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7) ABSTRACT

The present invention relates to a thin film transistor and a
liquid crystal display. A gate electrode is formed to include
at least one portion extending in a direction perpendicular to
a gain growing direction in order to make electrical charge
mobility of TFTs uniform without increasing the size of the
driving circuit. A thin film transistor according to the present
invention includes a semiconductor pattern a thin film of
poly-crystalline silicon containing grown grains on the insu-
lating substrate. The semiconductor pattern includes a chan-
nel region and source and drain regions opposite with
respect to the channel region. A gate insulating layer covers
the semiconductor pattern. On the gate insulating layer, a
gate electrode including at least one portion extending in a
direction crossing the growing direction of the grains and
overlapping the channel region is formed. In a liquid crystal
display according to the present invention, a plurality of thin
film transistors forming a data driver circuit include thin
films of polycrystalline silicon formed by sequential lateral
solidification, at least one portion of a gate electrode of each
thin film transistor extends in a direction crossing the grain
growing direction, and at least one of the plurality of thin
film transistors has a gate electrode having a pattern different
from other thin film transistors.

I YN
1 {102
i -T( Ef’:vﬂ\ \
/ N
G ’ : 100
—-101

103



Patent Application Publication Apr. 21,2005 Sheet 1 of 3 US 2005/0083445 Al

FIG.1

direction of mask

i

moving



FIG.34

il
I #

i
b
N

ol

zm

]
/I\\}
(l'.
(l\‘l‘
— — 1
/-\II
—
/\\IJ
~—
~— ]
e~ ——
R E—
ma013 :




Patent Application Publication Apr. 21,2005 Sheet 3 of 3

US 2005/0083445 Al

(]
S S S
4 vy
) S ?
5
L/
‘/
=
ﬁ_ '42-'\ mﬂ 5 I)
) _ v
) = —
g
EL| ’-“\_/U
= 1
] = i O




US 2005/0083445 Al

THIN FILM TRANSISTOR AND LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a thin film transis-
tor and a liquid crystal display.

[0003] (b) Description of Related Art

[0004] A liquid crystal display (“LCD”) includes upper
and lower panels provided with electrodes thereon and
liquid crystal material interposed therebetween. The LCD
displays an image by applying electric field to liquid crystal
material interposed between the two panels using the elec-
trodes and controlling the intensity of the electric field to
adjust the transmittance of light passing through the panels.

[0005] The most popular one among those LCDs is the
one that a common electrode and a plurality of pixel
electrodes are formed on the respective panels, and a plu-
rality of thin film transistors (“TFTs”) switching the voltages
applied to the pixel electrodes are formed on the panel with
the pixel electrode.

[0006] The most conventional TFT used in an LCD is an
amorphous silicon TFT using amorphous silicon as semi-
conductor pattern.

[0007] The amorphous silicon TFT has electrical charge
mobility of about 0.5-1.0 cm2/V.sec, and, therefore, it can be
used as a switching element of an LCD. However, it is not
proper to use the amorphous silicon TFIs for a driving
circuit directly on the liquid crystal panel due to its insuf-
ficient electrical charge mobility.

(a) Field of the Invention

[0008] To overcome this problem, a polycrystalline silicon
TFT using polycrystalline silicon having electrical charge
mobility of about 20-150 cm2/V.sec as semiconductor pat-
tern is developed. Since the polyerystalline silicon TFT has
relatively high electrical charge mobility as described above,
Chip In Glass structure in which driving circuits are embed-
ded in the liquid crystal panel can be implemented.

[0009] Techniques for obtaining polycrystalline silicon
thin film include as-deposition technique depositing poly-
crystalline silicon directly on a substrate at high tempera-
ture, a solid phase crystallization technique depositing amor-
phous silicon and crystallizing at high temperature, a
technique depositing amorphous silicon and crystallizing by
laser, and so forth. However, since those techniques require
a high temperature process, it is not proper for application of
glass substrates for LCDs. Also, they have a disadvantage
that electrical characteristics are not uniform between TFTs
due to non-uniform grain boundaries.

[0010] To resolve these problems, a sequential lateral
solidification technique, which can artificially control dis-
tribution of a grain boundary, is suggested. This technique
uses the fact that the grain of polycrystalline silicon grows
in a direction perpendicular to the boundary plane between
a liquid phase region exposed to laser beam and a solid
phase region which was not exposed to laser beam.

[0011] In the sequential lateral solidification technique, a
laser beam passes through a transmission area of a mask
having a slit pattern to completely melt amorphous silicon to
form liquid phase regions arranged in a shape of the slit
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pattern in the amorphous silicon layer. Then, the liquid phase
amorphous silicon becomes cooled to be crystallized. At this
time, a grain grows from the boundary of a solid phase
region which was not exposed to laser in a direction per-
pendicular to the boundary plane, and the grains stop grow-
ing when they meet at the center of the liquid phase region.
Such sequential lateral solidification can crystallize the
whole thin film by moving the slit pattern of a mask along
the growing direction of the grains.

[0012] However, if the sequential lateral solidification
process is performed by moving the slit pattern of the mask
only along the above grain growing direction, the grains
grow to several microns in the above grain growing direc-
tion, but they grow just some thousands of A in a direction
perpendicular to the above grain growing direction.

[0013] If the size of grain has anisotropy, electrical char-
acteristics of TFTs formed on a substrate also have anisot-
ropy depending on the channel directions. That is, electrical
charge mobility has a large variation between directions
parallel and perpendicular to the above grain growing direc-
tion, and this causes a design difficulty that all TFTs should
be arranged in the same direction when TFTs are formed on
the liquid crystal panel.

[0014] Generally, a data driver circuit and a gate driver
circuit incorporated in a liquid crystal panel are arranged to
be perpendicular to each other, and, even for data driver
circuits, TFTs arranged in both transverse and longitudinal
directions are required as the circuit becomes complicated.
In this case, the above-described sequential lateral solidifi-
cation may have a big disadvantage.

[0015] Therefore, if an amorphous silicon thin film is
crystallized by the sequential lateral solidification technique
such that anisotropy of crystallization characteristic is
caused, driving circuit design becomes difficult and the size
of the driving circuit becomes large due to the complicated
wiring.

SUMMARY OF THE INVENTION

[0016] The present invention is to make electrical charge
mobility of TFTs uniform without increasing the size of a
driving circuit in an LCD.

[0017] To achieve the above object, a gate electrode is
formed such that at least one portion of the gate electrode
extends in a direction perpendicular to a grain growing
direction.

[0018] Specifically, a thin film transistor according to the
present invention includes a semiconductor pattern includ-
ing a thin film of poly-crystalline silicon containing grown
grains on an insulating substrate. The semiconductor pattern
includes a channel region and source and drain regions
opposite with respect to the channel region. A gate insulating
layer covers the semiconductor pattern. On the gate insu-
lating layer, a gate electrode including at least one portion
extending in a direction crossing the growing direction of
the grains are formed to overlap the channel region.

[0019] Here, the at least one portion of the gate electrode
may cross the growing direction of the grain at right angle.
The gate electrode may include a first portion extending in
a direction parallel to the growing direction of the grains and
second and third portions connected to respective ends of the
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first portion and extending in a direction perpendicular to the
growing direction of the grains. Alternatively, the gate
electrode includes a first portion extending in a direction
perpendicular to the growing direction of the grains and
second and third portions connected to respective ends of the
first portion and extending in a direction parallel to the
growing direction of the grains.

[0020] A liquid crystal display according to the present
invention includes a display area defined on the insulating
substrate for displaying picture, a data driver circuit for
transmitting data signals to the display area, and a gate
driver circuit for transmitting gate signals to the display area.
Here, the data driver circuit includes a plurality of thin film
transistors including a thin film of polycrystalline silicon
formed by sequential lateral solidification. Each thin film
transistor includes a gate electrode including at least one
portion extending in a direction crossing the growing direc-
tion of grains. The gate electrode of at least one of the
plurality of thin film transistors has a pattern different from
other thin film transistors. It is preferable that the gate driver
circuit includes a plurality of thin film transistors including
a thin film of polycrystalline silicon formed by sequential
lateral solidification, each thin film transistor includes a gate
electrode including at least one portion extending in a
direction crossing the growing direction of grains, and the
gate clectrode of at least one of the plurality of thin film
transistors has a pattern different from other thin film tran-
sistors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic diagram showing a sequen-
tial lateral solidification process;

[0022] FIG. 2 schematically shows a detailed structure of
a grain in a polycrystalline silicon thin film formed by a
sequential lateral solidification;

[0023] FIGS. 3A and 3B show schematic structures of
TFTs according to first and second embodiments of the
present invention; and

[0024] FIG. 4 is a schematic diagram of an LCD accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0025] Now, the present invention is described in detail
with reference to accompanying drawings.

[0026] First, a technique of crystallization of an amor-
phous silicon thin film using sequential lateral solidification
is described.

[0027] FIG. 1 is a schematic diagram showing a sequen-
tial lateral solidification process, and FIG. 2 schematically
shows a detailed structure of a polycrystalline silicon thin
film during crystallization from amorphous silicon to poly-
crystalline silicon in the sequential lateral solidification
process.

[0028] As shown in FIG. 1, according to the sequential
lateral solidification process, a laser beam is applied to a
plurality of local regions of an amorphous silicon layer 200
formed on an insulating substrate using a mask 300 having
a transmission area 310 with a slit pattern to completely melt
the amorphous silicon in the local regions such that a
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plurality of liquid phase regions are formed in an area of the
amorphous silicon layer 200 corresponding to the transmis-
sion area 310.

[0029] At this time, a grain of polycrystalline silicon
grows from a boundary surface between the liquid phase
region 210 exposed to the laser beam and a solid phase
region 220 where the laser beam is not applied along a
direction perpendicular to the boundary surface. The grains
stop growing when they meet at the center of the liquid
phase region. They are grown to a desired degree by
applying a laser beam while moving the slit pattern of the
mask 300 along the growing direction of the grains to
continue the lateral growth of the grains. Therefore, the size
of the grain can be controlled.

[0030] FIG. 2 shows a grain structure of polycrystalline
silicon formed by the sequential lateral solidification process
using a mask provided with a slit pattern elongated in a
transverse direction.

[0031] Itcan be known that grains are grown in a direction
perpendicular to the slit pattern. It can be also known that the
polycrystalline silicon thin film shown in FIG. 2 is formed
by the sequential lateral solidification process using two slit
patterns.

[0032] “L”isa boundary where two adjacent polycrystal-
line silicon regions meet when the, polycrystalline silicon
regions are formed by performing the sequential lateral
solidification using respective slit patterns.

[0033] However, if the sequential lateral solidification
process is performed while moving the slit pattern of the
mask only along the grain growing direction, grains of
several microns are obtained in the grain growing direction,
but small grains of some thousands A are formed in a
direction perpendicular to the grain growing direction.

[0034] If a gate clectrode runs across a semiconductor
layer of a thin film transistor along a direction perpendicular
to the grain growing direction, the direction of a channel
formed in the semiconductor layer of the TFT is parallel to
the growing direction and thus the electron mobility passing
through the channel is high. On the contrary, if a gate
electrode runs parallel to the grain growing direction, the
channel direction is perpendicular to the grain growing
direction and thus the electron mobility passing through the
channel is low. The difference in the electron mobility is
generated since electrons moving in the channel move
within the grains without directly passing through the grain
boundary.

[0035] The electron mobility of the TFT has a large
variation depending on the running direction of the gate
electrode across the semiconductor layer, and characteristics
of the TFTs formed on the liquid crystal panel become very
irregular depending on their positions. To solve these prob-
lems, at least a portion of the gate electrode of the TFT
according to an embodiment of the present invention
extends in a direction crossing the grain growing direction.

[0036] Then, TFTs according to embodiments of the
present invention, which are provided with polycrystalline
silicon thin films formed by the sequential lateral solidifi-
cation, will be described.

[0037] FIG. 3A is a layout view showing a designed
arrangement of a semiconductor pattern and a gate electrode
of a TFT according to a first embodiment of the present
invention.



US 2005/0083445 Al

[0038] In the TFT according to this embodiment, a semi-
conductor pattern 10 has a rectangular shape with a length
parallel to a grain growing direction.

[0039] A gate electrode G formed at the semiconductor
pattern 10 is designed such that portions of the gate electrode
G extend perpendicular to the grain growing direction and
thus electrons passing through a region of a channel of the
semiconductor pattern 10 corresponding to this portion
move along the grain boundary without running into the
grain boundary.

[0040] In this embodiment, the gate electrode G includes
a first portion G1 extending parallel to the grain growing
direction, and second and third portions G2 and G3 con-
nected to respective ends of the first portion G1 and extend-
ing perpendicular to the grain growing direction. The semi-
conductor pattern 10 includes a source region S and a drain
region D doped with conductive impurities located opposite
with respect to the gate electrode G.

[0041] When a gate-on voltage is applied to the gate
electrode G, a channel where electrons can move is formed
in a portion of the semiconductor pattern 10 under the gate
electrode G. When a data voltage is applied to the source
region S under this condition, electrical charge in the source
region S moves to the drain region D through the channel.
At this time, the electrical charges pass straight through
portions of the channel formed by the second and the third
portions G2 and G3 of the gate electrode G along paths
having no grain boundary, and thus the mobility becomes
high. Arrows in the figures indicate the movement of elec-
trical charge.

[0042] FIG. 3B is a layout view schematically showing
the structures of a semiconductor pattern and a gate elec-
trode of a TFT according to a second embodiment of the
present invention.

[0043] 1In the TFT according to this embodiment, a semi-
conductor pattern 10 has a rectangular shape with a length
perpendicular to a growing direction of grains.

[0044] A gate electrode G formed at the semiconductor
pattern 10 is designed such that a portion of the gate
electrode G extends perpendicular to the grain growing
direction and thus electrons passing through a region of a
channel of the semiconductor pattern 10 corresponding to
this portion move without running into the grain boundary.

[0045] In this embodiment, the gate electrode G includes
a first portion Gl extending perpendicular to the grain
growing direction, and second and third portions G2 and G3
connected to respective ends of the first portion G1 and
extending parallel to the grain growing direction. The semi-
conductor pattern 10 includes a source region S and a drain
region D doped with conductive impurities located opposite
with respect to the gate electrode G.

[0046] When a gate-on voltage is applied to the gate
electrode G, a channel where electrons can move is formed
in a portion of the semiconductor pattern 10 under the gate
electrode G. When a data voltage is applied to the source
region S under this condition, electrical charge in the source
region S moves to the drain region D through the channel.
At this time, the electrical charges pass straight through
portions of the channel overlapping the first portion G1 of
the gate electrode G along paths having no grain boundary,
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and thus the mobility becomes high. Arrows in the figures
indicate the movement of electrical charge.

[0047] Although the above-described exemplary TFTs
according to the first and second embodiments of the present
invention includes the gate electrodes including a portion
extending perpendicular to the grain growing direction, the
electron mobility may become higher if there is no grain
boundary which obstructs the movement of the electrons in
the channel. Therefore, a TFT according to the present
invention is formed such that a portion of the gate electrode
G extends in a direction crossing the grain growing direction
and thus a region of the channel formed by that portion has
no grain boundary.

[0048] As described above, by improving the structure of
a gate electrode such that at least a portion of the gate
electrode extends in a direction crossing the grain growing
direction, the electrons can move swiftly through the chan-
nel of the semiconductor pattern formed thereunder.

[0049] In general, since electrical characteristics of a TFT
are determined by highest electrical charge mobility, TFTs
having gate electrodes including at least a portion extending
in a direction crossing the grain growing direction according
to the present invention have relatively uniform electrical
charge mobility regardless of the shape of the gate electrodes
and semiconductor patterns. In addition, TFTs having
intended electrical characteristics can be obtained by adjust-
ing the widths and the lengths of the gate electrodes, which
determines the electrical characteristics of the TFTs.

[0050] Current characteristic of a P-type TFT designed
according to the embodiments of the present invention was
measured.

[0051] A TFT was designed such that its gate electrode
extends parallel to a grain growing direction and includes at
least a portion crossing the grain growing direction at right
angle according to the first and second embodiments of the
current invention. Thereafter, the current mobility of the
TFT was measured, and measured current mobility is
improved by equal to or more than 30% compared with a
TFT having a gate electrode entirely extending parallel to
the grain growing direction.

[0052] FIG. 4 is a schematic diagram of an LCD accord-
ing to an embodiment of the present invention, which shows
an arrangement of TFTs in a gate driver circuit and a data
driver circuit.

[0053] The LCD includes a display area 101 having a
plurality of pixels arranged in a matrix on an insulating
substrate 100 for displaying image and a data driver circuit
102 and a gate driver circuit 103 for applying data signals
and gate signals to the display area 101, respectively. Here,
semiconductor patterns I, II and III of TFTs formed in the
display area 101, the data driver circuit 102, and the gate
driver circuit 103 include polycrystalline silicon thin films
formed on the insulating substrate 100 by the sequential
lateral solidification.

[0054] The semiconductor patterns I, II and IIT of each
driving circuit 102 or 103 have different shapes depending
on available areas or wiring design.

[0055] As shown in the figure, the semiconductor patterns
I and II of the first and the second TFTs of the data driver
circuit 102 are rectangular and extend perpendicular or
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parallel to the grain growing direction as in the first and the
second embodiments of the present invention. The semicon-
ductor pattern IIT of a third TFT is formed oblique to the
grain growing direction, but its gate electrode G is patterned
such that at least one portion part of the gate electrode, i.c.,
a portion denoted as “A” crosses the grain growing direc-
tion, for example, at right angle to enhance the electrical
charge mobility. The semiconductor patterns I, II, and III of
the first, second and third TFTs in the data driver circuit 102
are mere examples, and they can be formed to have various
patterns and shapes. Here, at least one of a plurality of TFTs
forming the data driver circuit 102 may have a gate electrode
having a pattern different from the other TFTs.

[0056] Furthermore, a plurality of TFTs (not shown) in the
gate driver circuit 103 may also have various shapes as
described for the data driver circuit 102.

[0057] Since the TFTs in the display area 101 do not need
high electrical charge mobility, silicon thin films used as
semiconductor patterns can be selected from amorphous
silicon, polyerystalline silicon formed by a conventional
crystallization technique such as high temperature crystal-
lization or laser crystallization, and polycrystalline silicon
formed by sequential lateral solidification. At this time, it is
preferable that a plurality of TFTs in the display area 101
have the same condition to ensure uniform electrical char-
acteristic in the display area 101.

[0058] TFTs according to an embodiment of the present
invention is manufactured by a conventional TFT manufac-
turing method, and a polycrystalline silicon thin film to form
a semiconductor pattern may be formed using the sequential
lateral solidification in the same way.

[0059] In the present invention, the shape of the gate
electrode is not confined to the suggested embodiment, and
the gate electrode can rather have various shapes regardless
of the shape of the semiconductor pattern as long as a
portion of the gate electrode extends in a direction crossing
the grain growing direction.

[0060] TFTs used to form elements of the gate driver
circuit or data driver circuit of an LCD may include semi-
conductor patterns having proper shapes depending on the
position. Also, the directions of the channels can be con-
trolled in this case, thereby removing wiring complexity.

[0061] According to the present invention, a TFT having
high electrical charge mobility and uniformity of electrical
charge mobility between TFIs can be obtained without
enlarging the size of the driving circuit

What is claimed is:
1. A thin film transistor comprising:

an insulating substrate;

a semiconductor pattern including a thin film of polycrys-
talline silicon containing grown grains on the insulating
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substrate, the semiconductor pattern including a chan-
nel region and source and drain regions opposite with
respect to the channel region;

a gate insulating layer formed on the semiconductor
pattern; and

a gate electrode formed on the gate insulating layer
overlapping the channel region and including at least a
portion extending in a direction crossing a growing
direction of the grains.

2. The thin film transistor of claim 1, wherein the portion
of the gate electrode crosses the growing direction of the
grain substantially at right angle.

3. The thin film transistor of claim 2, wherein the gate
electrode comprises a first portion extending in a direction
parallel to the growing direction of the grains and second
and third portions connected to respective ends of the first
portion and extending in a direction substantially perpen-
dicular to the growing direction of the grains.

4. The thin film transistor of claim 2, wherein the gate
electrode comprises a first portion extending in a direction
perpendicular to the growing direction of the grains and
second and third portions connected to respective ends of the
first portion and extending in a direction substantially par-
allel to the growing direction of the grains.

5. A liquid crystal display comprising:

an insulating substrate;

a display area defined on the insulating substrate for
displaying an image;

a data driver circuit defined on the insulating substrate for
transmitting data signals to the display area; and

a gate driver circuit defined on the insulating substrate for
transmitting gate signals to the display area

wherein the data driver circuit includes a plurality of thin
film transistors, each of the plurality of thin film
transistors includes a thin film of polycrystalline silicon
formed by sequential lateral solidification and a gate
electrode having at least one portion extending in a
direction crossing the growing direction of grains, and
the gate electrode of at least one of the plurality of thin
film transistors has a pattern different from other thin
film transistors.

6. The liquid crystal display of claim 5, wherein the gate
driver circuit comprises a plurality of thin film transistors,
each of the plurality of thin film transistors includes a thin
film of polycrystalline silicon formed by sequential lateral
solidification and a gate electrode having at least one portion
extending in a direction crossing the growing direction of
grains, and at least one of the plurality of thin film transistors
has a gate electrode having a pattern different from other thin
film transistors.
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