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7) ABSTRACT

The present invention relates to a thin film transistor (TFT),
liquid crystal display (LCD) and fabricating methods
thereof, and more particularly to a TFT having source/drain
lines on which an insulating layer and an active layer are
located lie on an insulated substrate, to an LCD using the
TFT and fabricating methods of the TFT and LCD. The TFT
has a BBC (Buried Bus Coplanar) structure by forming a
source/drain line on a substrate and by forming a buffer layer
which covers the source/drain line which simplifies the
process by means of reducing the number of deposition
steps. The BBC structure of TFT has a source/drain line on
a substrate, an insulating layer covering the source/drain line
and the entire disclosed surface and a coplanar structure on
the insulating layer. The present invention also provides a
data line in the TFT of the BBC structure having low
resistance applicable to a wide-screen by means of forming
both the buffer layer and the source/drain line with a
sufficient thickness.




Patent Application Publication  Jul. 12,2001  Sheet 1 of 13  US 2001/0007362 Al

FIG. 1A raior art

J

r"\——\mrr,_ﬁ-, - —

R ]
-
L:\__
8

FIG. 1C rriOR ART

16 14T
13 13
{,\jﬁz‘/ | A",
- L .{. ’




Patent Application Publication  Jul. 12,2001  Sheet 2 of 13  US 2001/0007362 Al

FIG. 1D *rioR ART

—)
F~

FIG. 1E rrior ART

oo(odi{‘..q ]5

)
2¢ 120 121 100




Patent Application Publication  Jul. 12,2001  Sheet 3 of 13  US 2001/0007362 Al

FIG. 2

26

200




Patent Application Publication  Jul. 12,2001 Sheet 4 of 13  US 2001/0007362 Al

FIG. 3B
§33
[l ]
315 31D
% 300
FIG. 3C




Patent Application Publication  Jul. 12,2001  Sheet 5 of 13  US 2001/0007362 Al




Patent Application Publication  Jul. 12,2001  Sheet 6 of 13  US 2001/0007362 Al

420
410
500

S %\«400
52

9-2
)
42

S

48

Q/\E

G
\
/
A
[\
D

£
%o

\& [\
)
FIG. 5A

43D

FIG. 4
49-3

7
\

T
(9] -
N wn
<N S
—
™
e WP I




Patent Application Publication  Jul. 12,2001  Sheet 7 of 13  US 2001/0007362 Al

52

2

N
L

#

[\
do
[\

S
51D

m a LLO) - A&
Lf? E\,‘( . E’y\r;"m
9 N\ C u |
LL. LL v]\: 1 l®
I w
&

L
[
b
515
Gy s |
51S




Patent Application Publication  Jul. 12,2001  Sheet 8 of 13  US 2001/0007362 Al

2

R B

Q
KD
0o
D
5 &
T
2
w
S



Patent Application Publication  Jul. 12,2001  Sheet 9 of 13 US 2001/0007362 Al

FIG. 6

1L
~

GIL GIT
)% // G3A
I | |s%]
C
/‘r)\«GSL
?_' ] ~ g3D K"’63
R I
4~—63T
_G7P
L

P ™
%
T —




Patent Application Publication  Jul. 12,2001  Sheet 10 of 13 US 2001/0007362 Al

FIG. 7

GIT

-1

N
C 63D

1

656G
e

1

]

=1

rﬁ
T
635 63

7E
(j[ ;... FEXON
61

ol



Patent Application Publication  Jul. 12,2001  Sheet 11 of 13 US 2001/0007362 Al

63
)

)

l,GlL
n-u
ZZAa
3
L
f-1l

R S ——
e M——"
<« m -
5 @ ]
T L )

i-1

6L




Sheet 12 of 13 US 2001/0007362 A1l

Jul. 12, 2001

Patent Application Publication

{ p-n ) (  1-

00 o
z ( Ao o9 560 9
b N |
.\ ol N
9
159 VEg
( w-n ) ( 1=l )
00
._mo 19 Ue9 9 geg 19
4 | s | f — u ﬁ | “
rN 4
1s VEQ

08 ‘Old




Patent Application Publication  Jul. 12,2001  Sheet 13 of 13 US 2001/0007362 Al

FIG. 9

R
\ L
| =

1 B3T

_G7P




US 2001/0007362 Al

THIN FILM TRANSISTOR, LIQUID CRYSTAL
DISPLAY AND FABRICATING METHODS
THEREOF

BACKGROUND OF THE INVENTION

[0001] This application claims the benefit of Korean
Application Nos. 97-35754, filed on Jul. 29, 1997 and
98-1472, filed Jan. 20, 1998, which are hereby incorporated
by reference.

FIELD OF INVENTION

[0002] The present invention relates to a thin film transis-
tor (TFT), liquid crystal display (LCD) and fabricating
methods thereof, and more particularly a TFT having source/
drain lines on which an insulating layer and an active layer
are located and lie on an insulated substrate.

DISCUSSION OF RELATED ART

[0003] FIGS. 1A to 1E show cross-sectional views of a
method of fabricating a TFT having coplanar structure and
LCD having a storage capacitor according to first prior art.

[0004] Referring to FIG. 1A, a buffer layer 11 is deposited
on a glass substrate 100 of an insulated substrate. In this
case, the buffer layer 11 prevents impurities of the glass
substrate 100 from penetrating into a silicon layer during the
crystallization of amorphous silicon by both depositing and
annealing amorphous silicon. Then, an active layer 12 is
formed by etching a crystallized amorphous silicon layer,
which is crystallized by laser annealing after the amorphous
silicon layer has been deposited on the first insulating layer
11 through photolithography. To form a first storage elec-
trode 12T of a storage capacitors a selective impurity doping
process is carried out by using a photoresist pattern PR on
the active layer 12.

[0005] Referring to FIG. 1B, a second insulating layer and
a conductive layer are formed in turn on the disclosed
surface. A second storage electrode 14T corresponding to the
gate electrode 14G and a gate line(not shown in the drawing)
is formed by etching the conductive layer. A gate insulating
layer 13 is formed by etching the second insulating layer by
using the second storage electrode 14T as a mask.

[0006] Referring to FIG. 1C, a source region 12S and a
drain region 12D are formed in the active layer 12 by doping
the entire disclosed surface with impurity. In this case, the
gate electrode 14G defines a channel region 12C which is
under the gate electrode 14G and in the active layer 12 by
blocking impurity, wherein the drain region 12D is con-
nected to the first storage electrode 12T.

[0007] Referring to FIG. 1D, a third insulating layer 15 is
formed on the entire disclosed surface. A first contact hole
disclosing the source and drain region 12S and 12D of the
active layer 12 is formed by etching the third insulating layer
15 through photolithography. After another conductive layer
has been deposited on the entire disclosed surface, a source
electrode 16S connected to the source region 125, a data
line(not shown in the drawing) and a drain electrode 16D are
formed by etching the conductive layer through photolithog-

raphy.
[0008] Referring to FIG. 1E, a fourth insulating layer is
deposited on the entire disclosed surface. A second contact

Jul. 12,2001

hole disclosing the drain electrode 16D is formed by etching
the fourth insulating layer 17 through photolithography.
Then, a transparent conductive layer is deposited on the
entire disclosed surface. A pixel electrode 18 connected to
the drain electrode 16D is formed by etching the transparent
conductive layer through photolithography.

[0009] As explained above, the first prior art requires a
step of depositing an insulating layer for forming a buffer
layer in order to prevent impurities of a glass substrate from
penetrating into a silicon layer during the crystallization of
amorphous silicon by depositing and annealing amorphous
silicon. The step of depositing the insulating layer is com-
plicated and increases the manufacturing cost. Moreover, the
above step also requires two photolithography processes to
form two contact holes. The photolithography prosess is
carried out by a series of complicated and fine steps, such as
masking, applying photoresist, performing exposure and
development, which affects productivity and integrity of the
product. A major factor in the LCD production is the
simplification of fabricating process by means of reducing
the number of such photo-etch and the steps of forming
insulating layers.

[0010] FIG. 2 shows a cross-sectional view of TFT having
a staggered structure according to second prior art.

[0011] A source electrode 21S and a drain electrode 21D
are formed on an insulated substrate 200 and then an active
layer 23 is formed connected to the electrodes 21S and 21D.
The active layer may be formed by the following steps of
depositing an amorphous silicon layer on an entire disclosed
surface, crystallizing the amorphous silicon layer by laser
annealing and etching the crystallized silicon layer. A source
region 23S and a drain region 23D are formed in the active
layer 23 by an impurity-doping process after a gate insulat-
ing layer 24 and a gate electrode 25 have been formed in turn
on a certain part of the active layer 23. An insulating layer
26 then covers the entire disclosed surface. A contact hole
disclosing the drain region 23D is formed in the insulating
layer 26. A pixel electrode 27 connected to the drain region
23D is formed on the insulating layer 26.

[0012] 1In the above-mentioned second prior art, an amor-
phous silicon layer is crystallized by annealing after the
amorphous silicon layer covering the electrodes of source
21S and drain 21D have been deposited. Accordingly, the
step or height difference increases when the thickness of the
source and the drain electrodes are increased in order to
reduce resistance of a conductive line. So a silicon layer on
the part of the step might become open or exposed when the
amorphous silicon is abnormally deposited on the electrodes
or laser-annealed. Moreover, the crystal characteristics of a
part where silicon contacts with a metal electrode are
inferior to that of the other part where silicon is intact.
Hence, the current characteristic of THT is rendered inferior.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
TFT, LCD and fabricating methods that substantially obvi-
ate one or more of the problems due to limitations and
disadvantages of the prior art.

[0014] The object of the present invention is to provide a
TFT having a structure of BBC (Buried Bus Coplanar) by
forming a source/drain line on a substrate and by forming a
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buffer layer which covers the source/drain line and is
required for the crystallization of silicon, simplifying the
process by means of reducing the deposition steps which are
fewer than in prior art. The BBC structure of the TFT has a
source/drain line on a substrate, an insulating layer covering
the source/drain line and the entire disclosed surface and a
coplanar structure on the insulating layer.

[0015] Another object of the present invention is to pro-
vide a data line in the TFT of the BBC structure having low
resistance applicable to a wide-screen by means of increas-
ing the thickness of both the buffer layer and the source/
drain line.

[0016] Additional features and advantages of the inven-
tion will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the invention. The objectives and other
advantages of the invention will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0017] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a thin film transistor of the
invention includes a substrate, a source and a drain electrode
on the substrate, a buffer layer covering the source and the
drain electrodes and a disclosed surface, an active layer on
the buffer layer wherein the active layer has a source region,
a channel region and a drain region, a gate insulating layer
on the active layer, and a gate electrode on the gate insu-
lating layer.

[0018] In another aspect of the present invention, a liquid
crystal display includes an insulated substrate, a data line on
the insulated substrate, a buffer layer covering the data line,
an active layer on the buffer layer, wherein the active layer
has source, channel and drain regions, a insulating layer
covering the active layer, a gate electrode overlapped with
the channel region, a gate line connected to the gate elec-
trode, wherein the gate line crosses with the data line, a
passivation layer covering the gate electrode and the gate
line, a first contact hole in the first, the second or the
passivation layer, wherein the first contact hole discloses a
portion of the data line, a second contact hole disclosing the
source region, a third contact hole disclosing the drain
region, a connecting wire connecting the data line to the
source region through the first and second contact hole, and
a pixel electrode connected to the drain region through the
third contact hole.

[0019] In another aspect of the present invention, a
method of fabricating thin film transistor includes the steps
of forming source and drain electrodes on a substrate,
forming an insulating layer covering the source and the drain
electrodes and a disclosed surface, forming an active layer
on the insulating layer, forming a gate insulating layer and
a gate electrode on a certain part of the active layer, and
forming source and drain regions in the active layer by
means of doping the active layer selectively with impurity.

[0020] 1In a further aspect of the present invention, a
method of fabricating liquid crystal display includes the
steps of forming a data line on an insulated substrate,
forming a buffer layer covering the data line, forming an
active layer on the buffer layer, forming a insulating layer
covering the active laver, forming a gate line in said active
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layer, wherein the gate line is connected to the gate electrode
and the gate electrode and crosses with the data line, forming
a source region, a channel region and a drain region in the
active layer by doping the active layer with impurity by
using the gate electrode as a mask, forming a passivation
layer covering the active layer, the gate electrode and the
gate line, forming a first contact hole disclosing a portion of
the data line, forming a second contact hole disclosing the
source region, forming a third contact hole disclosing the
drain region, forming a connecting wire connecting a dis-
closed portion of the data line to the disclosed source region
through the first and the second contact hole, and forming a
pixel electrode connected to the drain region through the
third contact hole.

[0021] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE ATTACHED
DRAWINGS

[0022] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the inventing and together with
the description serve to explain the principle of the inven-
tion.

[0023]

[0024] FIGS. 1A to 1E show cross-sectional views of
LCD fabrication processes according to first prior art;

[0025] FIG. 2 shows a cross-sectional view of TFT
according to second prior art;

[0026] FIGS. 3A to 3E show cross-sectional views of TFT
fabrication process according to a first preferred embodi-
ment of the present invention,

[0027] FIG. 4 show a cross-sectional view of TFT accord-
ing to a second preferred embodiment of the present inven-
tion;

[0028] FIGS. 5A to 5D show cross-sectional views of
TFT fabrication process according to a third preferred
embodiment of the present invention;

[0029] FIG. 6 shows a layout of the LCD according to the
first preferred embodiment of the present invention,

[0030] FIG. 7 shows a cross-sectional view of the LCD
shown m FIG. 6,

[0031] FIGS. 8A to 8D show cross-sectional views of
fabricating the LCD shown in FIG. 7; and

[0032] FIG. 9 shows a layout of the LCD according to the
second preferred embodiment of the present invention.

In the drawings:

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0033] Reference will now be made in detail to preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

[0034] FIGS. 3A to 3E show cross-sectional views of TFT
fabrication process according to a first preferred embodi-
ment of the present invention.
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[0035] Referring to FIG. 3A, source and drain electrodes
318 and 31D are formed on a glass substrate 300 made of an
insulated substrate. The source/drain line of double-layers
may be formed to have low resistance. An Al layer and an
Mo layer are simultaneously etched after the Al layer and the
Mo layer have been formed in turn on a disclosed surface of
the substrate 300. Alternatively, an Al layer having been
deposited on a disclosed surface of the substrate are first
etched. Successively, an Mo layer is deposited on the entire
surface and then etched. Subsequently, a source/drain line of
double-layers are formed. Alternatively, the source/drain
line may have at least a single layer and be formed with any
suitable conductive material other than the Al and Mo layers.

[0036] Next, a buffer layer 32 covering the source and
drain electrode 31S and 31D is deposited. The buffer layer
32 is necessary for the TFT of BBC structure in order to
electrically isolate the source and drain electrodes 31S and
31D, respectively, which have been formed directly on the
substrate 300, from other components formed on the source
and drain electrodes 31S and 31D.

[0037] Referring to FIG. 3B, to form an active layer 33 an
amorphous silicon layer is crystallized to form a polycrys-
talline silicon layer by laser annealing after the amorphous
silicon layer has been formed on the disclosed buffer layer
32. In that regard, the buffer layer 32 prevents impurities of
the glass substrate 300 from penetrating into the silicon
layer. The buffer layer 32 also functions as a buffer layer to
thermally isolate the silicon layer from the substrate during
the crystallization of an amorphous silicon layer. Hence, the
buffer layer 32 may be required to be formed to the thickness
greater than about 1000 A and preferably about 3000 to 5000
A. Then, the active layer 33 is formed by etching the
crystallized silicon layer through photolithography. The
buffer layer 32 is formed by depositing an organic insulating
material, such as, organic insulating material or inorganic
insulating material including silicon oxide, silicon nitride or
the like, preferably with a conventional method of PECVD
(Plasma Enhanced Chemical Vapor Deposition).

[0038] Referring to FIG. 3C, a insulating layer and a
metal conductive layer are formed in turn on the entire
disclosed surface of the substrate. The thickness of the
insulating layer is approximately 1300 to 1500 A. A gate
electrode 35 is formed by etching the metal conductive layer
through photolithography, and then, a gate insulating layer
34 is formed by leaving the insulating layer under the gate
electrode 35. Source and drain regions 33S and 33D, respec-
tively, are formed in the active layer 33 not blocked by the
gate electrode 35 by doping the entire surface of the sub-
strate with impurity.

[0039] The doping of the active layer 33 may be accom-
plished preferably using an ion implantation process either
after or before etching the insulating layer formed on top of
the active layer. For example, if the insulating layer is not
etched and the p-type impurity is being doped into the active
layer 33, then the ion implantation energy of about 40 to 70
KeV is required. If the insulating layer is not etched and the
n-type impurity is being doped into the active layer 33, then
the ion implantation energy of about 80 to 100 KeV is
required. If the insulating layer is etched and the p or n-type
impurity is being doped into the active layer 33, then the ion
implantation energy of about 10 KeV is required. Alterna-
tively, the insulating layer can be partially etched before

Jul. 12,2001

doping the active layer 33. Depending on the thickness of
the insulating layer, the ion implantation energy for doping
the active layer can be varied respectively.

[0040] Referring to FIG. 3D, a passivation layer 36 is
deposited on the disclosed surface. Contact holes disclosing
the source electrode 318, the source region 33S, the drain
electrode 31D and the drain region 33D are formed by
etching the passivation layer 36 and the buffer layer 32.

[0041] Referring to FIG. 3E, a transparent conductive
layer covering the disclosed surface is deposited. A first
connecting wire 37 connecting the source electrode 318 to
the source region 33S and a second connecting wire 38
connecting the drain electrode 31D to the drain region 33D
are formed by etching the transparent conductive layer
through photolithography. In this case, the first and second
connecting wire 37 and 38 may be used as a connecting wire
which electrically connects two thin film transistors. The
second connecting wire 38 may be applied to a pixel
electrode connected to the drain electrode in the liquid
crystal display. Alternatively, the first and second connecting
wires 37 and 38 may be formed by depositing a conductive
material different from the transparent conductive material.
The transparent conductive layer is preferably formed by
depositing a transparent conductive material, such as Indium
Tin Oxide or the like, using a conventional method of
deposition, such as sputtering.

[0042] As explained above, the thin film transistor accord-
ing to the present invention uses polycrystalline silicon
having excellent reliability and provides a simplified process
by reducing a step of depositing an insulating layer, wherein
the source and drain electrodes having a BBC structure are
formed on a substrate and a buffer layer for the crystalliza-
tion of silicon covers the source and drain electrodes.
Comparing to the method for a conventional coplanar struc-
ture, the fabricating process of the present invention is
simplified by forming a contact hole by a single photo-etch.
Moreover, the present invention is also applied to a device
requiring a low resistance wire since the buffer layer is
deposited with a sufficient thickness to form the thick source
and drain electrodes.

[0043] FIG. 4 shows a cross-sectional view of the CMOS
thin film transistors according to the second preferred
embodiment of the present invention.

[0044] Ann-typed TFT and a p-typed TFT on an insulated
substrate 400 are connected by first, second and third
connecting wires 49-1, 49-2 and 49-3, respectively, forming
a CMOS transistor. The n-typed TFT and the p-typed TFT
have the same structures but have the different types of
impurities diffused in the source regions 43S and 44S and
the drain regions 43D and 44D.

[0045] The fabricating method of the CMOS TFT is
similar to that of the first preferred embodiment and is as
follows.

[0046] The source and drain electrodes 41S and 42S are
formed on a substrate 400. A buffer layer 410 covering the
surfaces of the source and drain electrodes 41S, 42S, 41D
and 42D are formed. Active layers 43 and 4 are formed on
the buffer layer 410, on which gate insulating layers 45 and
46 and gate electrode 47 and 48 are formed in turn.

[0047] A source region 43S and a drain region 43D are
formed by means of selectively doping the active layer 43 of
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an n-typed TFT with n-typed impurity. The other source
region 44S and the drain region 44D are formed by means
of selectively doping the active layer 44 of an p-typed TFT
with p-typed impurity. A passivation layer 420 covering the
whole surface is then formed.

[0048] Contact holes disclosing the source electrodes 41S
and 428, the drain electrodes 41D and 42D, source regions
43S and 44S and the drain regions 43D and 44D are formed,
respectively. The n-typed TFT and the p-typed TFT are
connected electrically to form a CMOS TFT by a first
transparent connecting wire 49-1 connecting the source
electrode 41S to the source region 43S of the n-typed TFT,
a second connecting wire 49-2 connecting the source elec-
trode 42S to the source region 44S of the p-typed TFT and
a third transparent connecting wire 49-3 connecting all of
the drain electrodes 41D and 42D and the drain regions 43D
and 44D of n-typed and p-typed TFT. The connecting wires
49-1 to 49-3 may be also formed with a suitable metal
conductive material instead of the transparent conductive
material.

[0049] As explained above, the CMOS TFT can be used
for the semiconductor circuit device or LCD. The circuit
may be formed by arranging either n-typed TFTs or p-typed
TFTs, instead of forming the circuit with CMOS TFTs.

[0050] FIGS. 5A to 5D show cross-sectional views of
fabricating TFT according to a third preferred embodiment
of the present invention wherein the TFT is preferably a
polycrystalline silicon TFT having both the BBC and the
LDD (Lightly Doped Drain) structures.

[0051] Referring to FIG. 5A, a source electrode 51S and
a drain electrode 51D are formed on a glass substrate 500 of
an insulated substrate. A double-layered source and drain
line may be formed in order to provide low resistance. An Al
layer and an Mo layer are etched simultaneously after the Al
layer and the Mo laver have been formed in turn on a
disclosed surface of the substrate 500. Alternatively, if an Al
layer is initially deposited on the substrate, the Al layer is
etched. Successively, a Mo layer is deposited on the whole
surface and then etched. Subsequently, a source/drain line of
double-layers are formed. The source/drain line may have at
least a single layer and be formed with a suitable conductive
material other than the Al and Mo layers.

[0052] Next, a buffer layer 52 is formed to cover the
source and drain electrodes 518 and 51D and the disclosed
surface of the substrate 500. The buffer layer 52 is required
for electrically isolating the source and the drain electrode
51S and 51D formed directly on the substrate and other
components to be formed on or near the vicinity of the
electrode 51S and 51D.

[0053] The buffer layer 52 is formed by depositing an
organic insulating material, such as, organic insulating mate-
rial or inorganic insulating material including silicon oxide,
silicon nitride or the like, preferably with a conventional
method of PECVD (Plasma Enhanced Chemical Vapor
Deposition).

[0054] Referring to FIG. 5B, an amorphous silicon layer
is crystallized by laser annealing after the amorphous silicon
layer has been formed on the disclosed buffer layer 52. The
buffer layer 52 prevents impurities of the glass substrate 500
from penetrating into the silicon layer and functions as a
buffer layer to thermally isolate the silicon layer from the
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substrate during the crystallization of an amorphous silicon
layer. Accordingly, the buffer layer 52 may be required to be
formed to the preferred thickness of greater than about 1000

[0055] An active layer 53 is formed on the buffer layer 52
by etching the crystallized silicon layer. A second layer
covering the disclosed surface and a conductive layer is
deposited in turn. A photoresist pattern PR is defined on the
conductive layer. A gate electrode 55 located under and
within the photoresist pattern PR is formed by over-etching
by using the photoresist pattern PR as a mask. A gate
insulating layer 54 protruding out of the gate electrode 54 is
formed by anisotropic etch by using the photoresist pattern
PR as a mask.

[0056] Referring to FIG. 5C, the source and drain regions
33S and 33D are formed within the active layer 53 not
blocked by the gate insulating layer 54 by doping the surface
of the substrate with impurity. In this case, LDD regions 53L
are formed between the source region 53S and a channel
region 53C and between the drain region 53D and the
channel region 53C during the impurity doping step with
high energy and high density. Off-set regions are formed
between the source region 53S and the channel region 33C
and between the drain region 33D and the channel region
53C during the other impurity doping step with low energy
and high density.

[0057] Referring to FIG. 5D, a passivation layer 56 is
deposited on the disclosed surface. Contact holes disclosing
the source electrode 518, the source region 53S, the drain
electrode 51D and the drain region 53D are formed by
etching the passivation layer 56 and the buffer layer 52.

[0058] A transparent conductive layer covering the dis-
closed surface is deposited. A first connecting wire 57
connecting the source electrode 518 to the source region 53S
and a second connecting wire 58 connecting the drain
electrode 51D to the drain region 53D are formed by etching
the transparent conductive layer through photolithography.
In this case, the first and the second connecting wires 57 and
58 may be used for a connecting wire which electrically
connects two thin film transistors. The second connecting
wire 58 may be applied to a pixel electrode connected to the
drain electrode in a liquid crystal display. The first and the
second connecting wires 57 and 58 may be formed by
depositing any suitable conductive material different from
the transparent conductive material. A TFT having both the
BBC and the LDD structures may be used with the CMOS
TFT structure described above with respect to FIG. 4.

[0059] FIG. 6 shows a layout of the LCD according to the
first preferred embodiment of the present invention. A
capacitor is formed and a interlayer is formed at the crossing
part between a data line 611 and a gate line 65L.

[0060] A pixel is formed at the crossing part between a
data line 61L and a gate line 65L extended from a gate
electrode 65G. Afirst storage clectrode line 61T is in parallel
with the data line 61L. The first storage electrode line 61T
is at the same level as the data line 61L and is made of the
same material as the data line 61L. ATFT equipped with the
gate electrode 65G, a source region 63S and a drain region
63D is connected electrically to the crossing part between
the gate line 641 and the data line 61L. A second storage
electrode line 63T forming a storage capacitor correspond-
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ing to the first storage electrode line 61T is located at the
upper part of the first storage electrode line 61T.

[0061] The source region 63S in an active layer 63 is
connected to the data line 611 by a transparent wire 67E, and
the drain region 63D is connected to a pixel electrode 67P
overlapped with the data line 61L. Accordingly, a signal
applied to the data line 61L is carried to the source region 63
S through the transparent wire 67E, reaching the pixel
electrode 67P through the drain region 63D. The pixel
electrode 67P overlapped with the data line 611 improves
aperture ratio of the pixel.

[0062] Aninterlayer 63Amade of the same material as the
active layer 63 is inserted between the crossing region of the
gate line 651 and the data line 61L. The interlayer 63A is
formed to prevent an electric shorting generated between the
gate line 65L and the data line 61L.

[0063] FIG. 7 shows a cross-sectional view of the LCD
corresponding to the cutting lines of I-I and II-II shown in
FIG. 6.

[0064] Referring to a cross-sectional view bisected along
with the cutting line I-1, the data line 611 and the first storage
electrode line 61T are formed on the glass substrate 600, on
which the buffer layer 62 having a contact hole which
discloses a portion of the data line 61L lies. The active layer
63 is formed on the buffer layer 62. The source region 63S,
the channel region 63C, the drain region 63D and the second
storage electrode line 63T extended to the drain region 63D
are formed on the buffer layer 62. In this case, the second
storage electrode line forms a storage capacitor correspond-
ing to the first storage electrode line 61T. The source region
63S, the drain region 63D and the second storage electrode
line 63T have been heavily doped with the n-typed or
p-typed impurity.

[0065] The insulating layer 64 which covers the surface of
the active layer 63, discloses a portion of the disclosed data
line 611 and discloses the source and the drain regions 63S
and 63D of the active layer 63. The gate electrode 63G is
formed on the insulating layer 64 corresponding to the
channel region 63C of the active layer 63. On the gate
electrode 63G, a passivation layer 66 disclosing directly a
portion of the disclosed data line 61 L, the source region 63
S and the drain region 63D are formed. The passivation layer
66 may be formed with a sufficient thickness by using an
organic insulating material.

[0066] On the passivation layer 66, the transparent wire
67E connecting the disclosed source region 63S to the
disclosed data line 63L and the pixel electrode 67P con-
nected to the disclosed drain region 63D are formed. A
portion of the pixel electrode 67P having been formed on the
passivation layer 66 of preferably a thick organic insulating
material may be overlapped with the data line 61L since the
parasitic capacitance generated by the pixel electrode 67P
and the data line 61L is relatively small on account of the
thick passivation layer 66 having a low dielectric constant.

[0067] Referring to a cross-sectional view bisected along
with the cutting line II-IT of FIG. 6, a interlayer 63A
comprising polycrystalline silicon is inserted between where
the gate line 66L crosses the data line 611. The data line 611
is on the glass substrate 600, on which the interlayer 63A of
polycrystalline silicon is formed. The second gate insulating
layer 64 and the gate line 64L are formed on the interlayer
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63A. The third gate insulating layer 66 covers the gate line
64L. Accordingly, a triple layer of the buffer layer 62, the
interlayer 63A and the insulating layer 64 is inserted
between the data line 611 and the gate line 64L, resulting in
less probability of electrical short.

[0068] FIGS. 8A to 8D show cross-sectional views of the
fabricating process of the LCD shown in FIG. 7.

[0069] Referring to FIG. 8A, a conductive layer is formed
on a glass substrate 800 to the thlckness of about 3000 A to
4000 A. The source line 611 and the first storage electrode
line 61T are formed by etching the conductive layer through
photolithography.

[0070] The data line 61L and the first storage electrode
line 61T are formed in parallel as is shown in the layout. In
this case, the conductive layer is formed by depositing one
of Cr, Al, Mo and alloy thereof with a suitable method of
deposition, such as sputtering. The etching of the conductive
layer may be achieved by wet etching by using the solution
of, such as phosphoric acid, nitric acid, acetic acid and water.
Deposition and etching of the conductive layer are prefer-
ably carried out by above methods.

[0071] Referring to FIG. 8B, the buffer layer 62 is formed
to the thickness of about 1000 A to 3000 A. The buffer layer
62 is formed by depositing an organic insulating material,
such as, organic insulating material or inorganic insulating
material including silicon oxide, silicon nitride or the like,
preferably with a conventional method of PECVD (Plasma
Enhanced Chemical Vapor Deposition).

[0072] A polycrystalline silicon layer is formed on the
entire surface to the thickness of about 400 to 600 A. The
active layer 63 and interlayer 63A are formed by etching the
silicon layer through photolithography. In this case, the
active layer 63 is formed to be overlapped with the first
storage electrode line 61T, and the interlayer 63A is formed
at the crossing region of the data line 611 and the gate line
65L. The buffer layer 62 functions to prevent impurities of
the glass substrate 600 from penetrating into the silicon layer
or functions as a buffer layer to thermally isolate the silicon
layer from the substrate during the crystallization of an
amorphous silicon layer. Accordingly, the buffer layer 62
may be required to be formed to the thickness over about
1000 A.

[0073] Referring to FIG. 8C, the gate insulating layer 64
is formed to the thickness of about 800 to 1000 A. A
conductive layer is formed on the insulating layer 64 to the
thickness of about 3000 to 4000 A. The gate electrode 65G
and the gate line 65L are formed by etching the conductive
layer. The source region 63S, the drain region 63D and the
second storage electrode line 63T are formed in the active
layer 63 by doping the disclosed surface with impurity. In
this case, the gate electrode 65G on the insulating layer 64
works as an ion-blocking mask. The active layer 63 under
the gate electrode 65G becomes the channel region 63C. In
addition, the drain region 63D and the second storage
electrode line 63T formed in a body. The ion-doping process
usually adopts n-typed ions having high mobility carriers,
but under certain conditions a p-typed TFT is to be formed
by using p-typed ions as dopants.

[0074] The n-typed ion includes one of P, As and the like,
while the p-typed ion has one of B and the like.
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[0075] Referring to FIG. 8D, the passivation layer 66 is
formed to the thickness of about 4000 to 5000 A. Preferably,
the passivation layer 66 may be formed with a sufficient
thickness with a material having a low dielectric constant,
such as an organic insulating material. The contact holes
disclosing the source and the drain regions 63S and 63D and
a portion of the data line 61L are formed by photo-etch
patterning the passivation layer 66, the insulating layer 64
and the buffer layer 62.

[0076] The transparent conductive layer is formed on the
whole surface to the thickness of about 500 to 1500 A. The
transparent wire 67E, which connects a disclosed portion of
the data line 61L to the source region 63S, and the pixel
electrode 67P, which is connected to the drain region 63D,
are patterned by etching the transparent layer through pho-
tolithography. In this case, the transparent conductive layer
is preferably formed by depositing a transparent conductive
material, such as [TO (Indium Tin Oxide) or the like, using
a conventional method of deposition, such as sputtering. The
transparent conductive layer may be patterned by wet-etch
using a strong acid solution, such as a solution of FeCl3,
chloric acid and nitric acid.

[0077] The pixel electrode 67P may be partially over-
lapped with the data line 61L since the overlap of the pixel
electrode 67P and the data line 611 provides small capaci-
tance when the passivation layer 66 of organic insulating
material is formed sufficiently thick. Accordingly, the aper-
ture ratio of the pixel electrode increases since the formation
of the wide pixel electrode is possible.

[0078] The above preferred embodiment of the invention
may be applied to a case in which the active layer 63 does
not overlap with the data line 61L shown in FIG. 9 as well
as to a case of overlapping the active layer 63 with the data
line 61L as shown in FIG. 6.

[0079] FIG. 9 shows the same structure shown in FIG. 4
except that the active layer 63 is not overlapped with the data
line 611, and that the location of the transparent wire
connecting the data line to the source region is changed due
to the location of the active layer. Accordingly, the expla-
nation about the FIG. 9 is not described hereof wherein the
legends of showing the same parts are identical to each
other.

[0080] The present invention may be applied to the
devices having the structures of an insulating layer on a
source/drain line and a co-planar TFT on the insulating layer.

[0081] The present invention uses polycrystalline silicon
having excellent reliability and provides a simplified manu-
facturing process by reducing the deposition steps involving
an insulating layer in which source and drain wires having
a BBC structure are formed on a substrate, and a buffer layer
for the crystallization of silicon covers the source and drain
wire. Compared to the method for a conventional coplanar
structure, the fabricating process of the present invention is
also simplified by forming a contact hole with a single
photo-etch. Moreover, the present invention is also applied
to a device requiring a wire of low resistance since the buffer
layer of buffer is deposited thick enough to form sufficiently
thick source and drain electrodes.

[0082] Moreover, the present invention uses the active
layer doped with impurity as a second storage electrode line.
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As a result, the present invention reduces the doping steps in
comparison to the case where a first storage electrode line is
formed on the active layer.

[0083] Tt is possible for the present invention to overlap
the pixel electrode with the data line by means of inserting
an organic insulating layer of a low dielectric constant
between the data line and the pixel electrode. Accordingly,
the aperture ratio of the pixel increases.

[0084] Finally, the electrical short between the data line
and the gate line is prevented by forming a structure of a data
line/buffer layer/interlayer/insulating layer/gate line in
order.

[0085] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in a TFT,
LCD and fabricating methods thereof of the present inven-
tion without departing from the spirit or scope of this
inventions. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

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

a substrate;
source and drain electrodes on said substrate;

a first buffer layer covering said source and said drain
electrodes and a disclosed surface of said substrate;

an active layer on said first buffer layer, said active layer
having a source region, a channel region and a drain
region;

a gate insulating layer on said active layer;
a gate electrode on said gate insulating layer;

a second buffer layer covering the active layer and the
gate electrode;

a first conductive layer connecting said source electrode
to said source region; and

a second conductive layer connecting said drain electrode
to said drain region.
2. The thin film transistor according to claim 1, further
comprising;

a first contact hole formed in said first buffer layer and
said second buffer layer, said first contact hole disclos-
ing said source electrode and said source region; and

a second contract hole formed in said first buffer layer and
said second buffer layer, said second contact hole
disclosing said drain electrode and said drain region.

3. The thin film transistor according to claim 1, wherein
said first and said second conductive layers are transparent
conductive layers.

4. The thin film transistor according to claim 1, wherein
said first and said second conductive layers are Indium Tin
Oxide layers.

5. The thin film transistor according to claim 1, wherein
said source and said drain electrodes are formed with a
double layer.

6. The thin film transistor according to claim 5, wherein
said double layer includes an Al layer and a Mo layer.
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7. The thin film transistor according to claim 1 or claim 2,
wherein said gate insulating layer and said gate electrode are
substantially overlapped with each other and substantially
aligned over said channel region.

8. The thin film transistor according to claim 1 or claim 2,
wherein a certain region is formed between said source
region and said channel region, said gate insulating layer
substantially overlaps with said channel region and said
source region, and said gate electrode is substantially over-
lapped with said channel region.

9. The thin film transistor according to claim 8, wherein
said certain region is an LDD region.

10. The thin film transistor according to claim 8, wherein
said certain region is an off-set region.

11. A thin film transistor circuit comprising:

a first thin film transistor having a substrate, a first source
clectrode and a first drain electrode on said substrate, a
buffer layer covering said source electrode and said
drain electrode and a disclosed surface of the substrate,
a first active layer formed on said buffer layer, wherein
said first active layer has a first source region, a first
channel region and a first drain region, a first gate
insulating layer on said first active layer, and a first gate
electrode on said first gate insulating layer;

a second thin film transistor having the substrate, a source
electrode and a drain electrode on said substrate, the
buffer layer covering said source electrode and said
drain electrode and the disclosed surface of the sub-
strate, a second active layer formed on said buffer layer,
wherein said second active layer has a second source
region, a second channel region and a second drain
region, a second gate insulating layer on said second
active layer, and a second gate electrode on said second
gate insulating layer;

a first connecting wire connecting said first source elec-
trode and said first source region of said first thin film
transistor;

a second connecting wire connecting said second source
electrode and said second source region of said second
thin film transistor; and

a third connecting wire connecting said first drain elec-
trode and said first drain region of said first thin film
transistor to said second drain electrode and said sec-
ond drain region of said second thin film transistor.

12. A liquid crystal display comprising:

a substrate;
a data line on said substrate;
a buffer layer covering said data line;

an active layer on said buffer layer, said active layer
having source, channel and drain regions;

a insulating layer covering said active layer;

a gate electrode substantially overlapping said channel
region;

a gate line connected to said gate electrode, said gate line
crossing with said data line;

a passivation layer covering said gate electrode and said
gate line;
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a first contact hole in said first, said second and said
passivation layer, said first contact hole disclosing a
portion of said data line;

a second contact hole disclosing said source region;
a third contact hole disclosing said drain region,

a connecting wire connecting said data line to said source
region through said first and second contact holes; and

a pixel electrode connected to said drain region through
said third contact hole.
13. The liquid crystal display according to claim 12,
further comprising:

a first storage electrode line on said insulated substrate,
said first storage electrode formed with a material
identical to said data line;

an insulating layer covering said first storage electrode
line; and

a second storage electrode line formed with said drain
region of said active layer, said second storage elec-
trode line with said first storage electrode line forming
a storage capacitor.

14. The liquid crystal display according to claim 12, said
liquid crystal display further comprising a interlayer at a
crossing part between said data line and said gate line, said
interlayer formed with a material identical to that of said
active layer.

15. The liquid crystal display according to claim 12,
wherein said passivation layer is formed with an organic
insulating layer.

16. The liquid crystal display according to claim 12 or
claim 15, wherein said pixel electrode is overlapped with
said data line.

17. The liquid crystal display according to claim 12,
wherein said source region in said active layer is overlapped
with said data line.

18. The liquid crystal display according to claim 12,
wherein said source region in said active layer is not
overlapped with said data line.

19. A method of fabricating thin film transistor, compris-
ing the steps of:

forming source and drain electrodes on a substrate;

forming an insulating layer covering said source and said
drain electrodes and a disclosed surface;

forming an active layer on said insulating layer;

forming a gate insulating layer and a gate electrode on a
certain part of said active layer;

forming a source and a drain region in said active layer by
means of selectively doping said active layer with
impurity;

forming an insulating interlayer covering said gate elec-
trode and said active layer;

forming a first connecting wire connecting said source
electrode and said source region; and

forming a second connecting wire connecting said drain
electrode and said drain region.
20. The method of fabricating thin film transistor accord-
ing to claim 19, wherein said impurity is one of n-typed and
p-typed.
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21. The method of fabricating thin film transistor accord-
ing to claim 19, wherein said active layer is formed by
forming an amorphous silicon layer on said insulating layer,
by crystallizing said amorphous silicon layer and by etching
said crystallized silicon layer through photolithography.

22. The method of fabricating thin film transistor accord-
ing to claim 19, wherein said source and said drain elec-
trodes are formed by forming first and second conductive
layers successively on said substrate and by etching said first
and said second conductive layers through photolithography
simultaneously.

23. The method of fabricating thin film transistor accord-
ing to claim 19, wherein said source and said drain elec-
trodes are formed by depositing a first conductive layer, by
etching said first conductive layer, by depositing a second
conductive layer on a disclosed surface and by etching said
second conductive layer.

24. The method of fabricating thin film transistor accord-
ing to claim 19, wherein said gate insulating layer and said
gate electrode are formed by depositing an insulating layer
and a conductive layer on said active layer and a disclosed
surface successively and by etching said insulating layer and
said conductive layer.

25. The method of fabricating thin film transistor accord-
ing to claim 19, wherein said gate insulating layer and said
gate electrode are formed by depositing an insulating layer
and a conductive layer on said active layer and a disclosed
surface successively, by defining a photoresist pattern on
said conductive layer to form a gate electrode, by over-
etching said conductive layer in use of said photoresist
pattern as a mask and by etching said insulating layer in use
of said photoresist pattern as said mask.

26. The method of fabricating thin film transistor accord-
ing to claim 25, wherein an LDD region is formed in said
active layer which is overlapped with said insulting layer
and is not overlapped with said gate electrode by doping
heavily said active layer in use of said gate insulating layer
and said gate electrode as masks.

27. The method of fabricating thin film transistor accord-
ing to claim 26, further comprising the steps of:

disclosing said source electrode, said source region, said
drain electrode and said drain region by means of
forming a plurality of contact holes in said buffer layer
or said insulating interlayer.

28. Amethod of fabricating thin film transistors, said thin
film transistors including first and second thin film transis-
tors which are connected to each other, said first and said
second thin film transistors becoming a CMOS structure,
said method comprising the steps of:

forming each source and drain electrodes of said first and
said second thin film transistors on a substrate;

forming a buffer layer covering said source and said drain
electrodes and a disclosed surface;

forming each active layer of said first and said second thin
film transistors on said buffer layer;

forming each gate insulating layer and each gate electrode
of said first and said second thin film transistors on each
of said active layers;

forming source and regions of said first thin film transistor
by means of selectively doping said active layer of said
first thin film transistor with a first conductive impurity;
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forming source and drain regions of said second thin film
transistor by means of selectively doping said active
layer of said second thin film transistor with a second
conductive impurity;

disclosing said source and said drain regions and said
source and said drain electrodes of said respective first
and said second thin film transistor by means of form-
ing a plurality of contact holes in said insulating
interlayer or said buffer layer; and

forming the CMOS structure by means of connecting each
of said source and said drain regions to each of said
source and said drain electrodes.
29. A method of forming a liquid crystal display com-
prising the steps of:

forming a data line on an insulated substrate;
forming a buffer layer covering said data line;
forming an active layer on said buffer layer;
forming a insulating layer covering said active layer;

forming a gate electrode on the insulating layer substan-
tially overlapping the active layer;

forming a gate line in said active layer, said gate line
connected to said gate electrode and said gate electrode,
said gate line crossing with said data line,

forming a source region, a channel region and a drain
region in said active region by doping said active layer
with impurity by using said gate electrode as a mask;

forming a passivation layer covering said active layer,
said gate electrode and said gate line;

forming a first contact hole disclosing a portion of said
data line;

forming a second contact hole disclosing said source
region,

forming a third contact hole disclosing said drain region;

forming a connecting wire connecting a disclosed portion
of said data line to said disclosed source region through
said first and said second contact hole; and

forming a pixel electrode connected to said drain region
through said third contact hole.
30. The method of forming liquid crystal display accord-
ing to claim 29, further comprising the steps of:

forming a first storage electrode line on the insulated
substrate made of the same material as said data line;
and

forming a second storage electrode line extended from
said drain region, said second storage electrode line
formed substantially above said first storage electrode
line.

31. The method of forming liquid crystal display accord-
ing to claim 29, further comprising the step of forming a
interlayer between where said data line crosses said gate
line.

32. The method of forming liquid crystal display accord-
ing to claim 29, wherein said interlayer is made of a material
identical to said active layer.
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