Description THI 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 di spl ay
devi ces. Background Art [0002] Active matrix-type |iquid

crystal display devices such as LCD uses thin filmtransistors: Thin
filmtransistor (hereinafter also referred to as TFTs.) as sw tching
el ements. A schematic cross-sectiobakecyipwief the TFT elenent is
shown in Fig. 1. The TFT el enment conprises a gate electrode 6 forned
on a gl ass substrmate 1M TRONsdoPed SN eRAEHICHET HiddIeen drdes | a
provi ded on the gate electrode 6 via a gate insulating film7, and an
i npurity-doped sem conductor silicon layer I b which is in contact

wi th the non-doped sem conductor silicon |ayer |la. The non-doped
seniconduc&géh$%#ifx§14 er la and the inpurity-doped sem conduct or
silicon | ayer are collectively referred to as a sem conduct or

| ayer 1. This inp @d% jdoped sem conductor silicon layer Ibis

el ectrically connected'by a nmetal wire of Al alloy or others. These
metal wires are referred to as a squrce electrode 2 and a drain

el ectrode 3. A tradhSpBFeRERt IoFRMORer B # hatidedithe ke thiniral Eipddapt
display unit is_further connected to the drain el ectrode 3. [0003]
Vari ous Al taioldksihdvansdsihonepebatbrbes urpp stisah lay devéceal.-s used
for these source electrode and drain el ectrode, as inpatent docunents
| and 2, anopbng others. The source el ectrodes and drain el ectrodes
described in these prior art docunents have a nultilayer film

conpri si ngBddkdeareld ifag- poi nt netal such as No, Cr, Ti and W

i nt erposed therebetween as a barrier nmetal so that they do not cone
in direct contact (woch]the transparent conductive film (hereinafter
also referred to as ITOfilm) used for sem conductor |ayers and
liquid crystal di spkayeundtSix{@RMNiquid cryMdi QUSheGhALGYESs Oicn
elimnating abarriernetal existing between t%e drain”el éctrode an
transpar enjs cofslugddvenfibl miihTA-Lhi M Have baep ﬁygﬂe§%§gsi§f.@gr
exanpl e, in patent docunents 3, 4 and 5, anong others. wever,

t echni ques .47 i i.er raovi ded, bet ween. t he
source el e((:kgér)%e ?%ﬁ%ﬁ%?%%‘%%ﬁ?%&% tg)nag‘taﬁg%ss‘ magoﬁgﬁgfg%n?a%?m%fts’
the thin filmtransistor have notbeen.disc %:ed sufﬂgcieq;Ly.

Mor eover, T aerivenat Iix 15 pe I V&egrggt & §irSptPddyiceshown in
requirenen%ﬁfOG_re ing@;nt mainly in nobile applications is high, and
m cr omachi Mg 1¢i nTParttic SHERCRFyC AR IR 2of2hetaleshinase SuEprmed on
source el ectrodes and drain el ectrodes are highly required. However,
this aspec? HASSnBELSEI2FRen 8irAudcResarhicprtiettor fidoosh [Paerrin
docunent 1] Japanese Unexam ned Patent Publication No. 1995-45555

[ Pat ent doetifiEfieRprlapangsies Wecimosled SPatemt dRdlel doatilehinp. film 7,
2005-171378 [Patent docunent 3] Japanese Unexam ned Pat ent

Publ i cat i omndNen 2004r2t4606ped Patreintordbeumentidl cdapanese 1mexardmnad
Pat ent Publication No. 2005-303003 [Patent docunment 5] Japanese
Unexani nediPatcertacRulal :hathenndp-ddb-s23388nBlusebosyi i @n theyer 1a,
I nvention Problemto be Sol ved by the Invention [0006] In
recent yearss néti-d@pkhesshzeofdupanel $ii1iikd=CsvekCPy Rggopgs | arger,
requi renent for refinenent of the panels is growi ng, and refinenment

of LCDs, thHgturity-Behedir! @il 5?1%9}5mﬁerAllFaM:chélgee%&:fiiv]e%

such as source electrodes and drain electrodes i s also expe
Presently, i L dt thin fil.m has been reduced
to about 31?4 %#gt %P\kllmceigs'%a %%is%&@!hcﬁ]{ q‘lséé’eé:xgéct‘elblﬁ &ng&%%—ﬁgpeg
reduced toseabout dl'g umin,a f wx?learl%.lt 'gs %arTJ;_)ortant to enpl og)
subni cr on COMT O EaPF 8 O Uor 1Y Calt "Dl fe AL PERT L coht ¥ oforsic st oy a
reduction of, the wire wwdth of the Al allgy thin film By conducting
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 a hal ogen gas used in dry etching of Al alloy, fluorine cannot be
used since conmpounds of Al and F (fluorine) are non-volatile, and an
et chant gas conprising at | east one elenent of chlorine (Cl2) , boron
trichloride (BC13) and hydrogen brom de (HBr) is used. [0008]
Hal ogen radi cals such as C dissociated by plasma react with Al on
the surface of Al alloy, which is an object to be etched, to form
base subst apséscisiehs am AuGled. inTties @i hase csybstantepisyathiasi Arghther
are evaporated in the gas phase due to the ion bonbardnent assi st
effect by tbenappld aat 1R Cfrad3nbbascteoiBessubstrate, and is
di scharged to the outside of the vacuum chanber in which the
substrate is mount@@qsyhen the vapor pressure of the base substance
. produced is | ow, the etchlng rate is | owered, thereby lowering its

t hr oughput. Moreo i.n ubst ances r on the suyrface
of Al alloy renarﬁEVnpﬁougﬁeégg%gatlh%?qj ||%f%F 5”%&e§u€98§F8§e%Sof
et chi ng generate durlgg dry etchln%%‘are ener t ed. Furt herpore,
this al um Bfum 5§ 58T bt st (P UrER e CEF% rﬁQﬂhQ£%&ntﬁeeFE§?§?'
is low, and therefore the filmthickness of the resist needs to be
i ncreased ¥ PREFERT R UBEREaIATH? 1 RBOBEOfPRE S at Bre Spieee ehpstrodes
| oners the resolving power in |ithography, resolution of mnute
patterns ianggeisi ¢¥ecinadey deggribed in thesq mgirver hmlodumenypehave
liquid crystal display devices, as already nentioned, refinenent is
hi ghl'y dem&nﬁﬁktﬁﬁﬂyﬂryfﬁmmnubmbeiap@¢ihighfnﬁitﬂmg}pmeqmimenehtsﬁcm as
m cromachi ning (especially dry etching) of the netal wres such as
source el sy aigs Tandndrai imted eetdeeiedcrebbbeeeASi NG HautrikheMebaveso
not been sufficiently studied yet. Although polycrystalline silicon

TFTs have bieen tHamiddg natt e8hbonni i FEGE | ol GatdhoRS el rﬂréﬁgeatent
years, polycrystalline silicon as a sem conductor |ayer of the th

filmtransist@iotdndrt e6hHaes affek ! £1RY Hag2-Bardd % RS 3 15l ‘?”Bsed
between the nmetal wires such as source el ectrodes and draln

el ect r odesshave ol Vel tReeR  SE U] ggdSIQ%ﬁfa ot l[ggégha units.
The present 1 nvention has been nmade In ew of “SUch {
situations, and |t ﬁ ect is to provide a thin fllnttran5|stor
substrate and a dISp @ device in which a decrease in the dry etching
rate of the sourcg_electrogg and dr% el.ectrode is not caused; no
etching resi dues 3PELGBREFSFBYTUGRGTE PF FREERAT ST TRE 3 $ht et
from between the sem conductor |ayer of the thin filntransistor

andt hemet PSP SRR IALAd T REC SR €2 2Bt bR it apadciel v £idne(ITO
and further to provide a thin filmtransistor substrate and a display
devi ce i n fhi®h favisabeeerswrgestaki sorngxaephRentnt paterdi doeleertode
and the transparent conductive film is also elimnated. Means for

Sol vi ng t he amdobl eapqm@0 others. Howevdrl feghhiqués |far ehdmsbating the
substrat ehaving a sem conductor |ayer of a thin filmtransistor, a
sour ce el eedrwide; rmetdlaphorldetirioeleyeandlae tscanspeakeptteondust i #€ain
film the source el ectrode and drain el ectrode conprising a
thin fil mefedirald ayd kaenmdninsaidtern] Hg. by rdme ehehifam e diitdr
filmof Al alloy conprising 0.1 to 1.5 atom % of at |east one el enent

sel ected fxom Sbt B@Qn@@sc@sge&§u§f@c§éﬂﬁl 0 Ohio@bol8aStr oNe- ta @Bt 5 «
selected from N and Co, and O. .5 a ont@bof at | east one

e ectfisd 29g Lﬁa@lé%r%g{ildyggon e es’ ﬁ il?s L gg&@é’@ r%gﬂceérnt

drain el ectrode bel ng ecte em conduct or

pol yoryst a1 Z\? *rs.*ﬂi%ni”eaér% caticlls %"s”%ag}‘ﬂ‘i?ﬂﬁr%rrrm%a%r (in

substrate ha m c ngl11 ? %%gy%r of,a thin filmtransistor,
source el GATGILIE GF K And e &% &H%Baﬂ%ﬁ?uéﬁho%ﬂc‘%qtvfé’des
film the source el ectrode and drain el ectrode conprising a

and drain electrodes are highly required. However, this aspect

has not yet been discussed sufficiently.



the source el ectrode and drain el ectrode being directly connected

Wi th a sem conductor |ayer conprising polycrystalline silicon or
continuous grain polycrystalline silicon. [0014] [4] Athin
filmtransistor substrate according to any one of [1] to [3], wherein
the drain electrode is further directly connected with the
transparent conductive film [0015] [5] Athin film

transi stor substratd®0adcording to any one of [1] to [4], wherein the
source el ectrode and drain electrode are formed by sputtering.

[ 0016] [Patent [dcurehfti 0] f Tdpadd 2 SinelQki BHBSHL 848 3GEAHGM ohONG .
any one of [1] to [5], wherein the source el ectrode and drain

el ectrode hsofofemexk by dry etching using an etchant gas conprising at
| east one gas selected fromchlorine (012), boron trichloride (BCl3)

, and hydr egen, br Qi 06% Ln.film
tran5|stor?sugitraté%ggégfglng (%ﬁ% Unexamiacd % %Fé%ﬁg%glgﬁgdPPdﬁg'
and the dr? f¥%{ de are formed during photolithography

prior

devel opnen 0 dry et ching by being exposed to a

tetranethy n|%F1 drOX|de a ueous_sol ution _at the surfaces

t her eof . r%%%t ocument gg1J S Apedenined doHt s Py la cehitAnt Fe m
transistor substrate accordlng to any one of [1] to [7] . [Effects of
t he Invent?%%ﬁ" According to the present invention, a
decrease in the dry etching rate of the source el ectrode and drain

el ectrode [Batrat @é@@@aptnéﬂ efagsneg er Bvedanined e ajumdr Fued;candona No.
barrier nmetal can be elimnated from between the sem conductor | ayer
of the thiA0t#$3+3AI00@nsi stor and the nmetal wires such as the source

el ectrode and drain el ectrode. Mreover, a barrier netal existing

bet ween t hepalraritn dekestnade] arbae o vasspAleod maRIUCELYe i ELEM LR, |
be also elimnated. Brief Description of the Draw ngs [0020]

[Fig. 1] Fagpslrizssa vertical cross-sectional view showng a TFT

el ement 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 view showng a state

that an Oxﬂ).{jsec]fdéd?eala‘% %ﬂe%n@%ﬂ{)&'oﬂ hin filmare formed on the

silicon substrate; e V|eM/shomnng a state that a resist
pattern i d ap I 05| devel opi ng the resist by
phot ol i t h(s)%% %Jﬁ% ?’yf i g a’ o%ncr?éma state that dry etching
of the A aIon tzbg ;In1is conducted by using the resist pattern as
a mask; and (d) g de vieM/shomAng a state after the resist is
reaned [F Fig. 3 shows the productlon process of an
el enent for eval uéfll%?f:e(% Ye&ﬁé’tl vl bevihee pigecof diangliso LExEERS el IZD)
in which (a) is a side V|eM/shomnng a state that a polycrystalline
silicon fiRSRIESIAUASF /Ore QHe sp=mnfeon ook iesisttant thSpasabs tisatrewifly)
is a side view showing a state that BF2+ ions are injected into the
pol ycryst aild mefénbinenh df L@Ps(crhas ik, sitde veédweishowingwarstaddcH bat
the polycrystalline silicon filmis converted into a p-type

pol ycryst &l ahkogithinah s smdly abeatuddeeal d@tdodfd £fid HRa 1 hnH18G1H B «af
BF2+ ions; (d) is a side view showing a state that an n-type

pol ycryst ald blgo SdAgee@R .| |Mé§eﬁﬁﬁeﬂh@mﬂr@wﬂdiﬂ%% 91943 )Afif é(ﬁ@y IR g
silicon film and (e) is a side view showi ng an el enent

eval uat i onej(1RN Ha‘énﬁbbﬁnrggﬂé@@)tcprﬂgﬂﬁ:e@ l@ypﬁtg 89 a%rﬁeffleasnc,Alan%l Egy

filmis formed on the n-type polycrystalllne st [icon

Expl anati on, af. Re quﬁ§&£9%§%£.£e§@ ductor .l ayer .2 So

el ectrode 3 %igln el ectro ranspdggﬁgghg%dﬁ%€1$'wTﬁfﬁPSH%§é?§rs

substrate IE?:—Gat fmfdreccatz{to 8 empqacgye slu mglc%glnn or{’clrloT 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



Best Mbde for Carrying Qut the Invention [0022] The present
invention will be described belowin further detail with reference to
t he enbodi nents shown i n acconpanyi ng draw ngs. [0023] First,
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 liquid crystal display devices such
as |iquid ptyst alf diispl ppsitetrhingf bl Mhe afshedof Sorafle wetedtading, a
switching elenments. This TFT elenent is constructed of a gate

el ectrode GediiiRE €BracBLRESy BN 855nd IO doped §é§%"'tbgp'ﬂﬂld%££k

silicon layer la provided on the gatée electrode 6 via a

insul ati ngpdidyas e and @R 1hFPUELLY dpped sem conductor silicon layer

| b which is in contact with a non-doped sem conductor silicon |ayer
la. This non-dopeqoﬁgthonductor silicon layer la and the

i mpurity-doped sem conductor silicon layer |Ib are collectively
referred to as a sem._conductor layer. 1. This inpurity-doped )
sem conduct or siligaﬁﬁ? TEyee? S@FéﬂiﬁFEﬁq%PQ%%ﬁ%é9@$iﬂﬁﬂ%JHQW#Q%
of Al alloy or others. These netal wires are referred to as a source
el ectrode’ PR PIrSeA SLBER BAEPIUNGS t¢hfshadh ddAbaeinet arem 4
used in a liquid crystal display unit is further connected to the
drai n el ect?delatijlepoand an etchantTiyesi ermpit b3 sndiitt heepr esentlement
invention fornmed el enents

f or eval uat¢badiengnai (Flil rsprepatedbipiddidgvi@dlolsate mpdtrs b Womiand
determ ned the interdiffusion of AIl/Si (interdiffusion of Al atons and
Si atons), (HB®ctirsi asedsi stivity and hill ock resistance thereof.
Accordingly, the inventors found that it was effective for achieving
the characteristi¢sooenti oned above to add Si and/or Ge to A,
further add Ni and/or Co, and then Add La and/or Nd thereto. [0025]

I't is known that theogdditdpnaafs §;l&|clﬁoas°‘lcli ﬁpégé!&?aﬁglfgaﬁzfeﬁgggmé r}eafct

suppressing the interdiffusion of and Si atons as nount o

Si - added ivsh%eﬁ%%-tr@@a%gésolfwtalyﬁs%hﬁrcﬁnl‘;?gﬂ HaYed MO LY

Si is added to Al), the upper Iim t he tenperature at

i nterdiffus] /S r i s .about, 250C, wever, the
i nvent ors aggrﬁ%ﬁn %ﬂ%ﬁga i§#§9 %?@%gf; adteF PSR PREERPCEP IS8y
(Si is ad@gd #o Al . and Ni %s further added thereto) to prepare an Al
al | oy conpti arhy: 3 ° SNGPRIF2Cefhdh The Par MRS oRvs o hsiordipnhardment
suppressed at. higher tenperatures. [0Q026] , The nechani sm of
suppr essi P S tef it ¥ uSYohRe £ @Ry as PORPEoVR theos g ke bt Bnd
the effect of incorporating Si is to prevent Si atons fromdiffusing
fromthe sehiddsraaeged iz eehpiisiofgtie wecwmuhanbemponeriti dmttbe
the Al thin filmsuch as the source el ectrode and drain el ectrode.
That is, Bphstgetpoiatnpgnbedns Woen Ehe veprSh mitessuiaitas tthe Bhsthin
filmin advance, concentration difference, which is the driving force
of diffusisomsteagehpreddusids Mowedtar etahpagsidie ief Lewéred, thereby
incorporating Ni is the formation of a diffusion prevention |ayer at
the interflasedegwees theolhmit oyMbhedvér) N ok the Pasee-6QRdHELON
| ayer (Al alloy thin film S sem conductor |ayer interface). Mre
speci fi caldgtmelt ohStie esuRe-d hat Al ane8Yi bymk SACH SN Fapl 290y
tenperatures to formsilicide, and once Silicide is produceg, the '
silicide |layefingClas28uds bardd £, 30 o@%&.ch@hgrgé%%yé‘%&? é{%%%% drvy
sSIbly dramatical I'y

not proceed anyndre . The interdiffusion is p

i d ISt f that the interdiffusion of
TS can T OiRt G R n o FOELRERGr 1 b HbosdpRittin SEchiag
Ge which is.an,ele t having a simlar effect, in place of or in
conbi nat | STNAERVEFY ﬁ&WESDWﬂF@HnF§méﬁKEF%%§ﬁF1ﬁE&ﬁﬁB“h andithgrefore

pl ace of or in conbination with Ni can al so achi eve

effect, In
the film thickness of the resist needs to be increased to prevent

a decrease in the etching rate. Since this lowers the resolving



by the patterning of the Al alloy by nmeans of photolithography and
dry etching. In case the Al alloy having the conponent conposition as
nment i oned above, chlorides in the produced Si (and/or Ge), N (and/or
Co), La (and/or Nd) have a vapor pressure |ower than Al C x, and
therefore it is necessary to keep the anount of additive el enments
such as Si (and/or Ge), N (and/or Co) and La (and/or Nd) contai ned
as | ow as posst bie.1{{H3tlaphiyer ebebentacs o dimonds e f¥resenls made
invention, etching rate of the source el ectrode and drain el ectrode
is not |owgiediciand the barrier netal between the sem conductor |ayer
of the thin filmtransistor and the Al alloy such as the source

el ectrode and draippglogct rode can be elimnated. That is, the

sem conduct or Iayer can be connected directly with the source

el ectrode and draiy eover. e barrie xi.sting
bet ween the drain E]’l ?%%glggﬁ %gp?r alrgffélpgtir(ﬂé}f?fs1i:ad]n8lt'fl§?rtL Ilr?\eéanas
be al so eI| ed That ne drajn trode and the transparent
conduct i ve ﬁ?%&%ﬁﬁ“%"l&%‘%EE%éHeza??t&Fe‘gﬂﬁr g?ﬂ%‘?d%Péénlé{ Barehkle
metal need not. be forned between these conponents, whereby m nute
wire pattefRPhFaEPFe 1% rEE LW eHent fpémqwaqhslmn@ot@ﬂﬁmal[m
In the thin filmtransistor substrate of the present invention, the
amount cont bR loP Tablde mate leMairent SLGUEE aoUSEe i aira@ss Mdadich On
Co, La and/or Nd added to the Al alloy thin filmformng the source
el ectrode ahecdralas dlsednrodesang, dsutf diHaondiavsl nandbernGeuffididmtly
1.5 atom% N and/or Co: 0.1 to 3.0 atom% La and/or Nd: 0.1 to 0.5
atom % Thetudbsbnetw | Al beowss oyo bed-Jealaowink0838).con TFTs havd@een
reason why the anount of Si and/or Ge is 0.1 to 1.5 atom % i s that

when the agPawingfatSenaidhofinGaobs1é oNes1 {RAL dhsl 18l QY gaggfect
in suppressing the interdiffusion of AI/Si is |owered and t

suppressi # intiekd f fUei08s of s&h{ SndgoyE f i
whi'l e Meﬁﬁ?ﬂiec ai}rrbg:t?nt lof SJI lan o? Gz |s§':"1ngher t%gingﬁ%ff%t%r%nﬂ&/n flhl]m

dry etchi ng L3 o3, 95L8at ltgchgx\g %? P%ém@%rno% & %r%%e&hﬁeé At Of

Si and/or Ge cont ained is prefe atom nore"
preferably % [ |Iethe Ilmt feraply
0.8 atom ¢ }}Qt‘% oner . %%léa?mfgg%? e%le?la r%e&t&’dﬁﬁmg?g ‘%ﬁ%l
reason why of N and or 1t030aton%|s t hat
when t he ae?r)tt)%%tm% NﬁiagﬁdflEiF o3} |}§e?rbvﬁatrucfll‘|°éin SHIFLSHEHEYW -t he ef fect
in suppressing the interdiffusion of AI/Si is |lowered and the

suppr essi on of thé Phtérdiffusion of A/Si becomes insufficient,

whi l e when the amount of Ni and/or Co is higher than 3.0 atom% t he
dry etching rate F8egrearny Inypatden Mebeenapdriim viof of sachmmestenst
Ni and/or Co contained is preferably 0.2 atom % or higher, while the
upper |i m%ituatgosier abtlyltxs @bdechts ortd pweridanal tidre Fpief eratd iys 6
atom % or |ower. The reason why the anmount of La and/or Nd is 0.1 to
0..5 at om$ubstndiat ankden dispdayoleriddiam Ohicat emiberéhes of fled dy
inproving hillock resistance is |owered and therefore hillock

resi st anceethecionpsatosstf fohel e8tircuhd e tirtodes ahi anes i @@c@rédatﬁnn%t
the dry etching rate is greatly |owered. The upper limt of the

amount of danand ab Ncieond aidiadies ar_-@f@éxa&wtéh 3%nat9n%aé10£e£ 91\@%%1

and nore preferably 0.2 atom % or | ower.

when the armunfe %fllh@naggé%raﬁ &&u&génn%ﬂe' geﬁé&?ﬁg%%é ﬁﬁ&;ﬂ /°f the

i ncreasing the anount of N and/or cont al ne

pr ef er abl Ye erab .0 atom % does naot

| ower the dt%y éﬂ%ﬁl‘%{%a toafn%%)&r@%%lﬁgﬁ%iwg‘?%%%ﬂﬁg? @rmﬁﬁ:?eg‘ﬁ? rode

etching. Furthernor the a t of La and/or Nd contained is

0.1 to O. 2%“0;56%}% iﬁ&*‘fﬂ@ ABENag EaRIPSded Eoht ALhBd s SEor.

2.0 atom % _.increasing the aprount of Si and/or Ge contained to 2.0
substrate and a display device in which a barrier metal existing

between the drain electrode and the transparent conductive film



[ 0039] (Exanple 1) The fl ow of the process of evaluation of
etching rate according to Exanpl es and Conparative Exanples of the
present invention is shown in Fig. 2. First, an oxide film (Si02)
having a filmthickness of 100 nmwas forned on the silicon
substrate by thermal oxidation. Second, an Al alloy thin film having
a filmthickness of 300 nmwas forned on' the oxide film by
sputteringis(shosweiimikagted® (a) ) Subsequently, the resist was

appl i ed, exposed and devel oped by photolithography, thereby form ng a
resist pattern (PR) . In formng the resist pattern, a

t et ramet hyl anmoni um hydr oxi de aqueous sol ution (TMAH) was used as the
devel oper .y i i< 040] Subsequent | vy,
dry etchi ngé(§)11}§£)}tl\fhbef Edﬁg%ngi ttla)irl?r?i)')ﬁ%qusi ng the resist pattern as a
mask was conduct ec{-oo}'ﬂ | CP (inductively coupled plasma) dry etching
devi ce described in aﬁanese Unexam ned Pat ent Publication No.

2004- 55842 was us for. the.dry etching. This plasnma, generating

devi ce descri bed ﬁﬂ]ﬁ?ﬁjﬁbgﬁfﬁ‘{@?{%ﬁﬁ%‘% F’é?%h’faﬁ)@w%%q f §RMNEORductor
2004-55842_is so-called TOP (Transfer-Coupled Plasma) type plasm
process equfprem? Getither ikt hranFLatohoat SARE dilEcderdee w ddein
A single-turn 13.56 MHz RF antenna is placed on a flat-board Iike
quartz di ePEEF5ed8ni RdGwavitiagsrarent neodxctiamd Hilgh density pl asma
i s produced by inductive coupling imediately bel ow the quartz

di el ectric w ndowtha ssuirster atertsiesiceptddrait klackovdé cegpetsynferthin
bi as at 400 kHz applied was used as a substrate susceptor on which a
substrat e fslmmmiddal Ebghfsgnahdycondtietradnyshngithie:cBeWigsethdhenin
etching conditions were as follows : gas flow rate:

Ar [ C12/ BC18£B00 2/ 6Q 186CBbmPasSs PEESSU &io h.$ BaomPeWek apPiisd: 4
the antenna (source RF): 500W substrate bias: 60W substrate

t enper at ur & SHSAEREILLEERCEAHI®) 20Cce( SHOWEANF & 25 %)oEOQélﬂre st
After the etching, to prevent after-corrosion, i.e., eorrosion o A

al | oYWl 1 eSocaUSRARALNG JRALEAL EDGN Oy Tl QXN QLIC oag! So(H) e 4 0,
the reaction between reaction products deposited onthe résist wth
Al wirep i i pr.. the resi was renoved by

t he ashi n?%%%e%g%vnmg?ﬁi%%gtég%#%g@ifnroa{&%fl ta'ndsﬁgl’rber process

wi t hout rel easing strms her e frgmthe C nber.%fshown in Fig. 2(d).)
Such et ching and &Pterlteat meACTnerE T AradPoRitetiFda Palapelitretly
etching rate using the etching time as_a factor. [0042] The
t hus- obt ai HEYF Y’%t%@eSEIHba?P@Wﬁ%FLéé’EE P TA s IgePt YOI Yif 3 ldtiae
represents a ratio of the value obtained to that of a pure Al thin
film (No. 15i1iG80 #1vaPnELIBRCYS 39krihiRfHeiciNES addtaenthsdcarcept abl e
(0). Residues were observed at a plurality of portions on the surface
of the oxide filmlaPLel the Al alloy thin filmwas etched and further
subj ected to over-etching using a scanning electron m croscope (SEM.
The presence or alhgeAddiaff irlestihres stad ngp s rditematvdngef s i pm@tor
| arger was determ ned, and sanples with which no resi dues were found
at any porldywr iofspeched were eeiesidmned as saceept abberfOde, MIrHQMEY
sanpl es which were determ ned as acceptable (0) for both criteria:
etching raie-anddeeskddes weiesgietariedasidecepigble (0) in
overall judgnment. The term"at%' shown in Tables 1 and 2 neans atom

% (also in Tabl e%hé_ls_gglggée)leﬂzggéale a@l rﬂefécﬂﬁﬁaﬁﬁ%gp%ﬁr%eglt}qgﬁg

Exanmpl e 1) 1 shows exanples using
conprisin

Sl N an Quyr ce- Ln_el ectrodes. Accordi to.
Tab e 1. rpam 5h AT iRy Fopit §F EEL SRR 05T s COB G e B
39 and 41&;. Whi C thﬁ conponent conpositions_of the A _allaoy thin
films (so V§falh BlaQY r oy Y Iy Feqli PeRbR® T 19T Gt tlg@st one
present invention; Nos.12, 13, 23, 24 and 32 to 34 in which the
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



No. Source-drain electodes Dry etching Overall Rat e Resi dues

j udgment

Al Loo 0 0 0 2 Al-0.5at%si -0. 2at%\i -0.1lat%.a 0.94 0 0 O 3

Al-0. 5at %&i - 0. 6at %\i - 0. 1lat%.a 0.90 0 0 O

at least one element selected from La and N4,

the source electrode and drain electrode being directly
connected with a semiconductor layer comprising polycrystalline
silicon or continuous grain polycrystalline silicon.

[0013]

[3]Athinfilmtransistor substratehavinga semiconductor
layer of a thin film transistor, a source electrode, a drain
electrode, and a transparent conductive Tilm,

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 at least one
element selected.from $1 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 electfode 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], wherelin the drain electrode is further directly
connected with the transparent conductive f£ilm.

{00151

[5] Athin film transistor substrate according to any one
of [1] to [4], wherein the source electrode and drain electrode

are formed by sputtering.



- Al-0.3at%si -0.6at %N -0. 1lat%.a 0.95 0 0 0 5
Al-0. 5at %&i - 0. 6at %N\i -0. 1lat%.a 0.90 0 0 O 6
Al-1.0at ¥%Si -0. 6at %N -0. lat%a 0.76 0 0O O 7
Al-1.5at %Si -0. 6at %N\i -0. lat%.a 0.64 0 0 O 8

Al-2. Oat %&i - 0. 6at N - 0. latta 0.50 O

[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 (Cl;), boron trichloride (BCls),
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 i:etramethylamnonium hydroxide aqueous solution at
the surfaces thereof.

[0018]

[8] A display device comprising a thin film transistor
substrate according to any one of [1] te [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
thinfilmtransistorandthemetalwires suchas the sourceelectrode
and drain electrode. Moreover, a barrier metal existing between
the drain electrode and the transparent conductive film can be

also eliminated.



0 09 Al-0.5atuBi -1. 0at%Ni -0. latta 0.85 0 0 0 10
Al-0.5at %si - 2. Oat %Ni -0. 1lat%.a 0.73 0 0 O 11
Al-0. 5at ¥Si - 3. Oat %N\i -0. latta 0.61 0 0 12

Al- 0. 5at 9651-4. Oat %Ni -0. 1latta 0.50 0 0 O 13

Al- 0. 5at %&i - 5. Oat %N1- 0. 1lat %.a

Brief Description of the Drawings

{0020]

[Fig. 1] Fig. 1is avertical 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 £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; (¢) 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 BF;" ions are injected
into the polycrystalline silicon film; {(¢) is a side view showing
a state that the polycrystalline silicog 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



0.36 000 14 Al-1.0at¥si-1.0at%Ni -0. 1lat%.a 0.71 0 0 0 15
Al-1.5at%si-1. 0at %Ni -0. lat%.a 0.57 0 0 O 16
Al -2 0at%si -1. 0at %\ -0. lat%.a 0.45 0 0 O 17
Al-1.0at%si -2. 0at%Ni -0. latta 0.61 0 0 O

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..8emiconductor layer

2..8purce electrode

3.Drain electrode

4, .Transparent conductive film

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

transistors are used as switching elements. This TFT element is

10



18 Al-1.5at%5i -2. 0at %Ni -0. 1lat%.a 0.47 0 0 19
Al-2.0at %%i -2, 0aaNi -0. latta 0.35 0 0 0 20
Al-1.0at ¥Si -3. 0at %N\i -0. latta 0.53 0 0 0 21
Al-1.5at %Si -3. 0at %Ni -0. lat%.a 0.40 O 0 0 22
Al-2.0at 96Si -3. 0at N - 0. lat%.a 0. 27 x

constructed of a gate electrode 6 formed on a glass substrate
5, a non-doped semiconductor silicon layer la provided on the
gateelectrode 6 viaagate insulating £ilm7, and an impurity-doped
semiconductor silicon layer lbwhichis in contact with a non~doped
semiconductor silicon layer la. This non-doped semiconductor
silicon layer la and the impurity-doped semiconductor silicon
layer 1lb are collectively referred to as a semiconductor layer
1. This impurity-doped semiconductor silicon 1b layer is
electrically connectedbymetal wires of Al alloyor 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
for evaluationusing thin filmspreparedbyadding various elements
to Al, and determined the interdiffusion of Al/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 A1, 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

11



0 X 23 Al-1.Catusi -4. 0at¥Ni -0. latta 0.47 0 0 0 24
Al-1.5at¥%si - 4. 0at %Ni -0. 1lat%.a 0.33 0 0 O 25
Al-2.0at ¥Si -4. 0at %Ni -0. lat%.a 0.21 X 0 X 26

Al-2. O0at ¥Si -5. 0Oat %Ni -0. lat%.a 0.18 X X X 27

Al -2. 0at %5i - 6. Oat N - 0. 1at %.a

the amount of 5i 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 A1/Si canbe suppressed
is about 250°C. However, the inventors have found that if Ni is
further added to an Al-Si alloy (Si is added to1Al, 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]

Th@mechanismofsuppreSsinginterdiffusionissupposedly
as follows: to begin with, the effect of incorporating Si is to
prevent Si atoms from diffusing from the semiconductor laver
comprising Si as a main component into the Al thin film such as
the source electrode and drain electrode. That is, by
incorporating atoms siﬁilar to 81 atoms into the Al thin film
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 /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
thatinter&iffusiondoesnotproceedanymore. The interdiffusion

is possibly dramatically improved by these synergistic effects

12



0.16 x x x 28 Al-0.5at %5 -1. Oat %N\i - 0. 35atta 0.78 0 0 0 29
Al- 0. 5at ¥%&i - 2. Oat %\i - 0. 35atta 0.70 0 O O 30
Al-1.5at¥%si - 2. 0Oat %\ - 0. 35atta 0.45 0 0 0 31
Al-1.5at %5 - 3. Oat %\i - 0. 35atta 0.38 0 0 O
so that the interdiffusion of Al/Si can be suppressed at higher
temperatures.

[0027]

Using Ge which is an element having a sinilar 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 similar actions and effects.

[0028]

While the interdiffusion of Al/Si can be suppressed at
higher temperatures, a thin £film comprising the Al-Si (Ge)-Ni (Co)
alloy does not have sufficient hillock resistance. However, it
was found that hillock resistance canbe improvedby further adding
La and/or Nd to the Al-S5i(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
metzl 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 forns a conductivepathat the interfacebetween
the compound and the transparent conductive film.

[0030]

The source elecirode and drain electrode need to be formed

13



32 Al-1.5at%S5i -4. 0at 96N1-0. 35at%.a 0.35 0 0 O 33
Al-1.5at%si -5. 0at %N\i -0. 35at%.a 0.32 0 0 O 34

Al- 1. 5at ¥%81-6. Oat %N\i -0. 35at%.a 0.30 0 0 O 35
Al-2. Oat ¥Si - 6. 0Oat %Ni - 0. 35at%.a 0.25 x X X 36
Al-1.5at%5i -7. 0at ¥Ni - 0. 35atta 0.26 X

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, the dry
etching rate of the source electrode and drain electrode ig not
lowered, and the barrier metal between the semiconducter 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.

14



X X 37 Al-1.5at9%31-2.0at %N -0. 5at%.a 0.36 0 O O 38
Al-2.0at %8i - 2. Oat %Ni -0. 5at%.a 0.24 x 0 X 39
Al-1.5at¥%Si -2. 0at %N\i -0. 5atta 0.31 0 0 0 40
Al-2.0at %Si -2. 0at %Ni -1.0at%.a 0.17 X 0 X 41

Al- 1. 5at %&Si - 3. Oat 9N - 0. 5at %.a

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: O.l‘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 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
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

15



0.32 0 0 0 42 Al-2.0at%®si - 3. 0Oat %Ni - 0. 5at%.a 0.18 X 0 X 43

Al-1.5at%6i -3. 0at %Ni - 1. Oat%.a 0.25 X 0 X 44

Al-2.0at9431-3. 0at%Ni -1. Oatta 0.13 X 0 X 45

Al-2.Oat %5 - 3. Oat 9\i - 1. 5at %.a 0.09 X X X
effect in improving hillock resistance is lowered and therefore
hillock resistance becores insufficient, while it is higher than
O.S 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)ox'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 %, an&.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 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.

fO035]

The temperatureatwhichthe interdiffusionofAl/sSistarts
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]

16
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It is desirable that the Al alloy thin film forming the
source electrode and drain electrode is formed by sputtering.
That is, in forming the Al alloy thin films of the source electrode
and drain electrode, the method of forming them is not especially
limited, but is desirably conducted by employing sputtering. By
employing sputtering, a desired component composition can be
readily obtained by adjusting the composition of the target used.

[0037])

The thinfilmtransistor substrate accordingtothepresent
invention can be used for varioqs 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 andComparative Examples of thepresent invention
will be described below. It should be noted that the present
invention is not limited fo 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)

(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 ($1i0,) having

17
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a film thickness of 100 nm was forméd on the silicon substrate
by thermal oxidation. Second, anAl alloy thin filmhavinga 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 acgueous solution {(TMAH) was used
as the developer. (shown in Fig. 2(b).)}

[0040]

Subsequently, dry etching of the A1 alldy 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 generatingdevice 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 guartz 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/Clp/BC13=300/200/60 sccm, gas pressure: 1.9 Pa, power applied

18
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to the antenna {source RF): 500W, substrate bias: 60 W, substrate
temperature (susceptor temperature): 20°C. (shownin Fig. 2 (c).)

[0041]

After the etching, to prevent after-corrosion, i.e.,
corrosionofAl alloywires causedby the generationof hydrochloric
acid (HC1l) 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.l), and a value of 0.3 or higher was
determined acceptable (¢} . 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 diametex of 0.3 um or larger was determined,
and samples with which no residues were found at any portion
inspected were determined as acceptable (0). Moreover, samples
which were determined as acceptable (o) forboth criteria: etching

rate and residues were determined as acceptable (¢©) in overall

19



1780 8 0 LbO TL 'O 9V0 12 11 69'0 99°'0 90 Source-drain

el ectrodes ser1V93. 0-00%23. 0- eOWE' 0-1V |

Al- O 5at %Ge- 0. 2at %Co- 0. 2at %.a r19612Z*0-00%12Z*0-80%128. 0- 1V
wl1612Z. 0- 00% gn- G0964PO T-TV | | Al-1. 2at %e- 0. 2at %Co- 0, 2at %.a |
'819%427*0- 0094 R10- 80%RE' O- 1 V Al-0. 5at %Ge- 0. 4at %Co- O. 2atta

Al- 0. 8at %=e- 0. 4at %Co- 0. 2at ba Al-1. Oat %=e- 0. 4at %Co- 0: 2at %.a

AL G Sat Yea 0 hat boo. 0280 Wha = 1. O BArves. Ca Y0P 00 A tpng atom &.
r 1_90: 27* 0&%@.29. Oega\ﬁ{’fO- - Vd Al: 1. 2at ‘Vﬁe: 0. 6at ‘VCO: 0.2atta |
Al- O 3at %217 0at YUC Y- Faru?d A110. 5at ue- 1. Oat %Co- 0. 2at %ha |
[0043]
(Summary of results obtained in Example 1)
Table 1 shows examplesusing Al alloy thin films comprising
Si, Ni and La as source~drain electrodes. According to Table 1,
Nos. 2 to 7, ¢ 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 [1l} of the
present invention; Nos.12, 13, 23, 24 and 32 to 34 in which the
component compositions of the Al alloy thin films satisfy
requirement [2] of th‘e 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
acceptable (o) 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 (x} in overall judgment. Incaseof No.l
where the source-drain electrodes were pure Al thin films, no
residues were observed, making them acceptable (0} in overall
Judgment.

[C044]
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Al- 0. 8at %=e- 1. Oat %Co- 0. 2at %da Al-1.Oat %=e- 1. Oat %Co- 0. 2at % .a
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Table 2 shows the examples using the Al alloy thin films
comprising Ge, Co and La as the source-drain electrodes.
46 To 65 shown in Table 2 satisfy all of requirements [1] to [3]
of the present invention, and therefore were acceptablie {0) for

both criteria: etching rate and residues, making them acceptable

(0) in overall judgment.

{0045]

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 obwvious that test results

similar to those in Tables 1 and 2 are obtained.

[0046]
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(Exanpl e 2-1)
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El ements for evaluation (pn

junction devices) according to Exanples and Conparative Exanpl es of

t he present
in Fig. 3.

substr at es; e LPCVD et hod.
was used as a raw materi al
under the conditions of 10 key and 3 el 5/ cn?.

Sill,'

i nvention were prepared. The flowof this process is shown

First,

polycrystalline silicon filns having a film
t hi ckness of 200 nmwere forned on p-type | owresistance silicon

gas.

(shown in Fig. 3(a).) At this tine,
Second, BF2+ions were injected
(shown in Fig. 3(b).)

Subsequent lly, ,.a hgat t t t at 800C jvas carribadiogt Tor 30 Menlt gs
after thislinjéctilon 'OFP&F%E%E&P' SIF%P% ng pf doped Rewl ycr y$tkzbidupng mégmentdn
films. (shown 1n Hig. 3(c).)AlFurthernork, 1mgdoped(pol ycrystall i g
silicon fillms havi|ag0ebat%3it0. 2d%diknessLof aaut | 40 nmwer e (b or red N
t hese p-type pdl vaAysxfkbSirecatli-e.on%le ] mo@shon K Fig. 3(d).) Gt
this tinme, [Si H4 and-HReBt%gresakidd0.as%topi 0gsgases@n the@il'm O
form ng. A¢cor®i ndlA0. kit ENinG 1abLobl 98oyst al KD ne|si Kbcop wepe
fornmed. [0049]6 Al-1.0a8$S]-6. Ga0Nit Ml st¥la | m8.78av| ngCa f{l mD hi ¢kn€ss
about 300 pnwer e f| diticehtelii-O etE-MortiCs ySOBUI | he §p1iconil ps Ky
sputteringj Subsedquddt® GaySi+etatBi-Qasttba ns0ser e| f ofdred{ by O O
phot ol i t hogr aghy. | dird. GakibfirleGat®iing) Lakld he0B8F a| | oW thin Ok wa
carri ed ouf_udDng | At stBSi-P0anbisik® lethblba ni 0G3el bnefd s for Ceval uad on
shown in Fig. 13( e) Al-Ocatikiin-3. Getiigl. L8kkd | ) 0Blhe Lonfibsi i o of tRese
Al all oy 12~ | Al-0.5at%Si~4.0at%Ni~0.1at%la | 0.50 o 1.0 @)
13 | Al-0.5at%Si—5.0at%Ni—C.1athla| 0.36 @) Q O
14 | Al-1.0at%Si-1.0at¥%Ni—0.1at%la | 0.71 @) @) O
15 Al-1.5at%Si—1.0athNi~0.1at%la | 0.57 Q- O Q
16 Al-2.0at%Si—1.0at¥Ni~0.1at%La | 0.45 @) @) )
17 . | Al-1.0at%Si—2.0at%Ni-0.1at%la]| 0.61 O @) O
18 Al-1.5at%Si—2.0at%Ni~0.1at%La | 0.47 Q Q Y
19 | Al-2.0at%Si—2,0at¥Ni-0.1at¥la} 0.35 Q @ @
20 Al~1.0athSi-3.0athNi-0.1at%la| 0.53 @) @) @)
21 Al-1.5at%Si-3.0at¥Ni-0.1at%la | 0.40 @) @) O
22 | Al-2.0at%Si—3.0at%Ni-0.latdLa 0.27 X O X
23 Al-1.0at%Si—4.0at%Ni~0.1at%La | 0.47 @, Q Q
24 Al-1.5at%Si—4.0at%Ni-0.1athla] 0.33 @) Q Q
25 Al-2.0athSi—4.0at%Ni-0. lathla] 0.21 X O X
26 Al-2.0at%Si~5.0at%Ni-0.1at%la{ -0.18 X X hat
27 Al~-2.0at%Si-6.0at%Ni-0.1lat%La{ 0.16 X pas X
28 Al-0.5athSi~1.0at%Ni—0.3bat%Lal _0.78 @) @) . O
29 1AI-0.5at%Si-2.0at¥%Ni~0.35at%Lal  0.70 Q Q O
30 Al-1.5at%Si—2.0at%Ni—0.35at%La)  0.45 Q O O
31 Al-1.5at%5i—3.0at%Ni~0.35bat%Lal 0.38 O O @
32 Al-1.5at%Si-4.0at%Ni—0.35at%Lal 0.35 Q O Q
33 . |Al-1.bat%Si-b.0at¥Ni~0.35at%La] (.32 @) O Q
34 |Al-1.5at%Si~6.0at%Ni-0.35at%Lal 0.30 O O O
35 Al-2.0at%Si-6.0at%Ni~0.35at%lLal 0.25 X X X
36 Al-1.5at%Si-7.0at¥hNi-0.3bat%lal 0.26 X X - X
37 Al-1.5at%Si—2.0at¥Ni-0.5at%la ! 0.36 @) Q O]
38 Al-2.0at%Si—2.0at%Ni—0.5at%la|{ 0.24 X @) X
39 Al-1.5at%3i~2.0at%Ni-0.5at%lLa | 0.31 @] O O
40 Al-2.0at%Si-2.0at%Ni—1.0at%la| 0.17 X O X
41 Al-1.5at%8i~3.0at%Ni~0.5at%la| 0.32 O O O
42 Al-2.0at%Si-3.0at%Ni-0.5at%la| 0.18 X O X
43 Al-1.5at%5i-3.0atbNi-1.0at%la | 0.25 X O X
44 Al-2.0at%Si—3.0at%Ni~1.0athla | 0.13 - X O X
45 Al-2.0at%5i-3.0at%Ni-1.5at%la | 0.09 X X X
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thin filns are as shown in the colum of the source-drain el ectrodes
in Tables 3 and 4. In the elenents for evaluation shown in Fig. 3(e),
the Al alloy thin filnms correspond to the source-drain el ectrodes,
while the n-type polycrystalline silicon filns and p-type

pol ycrystalline silicon filnms therebel ow correspond to the

sem conductor |ayers of the thin filmtransistors. The source-drain
el ectrodes (Al alloy thin filns) and the sem conductor |ayers of the
thin filmtransistors have a structure in which they are directly
connected without a barrier netal |ying therebetween. [0050]

The thus prepared elenents for evaluation (pn junction device) were
subjected to a heat treatnent at a tenperature of 250 to 400C for 30
m nutes. the pn junction devices after the heat treatnent were
determ ned for their current voltage characteristics to determne the
degree of interdiffusion of Al atons and Si atons. That is, the

. di ffusi on phenonenon of the Si atons in polycrystalline silicon

(sem conductor layer) and the Al atons in the A alloy film
(source-drain el ectrodes) can be evaluated by determ ning the current
vol tage characteristics of the pn junction device. An el enent having

a normal pn junction has such rectificationpropertythat a current
i s fl ownbyapplyi ollit 3gg tlo |t h -type r#gior and a
positive voltage 3 tlhe regi onf whill.d dn |t he
ot her hand a cuf (g'fé) G IO Oa)) o
then-type regig ‘iveivgl tlade [(rleverbe| bt ag) [tq tthd p-type
regi on. However, diif luge dfr el Al gl oy tlhiln il m
(source-drain eliegtr he |p} jjunictl Fefi pny & nor(ngl
rectification progeér d) { nnot
be shut off evgr %i .éjtieg éjt}gf
i nfluence of the i i Al |atjo cgn |be
grasped by eval gath ¢—F—etetrenf e+egrrHeHdt )
which flows wherZ2s pplii 4d. hg Jaljue of
this | eakage cui j 0 '
fusion of Al at¢&q 4 E $ ¢ e¢% §) . 1 eé%nt
val ue of this | ¢altade lcd .| The|silz¢ qf |t he fel eyallugt 4d was
such that they ¢adk[hgve ancgn anesd g3 Py Tapd|a
current val ue wheny 4 ) f 11 iLd _dpdli t b_a _llejerse
bi as was defined g4s I%%‘e fg -«ééwﬁg%% 18| o @“’%ms are
shown in the colfufn < f< u.;ﬂ‘ﬁ> < ¢ = %aage
current of the ¢l @ng i ch D s |pllade S e ttal
bet ween the soufce-(r did} & rafle o All «gld d ohadl «ff e
seni conduct or | gyer |of|=|e 2l teind Botl B P ) g@ 220941 A
| eakage current || owgdr |t5|ds seat s s O s O e e Bhiss Y dl|ue
(4.0x10-8A) was |det grifd O B I DS B g ST t han
t he val ue was datgrr'.qg ] eséﬁgrm g. 51 | €l €pent s
wi th | eakage cufrnt qtld (gb d_c)’m@f-oq%w ;S)@U |l e
el enents with all8akadeS]er RE e A A ] g d
poor . 10052 | - L5 o558 3| sk o sl b
treatment was eyafugt gcblic S pb| owoihe | o i ed| S| Al —if-Hel i ne
and space pattefnghdvi % bl of ol &] philds Bl bhe| b b
above- ment i oned ﬁmle% AL A %%% 2153 2HE| GEYI eChas
subj ected to a yacuygm MER| & ) SR H B
Thereaf t er,—t hefsur flaq& RI'RePNBY Y Et | F 15y Rl Noni
ni croscope to count |t R Tl ToThs'| i sl eier|o. 1
pmor largeh. Sanpl ¢s | 5o Bt o | | <dpid| k| e[ (g | [ or
fewer wer e "udgfd—gwo e oSE YTt jderrs ot ock
more than ¥109{n2 were ppof (X Thg r ts f hi s

- 2 S e g g g e e s B B|o|S|SI B[S

=

s



four-term nal nmethod. The results of this determ nation are shown in
the columm of electric resistivity in Tables 3 and 4. The el ectric
resistivity (4. 3 pGm about 1.3 tinmes higher than the electric
resistivity of a pure Al thin film (3.3 p.@n was used as a
reference val ue, Sanples having an electric resistivity equal to or

| ower than this reference value were judged good, while those which
were not were judgeshgrqor. [0055] (Exanple 2-3) The cont act
properties (contact resistance) when the Al alloy el ectrodes and the
t ranspar ent conduc@j%ﬁLfEIgLﬁge directly connected were determ ned.
Sanmples in which | 5 Pﬁns wefe formed on various Al alloy el ectrodes

shown in Tables 3 _and 4 were forned. under an atnpsphere of AT gas,  at
a pressure of 0.4 Eé’zfmﬁﬁl&sa ?%W@Hﬁ?ﬁ%no;plﬁéﬁé?t?ﬁg 156959 ngchesging
wer e prepared an dding 10% by mass of tin oxide to indiumoxide.
[0056] O EX i CEBPST P T £ eB¥ il ket e rtiien & o9 npr dBHENAFOR
“Kel vin pattern having 103Pn1square contact holes and by the

f our - t er ni ¥ RECRBECAUsi g Fle ebihhasprogssstisvshgwroin§ige 3.hi Rirst,
filmand 1 TO 2x10-4 Ocn? as a reference val ue, sanples having a
contact reBPsY¢Rystaldduad stoioen| Divlers hhannyghi Sief ehtokee valafe 20er gn
judged good (0) , while those which did not were judged poor (x ) .
The eval uaveoa feswd snapetghovivvi-rebikliancd anti don [Mstrates by the
Al t hough the nunbers of Exanpl es and Conparative Exanples shown In

Tabl es 3 apecv gethot. codwh 1A #ipse (af . FXampkas s anihCoFPAS dbisVesed
Exanpl es shown in Tables 1 and 2 in terns of the conponent

conposi ti ogs é)ﬁ:akh@atﬁélli_raqe%% al BRIREL I 8851 ol DGR Scted under the

corresponding to those in Tables 1 and 2 are shown as corresponglng

nunbers in ; : e her gisi,s. M0 I dj | es
cdabl et and 19, dhepnbhs &y enfO SRRLAAPOR! E0g. SAP |

and Conparative Exanples in Tables 1 an ey are | Wth

"-". [0058 Y .of _t esul t t ai_n bn Exanples 2-1 to_2-3
Tabl e 3 sh%juv\lrgssée@agr%{pﬁﬁgg Ss?%{; a‘?lr(lﬁéna%bcof & Eﬂ% ?i‘f?ﬁ" crg)c?ﬁﬁr’ie ' ﬁBtESF?rI\%O
or La as source-drain electrodes. According to Table 3, in Exanple 2,
Nos. 3 to B"™Y¢S Eﬁﬁjt% St $P29ChFN KX iHPTHPEh PrAPEEnponent
conpositions. of the Al allox_thin films (source-drain el ectrodes)
satisfy tkﬁ?%¥ﬁﬁﬁ§k§%&ﬁ?e[ff oFORhEL PResertSirnRenti BAg- whiFk- t he rest
Nos. 9 and_12 are exanples in which the conponent conpositions of the
Al all oy tHFRCHSINRE s TEIRLG UV EEBER 1] Ble 6f 1ifien giidgematineat fiodm
(Nos .15 to 18 and 20 al so satisfy requirenent [2] of the present

i nvent i on. jhigknesseshitbouiNgd nn¥eire 2rmehi ahtize s Exaypt pelpdridienlline
present invention were good in all of the criteria: |eakage current,
hill ock resiktancéilmbect fshownesnstigri Bydand dontacs tiesd,SEadeend PH,
maki ng them acceptable (0) in overall judgnent. On the other hand, in
case of Nowdraherd aheicmufgcgaééaimair@:tfﬁgzﬁleﬁomeirxﬁ;.pumcé\kdm%n , pn
films, good results could not be obtained in | eakage current, iYIock
resi st ancejanek G a6t pbegLeyanse1 iMD. 5241 ddh Wakkeh f@%m@?.s pl aced as a
barrier nmetal between the source-drain electrodes (A alloy thin
film and the semggagyuctor |ayer of the thin filmtransistors, also
exhi bited poor electric resistivity. Therefore, both Nos. 1 and 2

wer e unaccept abl e, §x),4 . j t._[00Q59). . Tabl e
shows the exanpl eéﬁuels%in%] ?égﬁﬁil&{#gﬁ%ﬁﬁ?na fnﬁqﬁns %%)Cr:r]f)r??%‘ci 6’5 %C,’u?.‘éoo
and La as the so rce-grai ele%é%pdes §'mce h@s. 23,&0 7 shown in
Tabl o 4 SdtT4F5S AP FRGE OP GHGSF ERANES TP Lt oRE STLOFOR b LBF BYSIL Loring.
invention, they were judged good in all the criteria: |eakage
current, MYAITEREELVet Bpeest Aadderne Yese siqmad) Pineh@lemt iddiography,
resi stance, nmaking them acceptable (o) in overall judgnent. [0060]

Al t hough B&hphes sisthHga hé tAle Ak ohithinifidsscoaprdasinigdSPut O langd

La as the source-drain electrodes, and Exanple using the A alloy
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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x00000000000000000000 Contact resistivity (QnR) 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
40-30V 4 170-309'1 170-309'1 40-308'1 40-3007 0-300"1. 1
170-9001 Electric resistivity @50C St 6 9 6'E 9 8E '4 117
017 dt 6t 9. 8 IC EC EC EC 95 9,5

thinfilms 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 alley 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 lavers 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 400°C for 30 minutes. the pn junction devices after the
heat treatment were determined for their current voltage
characteristics o 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 sucharectificationpropertythatacurrentisflownbyapplying
a negative voltage to the n-type region and a positive voltage
(positive bias) to the p-type region, while on the other haﬁd

a current is shut off by applying a positive voltage to the n-type
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EEE 6* Hllock resistance @00C x00000000000000000000 O

I nterdiffusion 0000v@o o 000gz@0 00 0OOO0O0OO0OO0DO0O0OO0ODODOO0ODO
0 Leakage current (A) pa@90-9025 60-309" 90-3 O.* 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
90-909t 60-300'17 30-31< 1 60-30617 QAR@ 60-303'9 60-2037

430117 010501 280" SBR- Hee 005 0175005 BRSO e e £ eaton.

2?é2?fégesﬁgj¥g9gr, Q'J%e%o%ld' at%?n_s?’g%tffugg ) %ng Etk%e 6}9]: 3aol]lloys%"f|1ri%e_fqu?ni :
(source-drain electrodes) into the pn junction region, a normal
rectification property cannot be obtained. Thaf is, a current
cannotbeshut@ffevenwhenzireversebiasisapplied. Therefore,
the influence of the interdiffusion 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 interdiffusion of Al atoms'and Si atoms was evaluated Ffrom
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
interdiffusion 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™°A. A leakage current lower
than a value 10 times higher than this value (4.0x107%A)was
determined as o, while a leakage current higher than the value

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

leakage current of 4.0x107%°A or lower were Judged good, while
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Cr Al-0.5at9381-0.2at%Ni-0,iat%.a Al-0.3at%si-0.6at%\N -0,i at%.a
Al-0.5at %5i -0. 6al¥Ni -0. lat%a , Al-1.0at%si-0.6at% -0. lat %.a
Al-0.5at%5i -1. 0Oat %N - 0. lat%.a Al-1.0at%si -1. Oat %N - 0. 1lat %.a
Al-2.0at%si -1.0at9Ni -0.iat%.a Al-0.5at%si-2. 0at%N -0, 1 at %.a
Al-1.0at %5 -2. 0Oat YN - 0. lat%.a Al -2. 0at %Si - 2. Oat ¥%N1- 0. lat .a

Al -0.5at%5i - 3. 0at N - 0. lat%.a Al-1.0at%si-3. 0at %N - A at %.a

Al - 0. 5at % Oat "
AL 0 a1 000 Bt 0 srerepde RrrEmn Sy tharlf M4 A Fhaea

Al -0. 5at 9 gb %rOat ONi -0.35at%.a Al-1.0at%oi-1.0at %\ -0. 35at %.a
Al - 0. 5at % Dat %N - 0. 5at%.a elckl e9ttrY0120*1.rSY0120.1.-1V .
Cot responcOng No |{0%%2]03 11 e61. LI 01. 91. M 6 9 9 17 z

The generaticn 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 ym was formed on the above-mentioned
sample of a pn junction device, and the device was subjected to
a vacuwm heat treatment at 350°C 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 ym or
larger. Samples with the density of hillocks of 1x10°? /m® or fewer
were judged good (0}, 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. Subsedquently, 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 um and a length of 10 mm. The composition of these
Al alloy thin films are also as shéwn in the column of the

source~drain electredes in Table 2
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{0054]

The Al alloy films after the etching mentioned above were
subjected to a heat treatment at a temperature of 250 to 400°C
for 30minutes. TheseAl alloythin films after the heat treatment
wére determined for their electric resistivity by the
four-terminalmethod. Theresultsofthisdeterminationare shown
in the column of electric resistivity in Tables 3 and 4. The
electric resistivity (4. 3 uQcm) about 1.3 times higher than the
electric resistivity of a pure Al thin film (3.3 pQcm) was used
asareferencevalue. Sampleshavinganelectricresistivityequal
to or lower than this reference value were judged good, while
those which were not were Jjudged 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, at a pressure of 0.4 Pa and a
temperature of 200°C. The ITO f£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-pm square contact holes and by the

four-terminal method. TUsing the contact resistivity of a Cr thin
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000000 Contact resistivity (@n2) Leo-no.[ VO 3007 90-900'9

90- 9009
90- 307t
El ectric

90-30Lt 90-30017 I 90-30 I[:17 90-300'9 90-300*V 90-309'
90-301; 90-300t 90-300" 90-30(3 90-309"zZ 90-309'3

film and ITO, 2x107* Qcm® as a reference value, samples having
a contact resistivity equal to or lower than this reference value
were judged good (¢}, 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 compositionsof the source~drainelectrodes, the numbers
corresponding to those in Tables 1 and 2 are shown as corresponding
numbers in Tables 3 and 4. When there isno correéponding Examples
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 scurce-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
satilisfy requirement {3] of the present invention. (Nos.15 to 18
and 20 also satisfy requirement {2] of the present invention.)

As aresult, Nos., 3to 22 whichare Examples of the present invention
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resistivity @50C(RS2cm) ' I, V 9 LE ZV 8 6"E 1,17
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St St 9t Hi Il ock resi stance @00C X 0 0 0 o ,

were good in all of the criteria: leakage current, hillock
resistance, electric resistivity and contact resistance, making
them acceptable (o) in overall judgment. On the other hand, in
case of No.1l 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 semiconductoxr 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]

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

to those in Tables 3 and 4 can be obtained.
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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 (o0} 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 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 judgment 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 inventionhasbeendescribedindetail
with reference to the specific embodiﬁents, it is apparent for
aperson of skill in the art that various changes andmodifications
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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JO el%eZ O 00%e3. 0-99949' 0-1V ETY0le3. 0- 00A1eZ10-9T/0189' 0- 1V
27/ 012Z1)-00/ ol et 0-00194.89' 0- 1V Al- 1. Oat %e- 0. 2at %Co- 0. 2at %.a

Al- 1. 2at %Ge- 0. 2at %Co- 0. 2at %4a Al-0. 3at %e-0. 6at %Co-0. 2at 3' La |
ei onet o- cooki ewo- sooki ewol v Al- 0. 8at %Ge- 0. 6at %Co- 0. 2at %.a

Al- 1. Oat %Ge- 0. 6at %Co- 0. 2at %da Al -1. 2at %=e- 0. 6at %Co- 0. 2at U.a

Al- 0. 3at %ze- 1. Oat %Co- 0. 2at %da Al-0. 5at %=e- 1. Oat %Co- 0. 2at U.a

Al - 0. 8at Gesdy Qadideer Ondat Ass- A 7oba0al W@ﬁph@@%@@aﬁa&%%@ 2008 and
Al- 1. 2at %e- 1. Oat %Co- 0. 2at %.a Correspondl ng . 09
617 99 Lg ﬁépeﬁ?ese Patent Application (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 £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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[ 0063] (Overall evaluation of Exanples 1 and 2) When t he
conponent conpositions of the Al alloy thin filns (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 judgnent, and can be therefore used as source el ectrodes and
drain electrodes with good basic performance, w thout causing a
decrease in the dry etching rate ofChABMSource el ectrodes and drain
el ectrodes or generating etching residue. On the other hand, when the
conmponent conpositions of the Al alloy thin filnms (source-drain

el ectrodgs) doy ey ﬁﬁ@{rhlﬁfs‘lor%ﬂb(sn%fe Ha@ﬂl?'arsgﬁ%h&lcﬁélr]la &P of Bthifilnk he
present invention; when pure A ilms are used as the

sour ce- drEnpistel, dspwise elserese, wﬂn@m dyctinde apfl aderspatenaciidpetiveriilmet al
bet ween t he s §J§1cgr cﬁlﬂ tdrrﬁg%{% @Ie c%lrlp?xln% g'tﬂ%lffﬂ[lnr&AEllgﬁ?); E)?med

sem conduct or Tayer ansrsto hé ov
judynentlmamﬁuna@ﬂﬁnhabkbmgxyedhnﬁhmszfﬂhnemﬁmdMngDIEnanphaﬁWioﬁnd

2, d ther for ct of th res ve .ion_cannot be
s oved G4 Bdgap 0 atsm I bER 2 nasrbost sdtiied PG OhEROKora bt

describedaitcnﬂl%@ﬁdt1e&hﬁdmereﬁa‘n%em&tédca&maaﬂ&mflC enbodi nents, it is
apparent for a person of skill in the art that various chanqﬁ; and

nodi fi cat i ons lssoupss elpsHedgndiibun elgeedeicing divesty earaceipd with thend scope
of the prs@ﬁ?c@ﬁddc%ﬁ@e& 88mprising 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, p

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 L.a 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.

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
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The present application is based on Japanese Patent Application (No.
2008-007221-A) applied on January 16, 2008 and Japanese

Pat ent Appl i cati on (No. 2009-003732-A) appliedon January 9, 2009, and
their contents are hereby incorporated by reference. |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

et chi ng r&, 6.1ab 2tthaos StipL e ledseater achecra ndedediromdNiacd Codendi (51 to 0.25
prevent ed ng residue is t ed nd a barrier netal can
e el T AR Fh MRS e S EOn H0 BN er of the thin f1lm
transi stor andhd fd@rddRledtrodd dRSlrSHClcRSdel fithoShrECE cRneatd QdR aand drain
el ectrode. Moreover, a barrier metal existing between the drain

el ect r odeCRHANEHEOTIFVER SPRPETIS RUKHEHIDeS HFqAr CARIBOUREEH el i ni nat ed.
CLAI M5 ]polﬁ#smllé}xes'iﬂc%tranm stor substrate having a sem conduct or

| ayer of I'mtransistor, a source electrode, a drain

el ectr ode, andvlareum ﬁ:esgta:r efithe (h(yrmh]mtg e cfflt}hemhm film ofﬂtlhiélos tuthe dry

el ectrode n dec nfllmof Al all oy

For ned by S B AGE B TH PRechma ERet (A ChERAFM of Al al oy
conprising O. 1 to 1.5 atom%of Ge 0.1to 3.0 atom%of at | east one

el enment selected fromN and Co, and 0.1 to 0.5 atom % of at | east

one el eneht set Bét &m fl@@hﬁtwubﬁ@tq\wcmdmg to claffa Lswhreia teg detnredasiodia
drain el %ftﬁ&%e&? J&fl?dtéc%&ﬂx GRNGRFE ontul il Alify, Sem conductor T ayer
conpri sing polycryst I ne SI Iconor continuous grain
polycrystalline silicon; wherein the ratio of the dry etching

rate of t th oy to the dry.etching rate of

[ate of e (Ol Oyl Sh Al Bhhok E0uHE 816 DRIBIAL 80, R
transi st amdshdbghihal@trbdy/ard gorﬁlea @mdcpadluﬁg egmg Qﬁ/&bheﬁhft g@s dofipfisink lafeast
transistor, a source electro drai n el ectraode, a transparent
conduct i VEefEAF FRlectad from Chlowee(@auw@l gickloridg feClah anfaméﬁr%e@@@md&de
conpri si rlngq)thln filmof Al alloy formed by patterning by dry
etching, the thin filmof A alloy conprising 0.1 to 1.5 atom % of
Ge, 0.1 to 6.0 atom % of at |east one el enent selected from N| and
Co, and 0 lto 3 east.. one selected f

and Nd, and At Fhe&%%sﬁsr{%“es“%%“a* 116 e“‘éﬁ%c&r agﬁw}l S5 ""’m"%
di Irect I y @?Pmaﬁm(tllw;bﬁb aesf@med@lndugplwtolhay@ap}@mml éibﬁmilé’llg prior to c}ly

pol ycrystalline silicon or contin grain paly stalline silicon
wher ei n tHEIHRY bring expreeddp ¢ feitaag Shidprpdpa i iiidaacheque ARlugen pythe
alloy to Stuﬁgcégrt%lggfchl ng rate of a thin filmof pure Al is a value of
0. 3 or higher. . thin filmtransistor substrate having a

sem conduct or Iayer of a thin filmtransistor, a source electrode, a

drain el egtrod -8 . 1 ce
el ectr odg)cand Fhél?ﬁﬂréﬁglé{i eg%:tga?f%?cl%g@né% Yaﬁm {(vg%rﬁ%n&le f&lm gﬁ}? %f;k'f

f or med byalmatcbmpmas@ 1oty ldS* ytomt% lof 3g, 0.1 ke3.0 latam ¥4 dfi@Qhnd\). 1 @ DSyatom %
conprising. 0,1 to 2.0 at %g g d(a)ll.ﬁéto 2.0 atom % of at | east
one el e tatk’é?té)é’FBHmFP eﬁied R € an 0.1 to 0.25 atom % of at

| east one el enent selected fromLa and Nd, and t he source

el ectrode and drain el ectrode being di rectl ~connected with a )
seni condutt or A Hipefilie bapyiste) &ugst{ﬁtﬁ Jeepidenedp (clapia 2s whetgrihodraonediiede iss

2t ani ng.r AT RESHREL AR SRR oo B AR IR 8 Ok gt b of

athinfilmof pure Al is avalue of 0.3 or higher. 4. Athin film

transi stor substra accor to c t he
ol octrodedi o PhHingin frae oubinteoibalp e A bp SIChSBHE clectode

conduct i vgdfthd fain edectrBdd Aie Forhidd BytldiRBGhiRE QEing W Slchak 8aPCorrRingGt fe@st
claim1, wherein the source el ectrode and the drain el ectrode are
one gas selected from chlorine (Cly), boron trichloride (BCl;), and hydrogen bromide
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(HBr). 10. Athin filmtransistor substrate according to claim?9,
wherein the source el ectrode and the drain el ectrode are forned
during photolithography devel opnent prior to dry etching by being
exposed to a tetranet hyl anmoni um hydr oxi de aqueous sol ution at the
surfaces thereof 11. Athin filmtransistor substrate according to
claim2, wherein the thin filmof A alloy conprises 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 | east
one el endhiBrsel ected fromLa and Nd. 12. A thin filmtransistor
substrate according to claim3, wherein the drain electrode is
further directly connected with the transparent conductive film 13.

A thin filom traggh st rasdidst ubitentaaLortidte cladm Ol Fhéed thiiiRk& dlectiBge
source electrode and the drain el ectrode are formed by dry etching

usi ng an B dradpingaestedapeiiameg daring phoiplithpgapydeyalppaert Pripr wrdry
chlorine &&g@%b p&ﬁp&pbgécptglan}h%?etl(y%ﬁ)mmgﬂﬂfdmﬁ% G gmlgﬁat(thﬁ)-

14. A thi m transi st or strat’e accor gto c a|n1 erelrn

t he sour cerfe¢esdhareafe and the drain el ectrode are forned during

phot ol i t hogr aphy devel opnment prior to dry etching by being exposed to
a tetramet hyl anmoni um hydr oxi de aqueous sol ution at the surfaces

t hereof 115. AatHih Al in’amlitdslasﬂshﬁek@éccsmhﬁgttb ala@nacerﬁéxdinrtﬁe théh BinabM B,
wherein the thin filmof A all ¥E3 ml)rlses 0.1 to 2.0 atom % of Ge,
5 ©

0.1 to 2.oXCemPYsFSO-1ds,L-aafemde p 350.0 @t %foCOaﬁnd Bade 0gpatom
el enent  sgleeqt Rekt bhOA:ManARR D ok AV 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 Ieast
one gas selected from chlorine (Cly), boron trichloride (BCls), and hydrogen bromide
(HBr).

4. 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.
I5. 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.
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