
Description THIN FILM TRANSISTOR SUBSTRATE AND DISPLAY DEVICE
Technical Field [0001]         The present invention relates to the
technical field of thin film transistor substrates and display
devices. Background Art [0002]          Active matrix-type liquid
crystal display devices such as LCD uses thin film transistors: Thin
film transistor (hereinafter also referred to as TFTs.) as switching
elements. A schematic cross-sectional view of the TFT element is
shown in Fig. 1. The TFT element comprises a gate electrode 6 formed
on a glass substrate 5, a non-doped semiconductor silicon layer la
provided on the gate electrode 6 via a gate insulating film 7, and an
impurity-doped semiconductor silicon layer lb which is in contact
with the non-doped semiconductor silicon layer la. The non-doped
semiconductor silicon layer la and the impurity-doped semiconductor
silicon layer lb are collectively referred to as a semiconductor
layer 1. This impurity-doped semiconductor silicon layer lb is
electrically connected by a metal wire of Al alloy or others. These
metal wires are referred to as a source electrode 2 and a drain
electrode 3. A transparent  conductive film4usedinthe liquid crystal
display unit is further connected to the drain electrode 3. [0003]
Various Al alloys have been heretofore suggested as materials used
for these source electrode and drain electrode, as inpatent documents
land 2, among others. The source electrodes and drain electrodes
described in these prior art documents have a multilayer film
comprising high-melting-point metal such as No, Cr, Ti and W
interposed therebetween as a barrier metal so that they do not come
in direct contact with the transparent conductive film (hereinafter
also referred to as ITO film.) used for semiconductor layers and
liquid crystal display units. [0004]         Various techniques of
eliminating abarriermetal existing between the drain electrode and
transparent conductive film (ITO film) have been suggested, for
example, in patent documents 3, 4 and 5, among others. However,
techniques for eliminating the barrier metal provided between the
source electrode or drain electrode and the semiconductor layer of
the thin film transistor have notbeen discussed sufficiently.
Moreover, for activematrix type liquid crystal display devices,
requirement for refinement mainly in mobile applications is high, and
micromachining (in particular dry etching) of metal wires such as
source electrodes and drain electrodes are highly required. However,
this aspect has not yet been discussed sufficiently.  [0005] [Patent
document 1] Japanese Unexamined Patent Publication No. 1995-45555
[Patent document 2] Japanese Unexamined Patent Publication No.
2005-171378  [Patent document 3] Japanese Unexamined Patent
Publication No. 2004-214606  [Patent document 4] Japanese Unexamined
Patent Publication No. 2005-303003  [Patent document 5] Japanese
Unexamined Patent Publication No. 2006-23388 Disclosure of the
Invention Problem to be Solved by the Invention [0006]          In
recent years, while the size of panels in LCDs (LCD) becomes larger,
requirement for refinement of the panels is growing, and refinement
of LCDs, that is, the reduction in wire width of Al alloy thin films
such as source electrodes and drain electrodes is also expected.
Presently, the wire width of the Al alloy thin film has been reduced
to about 3.0 um at the smallest, and it is expected to be further
reduced to about 1.5 um in a few years. It is important to employ
submicron control called CD (Critical Dimension) control for this
reduction of the wire width of the Al alloy thin film. By conducting



As a halogen gas used in dry etching of Al alloy, fluorine cannot be
used since compounds of Al and F (fluorine) are non-volatile, and an
etchant gas comprising at least one element of chlorine (C12) , boron
trichloride (BC13) and hydrogen bromide (HBr) is used. [0008]
Halogen radicals such as Cl dissociated by plasma react with Al on
the surface of Al alloy, which is an object to be etched, to form
base substances such as AlClx. These base substances such as Alcl,
are evaporated in the gas phase due to the ion bombardment assist
effect by the application of a bias to the substrate, and is
discharged to the outside of the vacuum chamber in which the
substrate is mounted. When the vapor pressure of the base substance
produced is low, the etching rate is lowered, thereby lowering its
throughput. Moreover, since the base substances formed on the surface
of Al alloy remain without evaporating, etching residues (residues of
etching generated during dry etching) are generated. Furthermore, in
this aluminium etching, selectivity between aluminium and the resist
is low, and therefore the film thickness of the resist needs to be
increased to prevent a decrease in the etching rate. Since this
lowers the resolving  power in lithography, resolution of minute
patterns is made difficult. [0009]          In active matrix-type
liquid crystal display devices, as already mentioned, refinement is
highly demanded mainly in mobile applications, and requirement for
micromachining (especially dry etching) of the metal wires such as
source electrodes and drain electrodes is increasing, but they have
not been sufficiently studied yet. Although polycrystalline silicon
TFTs have been drawing attention in mobile applications in recent
years, polycrystalline silicon as a semiconductor layer of the thin
film transistor, and techniques for removing a barrier metal from
between the metal wires such as source electrodes and drain
electrodes have not yet been studied sufficiently. [0010]
The present invention has been made in view of such present
situations, and its object is to provide a thin film transistor
substrate and a display device in which a decrease in the dry etching
rate of the source electrode and drain electrode is not caused; no
etching residues are generated; and a barrier metal can be eliminated
from between the semiconductor layer of the thin filmtransistor
andthemetalwires such as the source electrode and drain electrode,
and further to provide a thin film transistor substrate and a display
device in which a barrier metal existing between the drain electrode
and the transparent conductive film  is also eliminated. Means for
Solving the Problem [0011]           [1 ] Athin filmtransistor
substratehaving a semiconductor layer of a thin film transistor, a
source electrode, a drain electrode, and a transparent conductive
film,          the source electrode and drain electrode comprising a
thin film of Al alloy formed by patterning by dry etching, the thin
film of Al alloy comprising 0.1 to 1.5 atom % of at least one element
selected from Si and Ge, 0.1 to 3.0 atom % of at least one element
selected from Ni and Co, and 0.1 to 0.5 atom % of at least one
element selected from La and Nd,          the source electrode and
drain electrode being directly connected with a semiconductor layer
comprising polycrystalline silicon or continuous grain
polycrystalline silicon. [0012]          [2 ] Athin filmtransistor
substrate having a semiconductor layer of a thin film transistor, a
source electrode, a drain electrode, and a transparent conductive
film,         the source electrode and drain electrode comprising a



the source electrode and drain electrode being directly connected
with a semiconductor layer comprising polycrystalline silicon or
continuous grain polycrystalline silicon. [0014]           [4] A thin
film transistor substrate according to any one of [1] to [3], wherein
the drain electrode is further directly connected with the
transparent conductive film. [0015]           [5] A thin film
transistor substrate according to any one of [1] to [4], wherein the
source electrode and drain electrode are formed by sputtering.
[0016]           [6] A thin film transistor substrate according to
any one of [1] to [5], wherein the source electrode and drain
electrode is formed by dry etching using an etchant gas comprising at
least one gas selected from chlorine (012), boron trichloride (BC13)
, and hydrogen bromide (HBr) . [0017]           [7] A thin film
transistor substrate according to [6] , wherein the source electrode
and the drain electrode are formed during photolithography
development prior to dry etching by being exposed to a
tetramethylammonium hydroxide aqueous solution at the surfaces
thereof. [0018]           [8] A display device comprising a thin film
transistor substrate according to any one of [1] to [7] . [Effects of
the Invention] [0019]          According to the present invention, a
decrease in the dry etching rate of the source electrode and drain
electrode is not caused; no etching residues are generated; and a
barrier metal can be eliminated from between the semiconductor layer
of the thin film transistor and the metal wires such as the source
electrode and drain electrode. Moreover, a barrier metal existing
between the drain electrode and the transparent conductive film can
be also eliminated.  Brief Description of the Drawings [0020]
[Fig. 1] Fig. 1 is a vertical cross-sectional view showing a TFT
element used in a liquid crystal display device.           [Fig. 2]
Fig. 2 shows the flow of the process of evaluation of etching rate
according to Example 1, in which (a) is a side view showing a state
that an oxide film and an Al alloy thin film are formed on the
silicon substrate; (b) is a side view showing a state that a resist
pattern is formed by applying, exposing and developing the resist by
photolithography; (c) is a side view showing a state that dry etching
of the Al alloy thin film is conducted by using the resist pattern as
a mask; and (d) is a side view showing a state after the resist is
removed.           [Fig. 3] Fig. 3 shows the production process of an
element for evaluation (pn junction device) according to Example 2,
in which (a) is a side view showing a state that a polycrystalline
silicon film is formed on the p-type low-resistance Si substrate; (b)
is a side view showing a state that BF2+ ions are injected into the
polycrystalline silicon film; (c) is a side view showing a state that
the polycrystalline silicon film is converted into a p-type
polycrystalline silicon film by heat treatment after the injection of
BF2+ ions; (d) is a side view showing a state that an n-type
polycrystalline silicon film is formed on the p-type polycrystalline
silicon film; and (e) is a side view showing an  element for
evaluation (pn junction device) produced by etching after an Al alloy
film is formed on the n-type polycrystalline silicon film.
Explanation of References [0021] l_Semiconductor layer 2_Source
electrode 3_Drain electrode 4_Transparent conductive film S_Glass
substrate 6_Gate electrode 7_Gate insulating film 



Best Mode for Carrying Out the Invention [0022]         The present
invention will be described below in further detail with reference to
the embodiments shown in accompanying drawings. [0023]         First,
the structure of the thin film transistor substrate of the present
invention will be described with reference to Fig. 1. As already
mentioned, in active matrix-type liquid crystal display devices such
as liquid crystal displays, thin film transistors are used as
switching elements. This TFT element is  constructed of a gate
electrode 6 formed on a glass substrate 5, a non-doped semiconductor
silicon layer la provided on the gate electrode 6 via a gate
insulating film 7, and an impurity-doped semiconductor silicon layer
lb which is in contact with a non-doped semiconductor silicon layer
la. This non-doped semiconductor silicon layer la and the
impurity-doped semiconductor silicon layer lb are collectively
referred to as a semiconductor layer 1. This impurity-doped
semiconductor silicon lb layer is electrically connectedbymetal wires
ofAl alloy or others. These metal wires are referred to as a source
electrode 2 and a drain electrode 3. A transparent conductive film 4
used in a liquid crystal display unit is further connected to the
drain electrode 3. [0024]          The inventors of the present
invention formed elements
forevaluationusingthinfilmspreparedbyaddingvariouselements to Al, and
determined the interdiffusion ofAl/Si (interdiffusion of Al atoms and
Si atoms), electric resistivity and hillock resistance thereof.
Accordingly, the inventors found that it was effective for achieving
the characteristics mentioned above to add Si and/or Ge to Al,
further add Ni and/or Co, and then Add La and/or Nd thereto. [0025]
It is known that the addition of Si to Al improves the effect in
suppressing the interdiffusion of Al and Si atoms as  the amount of
Si added increases. Meanwhile, when these are used singly (when only
Si is added to Al), the upper limit of the temperature at which the
interdiffusion of Al/Si can be suppressed is about 250C. However, the
inventors have found that if Ni is further, added to an Al-Si alloy
(Si is added to Al, and Ni is further added thereto) to prepare an Al
alloy comprising Si and Ni, the interdiffusion of Al/Si can be
suppressed at higher temperatures. [0026]           The mechanism of
suppressing interdiffusion is supposedly as follows: to begin with,
the effect of incorporating Si is to prevent Si atoms from diffusing
from the semiconductor layer comprising Si as a main component into
the Al thin film such as the source electrode and drain electrode.
That is, by incorporating atoms similar to Si atoms into the Al thin
film in advance, concentration difference, which is the driving force
of diffusion, can be reduced. Moreover, a possible effect of
incorporating Ni is the formation of a diffusion prevention layer at
the interface between the Al alloy thin film and the Si semiconductor
layer (Al alloy thin film/Si semiconductor layer interface). More
specifically, It is presumed that Ni readily reacts with Si at low
temperatures to form silicide, and once silicide is produced, the
silicide layer acts as a barrier so that interdiffusion does
notproceed anymore . The interdiffusion is possibly dramatically
improved by these synergistic effects  so that the interdiffusion of
Al/Si can be suppressed at higher temperatures. [0027]          Using
Ge which is an element having a similar effect, in place of or in
combination with Si and Co which is an element having a similar
effect, in place of or in combination with Ni can also achieve



by the patterning of the Al alloy by means of photolithography and
dry etching. In case the Al alloy having the component composition as
mentioned above, chlorides in the produced Si (and/or Ge), Ni (and/or
Co), La (and/or Nd) have a vapor pressure lower than AlClx, and
therefore it is necessary to keep the amount of additive elements
such as Si (and/or Ge), Ni (and/or Co) and  La (and/or Nd) contained
as low as possible. [0031] Therefore, according to the present
invention,  etching rate of the source electrode and drain electrode
is not lowered, and the barrier metal between the semiconductor layer
of the thin film transistor and the Al alloy such as the source
electrode and drain electrode can be eliminated. That is, the
semiconductor layer can be connected directly with the source
electrode and drain electrode. Moreover, the barrier metal existing
between the drain electrode and the transparent conductive film can
be also eliminated. That is, the drain electrode and the transparent
conductive film can be connected directly. In other words, a barrier
metal need not be formed between these components, whereby minute
wire patterning can be formed without lowering its throughput. [0032]
In the thin film transistor substrate of the present invention, the
amount contained of additive elements such as Si and/or Ge, Ni and/or
Co, La and/or Nd added to the Al alloy thin  film forming the source
electrode and drain electrode are as follows: Si and/or Ge: 0.1 to
1.5 atom %, Ni and/or Co: 0.1 to 3.0 atom %, La and/or Nd: 0.1 to 0.5
atom %. The reasons will be described below. [0033]           The
reason why the amount of Si and/or Ge is 0.1 to 1.5 atom % is that
when the amount of Si and/or Ge is lower than 0.1 atom %, the effect
in suppressing the interdiffusion of Al/Si is lowered and the
suppression of the interdiffusion of Al/Si becomes insufficient,
while when the amount of Si and/or Ge is higher than 1.5 atom %, the
dry etching rate is greatly lowered. The lower limit of the amount of
Si and/or Ge contained is preferably 0.2 atom % or higher, and more
preferably 0.3 atom % or higher, while the upper limit is preferably
0.8 atom % or lower, and more preferably 0.5 atom % or lower. The
reason why the amount of Ni and/or Co is 0.1 to 3.0 atom% is that
when the amount of Ni and/or Co is lower than 0.1 atom %, the effect
in suppressing the interdiffusion of Al/Si is lowered and the
suppression of the interdiffusion of Al/Si becomes insufficient,
while when the amount of Ni and/or Co is higher than 3.0 atom %, the
dry etching rate is greatly lowered. The lower limit of the amount of
Ni and/or Co contained is preferably 0.2 atom % or higher, while the
upper limit is preferably 2.0 atom% or lower, and more preferably 0.6
atom % or lower. The reason why the amount of La and/or Nd is 0.1 to
0..5 atom % is that when it is lower than 0.1 atom %, the  effect in
improving hillock resistance is lowered and therefore hillock
resistance becomes insufficient, while it is higher than 0.5 atom %,
the dry etching rate is greatly lowered. The upper limit of the
amount of La and/or Nd contained is preferably 0.35 atom % or lower,
and more preferably 0.2 atom % or lower. [.0034]          However,
when the amount of La and/or Nd contained is 0.1 to 0.35 atom %,
increasing the amount of Ni and/or Co contained to 6.0 atom %,
preferably to 2.0 atom %, and more preferably to 1.0 atom % does not
lower the dry etching rate, nor generate residues after the dry
etching. Furthermore, when the amount of La and/or Nd contained is
0.1 to 0.25 atom % and the amount of Ni and/or Co contained is 0.1 to
2.0 atom %, increasing the amount of Si and/or Ge contained to 2.0



[0039] (Example 1)           The flow of the process of evaluation of
etching rate according to Examples and Comparative Examples of the
present invention is shown in Fig. 2. First, an oxide film (Si02)
having  a film thickness of 100 nm was formed on the silicon
substrate by thermal oxidation. Second, an Al alloy thin film having
a film thickness of 300 nm was formed on' the oxide film by
sputtering. (shown in Fig. 2 (a) ) Subsequently, the resist was
applied, exposed and developed by photolithography, thereby forming a
resist pattern (PR) . In forming the resist pattern, a
tetramethylammonium hydroxide aqueous solution (TMAH) was used as the
developer. (shown in Fig. 2 (b) . ) [0040]           Subsequently,
dry etching of the Al alloy thin film using the resist pattern as a
mask was conducted. The ICP (inductively coupled plasma) dry etching
device described in Japanese Unexamined Patent Publication No.
2004-55842 was used for the dry etching. This plasma generating
device described in Japanese Unexamined Patent Publication No.
2004-55842 is so-called TOP (Transfer-Coupled Plasma) type plasma
process equipment (etcher) with a flat board type dielectric window.
A single-turn 13.56 MHz RF antenna is placed on a flat-board like
quartz dielectric window via a matching box, and high density plasma
is produced by inductive coupling immediately below the quartz
dielectric window. A substrate susceptor with a low frequency for
bias at 400 kHz applied was used as a substrate susceptor on which a
substrate is mounted. Etching was conducted using this device. The
etching conditions were as follows : gas flow rate:
Ar/C12/BC13=300/200/60 sccm, gas pressure: 1.9 Pa, power applied  to
the antenna (source RF): 500W, substrate bias: 60W, substrate
temperature(susceptortemperature):20C. (showninFig. 2(c).) [0041]
After the etching, to prevent after-corrosion, i.e., corrosion ofAl
alloywires causedbythe generation of hydrochloric acid (HC1) due to
the reaction between reaction products deposited on the resist with
Al wire pattern and moisture in the air, the resist was removed by
the ashing process with oxygen plasma in a multi-chamber process
without releasing atmosphere from the chamber. (shown in Fig. 2(d).)
Such etching and aftertreatment were carried out to calculate.the
etching rate using the etching time as a factor. [0042]           The
thus-obtained results are shown in Tables 1 and 2. The etching rate
represents a ratio of the value obtained to that of a pure Al thin
film (No.1), and a value of 0.3 or higher was determined acceptable
(0). Residues were observed at a plurality of portions on the surface
of the oxide film after the Al alloy thin film was etched and further
subjected to over-etching using a scanning electron microscope (SEM).
The presence or absence of residues having a diameter of 0.3 pm or
larger was determined, and samples with which no residues were found
at any portion inspected were determined as acceptable (o). Moreover,
samples which were determined as acceptable (0) for both criteria:
etching rate and residues were determined as acceptable (0) in
overall  judgment. The term "at%!' shown in Tables 1 and 2 means atom
%. (also in Tables 3 and 4.) [0043] (Summary of results obtained in
Example 1)          Table 1 shows examples using Al alloy thin films
comprising Si, Ni and La as source-drain electrodes. According to
Table 1, Nos. 2 to 7, 9 to 11, 14, 15, 17, 18, 20, 21, 28 to 31, 37,
39 and 41 in which the component compositions of the Al alloy thin
films (source-drain electrodes) satisfy requirement [1] of the
present invention; Nos.12, 13, 23, 24 and 32 to 34 in which the



No. Source-drain electodes Dry etching Overall   Rate Residues
judgment  Al Loo 0 o 0 2 A1-0.5at%Si-0.2at%Ni-0.1at%La 0.94 0 0 0 3
A1-0.5at%Si-0.6at%Ni-0.1at%La 0.90 0 0 0 



A1-0.3at%Si-0.6at%Ni-0.1at%La 0.95 0 0 0 5
A1-0.5at%Si-0.6at%Ni-0.1at%La 0.90 0 0 0 6
A1-1.0at%Si-0.6at%Ni-0.1at%La 0.76 0 0  0 7
A1-1.5at%Si-0.6at%Ni-0.1at%La 0.64 0 0 0 8
A1-2.0at%Si-0.6at%Ni-0.1atta 0.50 0 



0 0 9 A1-0.5at%Si-1.0at%Ni-0.1atta 0.85 0 0 0 10
A1-0.5at%Si-2.0at%Ni-0.1at%La 0.73 0 0 0 11
A1-0.5at%Si-3.0at%Ni-0.1atta 0.61  0 0 12
A1-0.5at9651-4.0at%Ni-0.1atta 0.50 0 0 0 13
A1-0.5at%Si-5.0at%N1-0.1at%La 



0.36 0 0 0 14 A1-1.0at%Si-1.0at%Ni-0.1at%La 0.71 0 0 0 15
A1-1.5at%Si-1.0at%Ni-0.1at%La 0.57 0 0 0 16
AI-2.0at%Si-1.0at%Ni-0.1at%La 0.45 0 0 0 17'
A1-1.0at%Si-2.0at%Ni-0.1atta 0.61 0 0 0 



18 A1-1.5at%Si-2.0at%Ni-0.1at%La 0.47 0 0  19
A1-2.0at%Si-2,0aaNi-0.1atta 0.35 0 0 0 20
A1-1.0at%Si-3.0at%Ni-0.1atta 0.53 0 0 0 21
A1-1.5at%Si-3.0at%Ni-0.1at%La 0.40 0 0 0 22
A1-2.0at96Si-3.0at%Ni-0.1at%La 0.27 x 



0 X 23 A1-I.Oat%Si-4.0at%Ni-0.1atta 0.47 0 0 0 24
A1-1.5at%Si-4.0at%Ni-0.1at%La 0.33 0 0 0 25
A1-2.0at%Si-4.0at%Ni-0.1at%La 0.21 X 0 X 26
A1-2.0at%Si-5.0at%Ni-0.1at%La 0.18 X X X 27
AI-2.0at%Si-6.0at%Ni-0.1at%La 



0.16 x x x 28 A1-0.5at%Si-1.0at%Ni-0.35atta 0.78 0 0 0 29
A1-0.5at%Si-2.0at%Ni-0.35atta 0.70 0 0 0 30
A1-1.5at%Si-2.0at%Ni-0.35atta 0.45 0 0 0 31
A1-1.5at%Si-3.0at%Ni-0.35atta 0.38 0 0 0 



32 A1-1.5at%Si-4.0at96N1-0.35at%La 0.35 0 0 0 33
A1-1.5at%Si-5.0at%Ni-0.35at%La 0.32 0 0 0 34
A1-1.5at%31-6.0at%Ni-0.35at%La 0.30 0 0 0 35
A1-2.0at%Si-6.0at%Ni-0.35at%La 0.25 x X X 36
A1-1.5at%Si-7.0at%Ni-0.35atta 0.26 X 



X X 37 A1-1.5at%31-2.0at%Ni-0.5at%La 0.36 0 0 0 38
A1-2.0at%Si-2.0at%Ni-0.5at%La 0.24 x 0 X 39
A1-1.5at%Si-2.0at%Ni-0.5atta 0.31 0 0 0 40
A1-2.0at%Si-2.0at%Ni-1.0at%La 0.17 X 0 X 41
A1-1.5at%Si-3.0at%Ni-0.5at%La 



0.32 0 0 0 42 A1-2.0at%Si-3.0at%Ni-0.5at%La 0.18 X 0 X 43
A1-1.5at%Si-3.0at%Ni-1.0at%La 0.25 X 0 X 44
A1-2.0at9431-3.0at%Ni-1.0atta 0.13 X 0 X 45
A1-2.0at%Si-3.0at%Ni-1.5at%La 0.09 X X X 



inaw6pnr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o  Dry etching I
Residues 0 0 



0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  I o   91E8  o 0  0   0 0  
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1780  8'0 LbO  TL '0  9V0  12 11  69'0  99'0  90  Source-drain
electrodes  ser1V93.0-00%23.0-e0WE'0-1V I
A1-O.5at%Ge-0.2at%Co-0.2at%La  r19612Z*0-00%12Z*0-80%128.0-1V I
w11612Z.0-00%Ign-G0964PO'T-TV I I A1-1.2at%Ge-0.2at%Co-0,2at%La I
'81%12Z*0-00%1R10-80%1RE'O-IV  A1-0.5at%Ge-0.4at%Co-O.2atta
A1-0.8at%Ge-0.4at%Co-0.2at%La  A1-1.0at%Ge-0.4at%Co-0:2at%La
A1-1.2at%Ge-0.4at%Co-0.2at%La  A1-0.3at%Ge-0.6at%Co-0.2atta  !
A1-O.5at%Ge-0.6at%Co-0.2at%La  A1-0.8at%Ge-O.6at%Co-0.2atta  I
r190:2Z*0-0D%129.0-09%P0-T-IV  A1-1.2at%Ge-0.6at%Co-0.2atta I
A1-O.3at%Ge-1.0at%Co-0.2at%La  A1-0.5at%Ge-1.0at%Co-0.2at%La  I 



A1-0.8at%Ge-1.0at%Co-0.2at%La  A1-1.0at%Ge-1.0at%Co-0.2at%La
leriV2g.0-0%TeO.I-90%1'erT-TV   IV H                     oN - 1-bri 
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Tye   [0048] (Example 2-1)          Elements for evaluation (pn
junction devices) according to Examples and Comparative Examples of
the present invention were prepared. The flowof this process is shown
in Fig. 3. First, polycrystalline silicon films having a film
thickness of 200 nm were formed on p-type low-resistance silicon
substrates by the LPCVD method. (shown in Fig. 3(a).) At this time,
Sill,' was used as a raw material gas. Second, BF2+ions were injected
under the conditions of 10 key and 3 el5/cm2. (shown in Fig. 3(b).)
Subsequently, a heat treatment at 800C was carried out for 30 minutes
after this injection of ions, forming p-doped polycrystalline silicon
films. (shown in Fig. 3(c).) Furthermore, n-doped polycrystalline
silicon films having a film thickness of about 40 nmwere formed on
these p-type polycrystalline silicon films(shown in Fig. 3(d).) At
this time, SiH4 and PH3 were used as doping gases in the film
forming. Accordingly, pn junctions of polycrystalline silicon were
formed. [0049]         Al alloy thin films having a film thickness of
about 300 nmwere formed on these polycrystalline silicon films by
sputtering. Subsequently, resist patterns were formed by
photolithography, and then etching of the Al alloy thin films was
carried out using resists as masks, forning elements for evaluation
shown in Fig. 3(e). (shown in Fig. 3(e).) The compositions of these
Al alloy 



thin films are as shown in the column of the source-drain electrodes
in Tables 3 and 4. In the elements for evaluation shown in Fig. 3(e),
the Al alloy thin films correspond to the source-drain electrodes,
while the n-type polycrystalline silicon films and p-type
polycrystalline silicon films therebelow correspond to the
semiconductor layers of the thin film transistors. The source-drain
electrodes (Al alloy thin films) and the semiconductor layers of the
thin film transistors have a structure in which they are directly
connected without a barrier metal lying therebetween. [0050]
The thus prepared elements for evaluation (pn junction device) were
subjected to a heat treatment at a temperature of  250 to 400C for 30
minutes. the pn junction devices after the heat treatment were
determined for their current voltage characteristics to determine the
degree of interdiffusion of Al atoms and Si atoms. That is, the
diffusion phenomenon of the Si atoms in polycrystalline silicon
(semiconductor layer) and the Al atoms in the Al alloy film
(source-drain electrodes) can be evaluated by determining the current
voltage characteristics of the pn junction device. An element having
a normal pn junction has such a rectificationpropertythat a current
is flownbyapplying a negative voltage to the n-type region and a
positive voltage (positive bias) to the b-type region, while on the
other hand a current is shut off by applying a positive voltage to
then-type  region and a negative voltage (reverse bias) to the p-type
region. However, when Al atoms diffuse from the Al alloy thin film
(source-drain electrodes) into the pn junction region, a normal
rectification property cannot be obtained. That is, a current cannot
be shut off even when a reverse bias is applied. Therefore, the
influence of the interdif fusion of Al atoms and Si atoms can be
grasped by evaluating the magnitude of a current (leakage current)
which flows when a reverse bias is applied. To this end, the value of
this leakage current was determined, and the degree of interdif
fusion of Al atoms and Si atoms was evaluated from the measurement
value of this leakage current. The size of the elements evaluated was
such that they each have a pn junction area of 30 pmx30 pm, and a
current value when a voltage of +1 V is applied to this as a reverse
bias was defined as a leakage current. [0051] The results of this are
shown in the column of interdif fusion in Tables 3 and 4. A leakage
current of the element in which Cr was placed as a barrier metal
between the source-drain electrodes (Al alloy thin film) and the
semiconductor layer of the thin film transistor was 4.0 x 10-9A. A
leakage current lower than a value 10 times higher than this value
(4.0x10-8A) was determined as 0, while a leakage current higher than
the value was determined as x in Tables 3 and 4. That is, elements
with leakage current of 4.0x10-8A or lower were judged good, while
elements with a leakage current higher than 4.0x10-8A were judged
poor. [0052]           The generation of hillock due to the heat
treatment was evaluated in the following manner. Wiring of the line
and space pattern having a width of 10 pm was formed on the
above-mentioned sample of a pn junction device, and the device was
subjected to a vacuum heat treatment at 350C for 30 minutes.
Thereafter, the surface of the wiring was observed by an electronic
microscope to count the number of hillocks having a diameter of 0.1
pm or larger. Samples with the density of hillocks of 1x109 /m2 or
fewer were judged good (0), while those with the density of hillock
more than 1x109/m2 were judged poor (x) . The results of this



four-terminal method. The results of this determination are shown in
the column of electric resistivity in Tables 3 and 4. The electric
resistivity (4. 3 pOcm) about 1.3 times higher than the electric
resistivity of a pure Al thin film (3.3 p.Qcm) was used as a
reference value, Samples having an electric resistivity equal to or
lower than this reference value were judged good, while those which
were not were judged poor. [0055] (Example 2-3)           The contact
properties (contact resistance) when the Al alloy electrodes and the
transparent conductive film are directly connected were determined.
Samples in which ITO films were formed on various Al alloy electrodes
shown in Tables 3 and 4 were formed under an atmosphere of AT gas, at
a pressure of 0.4 Pa and a temperature of 200C. The ITO films used
were prepared by adding 10% by mass of tin oxide to indium oxide.
[0056]           Contact resistiv ties were determined by producing a
Kelvin pattern having 10-pm square contact holes and by the
four-terminal method. Using the contact resistivity of a Cr thin
film and ITO, 2x10-4 0cm2 as a reference value, samples having a
contact resistivity equal to or lower than this reference value were
judged good (o) , while those which did not were judged poor (x ) .
The evaluation results are shown in Tables 3 and 4. [0057]
Although the numbers of Examples and Comparative Examples shown in
Tables 3 and 4 do not conform to those of Examples and Comparative
Examples shown in Tables 1 and 2 in terms of the component
compositions of the source-drain electrodes, the numbers
corresponding to those in Tables 1 and 2 are shown as corresponding
numbers in Tables 3 and 4. When there is no corresponding Examples
and Comparative Examples in Tables 1 and 2, they are indicated with
"-". [0058] (Summary of the results obtained in Examples 2-1 to 2-3)
Table 3 shows examples using an Al alloy thin film comprising Si, Ni
or La as source-drain electrodes. According to Table 3, in Example 2,
Nos. 3 to 8, 10, 11 and 13 to 22 are Examples in which the component
compositions of the Al alloy thin films (source-drain electrodes)
satisfy the requirement [1] of the present invention, while the rest
Nos. 9 and 12 are examples in which the component compositions of the
Al alloy thin films satisfy requirement [3] of the present invention.
(Nos .15 to 18 and 20 also satisfy requirement [2] of the present
invention.) As a result, Nos. 3 to 22 which are Examples of the
present invention  were good in all of the criteria: leakage current,
hillock resistance, electric resistivity and contact resistance,
making them acceptable (0) in overall judgment. On the other hand, in
case of No.1 where the source-drain electrodes were pure Al thin
films, good results could not be obtained in leakage current, hillock
resistance and contact resistance. No. 2, in which Cr was placed as a
barrier metal between the source-drain electrodes (Al alloy thin
film) and the semiconductor layer of the thin film transistors, also
exhibited poor electric resistivity. Therefore, both Nos. 1 and 2
were unacceptable (x) in overall judgment. [0059)          Table 4
shows the examples using the Al alloy thin films comprising Ge, Co
and La as the source-drain electrodes. Since Nos. 23 to 37 shown in
Table 4 satisfy all of requirements [1] to [3] of the present
invention, they were judged good in all the criteria: leakage
current, hillock resistance, electric resistivity and contact
resistance, making them acceptable (o) in overall judgment. [0060]
Although Examples using the Al alloy thin films comprising Si, Co and
La as the source-drain electrodes, and Example using the Al alloy



x00000000000000000000           Contact resistivity (Qcm2) 90-300'8
90-3092  90-309'9  90-3002  90-3009  90-3008  90-3002  90-300'
90-300'E  90-300'9  90-300'9  90-300'9  170-901'1  50-3006  90-300'8
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E'E  6* Hillock resistance @400C x00000000000000000000 0
Interdiffusion 0000v@ o o   000gz@ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 Leakage current (A)  pa@ 90-9025  60-309'  90-3 OL*  00-308'1
80-90'Z  60-30 VS  80-902*  60-300'1  60-303'6  01-301'1  60-304'4
90-309'1  01-909'1  60-306'Z  80-30 VC  80-302'1  90-30 VS  80-30H
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4-30117  01.-301  60-30n  41-9099  01-309'6  60-303'9  60-3037
60-30417  60-30n  60-309'4  60-303t  40-309'E 1 60-3011 Source-drain
electrodes Al  



Cr  A1-0.5at%31-0.2at%Ni-0,iat%La  AI-0.3at%Si-0.6at%Ni-0,iat%La
A1-0.5at%Si-0.6a1%Ni-0.1at%La  , AI-1.0at%Si-0.6at%Ni-0.1at%La
A1-0.5at%Si-1.0at%Ni-0.1at%La  AI-1.0at%Si-1.0at%Ni-0.1at%La
AI-2.0at%Si-1.0at%Ni-0.iat%La  A1-0.5at%Si-2.0at%Ni-0,iat%La
A1-1.0at%Si-2.0at%Ni-0.1at%La  AI-2.0at%Si-2.0at%N1-0.1at%La
AI-0.5at%Si-3.0at%Ni-0.1at%La  A1-1.0at%Si-3.0at%Ni-Olat%La
AI-0.5at%Si-1.0at%Ni-0.25at%La  Al-1 .0 at%Si-1 .0at%N i-0.25at%l a
A1-0.5at%31-1.5at%Ni-0.25at%La  AI-1.0at%Si-1.5at%Ni-0.25at%La
AI-0.5at%Si-1.0at%Ni-0.35at%La  AI-1.0at%Si-1.0at%Ni-0.35at%La
AI-0.5at%Si-1.0at%Ni-0.5at%La  e1ckle9ttrY0120*1.rSY0120.1.-IV .
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90-300' t  90-9093  ao-noot  60-300'9  60-300'6 60-3037  ocogz@
170-309t  60-303.  60-900/  60-909'9  I 60-90917  60-306'Z  60-309'E
I 60-301.'9  60-309"V  L60-O017  60-3037  I 60-306'1-  L0:01 I
60-300'  60-BOW t  60-302'3 I 60-3017'1, Source-drain electrodes rEe 



JO  el%TeZ'O-00%Te3.0-99%19'0-1V  ETY01e3.0-00A1eZ10-9T/0189'0-1V
27/012ZI)-00/olet0-001%189'0-1V A1-1.0at%Ge-0.2at%Co-0.2at%La
A1-1.2at%Ge-0.2at%Co-0.2at%La  A1-0.3at%Ge-0.6at%Co-0.2at3'La  I
eiometo-cookiewo-sookiewolv A1-0.8at%Ge-0.6at%Co-0.2at%La
A1-1.0at%Ge-0.6at%Co-0.2at%La  AI-1.2at%Ge-0.6at%Co-0.2at%La
A1-0.3at%Ge-1.0at%Co-0.2at%La  A1-0.5at%Ge-1.0at%Co-0.2at%La
AI-0.8at%Ge-1.0at%Co-0.2at%La  AI-1.0at%Ge-1.0at%Co-0.2at%La
A1-1.2at%Ge-1.0at%Co-0.2at%La Corresponding No. I.  , 9t   917 09
6t7 99 Lg 85 69 
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[0063] (Overall evaluation of Examples 1 and 2)          When the
component compositions of the Al alloy thin films (source-drain
electrodes) satisfy any of requirements [1] to [3] of the present
invention, both Examples 1 and 2 were judged acceptable (0) in
overall judgment, and can be therefore used as source electrodes and
drain electrodes with good basic performance, without causing a
decrease in the dry etching rate of the source electrodes and drain
electrodes or generating etching residue. On the other hand, when the
component compositions of the Al alloy thin films (source-drain
electrodes) do not satisfy any of requirements [1] to [3] of the
present invention; when pure Al thin films are used as the
source-drain electrodes; or when Cr was placed as a barrier metal
between the source-drain electrodes (Al alloy thin film) and the
semiconductor layer of the thin film transistors, the overall
judyment was unacceptable (x) at least for either of Examples 1 and
2, and therefore the object of the present invention cannot be
achieved. [0064]         Althoughthepresent invention has been
describedindetail with reference to the specific embodiments, it is
apparent for a person of skill in the art that various changes and
modifications can be made without departing from the spirit and scope
of the present invention. 



The present application is based on Japanese Patent  Application (No.
2008-007221-A) applied on January 16, 2008 and Japanese
PatentApplication (No. 2009-003732-A) appliedon January 9, 2009, and
their contents are hereby incorporated by reference. Industrial
Applicability [0065]          The present invention relates to the
technical field of thin film transistor substrates and display
devices. According to the present invention, a decrease in the dry
etching rate of the source electrode and drain electrode is
prevented; no etching residue is generated; and a barrier metal can
be eliminated from between the semiconductor layer of the thin film
transistor and the metal wires such as the source electrode and drain
electrode. Moreover, a barrier metal existing between the drain
electrode and the transparent conductive film can be also eliminated.
CLAIMS  1. A thin film transistor substrate having a semiconductor
layer of a thin film transistor, a source electrode, a drain
electrode, and a transparent conductive film,       the source
electrode and drain electrode comprising a thin film of Al alloy
formed by patterning by dry etching, the thin film of Al alloy
comprising 0.1 to 1.5 atom % of Ge, 0.1 to 3.0 atom % of at least one
element selected from Ni and Co, and 0.1 to 0.5 atom % of at least
one element selected from La and Nd,       the source electrode and
drain electrode being directly connected with the semiconductor layer
comprising polycrystalline silicon or continuous grain
polycrystalline silicon;       wherein the ratio of the dry etching
rate of the thin film of Al alloy to the dry etching rate of a thin
film of pure Al is a value of 0.3 or higher.  2. A thin film
transistor substrate having a semiconductor layer of a thin film
transistor, a source electrode, a drain electrode, and a transparent
conductive film, tt       the source electrode and drain electrode
comprising a thin film of Al alloy formed by patterning by dry
etching, the thin film of Al alloy comprising 0.1 to 1.5 atom % of
Ge, 0.1 to 6.0 atom % of at least one element selected from Ni and
Co, and 0.1 to 0.35 atom % of at least one element selected from La
and Nd, and       the source electrode and drain electrode being
directly connected with a semiconductor layer comprising
polycrystalline silicon or continuous grain polycrystalline silicon;
wherein the ratio of the dry etching rate of the thin fihn of Al
alloy to the dry etching rate of a thin film of pure Al is a value of
0.3 or higher.  3. A thin film transistor substrate having a
semiconductor layer of a thin film transistor, a source electrode, a
drain electrode, and a transparent conductive film,       the source
electrode and drain electrode comprising a thin film of Al alloy
formed by patterning by dry etching, the thin film of Al alloy
comprising 0.1 to 2.0 atom % of  Ge, 0.1 to 2.0 atom % of at least
one element selected from Ni and Co, and 0.1 to 0.25 atom % of at
least one element selected from La and Nd, and       the source
electrode and drain electrode being directly connected with a
semiconductor layer comprising polycrystalline silicon or continuous
grain polycrystalline silicon;       wherein the ratio of the dry
etching rate of the thin film of Al alloy to the dry etching rate of
a thin film of pure Al is a value of 0.3 or higher.  4. A thin film
transistor substrate according to claim 1, wherein the drain
electrode is further directly connected with the transparent
conductive film.  5. A thin film transistor substrate according to
claim 1, wherein the source electrode and the drain electrode are



(HBr).  10. A thin film transistor substrate according to claim 9,
wherein the source electrode and the drain electrode are formed
during photolithography development prior to dry etching by being
exposed to a tetramethylammonium hydroxide aqueous solution at the
surfaces thereof  11. A thin film transistor substrate according to
claim 2, wherein the thin film of Al alloy comprises 0.1 to 1.5 atom
% of Ge, 0.1 to 6.0 atom % of Co, and 0.1 to 0.35 atom % of at least
one element selected from La and Nd.  12. A thin film transistor
substrate according to claim 3, wherein the drain electrode is
further directly connected with the transparent conductive film.  13.
A thin film transistor substrate according to claim 3, wherein the
source electrode and the drain electrode are formed by dry etching
using an etchant gas comprising at least one gas selected from
chlorine (C12), boron trichloride (BC13), and hydrogen bromide (HBr).
14. A thin film transistor substrate according to claim 13, wherein
the source electrode and the drain electrode are formed during
photolithography development prior to dry etching by being exposed to
a tetramethylammonium hydroxide aqueous solution at the surfaces
thereof  15. A thin film transistor substrate according to claim 3,
wherein the thin film of Al alloy comprises 0.1 to 2.0 atom % of Ge,
0.1 to 2.0 atom % of Co, and 0.1 to 0.25 atom % of at least one
element selected from La and Nd display. 


