Description TH N FI LM TRANSI STOR SUBSTRATE AND DI SPLAY DEVI CE
Technical Field [0001] The present invention relates to the
technical field of thin filmtransistor substrates and display
devi ces. Background Art [0002] Active matrix-type liquid crystal
di spl ay devices such as LCD uses Hhi; rﬁ%&qb ransi stors: Thin film
transistor (hereinafter also referre FTs ) as smﬁtching

el ements. A schematic_cross-sectional vie TET el enent is

shown in Fig. EHI*hEI¥ETT§ﬁ@ﬁEﬁgogoﬁBPﬁggéTg 6§PeD§§§é@r od&Ve “For nmed

on a glass substrate 5, a non-doped sem conductor silicon layer |la
provi ded on the gate electrode 6 via a gate insulating film7, and
an i npurity-doped sem conductor silicon layer Ib which is 1in contact
wi th the menhdaped Sésidonductor silicon layer la. The non-doped
sem conductor silicon layer la and the inpurity-doped sem conductor
silicon layer Ib psgocpllectively referred to as a sem conductor

| ayer 1. This inpurity-doped sem conductor silicon layer |Ib is

electrically conng %é&}é%yrﬁbl%%%ﬁtﬂ@ %e?gtég gglgy eéﬁﬁ%%sﬁ %Fof

netal wires are re 4s a source 6l ectrode 2

el ectrode, 3. A_transparent 1 conductive film4 used in the liquid
crystal dFEbFa§lEﬂ EE §SFﬁFPﬁe?ugéiﬁﬁEEFeangodﬂﬁQEéﬁaﬁﬁvéFéétrode 3.
[ 0003] Various Al alloys have been heretofore suggested as
materials used for these source el ectrode and drain el ectrode,

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 1b 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 1lb are collectively
referred to as a semiconducteor layer 1. This impurity-doped
semiconductor silicon layer 1lb 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



as in patent docunents 1 and 2, anong others. The source el ectrodes
and drain el ectrodes described in these prior art docunents have a
mul tilayer filmconprising high-nelting-point netal such as M, Cr,
Ti and Winterposed therebetween as a barrier metal so that they do
not cone in ¢t _cont act mnth e .t.ransparen on ctlve

(her o1 nat EoP arEavrarapf Siots th ERE Qrierer fEket SR oP G Tt tner
| ayers and |iquid crystal di splay _units. &2004] Vari ous techni ques
of eI|nln&PPH@C§S§rFPeFﬁ€t§Faé%|§9@ﬁ§rqﬁﬁ en the drain el ectrode
and transparent conductive film (1 TO film have been suggested, for
exanpl e, in patentl0@doeglnents 3, 4 and 5, anong others. However,
techniques for elimnating the barrier nmetal provided between the

source el ectrode vardsasnal ebetbyodraandhbhe Bereeomduet elighayekdohs
the thin filmtransistor have not been discussedsufficiently.

Mor eover, nfQL 26 VA BB ELX +hYP % ddigtid é?ré/éé@c!c%éﬂ =R %a%v'ea%%rtrode,

requirement for refinenment mainly |n nDbl e applications is hi

d hi tch ta
s sour couBI BT oS OHRCRF I r et e SHEo Ve R %?%ﬁ%“?%%iec%rodes

However, this_aspect has not yet been dlscussed suff|C|entIy 2

[0005] [ PREeHIa Mo GhRsHECHES)dBaRESRCONEX AMiSfe PPAPEM L Pylsiquitar teghhave

No. 1995-45555 [Patent document 2] Japanese Unexam ned Patent

Publ i cati enmNbtil2968- £71878chPat ehhgdbéghentl8indapanesentietasinbdas

Patent Publication No. 2004-214606 [Patent docunent 4] Japanese

Unexam nedoPatent TPubhd gatiirieMbsed 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 techniquesofeliminatingabarriermetal 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 ¢f the thin film transistor
havenotbeendiscuesedsufficiently. Moreover, foractivematrix
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.



2005- 303003 [ Pat ent document 5] Japanese Unexam ned Patent
Publ i cati on No. 2006-23388 Disclosure of the Invention Problemto be
Sol ved by the Invention [0006] In recent years, while the size of
panels in LCDs (LCD) becones |arger, requirenment for refinenent of
the panels is grov@gg5 and refinenent of LCDs, that is, the
reduction in wire mndt% of Al alloy thin filnms such as source

i 1o it NPOE PR ARy iTapet S R TRaef dicett e et o M-

pmat the smallest, and it is expected to be further reduced to

about 1.5188°PrASa>Pew years. It is inportant to enpl oy submicron
control called CD (Critical Dinension) control for this reduction of
the wre WpdthnofdobemeAt 2] | Dypdrie e flideranByn ediductritn @uirly cettchimlo .
using plasma in 3 place of wire patterning by the conventional wet
etching, aookegchnisqge for etching exactly as the wire width set by

the mask becones essentially necessary. [0007] As a hal ogen gas

used in dﬁ¥g@%ﬁgiQgcﬁﬁ%ﬁ*Léi:éﬁgaﬁéég"dﬂgka QQQQ%%H%HH§%%H¥fg%%%%F No.

conmpounds 0 an are non-volatile, and an eéetc

gas conprising ast one elenent of chlorine (O 2), boron
trichloriégb?Béigﬁbgnd hydr ogen brom de (HBr) is used. [0008]

Hal ogen radi cals such as O _dissociated by plasma react wth A on
the surfadBabpnAl dafppent vwhi clrnansie shjecmingdh&adeeiedblication No.,

2005-303003
[Patent document 5] Japanese Unexamined Patent Publication No.

2006-23388

Disclosure of the Invention
Problem to be Sclved by the Invention

[0006]

In recent years, while the size of panels in LCDs (LCD)
becomes larger, requirement for refinement of thepanels 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 zbout 3.0 pm 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 conirol called CD (Critical
Dimension) control for this reduction of the wire width of the

Al alloy thin film. By conducting dry etching using plasma in



to form base substances such as Al C x. These base substances such as
Al cl x are evaporated in the gas phase due to the ion bonbardnent
assi st effect by the application of a bias to the substrate, and is
di scharged to the outside of the vacuum chanber in which the

substrat eol3c20a! B, VIR LG KaPRL PERSSULS I e PRpe. sulistance,

pr oduced ing ra I"owere ere oweri

t hr oughput . Nbreover since, the base substances forned on the

surface of CAMTAAPEYTPENRFFRIRY HERS eaps §Pien§lree‘t"éﬁltﬁgs‘?1é§36l¥é§ mask
(residues of etching generated during dry etching) are generated.

Furt her nobecoiast Besealtaaildvumeeeeshiany, sel ectivity between

alum niumand the resist is low, and therefore the filmthickness of
the resi st needs toobe]increased to prevent a decrease in the

etching rate. Since this lowers the resolving 4 power in |ithography,

resol ution of m nuie palt&fdsghs Jmdei ndlf bEEhﬁng[&@gg]alld} a‘fﬁ.g&?ine

matrix-type |iquid crystal” di Splay devices, al’ready ment’i’one

equlr oot RSP HPcHBRACREA R CBERLEra! Py %ﬁ o i () B e a

W res such as source el ectrodes and drain electrodes S |ncrea5|ng,
but they RaUe"ALEtheBN A APCEEARAYT R UFCERISININRENERAFHE one element
pol ycrystalline silicon TFTs have been drawing attention in nobile
appl i cati efischyprisventClyearke ropdinichistzzlde A8Cdis) i woh haslregen bromide
sem conductor | ayer of the thin film transistor, and techniques for
renovi ng aHbajrierusetial from between the netal wires such as source
el ectrodes and drain el ectrodes have not yet been studied

sufficiently. [00i€)os]

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 AlCly. These base substances such
as Alcl, are evaporated in the gas phase due £o the ion bombardment
assist effect by the application of a bias to the substrate, and
is discharged to the outside of thé vacuum chamber in which the
substzrate 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



The present invention has been nmade in view of such present
situations, and its object is to provide a thin filmtransistor
substrate and a display device in which a decrease in the dry
et chi ng rate of the source electrode and drain el ectrode is not

caused; g% H%gl “g' %P%éer%%%%Q.éﬁb o%n f%d%g %ﬁFégaﬁ] s?ﬁ%@g

be ellnln t rontbe Sem con ayer of (g}
transi stor_,and the metal wires such as the source el ectrode and
drain el e€itdd& 1 nd further to provide a thin filmtransistor
substrate and a display device in which a barrier netal existing

bet ween t he drain[@D@@{rode and the transparent conductive film 5 is
also elimnated. Means for Solving the Problem [0011] [1] A thin

filmtransi stor sDhstotdte: havirng-aypeni conidieiorstdlayespdhyvaddWides, as
filmtransistor, a source electrode, a drain electrode, and a-

transpar e@ttlr%gagr%éﬂﬁ/ieoﬁéd %etmﬁeﬁe%% ﬁh%ﬁ&&%&[@e@'&%ﬁ%lﬁl Fehb2d8 e
conprising ath formed by patterni ng by

et chi ng, 0 risi.n atom

o Clead: ERBILY ﬁrln%% “ aﬁ‘hee%nn f?rﬁleggmsct%ngﬁ%ﬂ%ﬁ%dw
at | east ne elenent selected fromN and Co, and 0.1 to 0.5 atom %
of at | e&ECPORE) ePEnEM %l Pdd oFr SHFRA2 BN WECS thie Slgipdes and drain

el ectrode and drain el ectrode being directly connected with a
sem conduetlectiragers esnpneseagipol ybrysthblyi havesnpicbreor subfitchgotdy
grain polycrystalline silicon. [0012] [2] Athin filnmransistor
substr at eshadiingd gcsem Ebtriducdlorpol ayeysodl hitdi 9ifitont TRDEI BLOE, b8en
source el ectrode, a drain
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 beenmade in viewof 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
thinfiimtransistorandthemetalwires suchasthesourceelectrode
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



el ectrode, and a transparent conductive film the source el ectrode
and drain electrode conprising a thin filmof A alloy fornmed by
patterning by dry etching, the thin filmof A alloy conprising 0.1
to 1.5 atom % of at |east one elenent selected fromSi and Ge, 0.1

to 6.0 at %,0f at . ne el enent selected fromN and Co, and
0.1to 0.§g]§?§81%}5b§%%kgﬁgleast one el enent selected fromLa and

Nd, the source electrode and drain el ectrode being directly

connected with a sem conductor |ayer conprising polycrystalline
silicon or continuous grain polycrystalline silicon. [0013] [3] A
thin fil mMerassiforobodubewr &he Ravbdgma seni conductor |ayer of a
thin filmtransistor, a source electrode, a drain electrode, and a
transparent condugcboye]film the source electrode and drain el ectrode
conprising a thin filmof A alloy formed by patterning by dry

etching, the thin{{alyR:efrfn e!cgﬁgigem?@u%&&a%e]hé@ir%ggs%hq'@o%)d%;ctor
f i and Ge, 0.1 0

at | east ‘'one elenent selected froms$S , 0.1 to-220 atom %

at | east lonerel%nen%hgelgctedtfronLNi and _Cg, 0.1 tq 0.25 tom‘@(ﬁ.
at | east 16RE elEndnt '8l & 8d HFABHCECAnd NFO T (HE Ldndse @ drain
el ectrode and drain el ectrode being directly .connected with a

seni condubt-6FtFagier &BApRI $TAYSPEEFELy SCRANCHE Vesiftilil®en or conti nuous
grain polycrystalline silicon. [0014] [4] Athin filmtransistor
substrat e accor di bge seouaey omctoidd ahdidy i3] ¢l ehereila domerdsding a thin
electrode is further directly connected with the transparent

conducti ve€ifiinl 8 £004bloy formed by patterning by dry etching, the thin

Q.

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 atpm % of at least
cne elemeni 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]

[2Z] Athinfilmtransistor substratehavinga semiconductor
layer of a thin film transistor, a source electrode, a drain
electrode, and a transparent conductive £ilm,

the source electrode anddrainelectrode comprisinga thin
film of Al alloy formed by patterning by dry etching, the thin
film of Al alléy comprising 0.1 to 1.5 atom % of at least one

element selected from Si and 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



[5] Athin filmtransistor substrate according to any one of [1] to
[4], wherein the source electrode and drain electrode are forned by
sputtering. 7 [0016] [6] Athin filmtransistor substrate according
to any one of [1] to [5], wherein the source el ectrode and drain

electrode | med _by-dr t chi,n an._et chan as conpri sing

at | east ﬁe é ggFe%% g ﬁF%ﬁ%&F 2%86 %f @ %‘gﬁptrlchlorlde
(BC13), and hydrogen bronlde (HBr). [0017] [7]. Athin film

transi stor substrBi® SRESRIEAGAF I andyWAER &7 re ket Beir de gt cirsgd 1y

and the drain electrode are formed during photolithography

devel opmenptnperbedtvwldr p eewnhcogdbytbei hgyeexqpoged stioarbétycaye taliyline
anmoni um hydr oxi de aqueous solution at the surfaces thereof. [0018]
[8] A displaycdavbeecentphiisiiBggaathi pollikmykiansisakosiiswst.rate
according to any one of [1] to [7]. [Effects of the Invention]

[0019] According @ dhe present invention, a decrease in the dry
etching rate of the source el ectrode and draln el ectrode i s not

caused; no etchin ener ted er netal ca
e ot e oa ob LR R R SRR SnR M aT e i BB o
transistor and the nmetal wires such as the source el ectrode and
drain el et&¥88e°tMBr Ed¥Rr fidmphFpRel sketal 2eRPYEFRgEBHECRESHE t He drain

drain el ectrode and the transparent conductive filmcan be also
el i m nat edlectrode, and a transparent conductive film,

the source electrode anddrainelectrode comprisinga thin
film of Al alloy formed by patterning by dry etching, the thin
Film of Al a2lloy comprising 0.1 to 2.0 atom % of at least one
element selected.from Si and Ge, 0.1 to 2.0 atom % of at least
one element selected from Ni and Co, 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.

[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], whereln the source electrode and drain electrode

are formed by sputtering.



8 Brief Description of the Drawings [0020] [Fig. 1] Fig. 1is a
vertical cross-sectional view showing a TFT elenment used in a liquid
crystal display device. [Fig. 2] Fig. 2 shows the flow of the process
of evaluation of etching rate according to Exanple 1, in which (a)

is a side VIEM/SF8&188 a state that an oxide filmand an Al all oy
thin film are fo n the silicon substrate; (b) is a side view
showng a state that a resist pattern is forned by applying,

exposing and devéPbpi F.Bl{lh%llrr%ir@pswtﬁﬁo%lébﬁﬁ@e?a@mﬁprd(léyg e any one
side view showing a state that dry etching of the Al alloy thin film
is conductefllbytasiiiy whereesi shepavteca abeatnadk arahdlradn edeatrode
side view showing a state after the resist is renoved. [Fig. 3] Fig.

3 shows the 5L Hy0Or praaass Phisangeber@itharfioyaevabugti OMn§ R least
junction device) according to Exanple 2, in which (a) iIs a sl de view

showi ng a,gtages thate & 29I ey shaly 'ﬂﬁ% %u';cqsbé(sﬁ RSy Oca?sd13 ,

p-type lowresistance SI substrate ( ) IS a side views omﬁn
state that ?Fé ion 3 eoln ect ﬂ ‘into the pol ycrystal line S|I|con
film (c)Pe Bverad 9 ﬁ/@ﬁ ﬁg "state that the polycrystalline
silicon filmis converted into a p type polycrystalline silicon film
by heat treatnent(@33&} the injection of BF2 ions; (d) is a side
view showing a state that an n-type polycrystalline silicon filmis
formed on the p-tlpk A gdliycrijidmaltiriane isitloirc smbkitirat eandcpelling &osildé,
view showing an 9 element for evaluation (pn junction device)
produced hyeebChitige @firefe anecbltraldeoyntii the i 0f MG e et ¥Bemed
polycrystalline silicon film
during photolithography development prior to dry etching by being
exposed to a tetramethylammonium,hydroxide aquecus 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
thinfiimtransistorandthemetalwires suchasthe sourceelectrode
and drain electrode. Moreover, a barrier metal existing between

the drain electrode and the transparent conductive film can be

also eliminated.



Expl anati on of References [0021] 1...Sem conductor |ayer

2...S0urce electrode 3...Drain electrode 4...Transparent conductive
film 5...3ass substrate 6...CGate electrode 7...Gate insulating
filmBest Mdde for Carrying Qut the Invention [0022] The present
invention will be described belowin further detail with reference
to the enbodi nents shown in acconpanying drawi ngs. [0023] First,
the structure of the thin filmtransistor substrate of the present

i nvent i onBRiLEEE Desgedetiipad oni ther DFEEReS to Fig. 1. As al ready
mentioned, in active matrix-type liquid crystal display devices such
as liquid crystal [dP8plays, thin film transistors are used as
swtching elenents. This TFT elenent is 10 constructed of a gate

el ectrode 6 fornedrog.aighags 1SUOSIT&EEicdl c@oReA=IREIRSeV CONANCHANy
silicon layer |a provided on the gate electrode 6 via a gate

i nsul ating friphm{er@Rd 33HMRNN Lt xéggggd cryeagondushar, sldiscan | ayer

b which is Iin contact wmth a non- m con icon |l ayer
| a. This non-doped_sem.conductor. silicop. |ay | a_and the .
out 1 ty- doped SoRFEEndUcroY - 2 THeRh theapky TP thErEgrrsa s grp Luation
referred to as a sem conductor |ayer 1. This inpurity-doped ‘
senm condufoftshingohatd 2agerding to Example 1, in which (a) is a side

view showing a state that an oxide f£ilm 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 wview 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 BF,' ions are injected
inte the polycrystalline silicon film; {(¢) is a side view showing
a state that the polycrystalline SiliCO;’l film is converted into
a p-type polycrystalline silicon film by heat treatment after
the injection of BF," ions; (d) is a side view showing a state
that ann-typepolycrystalline silicon filmis formed on the p~type

polycrystalline silicon film; and (e) is a side view showing an



el ectrically connected by netal wires of Al alloy or others. These
netal wires are referred to as a source electrode 2 and a drain

el ectrode 3. A transparent conductive film4 used in a liquid
crystal display unit is further connected to the drain el ectrode 3.

. [ f d el f .
cval ubt | o HEPRG {RF e PHHIRE bR a7 od b9 Sath AG“vaFY v Ul ERa © T ing

A, and determned_the interdiffusion of Al/Si (|nterd|ffu5|on of Al
atons and2&itest 6hsdtl af be¥rftlrelss sianneg Ahdhd ndoe pedivsrartalline
thereof. Accordingly, the inventors found that it was effective for
achi evi ngstiRé coharfadtoeri stics nentioned above to add Si and/or Ge to
A, further add N and/or Co, and then Add La and/or Nd thereto.
[0025] It is known that the addition of Si to Al inproves the

effect in suppressing the interdiffusion of Al and Si atons as 11 the

anmount ofE§glggggqohng%e§%§%rey%ggmhlIe when these are used singly
(when only i s added Al'), the upper Ilimt of the tenperature at

whi ch the |nterdlﬁégéi?n of AI/Si can be suppressed is about 250C.
" However, the inve have found that if N is further. added to an
Al - Si aIon (S, is added to Al, and N is further added thereto) to
prepare am- ﬁFméFPBQUEBHﬁrﬁéyﬁﬁ Si and N, the interdiffusion of
Al'/Si can be suppressed at higher tenperatures. [0026] The
mechani smZofosuppr esercgodat erdi ffusion is supposedly as follows: to
begin wth, the effect of incorporating Si is to

3..Drain electrode

4 . Transparent conductive film
5..Glass substrate
6..Gate electrcde

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]

Flrst, the structure of the thin filmtransistor substrate
of the present invention will be described with reference to Fig.
1. As already mentioned, in active matrix-type liguid crystal
display devices such as liquid crystal displays, thin film

transistors are used as switching elements. This TFT element is

10



prevent Si atons fromdiffusing fromthe sem conductor |ayer
conprising Si as a main conponent into the Al thin filmsuch as the
source el ectrode and drain electrode. That is, by incorporating
atoms simlar to Si atons into the Al thin film in advance,

concentrat. i fference ich iis the driwviing farce _of .diffusio

can be re&ﬁ%gégh Eggoegr? §Q6855#8FérgﬁFe§tf8%meln88r60ﬂ%ﬁ%ﬁ;ﬁﬁb%ﬁ§ate
the formation of a diffusion prevention |layer _at the interface

bet ween t Re A RAPrEYPERI ACTLFATARE tPRe S&liCoBNilagRAUBoPTPAYEEY A the
alloy thin film/Si sem conductor |ayer interface) . Mire

speci fi cabbye dltedtgqucesuiad ghhe 1Nsuwleddingyf i Itede tesrdvh AmBinrat: vi-oped
tenperatures to formsilicide, and once silicide is produced, the

silicide kapetoaghstas s hardd eayse 14l ch Akentbbnt Hst o 308 80MCHoped
proceed anynore. The interdif fusion is possibly dramatically

i nproved ; rgist g€ s112 s he_ipterdit '
o A TS e B P Rer Pampor it uras. Tpg0ary ChiclRERRser
which is an.el aving_a.s

ement h pmlar effect, in | ace of or in . _.
conbi nat | SHLGFER SPYSRd! Co2 i GRS LU 6T EriAbdnatRgORdLF P ap 1 Licon
effect, in place of or in conpbination wth Ni can also achieve
simlar aéB¥BhslAmrersctactitvobgirefigngsd thee asnteFairQEdgRter Layver
Al'/'Si can be suppressed at higher tenperatures, a thin film
conpri si ng-t Hh ¥ - QPG y-dpdCojentdmyucioss $blibavellsuiéverens
hillock resistance. However, it was found that hillock resistance
can be i nplevedibyliudonercadd mgnekaland/«y oNa1t0. Idieor others. These
Al -Si (Ge)-Ni (Co) alloy. [0029]
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
forevaluationusing thin filmspreparedbyadding various elements
to Al, anddetermined1juainterdiffusionmfol/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 2Add
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

11



Since the drain electrode conprises the Al alloy having the
conponent conposition nmentioned above, it can be connected directly
to the transparent conductive filmas well as to the sem conductor

| ayer of the thin filmtransistor with no barrier netal

|nterpose her ebet we smai nl ybecause t he. al.l oy  conprises
N or | Co. CRAGITTEY Gansb i1 SRCER=FRoer HETAITILL S ORI S e
Co at graln boundarles and within grains by heating presumably forns

a conduct PY¥aIpst HWhent paliynBér faceddetwéeon Al he teempewed dhidiitthef the
transparent conductive film [0030] The source el ectrode and drain

el ect rodetarpdrtaube ftowhikdh th: bytehei patiseoniafgadf si anfbe ahppydased
nmeans of photolithography and dry etching. In case the A alloy

havi ng t hescoppeneo® C?OWH@%'eRr'eQn 88 MBI & ORGHs aOMe FoRMlOEhdeSi i is
the produced Si (and/or’ Ge) , (and/or Co) , La (and/or Nd) have a

vapor pre I th erefto cessary

keep t he gﬁ%éﬁ?r Qﬁﬁégd i Ve éﬁenen leg ﬁ%gsagl g/o% ég ﬁd Ri is
(and/or h g % é& q} cont ai ned as om1as p055|ble [ 0031]
Ther ef or eI UREREF i 7Y e§éhpreﬁ@éﬁi?BnA t el QF \FOTBIEH iR (54t end
of the source el ectrode and draln el ectrode is not |owered, and.the
barrier nBial thet wetardhéfysibrondudidbil apar beobuphaeshied Bitl iigher
transi stor and the Al alloy such as the source electrode and drain

el ectrodetempebetekreninated. That is, the sem conductor |ayer can be
connected directly with the source electrode and drain el ectrode.
Moreover, the barrg@rspetal existing between the drain el ectrode and

the transparent conductive filmcan be also elimnated. That is, the

drain Themechanismof 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 81 atoms into the Al thin £ilm
in advance, concentration difference, which is the driving force
of diffusion, can be reduced. Moreover, a possiblé 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 /$i semiconductor layer
interface). More specifically, It is presumed that Ni readily
reacts with Si at low temperatures to form silicide, and cnce
silicide is produced, the silicide layer acts as a barrier so
thatinterdiffusiondoesnotproceedanymore. The interdiffusion

is possibly dramatically improved by these synergistic effects

12



el ectrode and the transparent conductive film can be connected
directly. In other words, a barrier netal need not be fornmed between
t hese conponents, whereby mnute wire patterning can be forned

wi thout lowering its throughput. [0032] 1In the thin filmtransistor

b f.th R ian, i ned of di t.i
ol ononts. Sach g G ks P miohr SR SRR R e e

the Al alloy thin 14 filmformng the source el ectrode and drain
el ect rodetgPBesatureflows: Si and/or Ge: 0.1 to 1.5 atom % N and/ or
Co: 0.1 to 3.0 atom% La and/or Nd: 0.1 to 0.5 atom % The reasons
will be describefObefbw. [0033] The reason why the anount of Si
and/or Ge is 0.1 to 1.5 atom%is that when the anount of Si and/or

GCe is lover than ®sing @OWhYeht D8 £ f@Gndrt BHPRAESS I MGniNer effect, in
interdiffusion of AI/Si is |lowered and the suppression of the

interdiffysi | $ RSyt ticken Ll nithe.a
of Si and?%?e%bg?s€%h?%h%$ﬁ§%g§§ibg §§§%15§ %ﬂgmg?y§2¥§ﬁiﬁé SntEoHRknt
greatly Igwered. The, i/gl\zvger%%mt of t.he ampunt of

£ 1 L Si nd/%rriGe th N
cont ai ned"F&P¥ et e db {t'om %% GG Crand FOFE PRt erakiy R N1
0.3 atom % or higher, while the upper Iimt is preferably 0.8 atom %
or | ower, CaRdahBPeaChie¥er ablylarsagt dans, 8Rdl 6WERCEFhe reason why
the amount of Ni and/or Cois 0.1 to 3.0 atom % is that when the
amount of N and/D¥02&p is lower than 0.1 atom % the effect in
suppressing the interdiffusion of AI/Si is |owered and the
suppressi on of thenilaterdiiffieside AfsiNH Jf begoresannpef fippbebksed at
whil e when the anount of Ni and/or Co is higher than 3.0 atom % the
dry etCh'HQghertemperatures,a.thin.fihncomprising1jnaAl—Si(Ge)—Ni(Co)

alloy does not have sufficient hillock resistance. However, it
was found that hillock resistance canbe improved by further adding
La and/or Nd to the Al-Si{Ge)-Ni{Co) alloy.

[0029]

Since the drain electrode coﬁprises the Al alloy having
the component composition mentioned above, it can be connected
directly to the transparent conductive film as well as to the
semiconductor layer of the thin film transistor with no barrier
meteal interposed therebetween. ThisismainlybecausetheAlalloy
comprises Ni or Co. That is, deposition of an intermetallic
compound of Ni or Co at grain boundaries and within grains by
heatingpresumably forms a conductivepathat the interfacebetween
the compound and the transparent conductive film.

[0030]

The source electrode and drain electrode need to be formed

13



rate is greatly lowered. The lower limt of the anobunt of N and/or
Co contained is preferably 0.2 atom % or higher, while the upper
limt is preferably 2.0 atom % or |ower, and nore preferably 0.6
atom % or |ower. The reason why the armount of La and/or Nd is 0.1 to

0.5 atom % i s, that en.it is |lo than 0.1 atom % th 5.effect i
o ovi no Nl TGcReFEOrai BceT LY b i e ¥ MErinAd BRArRdGEnoarashy
resi stance becones insufficient, while it is_higher than 0.5 atom %
the dry ef&Hi AgYr &tehigdgr eh| §2FovEredrl TAGLAPpBRViINTnTEheofopenent
anount of La and/or Nd contained is preferably 0.35 atom % or | ower,
and nore prgbesallipn0a2 atomioner bowse, chl@34dedovieydhe weditdeel Si
anount of La and/or Nd contained is 0.1 to 0.35 atom % increasing

t he amount(zati/bir @ad/ ori Canepptaidied Lat QafdPoatiem YavRr ef it pri@sure
2.0 atom% and nore preferably to 1.0 atom % does not |ower the dry

t chi t i fier .t |
etching rahgerNf,9anenal eantcf g?bgg?éréﬁgpshiﬁg%%%¥%?%g% Iﬂgeg'flh% Slmount

Furt her nore, when the anpun La an

0.25 atom % and.the ampunt of Ni. and/or Co contained js 0.1, to 2.0

ot om 5 1 e SRS hOTE Her G S 88 SnaloRoERcBhl at Hed @S0 Glognd
% preferably to 1.5 atom% and nore preferably to 1.0 atom % does
not | ower Lehdaagyost Ne) ngonFaiBecnap deWerst Bopsdbdges after the dry
etching. [0035] The tenperature at which the interdiffusion of A/Si
starts becones el@m3hl gher when the sem conductor |ayer is

pol ycrystalline silicon, and therefore it is recommended that the

sem conductor | ayefietefampde Ddcipalyed WS alld pe-cdritcahvenMab@gVehe dry
the present invention can be also applied to continuous grain

pol ycrystakLingyStii ¥y 2% WBlikcBSe1Q-PRLYET Y58 d 1€ clectrode 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 compcnents, 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 81

and/or Ge, Ni and/or Co, La and/or Nd added to the Al alloy thin.
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silicon. [0036] 16 It is desirable that the Al alloy thin film
formng the source electrode and drain electrode is fornmed by
sputtering. That is, in formng the Al alloy thin filnms of the
source el ectrode and drain electrode, the nethod of formng themis

not especial Limte but is _desirably conducied by .enployin
sputterinéf.%l yfogﬁp gyﬁ%& gﬁﬁgFgranf%gt%%%PP§§C%Eﬁﬁbﬁgﬁgggﬁﬁ%%g?ﬁﬁcﬁ?
can be readily obtained by adjusting the conposition of the target

used. [O0887CTEe £hi AREY Pt Fans? st o0 shibsta ™ Bcdbl dinsl A% Gdve 0.1 to
present invention can be used for various electronic devices. It can
be used BoP, atom &xahpl andf i nNEi | in tramsh st artsubst r Shes rofasdirsp eyl 1
devi ces such as liquid crystal displays and organic EL di sks.

[ Exanpl eshe[ @@38ribExapphes.and Conparative Exanpl es of the present
invention wll be described below. It should be noted that the

present inventiopgpgzpot linmted to Exanples below, and can be
carried out with appropriate nodifications as |long as they conform

to the purport of, the present invention, ALl_of_ such dificatiaqns
are included in t%%et%% %ﬁ%éﬁ“%é%ﬁéagPuPﬁeOSrEée%?gf%Be ?i%ﬁtdal[gGBéTS
(Exanple 1) The flow of the process of evaluation of etching rate
accor di ng® BmEiaﬁbﬁ@@taﬁaeébg%ﬁrﬁwwﬁétE%%ﬁﬁlé§déprtﬁ@ }F ey than 0.1

invention is shown in Fig. 2. First, an oxide film (Si 02) having 17
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 ispreferably
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 iﬁ suppressing the
interdiffusion of Al/Si is lowered and the suppressioﬁ 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
rateisgreatlylowered; 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
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a filmthickness of 100 nmwas forned on the silicon substrate by

t hermal oxidation. Second, an Al alloy thin filmhaving a film

t hi ckness of 300 nmwas fornmed on' the oxide filmby sputtering.
(shown in Fig. 2(a).) Subsequently, the resist was applied, exposed

and devel gped by.phot ol ithography, .thereby faormng, a resist tter
(PR T Rt R 07 R, 2R T Bt e Skt vt SHmERT ok R e o
aqueous solution (TMAH) was used as the devel oper. (shown in Fig.
2(b).) [obddj-ockubeehtlemity Pegiprcst eRFRGTAELIERE Ah Bl ¢ yE LRI gh¢mthan
using the resist pattern as a nmask was conducted. The |ICP

(i nducti vél.y atoupt edclpt abmmetdiyingt chicrgideyreat esbowdmesdi n The upper
Japanese Unexam ned Patent Publication No. 2004-55842 was used for

the dry etehitngr tHe smphasmargenemat/idignderbaeatasari bed-dfertapanesss
Unexam ned Patent Publication No. 2004-55842 is so-called TCP

Transf er ;Ggupked P | {3
(Transfer yCpupked, he%gg), gxeem_eh:@sglzgl%e%i - @9yl R olg&gg%wﬁﬁz. -

with a flat board type dielectric wndow. A Single-turn

antenna is placed @8 ? flat-board like quartz dielectriic w ndow via

a matching box, a # bh density plasma is produced by inductive
coupling inmedi ately below the quartz dielectric~ wi ndow A substrate
susceptor with a FoWRYeEqUEYREY tREramuit £Ff Lacmdder Ngpreebaimsdused - 1
as a substrate susceptor on which a substrate is nounted. Etching

was condutbted. 38iatpn i s idevicesingThbeetwbiing cHidfi tarslromv€recastained
follows: gas flow rate: Ar/Cl2/BC13=300/200/60 sccm gas pressure:

1.9 Pa, peweé.apptied, HFrerta anbenna 466Wrse 8K norR0QWEFerably to
substrate bias: 60 W substrate tenperature (susceptor tenperature)

:20C. (shewp LBokl §- 468) ndt L8941l the gry 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 atom %, preferably to 1.5 atom &,
and more preferably to 1.0 atom % does not lower the dry etching
rate, nor generate residues after the dry etching.

[0035]

The temperatureatwhichthe interdiffusionofAl/Sistarts
becomes even higher when the semiconductor layer is
polycrystalline silicon, and therefore it is recommended that
the semiconductor layer is made of polycrystalline silicon.
Moreover, the present invention can be also applied to continuous
grain polycrystalline silicon, as well as to polycrystalline

silicon.

[0036]
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After the etching, to prevent after-corrosion, i.e., corrosion of A
al l oywi res caused by the generation of hydrochloric acid (HCl) due
to the reaction between reaction products deposited on the resist
with Al wire pattern and noisture in the air, the resist was renoved

by, Lhe ashi ng_ progpss, LI OXACR ALAYHR. b7 o Y Lis ehanhers B g6ess,,

wi t hout rel easing atnDs ere trom

Such et ching and aftertreatnent wer e carr|ed out to calculate t he

et chi ng r 8PBLGSi RYSERECERCAPAgIT B ReCasCATPEE 6F. Tpopad) byTeeuttering.
t hus-obtained results are shown in Tables 1 and 2. The etching rate
repr esent 8hatriati énofonmieny shaet bbidpyethim fiihas obthe pomecdle lichitirode
film(No.1), and a value of 0.3 or higher was determ ned acceptable

(0). Residuasameire cobsereed,atha Mt bltyfo@him@iiheanss tbt Re&pecially
surface of the oxide filmafter the Al alloy thin filmwas etched

and furth@&ﬁﬁ@ﬂ%ﬁ@@ 1ts°dé’¥§£al§1§mdlﬂj&l§ﬂ&gbyae1§§f&?iﬂ@ S‘I?Lﬁ%éﬂ%g. By

m croscope (SEM he presence or absence resndues aV|ng

d t f

n'oa?‘is?Buémpggwégﬁouﬁa%?géﬁg oar CEohe P neBer B o BeE i ol S5 o
acceptabl e (q) Vor eover npl es, which were determ ned as

accept abl éeé@]}li’&bt&iﬂ‘?%bm%ﬂ%t@%I#Pﬁgcorﬁ}a‘?%lﬁh‘an esFRAdsr it e used.

determ ned as acceptable (o) in overall 19 judgnent. The term"at%
shown in Tables 1[@»¥’P means atom % (also in Tables 3 and 4.)
[0043] (Sunmary of results obtained in Exanple 1) Table 1 shows
exanpl es usi ngAl Bhd exihFiinmt 41 o E8bBPrabe acordndgliis BlSe present
source-drain el ectrodes. According to Table 1,
invention can be used for various electronic devices. It can be
used for, for example, thin film transistor substrates of display
devices such as liquid crystal displays and organic EL disks.
[Examples]

[0038]

Examples andComparativeExamples of the present invention
will be described below. It should be noted that the present
invention is not limited to Examples below, and can be carried
out with appropriate modifications as long as they conform to
the purport of the present invention, All of such modifications
are included in the technical scope of the present invention.

[0039]

(Exanple 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. Firsi, an oxide film {Si0;) having
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Nos. 2 to 7, 9 to 11, 14, 15, 17, 18, 20, 21, 28 to 31, 37, 39 and
41 in which the component conpositions of the Al alloy thin filns
(source-drain electrodes) satisfy requirenent [1] of the present
invention; Nos.12, 13, 23, 24 and 32 to 34 in which the conponent

conposi tions,of the allo in films satisfy requirement [2] aof
Che’ preset Tinbent ToReeBRcSY b&b ot WA feF oo m TR i SoRe s
conpositions of the Al alloy thin films satisfy requirement [3] of

t he preseRY Gt 6 iAeidcReceptadrds arohlforl bthierfikt haviagchifidm
rate and residues, making them acceptable (o) in overall judgnent.

On t he ot hkickaads NO.2P) P watso £27med850n S6he 3B idd fanidn 4% tpudFering.
whi ch the conponent conpositions of the Al alloy thin filnms do not

satisfy anynefm rgqwigenents.| llstwsédhe9f1yperpeesent stnyest kep1Wene
unacceptable (x) for at |east one of the criteria: etching rate and

el ymukagybeaLunsceen sl anb by eell | Momal, Saccoe

of No. 1: e the source-drarin re p

no residues.were ppserv naﬁ&g t hem accept abl e o% in overal

odgrent - EEo0R%] 536 CTEBI £°8) Chob FHHET ki os 5 b PRECAT Al Foy

thin filns conprising Ge, Co and La _as the source-drain el ectrodes.

Nos. 46 F8LEaNshbiharRoTaBRenPdERE]ide \aqigowd Sl renefE )1 apoused

[3] of the present invention, and therefore were acceptable (0) for

both critesi bheetlehehgreat e &ltbwresimuesy . nakkbng) t hem acceptable (0)

in overall judgnment. [0045] Exanples using the Al alloy thin filns

conprising Si, Coomm] La as the source-drain el ectrodes, and

exanpl es using the

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 TCP
(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/Cl1,/BC13=300/200/60 sccm, gas pressure: 1.9 Pa, power applied
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Al alloy thin filnms conprising Ge, N and La as the source-drain

el ectrodes are not shown, but it is obvious that test results
simlar to those in. Tables 1 and 2 are obtained. [0046] 21 [Table 1]
Dry etching No. Source drai n el ectrodes Overall Rate Residues

b3 Al 0. Baf bBi2r 0 9 6P Alvha o0 o 6050 e Dins 60, Subbikate

Al-0.3at%i -0.6at%i -0. lat%a 0.95 0 0 0 5 Al0 0. 5at %6i - 0. 6at %N - 0.

| at %.a 0. §¢"weFadure USCRfioprepPesatvyie) 0.94%t0 a (gheengimFag - 2 (¢)
Al-1.5at %5i -0.6at9%\i-O. lat%a 0.64 0 0 0 8 Al-2.

Cat %Si - 0. 6at 9\i - 0[P&#%a 0.50 0 0 0 9 A1-0.5at%si-1.0at%\i-0. |at%.a
0.85 000 10 Al-0.Sat¥si-2.0at9%i -0. lat%a 0.73 0 0 0 11 A1-0.

5at %Si - 3. Cat 9N - Ontab ¥4 ang. 64cRifgD tézpﬁév@nﬁab%ﬁbr4cgﬁk%yhoﬂ | at, 4.3
0.50 0 0 0 13 Al-0.5at%%si -5.0at9Ni -0.1at%.a 0.36 0 0 O

Al-1. Oat %Bi,v 1oLy £ A hat 484810610, 0. 9 3@51 tionofh
AL 1. 0at0Bor ko Qi - & Lal é%a10e57 Hugeqby e generationo ydrochloric
Oat ¥&i - 2. Oat 9N -

Al- 2. Cat %5 - 1. 4a 0.45 0.0 O 17 Al-

atoia 0, GE0 BT T THOAI 1 EAEAS L5 0 P T "FACHAR R a0 b dgPogg ted
Al-2.0at%bi -2. 0at %Ni -0. 1l at%.a 0.35 0 0.0 20

Al- 1. Oat U8 Shearesi s WiHiveAd vige pagtern 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.l), and a value of 0.3 or higher was
determined acceptable (©0). Residues were observedat aplurality
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 po?tion
inspected were determined as acceptable (o). Moreover, samples
which were determined as acceptable (©) for both criteria: etching

rate and residues were determined as acceptable (o) in overall
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21 Al-1.5at%5i-3.0at%Ni -0.1at%.a 0.40 0 0 0 22

Al-2.
Al -1.
Al -1.
Al- 2.
Al-2.
Al-2.
Al-0.

Al -0.
Al-1.
Al-1.
Al-1.
Al-1.

Al-1.
Al-2.
Al -1.
Al-1.

Al-2.
Al-1.
Al-2.
Al-1.
Al-2.
Al -1.
Al-2.

Al- 2.

Oat¥si -3. 0at%Ni -0.lat%.a 0.27 X 0 X 23
Cat %85I -4. 0at¥Ni -0. 1lat%.a 0.47 0 0 O 24
Sat ¥&i - 4. Oat%\ll-OIat%_aOSSOOO 25
0 - - 0
8:{ ojg: dém%%t %: T}g l:l_‘g% /.2, séo?wrkxinggables 1 and 2 means atom %.
Oat ¥&i - 6. Oat%\ll-OIat%_a016XXX 28
5at udielscoaroflpbdessat opd 6.-78 0 0 0 29
Sat %&i - 2. 0Dat “Ni - 0. 35at%.a 0.70 0 0 O 30

Sat %&6i - 2. Oat ¥®P4B] 35at%.a 0.45 0 0 0 31
S5at %5i - 3. 0at %Ni - 0. 35at%.a 0.38 0 0 O 32

Sat %5 - 4. Cat YBhin@aB3%ab ¥4 8 0uB8bs008t8indd in Example 1)
5at %5i - 5. Oat 9%\i - 0. 35at%.a 0.32 0 0 0 34

ggt gﬁg - 6. 8:% gﬁb_ (g %@x%@geguglgg %alloy thin films comprising

- 6.

Sat ¥%i 0.35at%.a 0,26 X X X .

oat o ORI 205 SRS - YF kGG Ctagdcs . According to Table 1,
Oat %5i - 2. 0at ¥Ni -0. 5at%.a 0.24 X 0 X 39

Sat 98Ps2. &afo%\ - 0° 56t Al OLB1 b0 7, 48, 20, 21, 28 to 31, 37, 39
Oatu&i -2. 0at %Ni -1. Cat%.a 0.17 X 0 x 41

5at ¥B8nd34 Dat¥ih-ikibah¥ acp88eftOcOmpd@itions of the Al alloy thin
Oat 0/(8! - 3. Oat %\I! -0.5at%.a 0.18 X 0 x 43

oat %5l 1850280 cd-Qas Yhae De2braddfs X séfdisfy requirement [1] of the
Oat %&i -3. 0at ¥%Ni - 1. 0at%.a 0.13 X 0 X 45

Oat 9 §S % g@g%@u/‘e&t§@ﬁ%‘l@og PP 1K %3,224C04039 Lo %P Q4 0rd B Lhe

O00O00O

component compositions of the Al alloy thin films satisfy
requlrement [2] of thé present invention; and, Nos. 8, 16 and
19 in which the component compositions of the Al alloy thin films
satisfy requirement [3] of the present invention were acceptable
(0) for both criteria: etching rate and residues, making them
acceptabkle (0) in overall judgment. On the other hand, No.22,
25 to 27, 35, 36, 38, 40 and 42 to 45 in which the component
compositions of the Al alloy thin films do not satisfy any of
requirements [1] to [3] of the present invention were unacceptable
(x) for at least one of the criteria: etching rate and residues,
making them unacceptable (%) in overall judgment. IncaseofNo.l
where the source~drain electrodes were pure Al thin films, no
residues were observed, making them acceptable (o) in overall
judgment.

[0044]
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(0) in overall judgment.

{00457

Examples using the Al alloy thin films comprising Si, Co
and La as the source-drain electrodes, and examples using the
Al alloy thin films comprising Ge, Ni and La as the source-drain
electrodes are not shown, but it is obvious that test results
similar to those in Tables 1 and 2 are obtained.

[0046]
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COYYY+. YYYYYY+ YYYYcdcdcdcdcdcdcdcdcdcdcd
cd cd cd cd cd cd cd cd cd ) u7 00 ONMLo 00 ON Mu7 00 ON co
Uf) 00 ON NOOO .-+ .--c OO0OO+--~,--c OOl L L L 1L 11111
|1 |1 I dd~ddddddddddddddddQ sz m iti E 00 u7 z CO
00 0 22 ng% (Exanpl e 2-1) Elenments for evaluation (pn junction
devi ces) accor to Exanpl es and Conparative Exanples of the

pr esent |nvent|on wer e prepared The flowof this process IS shown in
Fig. 3. First,—pptycrystatrtine siticon TIIrTBHd.E Bhin T1IHI[[IQ}5§,};§155
of 200 nm \NEN% fpr Wedgweﬁm)ﬁlﬁ@'c’@%\l\l- regrst drlc,ga@r:yl | Lg T Rebw{ké rlat@gnely

(a B
1~

the LPCVL m-,'Lliluu' (StovwT rlAlF' U3 .)1 I ATe rH VST
used as T Al REho RSy o BRG] J.1TS et

e conditTogsTo AF0.52t%5i-0. 6atdNr=0.Tat¥lal ‘90| "0 ¥
4 | Al-0.3at%35i-0.6athNi—0.1athla| 0.95
3] Al-0.5at%Si~0.6athNi-0.1athlLa | 0.90 -
6 Al-1.0at%S5i—0.62t¥%Ni-0.lathla| 0.76
17
8
9

.- g

Al-1.5at%Si—0.6athNi—0.1athla| 0.64
Al-2.0at%Si-0.6athNi—0.1at%la| 0.50
Al-0.5athSi-1.0at¥%Ni-0.1latkla| 0.85
10 Al-0.5at%Si-2.0athNi-0.1athla] 0.73
11 Al-0.5at%S5i-3.0at%Ni—0.1athla| 0.61 -
12 Al-0.5at%Si—4.0at%Ni-0.1at%La| 0.50
13 { Al-0.5at%Si—5.0at®Ni-0.1athla| 0.36
14 ] Al-1.0at%Si-1.0at%Ni-0.1at%la| 0.71
15 Al-1.5at%Si—1.0athNi—0.1at%lLa ]| 0.57
16 | Al-2.0at%Si~1.0at%Ni-0.lat%La | 0.45
17 | Al-1.0at%Si—2.0at%Ni-0.lat%la! 0.61
18 Al-1.5at%Si—2.0atkNi—0.1athla| 0.47
19 | Al-2.0at%Si—2.0at%Ni-0.lat%la| 0.35
20 Al~1.0at%Si—3.0at%Ni—0.1at%la| 0.53
21 Al~1.5at%Si-3.0at%hNi-0.1at%lLa | 0.40
22 | Al-2.0at%Si—-3.0at%Ni-0.1atkla | 0.27
23 Al-1.0at%Si—4.0at%Ni—0.1at%lLa | 0.47
24 Al-1.5at%Si—4.0at%Ni—0.1athla | 0.33 -
25 Al-2,0at%hSi—4.0at%Ni-0.1athLa| 0.21
26 Al=2.0at%Si—5.0at¥%Ni—0.1athLa{ -0.18
27 Al-2.0at%5i-6.0at%Ni~0.lat%lLa] 0.16
28  |Al-0.5athSi-1.0at%Ni—0.3bat%Lal 0.78
29 |AI-0.5athSi~2.0at%Ni—-0.3bat%lLal 0.70
30 |Al-1.5athSi—2.0at%Ni-0.35athLa] 0.45
31 Al-1.5at%5i-3.0at%Ni—-0.3bat%La| 0.38
32 Al-1.5at%5i—4.0at%Ni—0.35at%La] 0.35
33 . |Al-1.5athSi—b.0at¥Ni-0.35atklal 0.32
34  |Al-1.5at%Si—-6.0athNi-0.35atkla] 0.30
35 Al-2. 0at%Si-6.0at%Ni-0.35at%lal 0.25
36 - |Al-1.5at%Si-7.0at%Ni—0.35athLal 0.26
37 Al~-1.5at%5i-2.0athNi-0.5athlLa{ 0.36
38 Al-2.0at%hSi—2.0athNi-0.5athla{ 0.24
39 Al-1.5at%3i-2.0at%Ni-0.5at%Laj 0.31
40 Al-2.0at%Si—2.0at%Ni-1.0at%La | 0.17
41 Al-1.5at%Si—3.0at%Ni~0.5at%la | 0.32
42 Al-2.0at%Si-3.0at%Ni-0.5at%la| 0.18
43 Al-1.5at%Si-3.0at%Ni-1.0at%la| 0.25
44 Al-2.0at%5i-3.0at®Ni~1.0athla| 0.13
45 Al-2.0at%Si-3.0athNi—1.5athlLa| 0.09

x|x|x|x|ofxlofx|ofx|x{olojolofololo]x x| jololx clojolololololclololoidlolololololo
xjolojojoleiclofelx|x|ojelojolololof ><ooooooohooooooowooooooooég

| - _ g
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Subsequently, a heat treatnment at 800C was carried out for 30

m nutes after this injection of ions, form ng p-doped

polycrystalline silicon films. (shown in Fig. 3(c).) Furthernore,

n- doped pol ycrystalline silicon filns having a film thickness of
about 40 nmmere forned 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 filmformng. Accordingly, pn junctions of

pol ycrystalline silicon were formed. [0049] Al alloy thin filns
having a filmthi ckness of about 300 nmaere formed on these

pol ycrystal line silicon filnsby sputtering. Subsequently, resist
patterns were fornmed by photolithography, and then etching of the A
alloy thin filns was carried out using resists as nmasks, formng

el ements for evaluation shown in Fig. 3(e). (shown in Fig. 3(e).)
The conpositions of these Al alloy 24 thin filnms are as shown in the
colum of the source-drain electrodes in Tables 3 and 4. In the

el enents for evaluation shown in Fig. 3(e), the Al alloy thin filns
correspond to the source-drain electrodes, while the n-type

pol ycrystal line r—-yPeTP tt-eph
films therebelo tthg senm co¢ thelthin
filmtransistork. T 'tﬁcﬁ Q) ;g P 189
. )
and the seni confugt g N
structure in I ch rct)l yl cpn arfri pr
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k3 .
f ]
=
£
£
dfiecececeoeeeeeeeeceeee
(=]
‘o
121
o
o] =fe=| ol |2l = = || ol t= |~ | 2| 2| of o
,....cncnoo_oqr-— OO 0000 -] 0O 0O .l‘-[‘:t\-‘t‘-LOQD .
=Y =3 I=Y =1 I=) i (=1 E=) [=1 B B =) o = =) =Y = =1 =
2| @ < g | QR I I < Q] Q 3| B B ] @} 2| & <] =]
O | U | PONR | PN | US| PN | US| PO | O | UG | PO | PN | PO | OO | O § U | GV | PO | N | A
2R E R R R S R R E
O] S| 8] I I} I T I G| I G| ] | B D) D] D] D[ | R
AN NN N EN I N EN E OH ENFCI €| EN O
P I ¢ ¢ e e e e e D i
S | [ 9| o] olololo]olololelo]olelolo]elolelofe
£ 0] 16] 6] |6}I6] 6] |6] |8] 6] 6] 6] 6] |6] |6] |6] 8] 6] (] 1®] [®)
2 | [BREREEEEREEEEE R EE
2 =l Bl ®]| | 2 = 3| =l €| 3| 8| 3| B ® R 3| €l =l @ =l s
I ¥ o o] KT ISt Ao A il Il sl Bl Beed Red R4 s Rl B A ] o
S I et Bl Bt e e e D B o e e A A i B B A
= ol o| o] o] of | o| o] o| o] o} o o] o] | ©]| o] | o] ©
3 V] (&l o] (o] [&] (6] |6 |6] {6] o] o] lo] [6] 6] |6] 6] | 0] [6] [6] 1)
e B o e B o o o B o o e e e e e e B
3| 3| 8| = =] 3| €| @ ©| 3| B 3| =] 2| 3] 9] 3] 5| 3| =
— L2 2RASL 2R = AL 2= N2 L R =Y
™ CclIC| ]| oo | H S OO || OO | O emi] =
o S L LT O Y Y U O ) T R R LY ) Y S S LR L
= <|<|<|< | <|<|<| < | <[ <| << | <[ <| <l <| <€| <] <|<
rd .
=
) T_‘CC:'t‘-ODCb (ap] s [Tel fdud Ll Toe) [ar] [wrl] Lol [nh ] Fap] LO
- =, e Bl BT Rl ITa] [Tl [¥e] el [To] [Vs] [V (Yol IVR] [Ya) [¥=] [1e] [¥e] Ve [ie] M=)
= _
o
o

23



250 to 400C for 30 mnutes. the pn junction devices after the heat
treatment were determned for their current voltage characteristics
to determne the degree of interdiffusion of Al atons and Si atons.
That is, the diffusion phenonenon of the Si atons in polycrystalline
silicon (senicondgﬁbgg | ayer) and the Al atons in the A alloy film
(source-drain ele és) can be evaluated by determ ning the

current voltage characteristics of the pn junction device. An

el ement having a ABXABP1Bn?Tdhction has such a rectification

property that a current is flown by applying a negative voltage to
the n-type regi onEasdentpdsitt ieve lveltiage (phppshtt ven blas)cdx) theording
p-type region, while on the other hand a current is shut off by

appl yi ng acpeshinpvesvahtiagenbartbevs- b¥pRp2% sl 6@ @hcapedegdcAC0ah NS tion
voltage (reverse bias) to the p-type region. However, when A atons

diffuse fiam.the ol | Ogh%@'fb‘f&'E'hi@_ff&weesgﬁéis’ho‘%\lnefﬁ 'irﬁ’_g‘?sé. 9 s,

the pn junction region, nor ma rectification property cannot be

obt ai ned. _That is current. cannoi be shut off .even when a reyerse

i no 1o ABPRTERYSFACHERG! SLiERE Thtda s % R Timral GErras) o 0 mm
Al atonms and Si atons can be grasped by eval uating the magnitude of

a current YEFBakagBed cem rieht P Swhi v 74 Dkt atkeh sl rieirsr selbsitgsities by the
applied. To this end, the value of this | eakage current was

det er m ne@PCdhdug tieodiegriedowaf 1nnf ey didf(falsilonAdf tiA s dations 8nds Sias used
atons was evaluated from the neasurenent val ue of this |eakage

current. IbessiaZematetrhal ghenmeriscovnl matedowaswsdehdattddeRackhhe
have a pn junction area of 30 pmx30 pm and a current val ue when a

voltage Ofo#kditYohs 8PPhbedel0ahli § 8% AnPeVe[Skof asn Wasydesippd) as

a | eakage current. [0051] _
Subsequently, a heat treatment at 800°C 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
thicknessof about 40 nmwere formedon thesep-typepolycrystalline
silicon films. {(shown in Fig. 3(d).) At this time, SiH, and PH;
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
nmwereformedonthesepolyérystallinesiliconfilmsbysputtering.
Subsequently, resist patterns were formed by photolithography,
and then etching of the Al alloy thin films was carried out using

resists as masks, forming elements for evaluation shown in Fig.

3{e). {shown in Fig. 3(e).) The compositions of these Al alloy
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The results of this are shown in the colum of interdiffusion in
Tables 3 and 4. A | eakage current of the elenent in which O was

pl aced as a barrier netal between the source-drain electrodes (A
alloy thin filn) and the sem conductor layer of the thin film
transistor_was_4._ 0 _x 10-9A. A leakage ,current. lower than.,a valuye 1
o bi QAR FT AES S0t TR A0 PR SR RS T tht 8 R Fieatas 19 < s e
| eakage current higher than the value was determned as x in Tables

3 and 4. TRataPsesed afthtls Wi hhe el turfaahevefuatognosigawarin Fig.
| ower were judged good, while 26 elements with a | eakage current

hi gher thaned.,0xle 8A wirey widded fijow .cd@5Hondhe gerersathimre-adrain
hill ock due to the heat treatnent was evaluated in the follow ng

manner. Wenigg reticshewhing and spagse Rt F&F PshaVvi NG as M didh of 1 1 MG
was formed on the above-nentioned sanple of a pn junction device,

and the dgvig s subietled be sa vacuupleal disabmnt, o0, 380G LA 1,

30 m nute surtace of the wring was observe y an
el ectroni ¢c_m crosco o _count the er_of hillocks having a

Gi anet o G700 BT ERRuC B gAY SR Bt LT (1 Phd Gy SO TS o BEe
of 1x109 /n2 or fewer were judged %ood (o), while those with the
density ofCHIrCEogkaippedechinderldd/ine liere Shidgdd 1pedr apd thise

results of this observation are shown in the colum of hillock
r esi st anceemicdablesor3l ayar o £ [0S Bhin(Bdanplengi 8 oAk halveoy stthiuature
films having a filmthickness of 300 rimwere fornmed on gl ass
subst r at es nhyh SgHIthek A1 dbubseqyaeidyect&SSthout a barrier metal lying
therebetween.
[0050]
The thus prepared elements for evaluation {(pn Jjunction
device) were subjected to a heat treatment at a temperature of
250 to 400°C 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 sucharectificationpropertythatacurrentis flownbyapplying
a negative voltage to the n-type region and a positive voltage

(positive bias) tco the p-type region, while on the other hand

a current is shut off by applying a positive voltage to the n-type
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patterns were fornmed by photolithography, and then etching of the Al
alloy thin filnms was carried out using resists as masks to process
themto give a stripe pattern configuration having a width of 100 pm
and a length of 10 nm The conposition of these Al alloy thin filns
are also as shovvnci{n t he tc:ol urmlgf th{s sourcE)-.dr in %ectrodes in .
Tabl e 2 27°POBBA"Y tHERW T RIT 8§ FPPrs BF YRSt Re 38 che nd ent YBR&FILon -
above were subjected to a heat treatnment at a tenperature of 250 to
400C for HopeirRut vbenThdsatamsapPidfusk ArPm ficaftlem oy Héedm £ilm
treatment were determined for their electric resistivity by the

four -t er mipal:roetfieodinTheecesudies) afntdithadeherl mhoali oonrag Boshewmo rima 1
the columm of electric resistivity in Tables 3 and 4. The electric

resistivikgct4ridapibg r@ﬁ@ﬂﬁ le@nkbBSe bgheInddan thie i@ eqt HhGrent
resistivity of a pure Al thin film(3.3 pxm was used as a

ref erencecygh e, SRl &5 hayLng:an LLEGLELG Jeal SLIMY gaual, Lo L,

| ower than this reference value were judged good, ‘hosé Wwhi ¢

wer e not rgjorkﬁ'i ed poaor, %0055%\{’| %]_E%a | e 2-3|‘D¥ The cont act.

pr opertiegﬁ? ‘g‘?n‘? sciéﬂ:g ct) ERe Hg?%l oL o g LePScEPAdEs s FEn

transparent conductive filmare directly connected were determ ned.

Sanpl es i RewHreBPFar PYngvikratisgntbe BAIRALEEs oAl caksyealtedilcadeye

shown in Tables 3 and 4 were forned under an atnosphere of Ar gas,

at a pressureent) (it Pafdndsavhdreapesat s e bibhs200Gpplied. TOrbittes end,

used were prepared by adding 10% by mass of tin oxide to indium

oxi de. [00BE]value of this leakage current was determined, and the degree
of interdiffusion 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 pymx30 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
interdiffusion in Tables 3 and 4. .Aleakagecurrentoftheelement
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 107°A. A leakage current lower
than a value 10 times higher than this wvalue (4.0XIO*AJwas
determined as 0, while a leakage current higher than the wvalue

was determined as x in Tables 3 and 4. That is, elements with

leakage current of 4.0x107°A or lower were judged good, while
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Contact resistivities were determ ned by producing a Kelvin pattern
havi ng 10-pin square contact holes and by the four-term nal nethod.
Using the contact resistivity of a & thin 28 filmand ITO 2x10-4
Ocn2 as a reference val ue, sanples having a contact resistivity

equal to aor |lower than this.reference val.u e _j udged. good (o).,

Wi Te  noSs RTER I a Aot CREPEe Igeeh pournam hanhb Bob) HBcrere Judged
results are shown in Tables 3 and 4. [0057] Although the nunbers of
Exanpl es &R&TConpar ati ve Exanples shown in Tables 3 and 4 do not
conformto those of Exanples and Conparative Exanples shown in

Tables 1 and 2 in[tebhs of the conponent conpositions of the
source-drain el ectrodes, the nunbers corresponding to those in

Tables 1 and 2 arehshewleast Lof respandigid derber shé mekabliesat it 4as
When there is no correspondi ng Exanpl es and Conparative Exanples in

Tables 1 eeglaagtea% e ngil%_@r%ﬁgyom%%?rt'" 'J.Leﬁggr@f chSUMTRL Y, 0 Hhge

results obtal ned I n Exanpl es Ta'ﬁ shows exanpl es

using an Al ,alloy thin film i.,sing Si, N or, La.as source-drai,n

el ect r odeB2EAGED T Y taowﬂgﬁe@é,l%i W g snpremsd %s&%a 8V§,""m‘f@,%lffe‘j
and 13 to 22 are Exanples in which the conponent conpositions of the
Al all oy EAMRleffms Risdunesignailfvéreet Bdekle Fr 735 vase subjected to
requirement [1] of the present invention, while the rest Nos. 9 and
12 are examp@sim heawhicds tienicerpdheit Tonpodsitionss of THeer M ftadd,oyphe
thin filnms satisfy requirenent [3] of the present invention. (Nos.15
to 18 andu2@aakser s@id stiyriefwdL e ld ofy bhecpeesenhiknMest-beBobe

As a result, Nos. 3 to 22 which are Exanples of the present invention
to count the number of hillocks having a diameter of 0.1 um or
larger. Samples with the density of hillocks of 1x10° /m® or fewer
were judged good (¢), while those with the density of hillock
more than 1x10°/m® were judged poor (x). The results of this
observation are shown in the column of hillock resistance in Tables
3 and 4.

[0053]

{(Example 2-2)

Al alloy thin films having a film thickness of 300 nm were
formed on glass substrates 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
to process them to give a stripe pattern configuration having
a width of 100 ym and a length of 10 mm. The composition of these

Al alloy thin films are also as shown in the column of the

source-drain electrodes in Table 2
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29 were good in all of the criteria: |eakage current, hillock

resi stance, electric resistivity and contact resistance, nmaking them
acceptable (0) in overall judgnent. On the other hand, in case of

No. 1 where the source-drain el ectrodes were pure Al thin filns, good
results could not g gptalned in | eakage current, hillock resistance
and cont act re5|s % in which & was placed as a barrier
net al between the source draln electrodes (Al alloy thin film and

t he sem conduct orThaydr abtoyHe ¥ aTEernthe edsdiisronsntapsedalin s vede
poor electric resistivity. Therefore, both Nos. 1 and 2 were

unaccept abtle] ¢xyeintovertadt fjusgmesntt OGS YempEaddtmire SHOWSOt e 400°C
exanples using the Al alloy thin films conprising Ge, Co and La as

the sour ceodr3aiMi@hess I odesscShnea 1 NOshiR 3 i3 f shp\Whe e Jabk-@ a4ment
satisfy all of requirenments [1] to [3] of the present invention,

they WerewéPQQ&QtQPx‘RﬂnéH %J: tBQEr%%ESE&:i‘c k@@%@@%vﬁ‘ﬂy BY ’tﬁl@' |1 ock

resi stance, electric resistivit contact resistan 1 ng t hem

fhe Al al f%é"tm%m”#%ﬁ@%%b%dg?ﬁm oS0 AL Rye DX e UL 1g

el ectrodes, and Exanple using the A alloy thin filns conprising Ge,
N and Lalhsthhecebureofiraifctelectrodesiibynsp SrbWAS Btang 4. The

obvious that test results simlar to those in Tables 3 and 4 can be
obt ai ned.eBOctr & Hepi(dliivity (4. 3 pQcm) about 1.3 times higher than the

electric resistivity of a pure Al thin f£ilm (3.3 uQcm) was used
asareferencevalue. Sampleshavinganelectricresistivityequal
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 filmare directly
connectedwere determined. Samples inwhich ITO films were formed
on various Al alloy electrodes shown in Tables 3 and 4 were formed
under an atmosphere of Ar gas, alt a pressure of 0.4 Pa and a
temperature of 200°C. The ITO films used were prepared by adding
10% by mass of tin oxide to indium oxide.

[0056]

Contact resistivities were determined by producing a
Kelvin pattern having 10-um square contact holes and by the

four-terminal method. Using the contact resistivity of a Cr thin
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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 compositionsof the source-drainelectrodes, the numbers
corresponding to those in Tables 1 and 2 are shown as corresponding
numbers in Tables 3 and 4. Whenthereisxu:correépondingExamples
and Comparétive Examples in Tables 1 and 2, they are indicated
with »-7.

[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, 1in Example 2, Nos. 3 to 8, 10, 11 and 13 to 22 are
Examples in which the component compositions of the A1l 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 aresult, Nos. 3to22whichareExamples of the present invention
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hiliock 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 £ilm
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 reguirements [1]
to [3] of the present invenition, they were judged good in all
the criteria: leakage current, hillock resistance, electric
resistivity and contact resistance, making them acceptable (0)
in overall judgment.

[0060]

AlthoughExamples using the Al alloy thin films comprising
Si, Co and La as the source-drain electrodes, and Example using
theAl alloy thin films comprising Ge, Ni and La as the scurce—-drain
electrodes are not shown, it is obvious that test results similar

to theose in Tables 3 and 4 can be obtained.
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O00 OO
(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 anddrainelectrodes or generatingetching
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 z barrier metal between the source-drain
electrodes (Al alloy thin film) and the semiconductor lavyer of
the thin film transistors, the overall judgment was unacceptable
(») at least for either of Examples 1 and 2, and therefore the
object of the present invention cannot be achieved.

[0064]

Although thepresent inventionhasbeendescribedindetail
with reference to the specific embodiﬁents, it is apparent for
apersonofskillintheartthatvariouschéngesandnmdifications
can be made without departing from the spirit and scope of the
present invention.

The present application is based on Japanese Patent
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[0063] (Overall evaluation of Exanples 1 and 2) Wen the conponent
conpositions of the Al alloy thin filnms (source-drain el ectrodes)
satisfy any of requirenents [1] to [3] of the present invention,
both Exanples 1 and 2 were judged acceptable (0) in overall

Ll eatr odeBPRILrgsaa Buer o O berd O aahen) SWHIGH oGalsrHazy Heorshst and
inthe dry etching rate of the source el ectrodes and drain
eIectrode§a§ﬁngéﬁ%ﬁéﬁﬂﬁﬁﬂﬁlﬁﬁ@@ﬁo@égpd@@pﬂaQQﬂﬂ§%nﬂkﬁpmbh@@OWW@muary
t he conponent conpositions of the Al alloy thin filns (source-drain

el ect rode8) O hotnsatisiy coatendfs aequiamimnt achtpotratpd]bpfretfkeence.
present invention; when pure Al thin filnms are used as the
source-drain el ectrodes; or when Cr was placed as a barrier netal

bet ween the source-drain electrodes (A alloy thin film and the

sem condu - hin filmtransistors, the overal

j udgnent §%§ﬁ3%2§§%p$§8ﬂ299?§?&§¥ | east for either of Exanples 1 and

2, and therefore {&f ﬁbject of the present invention cannot be

achi eved. [0064] P ugh the present invention has been descri bed

in detail wth reference to the specific enbodinents, it is apparent
for a person of B&k¢IBresenthdnyemttina redpitesstentigdsegngical field of
nodi fications can be nade wi thout departing fromthe spirit and

scope of theén firbsemtansiednty enbsTthe tprsesedtdianplacatdwinndss. bagsedraing
Japanese Patent 33 Application (No. 2008-007221-A) applied on

January 16 2008 @d¥bnt) apaResa gt enteARRhE8alH 0fhé No:y 20090008 132Ab £

appl i edon January 9, 2009, and their contents are hereby

i ncor por a%ﬁg SQM_lrrceef EfEPEEode 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 £ilm 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.
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I ndustrial Applicability [0065] The present invention relates to the
technical field of thin filmtransistor substrates and displ ay

devi ces. 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 gqu%ated; and a barrier netal can
be elininated from between the seni condt€for |ayer of the thin film
transistor and the netal wires such as the source el ectrode and
drain el edl@d@ llvbreover, a barrier metal existing between the
drain electrode and the transparent conductive filmcan be al so

el imnated. 34 daiwsin [fGlla nmrihsAstthimstibbirktansasing s wlestircatreiuctor
havi ng a sem conductor |ayer of a thin filmtransistor, a source

el ectrode]aged aifna eheet Fode, taAesa ituanspalitr corductingid,i |Matdwe
source el ectrode and drain el ectrode conprising a thin filmof Al

al | oy forgg%c?Xoggttghaiggta)n béf% ¢hiNGq 18 thigy 1, fi I mof Al alloy

conpri si ng to 1.5 atom % o east one el enent 'sel ected from
Si and Ge, 0.1 to 0 atom % of at .| east, one el epent, sel ected from .
! TRe'E St thin

Ni and Co, and O.Eg?Eoél.r§ea? 7ok e 2R dreih © PEMEI e Bt %d

fromLa and_Nd, the source el ectrode and drain el ectrode being _

directly fédémneétdd o taytFereesiRonaiciorningdry dry etching, the thin

conpri si ngpol ycrystalline silicon or continuous grain

pol ycryst @lillmnefsiAlli eddoy[ Ebapmi2ling Ohiin thi ImSt edpsi $t of sutbdteEatte one

having a sem conductor layer of a thin filmtransistor, a source

el ectrodeelamdhdi Belected 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
connectedwith the semiconductor layer comprisingpolycrystalline
silicon or continuous grain polycrystalline silicon.

[Claim 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,

the source electrode anddrainelectrode comprisinga thin
film of Al a2lloy 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 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
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el ectrode, and a transparent conductive film the source el ectrode
and drain electrode conprising a thin filmof A alloy fornmed by
patterning by dry etching, the thin filmof A alloy conprising 0.1
to 1.5 atom % of at |east one elenent selected fromSi and Ge, 0.1

to 6.0 atom % o t as one el.e ected fromN _a

07110 0. 38n8eee et & SPBACPRBRE aFhBHT SOy T BLYSTyd M ne
and the source el ectrode and drain electrode being directly 35
connect edSi-LfCB 8ENTEBRHNEPBE PaJeR BOAYELySiHglAdNFCcEstgon.ne
silicon or continuous grain polycrystalline silicon. [Claim3] Athin

filmtran$Csaom Substrate having a sem conductor |ayer of a thin
filmtransistor, a source electrode, a drain electrode, and a

transparent ‘condugtine friilm t?Qﬁsi@Ub@%@ﬂa@@%ﬁ@é‘%%@r@b@m@b@%ﬁh@:@%r
conprising a thin filmof A alloy forned by patterning by d

et chi ng, EQgeEh?enEfthﬂhOElfﬁ #Eﬂgl gPr'ﬁ'ggug % %Qe%t%oﬁkom

at | east on nt sel ected ron1 and Ge atém%%()

at | east gne el nent aele ted fron1g g Cg. an%.g 1 to 0.25 atom %

of at |led ?CBﬁg 8l efiBhit @sef BEPBA*FPonTPEEAG NG, Tandt he source

el ectrode and drain el ectrode being directly connected with a

seni conduct or Iay€ﬁeé@#ﬁﬁ?ﬁLﬂfﬁﬁﬂé&@9§QQQ%Wﬁ#e@ﬁ¥@@%ﬁO@Prééﬁpﬂﬁméhén

grain polycrystalline silicon. [Caim4] Athin filmtransistor

subst r at efatworfikp dblanyfomedfby gaditresrrilinto b, delyeeeichinke dhai hhin

electrode is further directly connected with the transparent

conductiveifml 8¥ ACO @l Y] comprising 0.1 to 2.0 atom % of at least one
element selected from Si1 and 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.

[Claim 4]

A thin film transistor substrate according to any one of
claims 1 to 3, wherein the drain electrode is further directly
connected with the transparent conductive film.

[Claim 5]

A thin film transistor substrate according to any one of
claims 1 to 4, wherein the source electrode and drain electrode
are formed by sputtering.

[Claim 6]

A thin film transistor substrate according to any one of
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A thin filmtransistor substrate according to any one of «clains 1 to
4, wherein the source electrode and drain electrode are formed by
sputtering. [Caim6] Athin filmtransistor substrate according to
any one of 36 clains 1 to 5, wherein the source el ectrode and the

drain el ectrode re fornmed, by dry etchi si ng an chant, ga

Compr i i nE AL daly > oNBCHALT SAPAA G S PURCHITB o CEEHEA o FgRotrode
trichloride (BC13), and hydrogen bromde (HBr). [Claim7] Athin
filmtrandrstiorigbdyrdfe cachdndi hylnd a¢ arahent diferemari Féngoaf deast
el ectrode and the drain electrode are forned during photolithography
devel opnentepgaorsdbedreyd efrchi ng lby i NGl exposedn ttriaci]l @ridanBCls),
t hyl amoni um hydr oxi de aqueous solution at the surfaces thereof.

[ O ai m 8] aAqdhsakayederirenigamuishing a thin filmtransistor
substrate according to any one of clains 1 to 7. 37
[Claim 7]

A thin film transistor substrate according to claim 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.

[Claim 8]

A display device comprising a thin film transistor

substrate according to any one of claims 1 to 7.
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