film, and the
like. The dummy substrate is then peeled off to obtain the
second substrate on which the CPU and the second electrode
are formed.

[0229] Alternatively, the TFTs may be formed after the
second electrode 54' is formed and a dummy substrate is
formed on the second ¢lectrode. In this case, however, a
material that can withstand the heat in the TFT manufac-
turing process has to be used for the second electrode 54' and
crystallization and activation (e.g., laser treatment) in the
TFT manufacturing process must be gentle enough to avoid
affecting the second electrode.

[0230] Openings (cach measuring about 100 umx100 gm)
are formed in a passivation film for protecting the TETs,
thereby forming plural electrode pads 57 in a part (perim-
eter) of the CPU 56. The passivation film is a SiN film, a
SiN/TEOS film with TEOS mixed to relieve the stress of
SiN, or an acrylic film or other films containing an organic
resin material. Similarly, openings are formed in a passiva-
tion film in the driving circuits to form another set of
electrode pads 57.

[0231] Next, the first substrate 50 and the second substrate
55 are bonded to each other by a seal agent 59 provided
between the pixel portion and the driving circuits. In bond-
ing the substrates, the seal agent 59 may double as a spacer
for keeping the distance (gap) between the first substrate and
the second substrate. Columnar spacers or spherical spacers
may be provided in order to keep the gap accurately.

[0232] The seal agent 59 may be placed outside the
driving circuits or may be placed so as to cover the pixel
portion and the driving circuits partially. However, in the
case where the seal agent is placed on the pixel portion or the
driving circuits, placement of the seal agent has to be
decided taking into consideration the stress on the pixel
portion and the driving circuits upon bonding.
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[0233] Thereafter the electrode pads of the CPU are con-
nected to the electrode pads of the driving circuits by wire
bonding using wires 58.

[0234] As described, according to the present invention, a
CPU can be formed on a second substrate above driving
circuits and therefore a passive matrix display device can be
reduced in size. The present invention can also provide a
transmissive passive matrix display device by forming a
CPU only above driving circuits as in this embodiment.

[0235] The signal line driving circuit 52 and the scanning
line driving circuit 53, which have a relatively high drive
voltage (ranging between 10 V and 20 V), and the CPU 55,
which has a relatively low drive voltage (lower than 10 V),
are formed on different substrates, thereby making it pos-
sible to take different manufacturing processes for TFTs of
different drive voltages. Accordingly, TFT forming pro-
cesses in the first substrate 50 differ from those in the second
substrate 55 so that different semiconductor films can
receive different crystallization processes and different gate
insulating films can have different thicknesses. As a result,
TFTs suited for their respective purposes are obtained.

[0236] For instance, an electric characteristic required for
the TFTs of the CPU is high mobility and therefore a laser
crystallization process or a crystallization process using a
metal element that accelerates crystallization, or a combi-
nation of these crystallization processes is used for the TFTs
on the opposite substrate. On the other hand, the TFTs on the
pixel substrate needs high mobility to a certain degree but
not so high compared to the CPU.

[0237] In the CPU required to operate at high speed, the
drive voltage has to be lowered and the gate insulating film
has to be thinned accordingly. However, it is difficult for the
TFTs used in the pixel portion to lower their drive voltage
and thin their gate insulating film because of restrictions on
the drive voltage of the display device.

[0238] The characteristic required is thus varied among
TFTs. The present invention is characterized in that different
TFTs are manufactured by different processes and different
substrates can have different TFTs.

[0239] Although the second electrode is formed on the
primary face of the second substrate and the CPU is formed
on its secondary face in this embodiment, the second elec-
trode and the CPU may be formed on the same face of the
second substrate. In this case, the CPU is connected to the
driving circuits by an FPC having conductivity.

[0240] The CPU may be placed in the position of the seal
agent 509 to function as a spacer since the CPU is as tall as
the spacer. In this case, the CPU is formed in a region (side)
where the driving circuits are placed and the sealing agent is
placed in other regions (other sides) of the substrate. Then
the CPU is connected to the driving circuits using a con-
ductive paste or the like.

[0241] In the description of this embodiment, a CPU is
taken as an example of a logic circuit. However, the logic
circuit formed may be one or more circuits chosen out of a
register, a decoder, a counter, a frequency divider circuit, a
memory, a control circuit, a timing generator (timing gen-
erating circuit), an SRAM, a DRAM, an image processing
circuit, an interface circuit to communicate with an external
device, a graphic accelerator, a mask ROM, and DSP.
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[0242] FIGS. 25A and 25B show an example of a con-
nection method different from FIG. 24B where wire bond-
ing is used to connect circuits.

[0243] As shown in FIG. 25A, wires 62 are formed in
advance in an outer frame 61 of the semiconductor display
device (an outer frame generally formed of resin or the like).
The wires 62 are lead wires placed in grooves that are
formed in the outer frame 61. The interval between the wires
is matched with the interval between the electrode pads.
Thereafter, the first substrate 51 and the second substrate 55
which are fixed to each other by the seal agent are fit into the
outer frame 61 to connect the electrode pads of the driving
circuits to the electrode pads of the CPU. Providing the
wires in the outer frame like this is easier than connecting
the electrode pads by wire bonding and can reduce connec-
tion defect. Other connection methods than the one shown in
FIGS. 25A and 25B are connecting openings with the
electrode pads as in a printed board, a socket-fashion con-
nection method, and a connection method that uses a solder
bump formed on the substrate.

[0244] As described, a semiconductor device or semicon-
ductor display device of the present invention is character-
ized in that TFTs are formed on an opposite substrate to
build on the opposite substrate a logic circuit which in prior
art is formed and mounted on a substrate different from a
substrate that constitutes a display unit. As a result, the
semiconductor device or semiconductor display device can
be reduced in size and, at the same time, mounting of IC
chips and the like is greatly simplified to improve the
reliability in mounting.

[0245] According to the present invention, a semiconduc-
tor device can be reduced in size by forming all or some of
logic circuits, which in prior art are mounted externally, in
a region overlapping a pixel region on a substrate where a
reflective electrode is formed. The present invention can also
reduce the number of IC chips and the like mounted to a
substrate greatly, thereby solving the reliability problem
accompanying mounting of IC chips and the like on the
substrate

What is claimed is:
1. A passive matrix display device, comprising:

a plurality of transistors formed on a first substrate that
has an insulating surface;

a first electrode formed on the transistors;

a second electrode formed so as to cross the first elec-
trode; and

a second substrate facing the first substrate and having an
insulating surface,

wherein the plural transistors constitute a signal line
driving circuit, a scanning line driving circuit, and a
logic circuit.

2. A passive matrix display device, comprising:

a plurality of transistors formed on a first substrate that
has an insulating surface;

a first ¢lectrode formed on the transistors;

a second electrode formed so as to cross the first elec-
trode; and
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a second substrate facing the first substrate and having an
insulating surface,

wherein the plural transistors constitute a signal line
driving circuit, a scanning line driving circuit, and a
logic circuit,

wherein the first electrode is connected to the signal line
driving circuit or the scanning line driving circuit
through an opening formed in the insulating film.

3. A passive matrix display device, comprising:

a plurality of transistors formed on a first substrate that
has an insulating surface;

a first electrode formed on the transistors;

a second electrode formed so as to cross the first elec-
trode; and

a second substrate facing the first substrate and having an
insulating surface,

wherein the plural transistors constitute a signal line
driving circuit, a scanning line driving circuit, and a
logic circuit, and

wherein the second electrode is connected to the signal
line driving circuit or the scanning line driving circuit
through an FPC or a wire.

4. A passive matrix display device according to claim 1,
wherein the first electrode is a reflective electrode.

5. A passive matrix display device according to claim 2,
wherein the first electrode is a reflective electrode.

6. A passive matrix display device according to claim 3,
wherein the first electrode is a reflective electrode.

7. A passive matrix display device according to claim 1,
wherein the second electrode is a transparent electrode.

8. A passive matrix display device according to claim 2,
wherein the second electrode is a transparent electrode.

9. A passive matrix display device according to claim 3,
wherein the second electrode is a transparent electrode.

10. A passive matrix display device according to claim 1,
wherein the plural transistors constitute an SRAM and the
read cycle time of the SRAM is 200 nsec or less.

11. A passive matrix display device according to claim 2,
wherein the plural transistors constitute an SRAM and the
read cycle time of the SRAM is 200 nsec or less.

12. A passive matrix display device according to claim 3,
wherein the plural transistors constitute an SRAM and the
read cycle time of the SRAM is 200 nsec or less.

13. A passive matrix display device according to claim 1,
wherein the plural transistors constitute a DRAM and the
read cycle time of the DRAM is 1 usec or less.

14. A passive matrix display device according to claim 2,
wherein the plural transistors constitute a DRAM and the
read cycle time of the DRAM is 1 usec or less.

15. A passive matrix display device according to claim 3,
wherein the plural transistors constitute a DRAM and the
read cycle time of the DRAM is 1 usec or less.

16. A passive matrix display device according to claim 1,
wherein the plural transistors constitute an image processing
circuit and the operation frequency of the image processing
circuit is 5 MHz or more.

17. A passive matrix display device according to claim 2,
wherein the plural transistors constitute an image processing
circuit and the operation frequency of the image processing
circuit is 5 MHz or more.
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18. A passive matrix display device according to claim 3,
wherein the plural transistors constitute an image processing
circuit and the operation frequency of the image processing
circuit is 5 MHz or more.

19. A passive matrix display device according to claim 1,
wherein the plural transistors constitute a CPU and the
operation frequency of the CPU is 5 MHz or more.

20. A passive matrix display device according to claim 2,
wherein the plural transistors constitute a CPU and the
operation frequency of the CPU is 5 MHz or more.

21. A passive matrix display device according to claim 3,
wherein the plural transistors constitute a CPU and the
operation frequency of the CPU is 5 MHz or more.

22. A passive matrix display device according to claim 1,
wherein the plural transistors constitute a DSP and the
operation frequency of the DSP is 5 MHz or more.

23. A passive matrix display device according to claim 2,
wherein the plural transistors constitute a DSP and the
operation frequency of the DSP is 5 MHz or more.

24. A passive matrix display device according to claim 3,
wherein the plural transistors constitute a DSP and the
operation frequency of the DSP is 5 MHz or more.

25. A passive matrix display device, comprising:

a first substrate having an insulating surface;

a second substrate facing the first substrate and having an
insulating surface;

a signal line driving circuit, a scanning line driving
circuit, and a first electrode that are formed on the first
substrate, the driving circuits having a plurality of
TFTs; and

a logic circuit and a second electrode that are formed on

the second substrate.

26. Apassive matrix display device according to claim 25,
wherein the logic circuit is formed only above the signal line
driving circuit or the scanning line driving circuit.

27. A passive matrix display device according to claim 1,
wherein the first substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

28. A passive matrix display device according to claim 2,
wherein the first substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

29. A passive matrix display device according to claim 3,
wherein the first substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

30. A passive matrix display device according to claim 25,
wherein the first substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

31. A passive matrix display device according to claim 1,
wherein the second substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

32. A passive matrix display device according to claim 2,
wherein the second substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

33. A passive matrix display device according to claim 3,
wherein the second substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

34. A passive matrix display device according to claim 25,
wherein the second substrate is a plastic substrate, a glass
substrate, or a quartz substrate.

35. A passive matrix display device according to claim 1,
wherein the transistors are thin film transistors formed on an
insulating surface.
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36. A passive matrix display device according to claim 2,
wherein the transistors are thin film transistors formed on an
insulating surface.

37. A passive matrix display device according to claim 3,
wherein the transistors are thin film transistors formed on an
insulating surface.

38. A passive matrix display device according to claim 25,
wherein the transistors are thin film transistors formed on an
insulating surface.

39. A passive matrix display device according to claim 38,
wherein active layers of the thin film transistors have a
crystalline semiconductor film.

40. A passive matrix display device according to claim 38,

wherein active layers of the thin film transistors have a
crystalline semiconductor film, and

wherein the crystalline semiconductor film is obtained by
irradiating a semiconductor film with continuous wave
laser light while scanning the laser light over the
semiconductor film in one direction.

41. A passive matrix display device according to claim 40,
wherein the channel length direction of the thin film tran-
sistors and the laser light scanning direction form an angle
of -30° to 30°.

42. A passive matrix display device according to claim 35,

wherein active layers of the thin film transistors have a
crystalline semiconductor film, and

wherein crystal grains that constitute the crystalline semi-
conductor film are present in one axial direction.
43. A passive matrix display device according to claim 36,

wherein active layers of the thin film transistors have a
crystalline semiconductor film, and

wherein crystal grains that constitute the crystalline semi-
conductor film are present in one axial direction.
44. A passive matrix display device according to claim 37,

wherein active layers of the thin film transistors have a
crystalline semiconductor film, and

wherein crystal grains that constitute the crystalline semi-
conductor film are present in one axial direction.
45. Apassive matrix display device according to claim 38,

wherein active layers of the thin film transistors have a
crystalline semiconductor film, and

wherein crystal grains that constitute the crystalline semi-

conductor film are present in one axial direction.

46. A passive matrix display device according to claim 42,
wherein the channel direction of the plural TFTs and the one
axial direction form an angle of -30° to 30°.

47. A passive matrix display device according to claim 43,
wherein the channel direction of the plural TFTs and the one
axial direction form an angle, of —30° to 30°.

48. A passive matrix display device according to claim 44,
wherein the channel direction of the plural TFTs and the one
axial direction form an angle of -30° to 30°.
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49. A passive matrix display device according to claim 45,
wherein the channel direction of the plural TFTs and the one
axial direction form an angle of —30° to 30°.

50. A passive matrix display device according to claim 1,
wherein the logic circuit is one or more circuits selected
from the group consisting of an SRAM, a DRAM, a frame
memory, a timing generating circuit, an image processing
circuit, a CPU, a DSP, and a mask ROM.

51. A passive matrix display device according to claim 2,
wherein the logic circuit is one or more circuits selected
from the group consisting of an SRAM, a DRAM, a frame
memory, a timing generating circuit, an image processing
circuit, a CPU, a DSP, and a mask ROM.

52. A passive matrix display device according to claim 3,
wherein the logic circuit is one or more circuits selected
from the group consisting of an SRAM, a DRAM, a frame
memory, a timing generating circuit, an image processing
circuit, a CPU, a DSP, and a mask ROM.

53. Apassive matrix display device according to claim 25,
wherein the logic circuit is one or more circuits selected
from the group consisting of an SRAM, a DRAM, a frame
memory, a timing generating circuit, an image processing
circuit, a CPU, a DSP, and a mask ROM.

54. A passive matrix display device comprising:

a first substrate having an insulating surface;

an electronic circuit comprising a plurality of thin film
transistors formed over said first substrate;

an interlayer insulating film formed over said electronic
circuit;

a plurality of first conductive lines formed over said
interlayer insulating film and extending in parallel in a
first direction,

a plurality of second conductive lines formed over a
second substrate and extending in parallel wherein said
first substrate is opposed to said second substrate in
such a manner that said plurality first conductive lines
and said plurality of second conductive lines are in an
orthogonal relation to define a plurality of pixels.

55. The passive matrix display device according to claim
54 wherein said electronic circuit is at least one of a driver
circuit and a logic circuit.

56. The passive matrix display device according to claim
54 wherein said electronic circuit is at least one of an
SRAM, a DRAM, a frame memory, a timing generating
circuit, an image processing circuit, a CPU, a DSP, and a
mask ROM.

57. The passive matrix display device according to claim
54 wherein said plurality of first conductive lines are reflec-
tive and said electronic circuit is provided below said
plurality of pixels.

58. The passive matrix display device according to claim
54 wherein said plurality of first conductive lines are opera-
tionally connected to the electronic circuit.

* # * #® *
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