
US 20050285109A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0285109 A1 
(19) United States 

Kim (43) Pub. Date: Dec. 29, 2005 

(54) NOVEL CONDUCTIVE ELEMENTS FOR (30) Foreign Application Priority Data 
THIN FILM TRANSISTORS USED IN A FLAT 
PANEL DISPLAY Mar. 12, 2003 (KR) ..................................... .. 2003-15356 

Sep. 15, 2003 (KR) ..................................... .. 2003-63583 

(76) Inventor: Tae-Sung Kim, Incheon-city (KR) 

Correspondence Address: 
Robert E. Bushnell 
Suite 300 
1522 K Street, NW. 
Washington, DC 20005-1202 (US) 

(21) Appl. No.: 11/206,901 

(22) Filed: Aug. 19, 2005 

Related US. Application Data 

(63) Continuation of application No. 10/766,564, ?led on 

Publication Classi?cation 

(51) Int. c1.7 ......................... .. H01L 29/04, H01L 27/12 
(52) US. Cl. ............................ ..257/59,257/72,257/350, 

257/412 

(57) ABSTRACT 

Provided is a structure for conductive members in a TFT 
display. The structure is aluminum based and is heat treated. 
When heat treated, no hillocks are formed because of the 
presence of a titanium layer. Furthermore, TiAl3 is not 
formed because of the presence of a TiN diffusion layer 
betWeen the aluminum and the Ti layers. This novel struc 
ture has a 10W resistivity and is therefore suited for large 

Jan, 29, 2004, displays that use thin ?lm transistors to drive the pixels. 
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NOVEL CONDUCTIVE ELEMENTS FOR THIN 
FILM TRANSISTORS USED IN A FLAT PANEL 

DISPLAY 

CLAIM OF PRIORITY 

[0001] This application makes reference to, incorporates 
the same herein, and claims all bene?ts accruing under 35 
U.S.C. §119 from an application for THIN FILM TRAN 
SISTOR AND FLAT PANEL DISPLAY COMPRISING 
THE SAME earlier ?led in the Korean Intellectual Property 
Of?ce on 12 Mar. 2003 and thereby duly assigned Serial No. 
2003-15356, and ?led on 15 Sep. 2003 and assigned Serial 
No. 2003-63583. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to thin ?lm transistors 
in a ?at panel display. More particularly, the present inven 
tion relates to a novel structure for the electrodes and 
conductive lines found in thin ?lm transistor structures that 
have small resistance loss and prevent image quality deg 
radation caused by resistance loss in a large ?at panel 
display. 
[0004] 2. Description of the Related Art 

[0005] A thin ?lm transistor (hereinafter, referred to as 
TFT) is a device of Where a source electrode and a drain 
electrode can be electrically connected through a channel 
formed in a semiconductor layer that physically connects the 
source and drain electrodes according to a voltage applied to 
a gate electrode. The TFT is mainly used in a TFT panel of 
an active matrix ?at panel display such as an electrolumi 
nescent display and a liquid crystal display. The TFT serves 
to independently drive sub-pixels that make up the display. 

[0006] A source electrode and a gate electrode of a TFT 
formed in a ?at panel display are connected to driving 
circuits arranged on sides of the ?at panel display through 
conductive lines. Generally, a source electrode, a drain 
electrode, and conductive lines electrically connected to the 
source and drain electrodes are often formed together and 
have the same structure using the same material for the sake 
of simplifying a manufacture process. 

[0007] A source electrode, a drain electrode, and conduc 
tive lines electrically connected thereto may be made of a 
chromium (Cr) based metal or a molybdenum (Mo) based 
metal such as Mo and MoW. HoWever, since these metals 
have a relatively high resistance, in a case Where a TFT 
panel has a large siZe or its sub-pixels have small siZes, a 
voltage drop betWeen driving circuits and the sub-pixels 
may increase. This causes a response speed of the sub-pixels 
to decrease or to result in a non-uniform distribution of an 
image. These problems of speed and non-uniformity of 
image are further aggravated by the fact that neWer displays 
are large, and the conductive lines that electrically connect 
to the piXels in aq large display are very long. These long 
conductive lines found in large displays magnify the resis 
tive losses in a conductive line. Therefore, in recent years, 
With the advent of large TFT displays, it is even more 
important to use materials With loW resistive losses to 
electrically connect to tach TFT in a display. 

[0008] In addition to the fact that neWer displays are large, 
the speed and non-uniformity problem are further aggra 
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vated by the fact that these conductive lines generally 
undergo a heat treatment process subsequent to formation of 
these conductive lines and electrodes. For eXample, the 
activation process after gate metal sputtering is necessary in 
TFT fabrication, and the temperature of annealing is gener 
ally needed to be higher than 400° C. In this case, the high 
temperature annealing may cause connection lines and elec 
trodes to form at a high resistance, especially When incor 
porated in a large display panel. 

[0009] In order to solve the above problems, aluminum 
(Al) has been used in conductive lines and electrode struc 
tures for TFT’s. Aluminum may have a loW resistance as a 
material for a gate electrode and a conductive line connect 
ing the gate electrode to a driving circuit. Aluminum may 
also drop the resistance in source electrodes, drain elec 
trodes, and conductive lines electrically connected to the 
source and drain electrodes. Hereinafter, the source elec 
trode, the drain electrode, the gate electrode and the con 
ductive lines electrically connected to the source, drain and 
gate electrodes Will be referred to as “TFT conductive 
elements.” 

[0010] US. Patent Application Laid-Open Publication No. 
2002/0085157 to Tanaka et al (hereinafter Tanaka ’157) 
discloses TFT conductive elements made of Al. Each of the 
TFT conductive elements has a stacked structure of titanium 
nitride (TiN) layer/Al layer, TiN layer/Ti layer/Al layer, or 
TiN layer/Al layer/T i layer, as illustrated in FIG. 7 of 
Tanaka ’157. Advantages of such a structure include reduc 
tion of an electrical connection resistance (or contact resis 
tance) betWeen the TFT conductive elements and terminals 
connected to the TFT conductive elements as Well as sup 
pression of the generation of Al hillocks (or small hills or 
mounds) generated by a heat treatment process subsequent 
to the formation of the TFT conductive elements. HoWever, 
Tanaka ’157 fails to disclose solutions to reduce the resis 
tance of the TFT conductive elements. Tanaka ’157 fails to 
address prevention of the formation of highly resistive TiAl3 
When heat treated. TiAl3 in the conductive layers causes the 
resistance of the conductive lines to increase, especially for 
large displays. 
[0011] What is therefore needed is a structure for conduc 
tive lines as Well as structures for electrodes in TFT’s for a 
large display that have a loW resistance, even after a heat 
treatment, the conductive lines and electrodes do not have 
TiAl3 present and have no hillocks even after heat treatment. 

SUMMARY OF THE INVENTION 

[0012] It is therefore an object of the present invention to 
provide a novel structure for a conductive elements used in 
a TFT in a ?at panel display that has a loW resistivity, even 
after a heat treatment. 

[0013] It is further an object of the present invention to 
provide a novel structure for conductive layer for conductive 
elements in a TFT in a display that is made using aluminum 
and does not have any hillocks and does not have any TiAl3, 
even after a heat treatment. 

[0014] It is also an object of the present invention to 
provide a novel structure for conductive lines and electrodes 
used in TFT displays that improves display uniformity and 
improves speed, especially When the display is very large. 

[0015] These and other objects may be achieved by a TFT 
having a source electrode, a drain electrode, a gate electrode, 
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and a semiconductor layer, Where at least one of the source 
electrode, the drain electrode, and the gate electrode is made 
from an aluminum-based metal layer, a titanium layer, and 
a diffusion prevention layer interposed the aluminum-based 
layer and the titanium layer. 

[0016] According to another aspect of the present inven 
tion, there is provided a large ?at panel display having a 
large number of sub-piXels driven by TFTs, each of the TFTs 
having a source electrode, a drain electrode, a gate electrode, 
and a semiconductor layer, Where at least one of the source 
electrode, the drain electrode, and the gate electrode is made 
up of an aluminum-based metal layer, a titanium layer, and 
a diffusion prevention layer interposed betWeen the alumi 
num-based layer and the titanium layer. The diffusion pre 
vention layer prevents aluminum in the aluminum-based 
layer from reacting With the titanium in the titanium layer 
during the heat treatment or annealing process and forming 
unWanted TiAl3, the presence of Which increases the resis 
tance or resistivity of the connection members. 

[0017] The diffusion prevention layer and the titanium 
layer may be orderly formed on opposite surfaces of the 
aluminum-based metal layer, or the diffusion prevention 
layer and the titanium layer may be formed on any one side 
of the aluminum-based metal layer. The diffusion prevention 
layer maybe a titanium nitride layer. The titanium nitride 
layer may contain 5 to 85 Wt % of nitrogen. The titanium 
nitride layer may have a thickness of about 100 to 600 A, 
preferably about 100 to 400 A, more preferably 200 to 400 
A, and most preferably about 300 

[0018] The aluminum-based metal layer may be made of 
an aluminum alloy containing about 0.5 to 5 Wt % of one 
element selected from the group consisting of silicon, cop 
per, neodymium, platinum, and nickel. The aluminum-based 
metal layer may be made of an aluminum-silicon alloy 
containing about 2 Wt % of silicon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Amore complete appreciation of the invention, and 
many of the attendant advantages thereof, Will be readily 
apparent as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in conjunction With the accompanying draWings in Which 
like reference symbols indicate the same or similar compo 
nents, Wherein: 

[0020] FIG. 1 is a sectional vieW of a TFT conductive 
element; 
[0021] FIG. 2 is a circuit vieW of a ?at panel display 
having an array of TFTs; 

[0022] FIG. 3 is a schematic plan vieW of the physical 
structure of one sub-piXel corresponding to a part “S” of 
FIG. 2; 

[0023] FIG. 4 is a sectional vieW of one sub-piXel of an 
electroluminescent display having a TFT; 

[0024] FIG. 5 is a sectional vieW of one sub-piXel of a 
liquid crystal display having a TFT; 

[0025] FIG. 6 is a sectional vieW of a TFT conductive 
element according to the principles of the present invention; 

[0026] FIG. 7 is a graph illustrating empirical resistivity 
versus thickness of a titanium nitride layer in the novel TFT 
conductive element according to the present invention; and 
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[0027] FIG. 8 is a graph illustrating empirically resistivity 
versus heat treatment temperature in a TFT conductive 
element and a TFT conductive element according to the 
principles of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Turning noW to the ?gures, FIG. 1 illustrates a TFT 
conductive element 120 having a stacked structure of a Ti 
layer 122, an Al layer 121, and a Ti layer 123. The Ti layers 
prevent the generation of Al hillocks formed during a heat 
treatment process. HoWever, TiAl3 may be generated at an 
interface betWeen the Al layer and the Ti layer during a heat 
treatment process. The TiAl3 increases the resistance of the 
TFT conductive element. 

[0029] FIG. 2 illustrates a circuit 112 of a ?at panel 
display made up many sub-pixels, each sub-pixel having 
tWo TFT’s. The circuit 112 includes a ?rst TFT 10, a second 
TFT 50, a storage capacitor 40, and a light emission unit 60. 
A ?rst source electrode 12 in the ?rst TFT 10 is connected 
to a horiZontal driving circuit H through a ?rst conductive 
line 20 and a ?rst gate electrode 11 in the ?rst TFT 10 is 
connected to a vertical driving circuit V through a second 
conductive line 30. A?rst drain electrode 13 in the ?rst TFT 
10 is connected to a ?rst capacitor electrode 41 of the storage 
capacitor 40 and to a second gate electrode 51 of the second 
TFT 50. A second capacitor electrode 42 of the storage 
capacitor 40 and a second source electrode 52 of the second 
TFT 50 are connected to a third conductive line 70. Asecond 
drain electrode 53 of the second TFT is connected to a ?rst 
electrode 61 of the light emission unit 60. Asecond electrode 
62 of the light emission unit 60 is arranged opposite to the 
?rst electrode 61 and spaced a predetermined gap apart from 
the ?rst electrode 61. BetWeen second electrode 62 and ?rst 
electrode 61 is an active layer. The active layer may be an 
organic material layer, an inorganic material layer, or a 
liquid crystal layer and is arranged betWeen the ?rst elec 
trode 61 and second electrode 62 according to the types of 
?at panel displays. 

[0030] FIG. 3 schematically illustrates a physical struc 
ture of one sub-pixel of the ?at panel display of FIG. 2. For 
the sake of simplicity, only conductive constitutional ele 
ments are illustrates in FIG. 3. Therefore, nonconductive 
constitutional elements such as a substrate, a buffer layer, 
various types of insulating layers, a planariZation layer, a 
light emission layer, a liquid crystal layer, a second elec 
trode, a polariZation layer, an orientation layer, and a color 
?lter layer are omitted. These nonconductive constitutional 
elements are instead illustrated in FIGS. 4 and 5. Only 
constitutional elements positioned at regions represented by 
oblique (or slanted) lines in FIG. 3 are electrically con 
nected to each other. Other regions that are not represented 
by oblique lines are insulated. 

[0031] When a voltage is applied to the ?rst gate electrode 
11, a conductive channel is formed in a semiconductor layer 
80 that connects the ?rst source electrode 12 and the ?rst 
drain electrode 13. At this time, When charge is supplied to 
the ?rst source electrode 12 through the ?rst conductive line 
20, the charge moves into the ?rst drain electrode 13. Charge 
determining the luminance of a driving unit ?oWs through 
the third conductive line 70. When the charge of the ?rst 
drain electrode is supplied to the second gate electrode 51, 
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the charge of the second source electrode 52 moves into the 
second drain electrode 53, thereby driving the ?rst electrode 
61 of the light emission unit 60. The storage capacitor 40 
serves to maintain a driving operation of the ?rst electrode 
61 or increase a driving speed. For reference, the ?rst TFT 
10 and the second TFT 50 have a similar section structure. 

[0032] An electroluminescent display 114 illustrated in 
FIG. 4 includes a TFT panel, a light emission layer 87, and 
a second electrode 62. The TFT panel includes a substrate 
81, a TFT 50, a ?rst conductive line 20, a second conductive 
line 30, and a ?rst electrode 61. In the case of a rear emission 
type electroluminescent display, the substrate 81 may be 
made of a transparent material, for eXample glass, and the 
second electrode 62 may be made of a metal With good 
re?ectivity such as aluminium. On the other hand, in the case 
of a front emission type electroluminescent display, the 
second electrode 62 may be made of a transparent conduc 
tive material, for eXample, indium tin oXide (ITO), and the 
?rst electrode 61 may be made of a metal With good 
re?ectivity. 

[0033] Abuffer layer 82 is formed on the Whole surface of 
the substrate 81. A semiconductor layer 80 is formed to a 
predetermined pattern on the buffer layer 82. Semiconductor 
layer 80 may be made of silicon. A ?rst insulating layer 83 
is formed on the semiconductor layer 80 and on the remain 
ing eXposed surface of the buffer layer 82 Where the semi 
conductor layer 80 is not formed. Asecond gate electrode 51 
is formed to a predetermined pattern on the ?rst insulating 
layer 83. A second insulating layer 84 is formed on the 
second gate electrode 51 and on the remaining eXposed 
surface of the ?rst insulating layer 83 on Where the second 
gate electrode 51 is not formed. After the formation of the 
second insulating layer 84, the ?rst and second insulating 
layers 83 and 84 respectively are subjected to etching such 
as dry etching to eXpose portions of the semiconductor layer 
80. The eXposed portions of the semiconductor layer 80 are 
connected to a second source electrode 52 and a second 
drain electrode 53, that are formed to a predetermined 
pattern. After the formation of the second source and drain 
electrodes 52 and 53 respectively, a third insulating layer 85 
is formed thereon. A portion of the third insulating layer 85 
is etched to electrically connect the second drain electrode 
53 and the ?rst electrode 61. After the formation of the ?rst 
electrode 61 on the third insulating layer 85, a planariZation 
layer 86 is formed. The portion of the planariZation layer 86 
corresponding to the ?rst electrode 61 is etched. Then, the 
light emission layer 87 is formed on the ?rst electrode 61 
and the second electrode 62 is formed on the light emission 
layer 87. In addition, encapsulation layer 89 is formed over 
second electrode 62. 

[0034] The TFT 50 includes the second source electrode 
52, the second drain electrode 53, the second gate electrode 
51, and the semiconductor layer 80. Generally, the second 
source electrode 52 and the second drain electrode 53 are 
formed at a predetermined gap from each other on the same 
horiZontal plane. The second source electrode 52 and the 
second drain electrode 53 are physically connected to the 
semiconductor layer 80. The second gate electrode 51 is 
electrically insulated from the second source electrode 52, 
the second drain electrode 53, and the semiconductor layer 
80. The second gate electrode 51 is positioned above the 
semiconductor layer 80 and betWeen the second source 
electrode 52 and the second drain electrode 53. MeanWhile, 
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generally, a TFT is divided into a staggered type, an inverted 
staggered type, a coplanar type, and an inverted coplanar 
type according to the arrangements of the above electrodes 
and the semiconductor layer 80. A coplanar type is illus 
trated in the present invention, but the present invention is 
not limited thereto. 

[0035] The TFT 50 of FIG. 4 corresponds to the second 
TFT 50 illustrated in FIG. 3. In this case, the second source 
electrode 52 is connected to the third conductive line 70, the 
second gate electrode 51 is connected to the ?rst drain 
electrode 13 of the ?rst TFT 10, the second drain electrode 
53 is connected to the ?rst electrode 61 of light emitting unit 
60, the ?rst source electrode 12 of the ?rst TFT 10 is 
connected to the ?rst conductive line 20, and the ?rst gate 
electrode 11 is connected to the second conductive line 30. 
According to the present invention, the ?rst conductive line 
20 corresponds to a data line for transmitting data and the 
second conductive line 30 corresponds to a scan line. 

[0036] The structure of an electroluminescent display 114 
Will noW be described in detail With reference to FIG. 4. As 
illustrated in FIG. 4, an electroluminescent display 114 
includes the ?rst electrode 61, the light emission layer 87 
formed on the ?rst electrode 61, and the second electrode 62 
formed on the light emission layer 87. An electrolumines 
cent display 114 can be divided into organic and inorganic 
electroluminescent displays. With respect to an organic 
electroluminescent display, the light emission layer 87 is 
largely having an electron transport layer, a light emission 
material layer, and a hole transport layer. With respect to an 
inorganic electroluminescent display, insulating layers are 
interposed betWeen the ?rst electrode 61 and the light 
emission layer 87 and betWeen the second electrode 62 and 
the light emission layer 87. 

[0037] The light emission layer 87 of an organic electrolu 
minescent display is made of an organic material, for 
eXample, phthalocyanine such as copper phthalocyanine 
(CuPc), N,N‘-di(naphthalene-1-yl)-N,N‘-diphenyl benZidine 
(NPB), or tris-8-hydroXyquinoline aluminium (Alq3). When 
charge is supplied to the ?rst electrode 61 and the second 
electrode 62, holes and electrons recombine With each other 
to generate eXcitons. When the eXcitons are changed from an 
eXcited state to a ground state, the light emission material 
layer 87 emits light. 

[0038] Regarding an inorganic electroluminescent display, 
an inorganic material layer betWeen the insulating layers 
positioned at inner sides of the ?rst electrode 61 and second 
electrode 62 emits light. An inorganic material for the 
inorganic material layer may be metal sul?de such as ZnS, 
SrS, and CsS. Recently, alkaline earth-based calcium sul?de 
such as CaCa2S4 and SrCa2S4, and metal oXide are also used. 
Transition metals such as Mn, Ce, Th, Eu, Tm, Er, Pr, and 
Pb and alkaline rare earth metals maybe used as light 
emitting core atoms that form the light emission layer 87 
together With the above inorganic material. When a voltage 
is applied to the ?rst electrode 61 and second electrode 62, 
electrons are accelerated and collide With the light emitting 
core atoms. At this time, electrons of the light emitting core 
atoms are excited to a higher energy level and then fall back 
to a ground state. Accordingly, the inorganic material layer 
emits light. 

[0039] FIG. 5 illustrates a liquid crystal display 105. A 
liquid crystal display and an electroluminescent display have 
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a similar TFT panel structure, but different adjoining con 
stitutional elements. Hereinafter, only adjoining constitu 
tional elements of the TFT panel in a liquid crystal display 
Will be described. 

[0040] A liquid crystal display 105 includes a TFT panel, 
a ?rst orientation layer 97, a second substrate 102, a second 
electrode 62, a second orientation layer 99, a liquid crystal 
layer 98, and a polariZation layer 103. The TFT panel 
includes a ?rst substrate 91, a TFT 50, a ?rst conductive line 
20, a second conductive line 30, and a ?rst electrode 61. The 
?rst substrate 91 corresponds to the substrate of an elec 
troluminescent display. 

[0041] The ?rst substrate 91 and the second substrate 102 
are separately manufactured. A color ?lter layer 101 is 
formed on the loWer surface of the second substrate 102. The 
second electrode 62 is formed on the loWer surface of the 
color ?lter layer 101. The ?rst orientation layer 97 and the 
second orientation layer 99 are formed on the upper surface 
of the ?rst electrode 61 and the loWer surface of the second 
electrode 62, respectively. The ?rst and second orientation 
layers 97 and 99 lead to a proper orientation of a liquid 
crystal of the liquid crystal layer 98 interposed therebe 
tWeen. The polariZation layer 103 is formed on each of the 
outer surfaces of the ?rst and second substrates 91 and 102 
respectively. A spacer 104 is used to maintain a gap betWeen 
the ?rst and second substrates. Reference numbers 92, 93, 
94, 95 and 96 in FIG. 5 represent a buffer layer, a ?rst 
insulating layer, a second insulating layer, a third insulating 
layer and a planariZation layer respectively. 

[0042] Aliquid crystal display alloWs light to pass through 
or be blocked according to the arrangement of a liquid 
crystal. The arrangement of the liquid crystal is determined 
by an electric potential difference betWeen the ?rst and 
second electrodes. Light that has passed through the liquid 
crystal layer eXhibits a color of the color ?lter layer 101, 
thereby displaying an image. 

[0043] According to the present invention, “TFT conduc 
tive elements” de?ned in the Description of the Related Art 
include the ?rst and second source electrodes 12 and 52, the 
?rst and second drain electrodes 13 and 53, the ?rst and 
second gate electrodes 11 and 51, the ?rst conductive line 
20, the second conductive line 30, and the third conductive 
line 70. Hereinafter, the structures of the TFT conductive 
elements Will be described in detail With reference to FIG. 
6. 

[0044] According to the present invention, the ?rst and 
second gate electrodes 1.1 and 53 are formed simultaneously 
With the second conductive line 30 using the same material. 
The ?rst and second source electrodes 12 and 52, the ?rst 
and second drain electrodes 13 and 53, the ?rst conductive 
line 30, and the third conductive line 70 are at the same time 
formed using the same material. Since the formation 
sequences and materials for these TFT conductive elements 
may vary according to manufacture processes, they are not 
limited to those as described above. 

[0045] At least one of TFT conductive elements 130 
according to the present invention includes an aluminum 
(Al)-based metal layer 131 and titanium (Ti) layers 132 and 
133. Diffusion prevention layers 134 and 135 are interposed 
betWeen the Al-based metal layer and the respective Ti 
layers. Although FIG. 6 illustrates that the diffusion pre 
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vention layers and the Ti layers are formed on both surfaces 
of the Al-based metal layer, a diffusion prevention layer and 
a Ti-layer may be formed on only one surface of the 
Al-based metal layer, that is also Within the scope of the 
present invention. 

[0046] Among the TFT conductive elements, in particular, 
the second source electrode 52 and the second drain elec 
trode 53 of FIG. 4 are formed in a vertically long shape. For 
this reason, the layer structures of the second source elec 
trode 52 and the second drain electrode 53 may be distorted. 
That is, although the second source electrode 52 and the 
second drain electrode 53 have a diffusion prevention layer 
and a Ti-layer betWeen the Al-based metal layer 131 and the 
semiconductor layer 80, due to such distorted layer struc 
ture, the Al-based metal layer 131 and the semiconductor 
layer s 80 may be partially in contact With each other. In this 
case, Where the Al-based metal layer 131 is made of a pure 
Al, the Al can diffuse toWard the semiconductor layer 80 
made of silicon, thereby causing the malfunction of the 
semiconductor layer 80. In this regard, it is preferable to 
form the Al-based metal layer 131 using a material that does 
not easily diffuse toWard the semiconductor layer 80 even 
though the Al-based metal layer 131 is in contact With the 
semiconductor layer 80. Therefore, preferably, the Al-based 
metal layer 131 is made of an Al alloy selected from the 
group consisting of an aluminum silicon (AlSi) alloy, an 
aluminum copper (AlCu) alloy, an aluminum neodymium 
(AlNd) alloy, an aluminum platinum (AlPt) alloy, and an 
aluminum nickel (AlNi) alloy. Si, Cu, Nd, Pt, and Ni 
contained in the Al alloys serve to prevent the diffusion of 
A1 of the Al-based metal layer toWard the semiconductor 
layer 80 made of Si. Preferably, the Al-based metal layer 131 
contains about 0.5 to 5 Wt % of Si, Cu, Nd, Pt, or Ni. 
According to the results obtained from experiments, the AlSi 
alloy containing about 2 Wt % of Si is more preferable. 

[0047] The Ti layers 132 and 133 serve to prevent the 
generation of Al hillocks during a heat treatment process. 
The diffusion prevention layers 134 and 135 serve to prevent 
the formation of TiAl3by reaction of the A1 of the Al-based 
metal layer 131 With the Ti of the Ti layers 132 and 133 
during the heat treatment process. By preventing the forma 
tion of TiAl3, the resistance of the TFT conductive elements 
130 is reduced. Preferably, the diffusion prevention layers 
134 and 135 are made of TiN. This is because the TiN 
ef?ciently prevents the generation of TiAl3 at an interface s 
betWeen the Al-based metal layer 131 and the Ti layers 132 
and 133. Preferably, the TiN layers 134 and 135 contain 5 to 
85 Wt % of nitrogen. 

[0048] For reference, the Al-based metal layer 131 and the 
Ti layers 132 and 133 are deposited by DC-magnetron 
sputtering under an argon gas atmosphere. The TiN 
layers 134 and 135 are deposited by reactive sputtering 
under a miXed gas atmosphere of Ar and nitrogen (N2). Such 
a deposited structure is etched to a predetermined pattern for 
the TFT conductive elements 130 by dry etching With high 
frequency-enhanced plasma. 

[0049] If the thickness of the TiN layers 134 and 135 are 
too thin, Al diffusion may occur. Therefore, the Al may 
easily react With the Ti of the Ti layers, thereby producing 
TiAl3. On the other hand, the TiN layers 134 and 135 are too 
thick, the resistance of the TFT conductive elements 
increases due to the high resistivity of the TiN. The TFT 
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conductive elements 130 formed by interposing the TiN [0053] FIG. 8 illustrates a resistance reduction effect of 
layers 134 and 135 betWeen the Al-based metal layer 131 TFT conductive elements according to the present invention. 
and the Ti layers ‘132 and 133 must have resistance 10W6f In FIG. 8, the horiZontal axis represents a temperature for a 
thah TFT Cohdhchvff ehhhehts 120 0f_FIG- 1~ The thlckhess heat treatment process (heat treatment temperature) and the 
of the T1N_1aYerS sahsfylhg these requlremehts 1S detenhlhhd vertical axis represents resistivity of TFT conductive ele 
by following experiments and the results are presented in ments The graph of A represents the resistivity of TFT 
Table 1 below‘ conductive elements having a ?ve layer structure of Ti layer 

[0050] Table 1 presents a change in resistivity according to (thickhessi 500 A)” 1N layer gthickhessi 500 A)/A1-ha$ed 
the thickness of the TiN layers in TFT conductive elements Igletal layer (thiCkIleSSI 3,099 A)/TiN layer (thiCknessI 500 
having the structure of the Ti layer 132/the TiN layer 134/the A)/Ti layer (thiCknessI 500 A). The graph Of B represents the 
Al-based metal layer 131/the TiN layer 135/the Ti layer 133 resistivity of TFT conductive elements having a three layer 
according to an embodiment of the present invention. For structure of Ti layer (thickness: 500 A)/Al-based metal layer 
this, each layer of the TFT conductive elements 130 is (thickness: 4,000 A)/Ti layer (thickness: 500 A). As illus 
deposited by sputtering and then is subjected to heat treat- trated in FIG. 8, for example, at a heat treatment tempera 
ment at 380° C. in a vacuum to enhance the interface ture of 380° C., While the resistivity of the TFT conductive 
characteristics of the TFT conductive elements 130. elements With the ?ve layer structure is 5 pQcm, the 

TABLE 1 

Thickness of Thickness of Thickness Thickness 
Thickness of TiN layer Al-based metal of TiN of Ti Total 
Ti layer 132 134 layer 131 layer 135 layer 133 thickness *Resistivity 

(A) (A) (A) (A) (A) (A) (M 90m) 

500 0 4,000 0 500 5,000 17.24 
500 100 3,800 100 500 5,000 5.34 
500 200 3,600 200 500 5,000 4.51 
500 300 3,400 300 500 5,000 4.23 
500 400 3,200 400 500 5,000 4.62 
500 500 3,000 500 500 5,000 5.02 
500 600 2,800 600 500 5,000 5.36 
500 700 2,600 700 500 5,000 5.68 
500 800 2,400 800 500 5,000 6.47 
500 900 2,200 900 500 5,000 7.03 
500 1,000 2,000 1,000 500 5,000 7.78 

*Resistivity: resistivity of TFT conductive elements 130 

[0051] The graph of FIG. 7 is obtained from the results of 
Table 1. In FIG. 7, the line L represents ideal resistivity of 
TFT conductive elements of a thickness of 5,000 A made of 
Mo, i.e., theoretical minimal resistivity that is due to the 
resistivity of Mo. Using M0, the ideal resistivity is 5.35 
pQcm. In FIG. 7, a line M represents actual resistivity of 
TFT conductive elements 130 obtained empirically accord 
ing to the present invention. That is, the resistivity of the line 
M is obtained by experiment. 

[0052] From the graph M of FIG. 7, it can be seen that the 
thickness of the TiN layers 134 and 135 that result in a 
conductive element having a better resistivity than Mo based 
conductive elements satisfying the above-described require 
ments is a range of 100 to 600 The resistivity of the TFT 
conductive elements is relatively loW When the TiN layers 
134 and 135 have a thickness of 200 to 400 In particular, 
the resistivity of the TFT conductive elements is optimum 
When the TiN layers have a thickness of about 300 While 
the TFT conductive elements having the TiN layers 134 and 
135 With a thickness of 100 to 200 A and 400 to 600 A have 
resistivity loWer than the TFT conductive elements made of 
only Mo, they have resistivity higher than the TFT conduc 
tive elements having the TiN layers 134 and 135 With a 
thickness of 200 to 400 The TiN layers 134 and 135 With 
a thickness of 100 to 200 A can be formed at a loW cost, 
relative to the TiN layers 134 and 135 With a thickness of 
400 to 600 A. 

resistivity of the TFT conductive elements With the three 
layer structure is 21.5 pQcm, that is more than four times 
higher than the resistivity of the TFT conductive elements 
With the ?ve layer structure. 

[0054] In the above case, it is illustrated that TFT con 
ductive elements according to the present invention have the 
structure of Ti layer 132/TiN layer 134/Al-based metal layer 
131/TiN layer 135/T i layer 133. HoWever, it is understood 
that TFT conductive elements according to the present 
invention can have the structure of Ti layer 132/TiN layer 
134/Al-based metal layer 131 because a resistance reduction 
effect is accomplished by the TiN layer interposed betWeen 
the Al-based metal layer and the Ti layer. 

[0055] As is apparent from the above description, the 
present invention provides a TFT in that the generation of 
TiAl3 is prevented and thus at least one of TFT conductive 
elements has a suf?ciently loW resistance, and a ?at panel 
display including the TFT. Therefore, the ?at panel display 
can have a fast response speed of sub-pixels and good image 
quality. The present invention also provides a TFT in that the 
generation of aluminum hillocks is prevented even after a 
heat treatment process, and a ?at panel display including the 
TFT. The present invention also provides a TFT in that A1 of 
TFT conductive elements does not diffuse toWard a semi 
conductor layer, and a ?at panel display including the TFT. 

[0056] While the present invention has been particularly 
illustrated and described With reference to exemplary 
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embodiments thereof, it Will be understood by those of 
ordinary skill in the art that various changes in form and 
details may be made therein Without departing from the 
spirit and scope of the present invention as de?ned by the 
following claims. 

1. (canceled) 
2. A thin ?lm transistor, comprising a source electrode, a 

drain electrode, a gate electrode, and a semiconductor layer: 

Wherein one of the source electrode, the drain electrode, 
and the gate electrode includes an orderly stacked 
structure of a titanium layer, an aluminum-based metal 
layer, and a titanium layer; and 

Wherein a diffusion prevention layer is interposed 
betWeen at least one of the titanium layers and the 
aluminum-based layer. 

3. The thin ?lm transistor of claim 2, Wherein the diffusion 
prevention layer comprises a titanium nitride layer. 

4. The thin ?lm transistor of claim 3, Wherein the titanium 
nitride layer contains 5 to 85 Wt % of nitrogen. 

5. The thin ?lm transistor of claim 3, Wherein the titanium 
nitride layer has a thickness of about 100 to 600 

6. The thin ?lm transistor of claim 5, Wherein the titanium 
nitride layer has a thickness of about 100 to 400 

7. The thin ?lm transistor of claim 6, Wherein the titanium 
nitride layer has a thickness of 200 to 400 

8. The thin ?lm transistor of claim 7, Wherein the titanium 
nitride layer has a thickness of about 300 

9. The thin ?lm transistor of claim 2, Wherein the alumi 
num-based metal layer comprises an aluminum alloy con 
taining about 0.5 to 5 Wt % of one element selected from a 
group consisting of silicon, copper, neodymium, platinum, 
and nickel. 

10. The thin ?lm transistor of claim 9, Wherein the 
aluminum-based metal layer comprises an aluminum-silicon 
alloy containing about 2 Wt % of silicon. 

11. (canceled) 
12. A ?at panel display, comprising a plurality of sub 

piXels driven by thin ?lm transistors, each of the thin ?lm 
transistors including a source electrode, a drain electrode, a 
gate electrode, and a semiconductor layer; 

Wherein at least one of the source electrode, the drain 
electrode, and the gate electrode including an orderly 
stacked structure of a titanium layer, an aluminum 
based metal layer, and a titanium layer; and 

Wherein a diffusion prevention layer is interposed 
betWeen at least one of the titanium layers and the 
aluminum-based layer. 

13. The ?at panel display of claim 12, Wherein the 
diffusion prevention layer comprises a titanium nitride layer. 

14. The ?at panel display of claim 13, Wherein the 
titanium nitride layer contains 5 to 85 Wt % of nitrogen. 

15. The ?at panel display of claim 13, Wherein the 

titanium nitride layer has a thickness of about 100 to 600 16. The ?at panel display of claim 15, Wherein the 

titanium nitride layer has a thickness of about 100 to 400 17. The ?at panel display of claim 16, Wherein the 

titanium nitride layer has a thickness of 200 to 400 18. The ?at panel display of claim 17, Wherein the 

titanium nitride layer has a thickness of about 300 
19. The ?at panel display of claim 12, Wherein the 

aluminum-based metal layer comprises an aluminum alloy 
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containing about 0.5 to 5 Wt % of one element selected from 
a group consisting of silicon, copper, neodymium, platinum, 
and nickel. 

20. The ?at panel display of claim 19, Wherein the 
aluminum-based metal layer comprises an aluminum-silicon 
alloy containing about 2 Wt % of silicon. 

21. (canceled) 
22. A ?at panel display, comprising: 

driving circuits disposed along edges of said display; 

a plurality of sub-pixels driven by thin ?lm transistors; 
and 

conductive lines connecting the driving circuits disposed 
along edges of said display to each of said plurality of 
sub-pixels; 

Wherein said conductive lines includes an orderly stacked 
structure of a titanium layer, an aluminum-based metal 
layer, and a titanium layer; and 

Wherein a diffusion prevention layer is interposed 
betWeen at least one of the titanium layers and the 
aluminum-based layer. 

23. The ?at panel display of claim 22, Wherein the 
diffusion prevention layer comprises a titanium nitride layer. 

24. (canceled) 
25. The display of claim 22, Wherein said conductive lines 

have been subjected to a heat treatment of 380° C. 
26. A method of manufacturing a thin ?lm transistor, the 

method comprising; 

forming a source electrode; 

forming a drain electrode; 

forming a gate electrode; and 

forming a semiconductor layer; 

Wherein at least one of the source electrode, the drain 
electrode, and the gate electrode is formed as an orderly 
stacked structure of a titanium layer, an aluminum 
based metal layer, and a titanium layer; and 

Wherein a diffusion prevention layer is interposed 
betWeen at least one of the titanium layers and the 
aluminum-based layer. 

27. A method of manufacturing a ?at panel display, the 
method comprising: 

forming a plurality of sub-pixels driven by thin ?lm 
transistors, each of the thin ?lm transistors formed to 
include: 

a source electrode; 

a drain electrode; 

a gate electrode; and 

a semiconductor layer; 

Wherein at least one of the source electrode, the drain 
electrode, and the gate electrode is formed as an orderly 
stacked structure of a titanium layer, an aluminum 
based metal layer, and a titanium layer; and 

Wherein a diffusion prevention layer is interposed 
betWeen at least one of the titanium layers and the 
aluminum-based layer. 
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28. A method of manufacturing a ?at panel display, the 
method comprising: 

forming driving circuits disposed along edges of said 
display; 

forming a plurality of sub-pixels driven by thin ?lm 
transistors; and 

forming conductive lines connecting the driving circuits 
disposed along edges of said display to each of said 
plurality of sub-pixels; 
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Wherein said conductive lines are formed as an orderly 
stacked structure of a titanium layer, an aluminum 

based metal layer, and a titanium layer; and 

Wherein a diffusion prevention layer is interposed 
betWeen at least one of the titanium layers and the 
aluminum-based layer. 


