SOURCE/ DRAI N ELECTRODES, THI N- FI LM TRANSI STOR SUBSTRATES, MANUFACTURE
METHODS THERECF, AND DI SPLAY DEVI CES BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention relates to source/drain el ectrodes
and substrates for use in thin-filmtransistors of liquid crystal

di spl ays, seaVReAJURABN HEUTERSDE&ndTURNrEALMcERPYAEATER PUBACEATEFel ates to
nmet hods for manufacturing the substrates, and display devices.

Speci fical ly, i MANSIFRCISIRED MEGUEID S GIHEGR] At aiAl e | LG Hlgde SDEOIEES ning a thin
filmof pure alum numor alum num alloy as a conponent. 2. Description of
the Related Art Liquid crystal display devices are used in a variety of
applications ranging fronmsnall-sized nobil e phones to | arge-sized

t el evi si ORAGEGROUWND hOBOTHRChNUENT@0Oger screens. They are categorized by the
pi xel driving nethod into sinple-matrix liquid crystal display devices and
active-mat (i xidiquidk citstalvatitsiday devices. OF these, active-matrix
liquid crystal display devices having a thin-filmtransistor (hereinafter

briefly referrme poesasit imhedsich sWil heBENG ebePBAY d2hew el sRihs hegause
they realize high-definition imges and can produce inmages at hi gh speed.

Wth refesgpserdfe&l &orluséhen CORL hopi ahi PRaRRdsPRREALENYI gREENetpLes1of a
representative liquid crystal panel for use in active-matrix liquid crystal

di spl ay d§¥é§§§y¥4Egmﬁ%ohﬁh@%aﬁﬁéﬁhce@YaB@@ﬁHlé&PHQﬁ%éﬁéﬁt@‘thﬂ?aigg array
(hereinafter also referred to as "thin-fillmtransistor substrate") using
a hydrogepai gd. to methods for manufacturing the substrates, and display
devices. Specifically, it relates to novel source/drain
electrodes containing a thin film of pure aluminum or aluminum
alloy as a component.
2. Description of the Related Art
Liquid crystal display devices are used in a variety of
applicationsranging fromsmall-sizedmobilephonestolarge-sized
television sets with 30-inch or larger screens. They are
categorized by the pixel driving method into simple-matrix liquid
crystal display devices and active-matrix liquid crystal display
devices. Of these, active-matrix liquid crystal display devices
having a thin-film transistor (hereinafter briefly referred to
as TFT) asaswitchingelement arewidelyused, because theyrealize
high-definition images and can produce images at high speed.
With reference to FIG. 1, the configuration and operating
principles of a representative liquid crystal panel for use in

active-matrix liquidcrystal displaydeviceswill be illustrated,

by taking a substrate with a TFT array (hereinafter also referred



anor phous silicon as an active sem conductor |ayer (hereinafter also
referred to as "anorphous silicon thin-filmtransistor substrate") as an
exanple. The liquid crystal panel 100 in FIG 1 includes a thin-film
transi stor substrate 1, a counter substrate 2, and a liquid crystal |ayer

3. The coust e Juhshr&tiem? tiranalisarged s tas thed ) f acd ridhe Hyhtirrddrlaed
transi stor substrate 1. The liquid crystal layer 3 is arranged between the

thin-fil mhbapsabskosi subshrad &nladndviheon coddes L SHDH VAL ghdrandafreaet i ons
as an optical nodulation |layer. The thin-filmtransistor substrate 1

includes anmshnsdlrati-vg gbass "aubsihate lka1i’pd anriangedqt hereen sthin-film
transi stors 4, a 1 ranspar ent PI cture el ectrode 5, and an i nterconnection

section 6,pQRt-akRiNgscannNiRglhres and signal |ines. The transparent
picture electrode 5 is made typically froman indiumtin oxide (ITO film
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counter substrate 2 and functions as an optical modulation layer.

The thin-film transistor substrate 1 includes an insulative glass

substrate la, and arranged thereon thin-film transistors 4, a

transparent picture electrode 5, and an interccnnection section

6 containing scanning lines and signal lines. The transparent

picture electrode 5 is made typically from an indium tin oxide

(ITO) film containing indium oxide (In;03) and about 10 percent

by mass of tin oxide (SnC). The thin-film transistor substrate

lisdrivenbyadrivercircuit 13 andacontrol circuit 14 connected

thereto threough a TAR tape 12.

The counter substrate2 includesaninsulativeglass substrate

1b, and a common electrode 7, acolor filter 8, anda light shielding

film 9. The common electrode 7 is arranged overall the side of

the glass substrate 1b facing the thin-film transistor substrate

1. The counter substrate 2 as a whole functions as a counter

electrode. The color filter 8 is arranged at such a position as

to face the transparent picture electrode 5. The light shielding



transistor 4 and the interconnection section 6 on the thin-film transistor
substrate 1. The counter substrate 2 further has an alignnment |ayer 11 for
aligning liquid crystal nolecules (not shown) in the liquid crystal |ayer 3
to a predeterm ned direction. The liquid crystal panel further includes

pol ari zer §ilagand a#Ohngetangesuctsiwesi Din sd deso oppositre: tte ithe illinqui d
crystal layer 3) of the thin-filmtransistor substrate 1 and the counter

substrat etZank@speet 1 vehy. tid ithe dddiied S kak thanek dO%hanmheatinical
field formed between the counter electrode 2 (common el ectrode 7) and the

transpar ent-apkgkire ghpstirade D. coMd Qosirithe alibgrrart di feethon hLf ahi quid
crystal nolecules in the liquid crystal layer 3 to thereby nodulate |ight

passi ng thiouahchbe1hi@w d1CkYSt ah ihaYal 34 qlhiss o Gartnoks ke 1guantity of
light transmitted through the countér Substrate 2°to thereby produce and
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conventional anorphous siflitcon“thin-filmtransi'stor trate use in
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In the liquid crystal panel 100, an electrical field formed
between the counter electrode 2 (common electrode 7) and the
Lransparent picture electrode 5 controls the alignment direction
of liguidcrystalmolecules inthe liquidcrystal layer 3 to thereby
modulate light passing through the ligquid crystal layer 3. This
controls the quantity of light transmitted through the counter
substrate 2 to thereby produce and display an image.
Next, the configuration and cperating principles of a
conventional amorphcus silicon thin-film transistor substrate
for use in liguid crystal panels will be illustrated in detail
withreferencetoFIG. 2., FIG.,2isanenlargedviewoftheessential
part A in FIG. 1.
With reference to FIG. 2, scanning lines (thin-film gate
interconnections) 25arearrangedonaglass substrate (not shown) .
A part of the scanning lines 25 functions as a gate electrode

26 to control (to turn on and off of) the thin-film transistor.

A gate insulator {silicon nitride film) 27 is arranged so as to



i nterconnections) 34 are arranged so as to intersect the scanning |ines 25
with the gate insulator 27 interposing between them A part of the signal
lines 34 functions as a source electrode 28 of the thin-filmtransistor.
Adj acent to the gate insulator 27 are sequentially arranged an anor phous

silicon chapoel thil gutbactibverseni cgndust @hafil Me33(ssh888) athhgs
(source/drain interconnections) 34, and a silicon nitride interlayer
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is generally called as a bottom gate type panel. The anorphous silicon
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line 34 is fed fromthe source el ectrode 28 thrqugh the drain, el ectrode 29
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electrode 5 is fed with the drive voltage at a predeternmined |level, a
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and the counter el ectrode
is generally called as a bottom gate type panel.

The amorphous silicon channel film 33 includes a doped layer
(n layer) doped with phosphorus (P), and an intrinsic layer (i
layer, also called as an undoped layer). On the gate insulator
27 is a pixel region, in which the transparent picture electrode
5 is arranged. The transparent picture electrode 5 is made from,
forexample, anITOfilmcontainingIn;Cs;and Sn0O. Adrainelectrode
29 of the thin-film transistor is in contact with and electrically
connected to the transparent picture electrode 5 with the
interposition c¢f an after-mentioned barrier metal layer.

When a gate voltage is fed to the gate electrode 26 through
the scanning line 25, the thin-film transistor 4 is turned on.
In this state, a drive voltage which has been fed to the éignal
line 34 is fed from the scurce electrode 28 through the drain
electrode 29 to the transparent picture electrode 5. When the
transparent picture electrode 5 is fed with the drive voltage

at a predetermined level, a potential difference occurs between



2, as described above wth reference to FIG 1. This potential difference
orients or aligns the liquid crystal nolecules in the Iliquid crystal |ayer
3, thereby bringing about light nodulation. In the thin-filmtransistor
substrate 1, the source/drain interconnections 34 electrically connected to

the sourC%ﬁgrekansghegﬁ%o @&ku§gggakck&pe§.@'sﬁ rkﬁ@!kxuﬁgege@&eétggggh:nd

transparent picture electrode 5 (signal Iines for picture electro
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referred To as "alum nu |"oys ecadse such pure al'umnum or
al um num al | g have a l.ow resistivity.,and can bg easi | rocessed. Barrier
metal | ayF a1 oA 3 ety s SRR REAG T et PRBE of YPHEPARISGEROBs Mo,
C, Ti, or Ware_ arranged_on nd/or}QEJOM/ hese i nterconnections, as
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is anultilayer (three-layer) jnterconnection including a nolybdenum (M)
| ayer (1 oWBFEPEPTTEFTABRE] 3F a5ef§try Y SPTHIREH KO &DsuPeV ARG Rk or
Al -Nd alloi'thin filmabout 150 nmthick, and a M |ayer (upper barrier
metal | ay8t§ChBBHES: 56 althings at pahgLaRt hY CRPSSGTEE Lo RRas6RE SRAY ePke
three-layered nultilayer interconnection is_ used as the_source/drain
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26 are each made from a thin film ¢f pure alloy or an aluminum
alloy such as A1-Nd {hereinafter pure aiuminum and such aluminum
alloys are generically referred to as "aluminum allceys"). This
is because such pure aluminum or aluminum alloys have a low
resistivity and can be easily processed. Barrier metal layers
51, 52, 53, and 54 containing a refractory metal such as Mo, Cr,
Ti, or W are arranged on and/or below these interconnections,
as illustrated in FIG. 2. A representative example of such an
interconnection is a multilayer {(three-layer) interconnection
including a molybdenum (Mo) layer (lower barrier metal layer)
about 50 nm thick, a pure aluminum or Al1-Nd alloy thin film about
150 nm thick, and a Mo layer {upper barrier metal layer) about
50 nm thick arranged in this order.
Reasons why the three-layeredmultilayer interconnection is
used as the source/drain interconnections 34 connected to the

channel amorphous silicon thin film 33 will be described below.

As is illustrated in FIG. 2, the lower barrier metal layer



33 and the alumnumalloy thin film This configuration is mainly intended
to prevent the interdiffusion between silicon and alumnumat the interface
between the alumnumalloy thin film and the channel anorphous silicon thin
film(hereinafter also sinply referred to as "interface"). If an alum num

al loy is bsoughiriat@ediv&che SOMBCcMHAIE B anftyHIRls @aMariRhRUEhSH F¢eR thin
film and a heat treatnent such as sintering or annealing is conducted in a
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the production of thin-film transistors, aluminum in the aluminum
alloy diffuses into the amorphous silicon and/or silicon in the
amorphous silicondiffuses intothealuminumalloy. Consequently,
the performance of the amorphous silicon as a semiconductor
significantly deteriorates, resulting in a decreased ON-state
current, an increased leak current flowing when the thin-film
transistor is turned off (OFF-state current), and/or a decreased
switching speed of the thin-film transistor. Thus, desired
thin-film transistor properties cannot be obtained, and the
resulting display device has poor performance and quality. The
lower barrier metal layer 53 effectively prevents the
interdiffusion between aluminum and silicon.

The upper barrier metal layer 54 is arranged on or above the
aluminumalloythinfilmmainly toprevent the formationofhillocks
(nodular projections) on the surface of the aluminum alloy thin
film and to ensure a contact with an ITO layer to be arranged

thereon. The hillock is probably formed as a result of heat



treatment is carried out in the deposition of a silicon nitride film
(protecting film after the deposition of the alumnumalloy thin filmin
manuf acturi ng processes of the thin-filmtransistor substrate.
Specifically, the substrate bearing the alum num alloythin films subjected
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transparent pi cture el ectrode, the .
substrate in this process The upper barrier metal layer 54

effectively prevents the formation of hillocks.

The formationof upper and lowerbarriermetal layers, however,
requires an extra film-deposition system for the deposition
thereof, inadditiontoa film-depositionsystem for the deposition
of aluminum alloy interconnections. Specifically, a
film~deposition.systenlincluding'éxtra film-deposition chambers
for the deposition of respective barrier metal thin films must
be used. A representative example of the system is a cluster tool
system including multiple film-depositicon chambers connected to
a transfer chamber. The system including extra units for the
deposition of barriermetal layers causes an increased production
cost and a reduced productivity, which must be avoided in
mass-production of liquid crystal panels at low cost.

The aluminum alloy thin film is connected to the transparent
picture electrode 5 with the interposition of the barrier metal

layer 51 as illustrated in FIG. 2. If an aluminum alloy thin film



contact resistance between these conponents is high, which inpairs' the
quality of displayed images. Alum numused as a material for the

i nterconnections for the transparent picture electrode is very susceptible
to oxidation. Consequently, an insulating |layer of an al um nunoxide is

formed at ; tshalf@&@i{;a&&nb@émrta t&%eajck'QthJerﬁE dﬂi/c&'j‘fé‘ diiddp.and: thee

transparent picture electrode. The alum num oxide is caused by oxygen
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processes and therebﬁ causes an increased production 8 cost and a decreased
product i viL{m-aeposalyorrsmasie o @ipbpdtiquidcrystal panel. The indium

tinoxide (ITO) as amaterial for the transparent picture electrode
isanelectricallyconductivemetal oxide, butit failstoestablish
an electrically Ohmic contact if an aluminum oxide layer is formed
as mentioned above.

Thedepositionof suchbarriermetal layers, however, requires
extra film-depcositicon chambers for the deposition thereof, in
addition to sputtering systems for the deposition of the gate
electrode, source electrode, and drain electrode. These extra
units cause an increased production cost and a decreased
productivity.

In addition, metals used as the barrier metal lavers are
processed inprocessing suchaswet etchingwithachemical solution
at different rates fromthoseof purealuminum and aluminumalloys.
Thus, processing dimensions in transverse or crosswise direction
in the processing cannot be significantly controlled.
Accordingly, the deposition of barrier metal layers requires

complicated processes and thereby causes an increased production



of filmdeposition but also fromthe viewpoi nt of processing. Accordingly,
proposals on materials for electrodes that elimnate the necessity for
barrier nmetal |ayers and enable direct contact between source/drain

el ectrodes and a transparent picture electrode and on materials for

el ectrodegothahngnalbhe-did 864 pci@etvef Werht spuURcedraitheheelbedas and
sem conductor |ayers such as a channel anorphous silicon thin film have
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second |layer of pure alum numor an alum num alloy further containing
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advantageous in that thin filnms for constituting the 9 gate electrode,
sour ce el ect r otRRaRMRP dEFPRIGd Fodentadppd Lcation Publication (JP-A)

No. Hei 11-337976 discloses a technique of using an indium zinc
oxide (IZ0) film containing indium oxide and about 10 percent
by mass of zinc oxide as the material for the transparent picture
electrode. According to this technique, however, the ITO film
that is most widely used must be replaced with the IZ0 £ilm, which
causes an increased material cost.

JP-A No. Hei 11-283934 discloses a method of modifying the
surface of a drain electrode by subjecting the drain electrode
to plasma treatment or ion implantation. The method, however,
requires an extra step for the surface treatment, which causes
a decreased productivity.

JP-A No. Hel 11-284195 discloses a method of constructing
the gate electrode, source electrode, and drain electrode from
a first layer of pure aluminum or an aluminum alloy, and a second
layer of pure aluminum or an aluminum alloy further containing
impurities such as nitrogen, oxygen, silicon, and carbon. This

method is advantageous in that thin films for constituting the



continuously deposited in one fil mdeposition chanber. This nethod,
however, requires an extra step of depositing the second |ayer containing
inpurities. In addition, the resulting source/drain interconnections
frequently delam nate fromthe wall of the chanber in the step of
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avoid this problem “the nethod requires requ t mai ntenance operations
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object. JP-A No. 2003-273109 discloses a thin filmfor the 10 three-|ayered
al uni num BAPBYithesr ebAnecti bR, Noihi @I 4 st impurities. To avoid

thispreoblem, the method requires frequent maintenance operations
while stepping the film-deposition step, and this results in a
significantly decreased productivity.

Under these circumstances, the present inventors have
disclosed a method that eliminates the necessity of barrier metal
layers, simplifies the manufacturing process without increasing
the number of steps, andenablesdirect andreliable contact between
the aluminum alloy film and the transparent picture electrode
in JP-A No. 2004-214606. The technique disclosed in JP-A No.
2004-214606 uses an aluminum alloy ccntaining 0.1 to 6 atomic

~percent of at least one selected from the group consisting of
Au, Ag, 2n, Cu, nickel, Sr, Ge, Sm, and Bi as an alloy element,
and allowing at least part of these alloy elements to be a
precipitated or enriched layer at the interface between the
aluminum alloy film and the transparent picture electrode to
thereby achieve the object.

JP-A No. 2003-273109 discloses a thin film for the
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electrically conductive upper alumnumnitride layer (AIN layer) , an
alumnumalloy thin film and an electrically conductive |ower alum num
nitride layer arranged in this order. The upper alum num nitride |ayer can
be directly connected to the ITOfilmand realizes a satisfactorily |ow

cont act r%%h:%%aﬁ%‘?{ergﬁeai@m@ﬁu@é&rﬂw'Iht'é'r%h%clt%%r &BNche i MREdd Yin
connected to sem conductor layers such as an anorphous silicon layer and

est abl i shgie@@r%gqhwund@q&e GARLACE it e ABEPOMe 1NQNBYEA 1NN 'r$8 a

hi ghly sophi sticated contr n sputtering, because sputtering nu

conduct ed whi} g, ARRY awg;t Yo GO, OLh NG, LHEC£QTRAS) Ui on, &9&1%%%&' on of

reaction gases In or eposit 't mnum nitr ayers.

addi ti on, HEE('H'}O:H:]_lld E’ ral{% gi?err%}n?(gtfﬁhas éP"e% ﬁ%ﬁﬁur%&?ﬁm

resi st ance mc CO een

i mpr ovenent above_e nat i has_be b a.li |d crystal
di Spl 2y dBV}%Eé ?aﬁreg?%ésn b @h%*#%l@ﬁ% ﬁiﬁe

conventi onal gues ar e in conmon in an% hous Skllé

transi st of S@& %ts 3{: §Tdddd 1At SGRINY Citn TS GG st af*e P%’EFa? B@%PB@S but
al so in other devices. These probl ens al so in thin-filmtransistor
subst r at e81GELAG ﬁab%Fy%?%SFhﬂFFﬁétlgl??EBﬁCFﬁétEQH?QW199¥QHﬁEFHh88§e§?I|con
as the sem conductor layer of thin-filmtransistors. SUMVARY OF THE

| NVENTI ONSTRE $F e i LRieits éﬁlﬁé@nbééﬁeéc%%@rﬁﬁts%@eﬂiﬁ%rart rEsellept
circunstances, and an object of the present invention is to provide a

t echni queOhRaE GPREaCExceThbntmeRiRads | PaveYaksi SeeRipespar higbly

sophisticated control in sputtering, because sputtering must be
conducted while appropriately controlling the composition and
proportion of reaction gases in order to deposit the aluminum
nitride layers. 1In addition, the method is still susceptible to
improvements in contact resistance and Ohmic contact, and a demand
has been made on further improvements.

The above explanation has beenmade by takinga ligquidcrystal
display device as a representative example, but the problems in
the conventional technigues are in common in amorphous silicon
thin-film transistor substrates used not only in liquid crystal
display devices but alsc in other devices. These problems also
occur in thin-film transistor substrates using a polycrystalline
silicon instead of an amorphous silicon as the semiconductor layer

of thin-film transistors.

SUMMARY OF THE INVENTION

The present invention has been accomplished under these

11



even without |ower barrier netal |ayer and permts direct and reliable
connection between source/drain interconnections and sem conductor |ayers
of thin-filmtransistors. Another object of the present invention is to
provide a technique that ensures excel lent thin-filmtransistor

properti e%archm%am%rsnaénébalzsﬂjé& o 8nahd OMe SONE @%eh%&b%tlé/téxprwl%ut

| ower and upper barrier netal l'ayers and permts direct and reliab

connecti o lidlr, n Iayers
T S S e %%??ﬁﬁ%q

achi eve t G.abgYe,aReqhsy ! %rea%§e&515QV%@ye%namappeQ%atsadaQ%%%egﬂha'n

el ectr ode use in athin [ 'mtransi stor ubstrate conprising

substrat erei‘lég'l% LM A0S §l %ee%eg' gﬁ%%t} gun' %ﬁgcrerc%%‘ﬂ{ gfr%’h%'

el ectrodes transparent plctur source arn e ectrode
including_ a

c ntalnln er thin filmof pure al um num or
an alunlnﬁﬁPéFP89P iﬁrwﬁﬁgﬁrﬁhg §?¥6ﬁﬁﬁg§i%I@P§€F §d€is so configured
t hat nitrogen e nifrogen-containin y bi nds ilicon.,of the
thine 111 or andnetBer ouhi e gﬁdagtghe|aysgen§ SR VERG 228U e i REAVARECET ode i s
SO conflgured that the thin film ure alumnumor alumnumallaqy is
connect ed E6PPAEUEHIRR Y FRANI€F §ﬁ§ie§118%t§§}ﬁrboﬁ1]d]d%¥6?n? é%?rt?ﬁro&&éﬁlteﬁe
nitrogen-containing layer. In a preferred enbodi ment, the

ni t r ogen- BARAINR FER 4 §§ébllﬂymrrﬂl ¥ oMo #6T &esilstddr tyi Wi Fleut trwer

ni trogen-containing |ayer in another preferred
and upper barrier metal layers and permits direct and reliable

connection of source/drain interconnections not only to
semiconductor layers of thin-film transistors but also to
transparent picture electrodes.

To achieve the above objects, the present invention provides
a source/drain electrode for use in a thin-film transistor
substrate comprising a substrate, a thin-film transistor
semiconductor layer, source/drain electrodes, and a transparent
picture electrode, the source/drain electrode including a
nitrogen-containing layer and a thin film of pure aluminum or
an aluminum alloy, in which the scurce/drain electrode is so
configured that nitrogen of the nitrogen-containing layer binds
to silicon of the thin-film transistor semiconductor layer, and
the source/drain electrode is so configured that the thin film
of pure aluminum or aluminum alloy is connected to the thin-£fiim
transistor semiconductor layer through the nitrogen-containing
layer.

In a preferred embodiment, the nitrocgen-containing layer

12



enbodi ment contains a silicon oxynitride. The nitrogen-containing |ayer
preferably has a surface density of nitrogen atons (Nl1) of 1014 CM 2 or
nore and 2 x 1016 cm 2 or less. The nitrogen-containing |layer has a
surface density of oxygen atons (01) , in which the ratio of N1 to 01

(N1101) ismaphefecahb¥ind. @ Qri1Aebe. nike iRkt rogen-containing layer preferably
has a surface density of nitrogen atons equal to or higher than the surface

density of si Im@%f{f@géﬁyeﬂ@ggﬁmg PQ?Q? §H“§£B%HE§¢“E:E@SH§8”" conduct or
| ayer. The nitrogen-containing [ayer preferably has a thickness wthin the

range of Qmﬂ:gﬁﬂﬁﬂeﬂfz FBLEa2Ad 2059my e '%§?xn‘lt5}i§itei.” anot her preferred
t, the Paye i

enbodi nment, nitrogen-contail ni ng as a nunber of nitrogen atons

q I o . . . . fON
00 00, DU SleAbEOn RO Loy D WLER-Lhey Rl Bge0r N co
thin-film.transijst ] duct I er ably t ai h
Si11con ofAopolyeryBl B TARe SrPieofit! 1hb B ar RLmiC 18y prEforapl 1o
contains 6 atonmic percent or less of Ni (nickel) as an alloy elenent. In
anot her pr&f effed“&Modi ment, the thin filmof pure alum numor al uni num

alloy is athin filmof an aluym.nymalloy, the alumnumallo ontains 0. 3
atom ¢ per cent L POFB9ERACE APOMET I HaPEEm SOF L f 68 SeTO HREP-IRFR as an

alloy elenment, and the squrce/drain electrode is so configured that_the
thin fil nfbpms (01), 1n which the ratio of N1 to 01 (N1/0l) is preferably

1.0 or more.

The nitrogen-containing layer preferably has a surface
density of nitrogen atoms equal to or higher than the surface
density of silicon effective dangling bonds constituting the
semiconductor layer.

The nitrogen-containing layer preferably has a thickness
within the range of 0.18 nm or more and 20 nm or less.

In still another preferred embodiment, the
nitrogen-containing layer has a number of nitrogen atoms (N) and
a number of silicon.atoms {Si), in which the maximum ratio of
N to Si (N/Si) is within the range of 0.5 or more and 1.5 or less,

The thin-film transistor semiconductor layer preferably
containsg an amorphous silicon or a polycrystalline silicon.

The aluminum alloy preferably contains 6 atomic percent or
lessg of Ni (nickel) as an alloy element.

In ancother preferred embodiment, the thin film of pure
aluminum or aluminum alloy is a thin film of an aluminum alloy,

the aluminum alloy contains 0.3 atomic percent or more and 6 atomic
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alumnumalloy is further directly connected to the transparent picture

el ectrode. The alum num alloy can further contain 0.1 atom c percent or
nore and 1.0 atom c percent or |ess of at |east one elenent selected from
the group consisting of Ti, V, Zr, Nb, Mo, H, Ta, and Was an alloy

el ement . The abumpumald o it eh anayhers efrbodirwpt elr@a/eﬁwtenﬁc{ gfzont ain
0. 1 atomc percent or nore and 2. O atomc percent” or less of at |east one

el ement ségloﬁ%gdd%qm G H0HR GUNSS UG Ofr M 1T eﬁtih R P I

as an oy el enment present

t f d f4.l t th
LSZ?Qe} 3?3&%%% HLg8Y f?rh%%%%e%lﬁ%?b%ﬁ”?é%‘l%&rtﬁﬁ“?é S e, L
devi ce gﬁlctﬂg'rggetllé%ttr@c@ filmtransistor substrate. In addition and

advant ageousl t e present” invention provides a nethod for rranuf acturing
thethlnfllm rans st or trate ncludln the. steps a 05|t|nga
seni conduct or &lil?iy% wghher %gi?/% a7 %]f?ké?]é %Ilﬁjerbacfgl a&t## fFﬁ

transi stor substrat.e; é % or mng a njtrog n c %}fal ning | ayer r1

seni condu8i‘o?10’F§y§Pd and €EYMYEPBRTERRG AF | P 4 AU e(rﬂent

al um num al Loy on the njtrogen-containin Ia er In a preferred enbodl ment ,
the semi cSRAGEEEA FRyBrthe g%iféﬁbﬁof’édsltﬁ p?)%f tYorftzy¥Per?n e T&rep

(a), and the step 14 (b) is carried out in the same deposition system In
anot her preflefr 88 érbadilkentlefs@tseni conductor | ayer is

The aluminum alloy in yet another embodiment may further
contain 0.1 atomic percent or more and 2.0 atomic percent or less
of at least one element selected from the group consisting of
Mg, Cr, Mn, Ru, Rh, Pd, Ir, Pt, La, Gd, Tb, Dy, Nd, Y, Co, and
Fe as an alloy element.

The present invention further providesathin-filmtransistor
substrate including the source/drain electrodes.

The present invention further provides a display device
including the thin-film transistor substrate.

In addition and advantageously, the present invention
provides a method for manufacturing the thin-film transistor
substrate, including the steps of {a) depositing a semiconductor
layer on or above a substrate to prepare a thin-film transistor
substrate; (b) forming a nitrogen-containing layer on the
semiconductor layer; and {(c) depositing a layer of pure aluminum
or aluminum alloy on the nitrogen-containing layer.

In a preferred embodiment, the semiconductor layer is

deposited in a deposition system in the step (a), and the step
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deposited in a chanber in the step (a) , and the step (b) is carried out in
the sanme chanber. In yet another enbodi nent, the sem conductor |ayer is
deposited at a deposition tenperature in the step (a) , and the step (b) is
carried out at a tenperature substantially the sane as the deposition

tenperaturgy LB apethen puef enredcenbod mRBLsikthensefiseanductor layer is
deposited using a gas in the step (a) , and the step (b) is carried out in

an atnosphere pi 23 JAndibee@tribe GaSo@Nth@: Nith0gen: EORLALRLPO HAsS- 1Ln yet
anot her preferred enbodinent, the step (b) is carried out in an  atnosphere

of a m XtHé?oQitéd“ﬂﬂ aqg%b&p%amé%egﬁ%a),a%qldatﬁs%mbgafﬁcﬁ}?iahep (b)

is preferably carried out by a plasma nrtridat 1on process. e plasm

nitridatigp:pEQCcess LspRr eferahly carried out at a pressure of 55 Pa or
nore. The pFasna nitridation process is preferably carried out at

et 2 s ol 390 G LBl LG5 25 DR L SR AODBLOSEDR: | 5
" the. ot 8P (B) CFa pres rait g S TP R U5 o B TDRHet A 47 KbGre of
o, 0L OgeDLconel V00 18 SR and, o des used L UG SLSR (3D, L0
as the deposition temperature.
In another preferred embodiment, the semiconductor laver is
deposited using a gas in the step (a), and the step {(b) is carriad
out in an atmosphere of a mixture of the gas and a
nitrogen-containing gas.
In yet another preferred embodiment, the step (b) is carried
out in an atmosphere of a mixture of a nitrogen-containing gas
and a reducing gas.
The step (b} ispreferablycarriedoutby aplasmanitridation
process.
The plasma nitridation process is preferably carried out at
a pressure of 55 Pa or more.
The plasma nitridation process is preferably carried out at
temperatures of 300°C or higher.
The plasma nitridation process is preferably carried out in
an atmosphere of a mixture of a nitrogen-containing gas and a
reducing gas.

The plasma nitridation process in the step (b) is preferably

carried out in an atmosphere of a mixture of a nitrogen—-containing

15



by a thermal nitridation process. The thermal nitridation process is
preferably carried out at tenperatures of 400" C or |lower. The step (b) can
be carried out by an am nation process. The am nation process preferably
uses ultraviolet radiation. The am nation process preferably uses sol ution

whi ch contaikngndnkt Kagensebhe rst-eR ¢kpcan be carried out by a sputtering
process. "The sourcé/drain el ectrodes according to the present invention

have the abovergonfiigabi-0Re ¢8R USS @i LeRer «%lhleysgégg(bs)p%%aaédf&g&ogmtor

alum numalloy. In addition, they can be connecte em con |'ayers

of thin- E%lﬁ]EE@?ﬁgitﬂﬁ§rﬁﬁ%@ﬁgﬁ pgggeggprogen-containing | ayer w t hout
metal | In

barri er ayers, contrast "to conventional equivalents. The

source/drain v, . T hin-fi t.r ' r rti.es.
Furthor sl ng e AL RETaH oy CEART G g & thba T 2R DY SRk B s the
aluninun1gklﬁg t he sourc%/dr%bg elgcirgdes according to the present

i nvention Ca %EeHFFngFy goﬁnec?e% not eBth to sem conductor |ayers of

thin-filmtransistors but also . to transparent. picture.el ectrodes. The
resul ting sour B of 6PR (3] cGEPoBESCAF b BRcBRT ehY P EREREERPH PFAREFSt or

properties, contact resistivity, and_thernal stabillt ., The use of the
oRht P bRt 5@8&?3&9“-

source/ drai n el R EPIGEL 120U TS POt REAPHY dS&H U
hi gh- performance di spl ay devices that 16 can be produced with excell ent
productivityeﬁh¢6“#86§ﬂ9nHQRQQﬁﬁPB%f%%%Q%YPé&?@Q%FQ%RF%B%%%F8§§§18§ t he

present .
nitrogen.

The step (c) can be carried cut by a sputtering process.

The source/drain electrodes according to the present
invention have the above configuration, can use a generally used
pure aluminum or aluminum alloy. In addition, they can be
connectedtosemiconductor layerscofthin-filmtransistorsthrough
the nitrogen-containing layer without barrier metal layers, in
contrast to conventional equivalents. The source/drain
electrodes have good thin-film transistor properties.

By further using an A1-Ni alloy containing a specific amount
of nickel as the aluminum alloy, the source/drain electrodes
according to the presentvinvention can be directly connected not
only to semiconductor layers of thin-film transistors but also
to transparent picture electrodes. The resulting source/drain
electrodes are excellent in thin-film transistor properties,
contact resistivity, and thermal stability.

The use of the source/drain electrodes according to the

present invention provides high-performance display devices that
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invention wll beconme apparent fromthe follow ng description of the
preferred enbodinents with reference to the attached draw ngs. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic enlarged sectional view
illustrating the configuration of a representative liquid crystal panel to

whi ch an agmr pRogs oaikieeon iRl Bxbieh Mehi-aRgiseier 13RSt Hat @ dus ccappl i ed; FI G

2 is a schematic sectional viewillustrating the configuration of a
representat'VeF&PEH@Ptbﬁ?@&téﬂ?f@ﬁ@ﬁ§e§'BhGOdeéﬂthEb|8E?Eﬁ@5E§Egént
substrate; FIG 3 is a schematic sectional view illdstrating the

4 ’ | a st _ t : L of th
configurat ,on,efoa QE%%.BEE?h%rQE§h§EHE %g@a %ﬁgefei1ggﬁgggagg€§@§§l§£ e

present invention; F B, 4C, 4D, 4E, 4F, and proce raw ngs

[
show ng palkt a 40 C s .of hi_n- il m_.tr i stor
substrate8§h8§% Fggégg?gé;gbﬁé?lgegéga%gigsgggg%?ﬁg%aF%tF&ﬁéﬁﬁ&gg%%dZIectron
nicrograpg ot Qe interface between a channel anorphous silicon thin film
and an A “K™af oy thin filmprepared in Experinental Exanple 1; FIG 6 is
a cross-sectional transm ssion electron mcrograph of the interface between
a channel anorphous silicon thin film 17 and an Al-Ni alloy thin filmof a

SaTDl ey DB b KRS SR AL M R o0, 2 comparati ve saml e; FIG T

FIG. 1 is a schematic enlarged sectional view illustrating
the configuration of a representative liquid crystal panel to
which an amorphous silicon thin-film transistor substrate is
applied;

FIG. 2 is a schematic secticnal view illustrating the
configuration of a representative conventional amorphous silicon
thin-film transistor substrate;

FIG. 3 is a schematic sectioﬁal view 1llustrating the
configurationofathin-filmtransistor substrate as an embodiment
of the present invention;

FIGS. 4A, 4B, 4C, 4D, 4E, 4F, and 4G are process drawings
showing part of the manufacturing processes of the thin-film
transistor substrate shown in FIG. 3;

FIG. 5is a cross—sectional transmissionelectronmicrograph
of the interface between a channel amorphdus gsilicon thin film
and an Al-Ni alloy thin film prepared in Experimental Exanmple
1;

FIG. 6 is a cross-sectional transmissicn electronmicreograph

of the interface between a channel amorphous siliceon thin film
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resistivity between an alumnumalloy thin filmand a transparent picture
el ectrode; FIG 8 is diagram showi ng how the film stress varies dependi ng
on the deposition tenperature of the alumnumalloy film FIG 9 is a
cross-sectional transm ssion electron mcrograph of the interface between a

channel anpipheuUg 1SNl coNn dpidth i |Mi@nd ap AlgNe ald@nd iy filmprepared
in Experinmental Exanple 14; and FIG 10 is a cross-sectional transm ssion

el ectron piehagraph.orfa e d nteardace, hetean. &, channelyanoy phous si i con

thin film and™an Al-N alloy t m pr epar e n Experinmental Exanple

15. DESCRIPTI Chr GF FHE, PREFERRED, FVACTL MENTS, Jhe 5 6@y vant ais,mpde

i ntensive investigations to prov source/drain e

t ed - P t I i - ' . ifically,
hey. made ERyaatrgan oreEom iy o Anthab o Lot PP irh el 8By ' U

exhi bi t exceltluent etl%ic -Ifi Jnt ransi stor properties, when connected to
seni condu&tr6r Irgyers Without the interposition of barrier netal layers, in

contrast to co ntj onal. equival ents and can_us ure al um num or_ .al um num
T oye” (her et nafbor® LRada ot aent SOl R E i TS HRE L B GepencHinhl | )
referred to 18 "al ym.,num al l oys") as intact, which alumi numall oys are
general | yoncgﬁ\?eﬁtefp(?ﬁ&ltﬁ?“ust@@p&rar%tr@r 'Oﬁr]stl’feoralé%ﬂfr@é‘} dHliY et ode

i nt erconnections. Consequently, they have found that the objects can_be

achi eved by coh&®r tiffgCaOSDUFREFHPAR A I3 e of phRgEHOD Micrograph

of the interface between a channel amorphnous silicon thin film
and an Al-Ni alloy thin film prepared in Experimental Example
14; and

FIG. l0isacross—sectional transmissionelectronmicrograrh
of the interface between a channel amcrphous silicon thin film
and an Al-Ni alloy thin film prepared in Experimental Example

15.

DESCRIPT_ION OF THE PREFERRED EMBODIMENTS
The present inventors made intensive investigations to

provide novel source/drain electrodes to be connected to
semiconductor layers of thin-film transistors. Specifically,
theymade investigations to provide novel source/drain electrodes
that can exhibit excellent thin-film transistor properties, when
connected to semiconductor layers without the interposition of
barrier metal layers, in contrast to conventicnal equivalents,
and can use pure aluminum or aluminum alloys (hereinafter these

conventicnal aluminum materials are generically referred to as

18



adj acent to a sem conductor layer froma nitrogen- containing |ayer and an
alumnumalloy thin film in which nitrogen (N) of the nitrogen-containing
| ayer binds to silicon (Si) of the sem conductor |ayer. The present

i nventi on has been achi eved based on these findings. This configuration

perm ts digeghinGAMAGYON hetiwaant hgnabd nwiald aY 160EnAd benand: { pe
sem conduct or | ayer of thin- filmtransistor t hrough the™ nitrogen-containing

| ayer. ByCé'ﬁb@Ht§8n§hyg‘ aggaaglsoaﬁafce&& ek %Bm)gba'reg/gra%nt H@c%&e%c
percent of nickel (hereinafter also referred to as - SO as to

3t s empgpreniionalug i ol Lovph i e hum gt oy

Al-N alloy t e transparent picture

el ectrode.  Th agﬁ?%ﬁgg é§8&£§Efu9fg§§ea§$&£&é?9félﬁ%ﬂ§%%é§§%a.Lgﬁgﬁaca

pr opertl ES Wlt out arri I'n contrast 0O conventl on

| Th " /d | de"
il udes LR BTE SO BPAT AP ROB GaE T £ G P TH oo By 10 Lo

i nterconnection. Specifica ce/drain.e ect odes to the
present iV n??oﬁf %ﬁ%u%oﬁLﬁggeEglgogFi%/d?%lﬂhlg ebt Baaepnﬁﬁg eggﬁjth a
source/drajn interconnection, _in whj t he source/drain |n%erconnection IS
in contad?lﬁf?%e%fg%ﬁF%é¢H?ﬁlhayﬁégbbﬂdsl§oTH%l%%Eﬁ%e i t eHRet r odes
according to the present invention will be illustrated in detail below For
the sake oPMiCORIRATRRCEAYAT expl BHRTVTENE NE G L diaF PR cAFIHEREGr e

categorized and distinguished into "source/drain el ectrodes
based on these findings. This configuration permits direct

connection between the aluminum alloy thin film and the
semiconductor layer of thin-film transistor through the
nitrocgen-containing layer.

By using an aluminum alloy further comprising 0.3 to 6 atomic
percent of nickel (hereinafter alsc referred to as "Al-Ni alloy"
so as to distinguish from conventional aluminum alloys) as the
aluminumalloy, the Al-Ni alloy thin film canbe directly connected
to the transparent picture electrode. Thisprovides source/drain
electrodeshavinggoodelectrical propertieswithoutbarriermetal
layers, in contrast to conventional equivalents.

The term "source/drain electrode" used herein means and
includes both a source/drain electrode itself and a source/drain
interconnection. Specifically, the source/drain electrodes
according to the present invention each comprise a source/drain
electrode integratedwithasource/draininterconnection, inwhich
the source/drain interconnection is in contact with a socurce/drain

region.
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according to First Enmbodi nent” and "source/drain electrodes according to
second Enbodi nent". The source/drain el ectrodes according to First

Enbodi mrent can be connected to sem conductor |ayers of thin-film
transistors without the interposition of barrier netal |layers, and the

source/ drain etgct sodes.pqcoifl Bdect 0oSes0RdErtodlTeRt Laanbesepanect ed to

sem conduct or | ayers hin-filmtransistors wthout the Interposition of

barri er Qﬁ%@ht&é%e&é angs ‘é‘ﬁﬁéﬁ}fé‘@éd be, ?i&rtgﬁtll ¥ EBQ”edﬁc‘JﬁP s ts% e of

transparent picture e ectro e source/drain electro accor Ing to

Second E”PSQbEBE%nﬁévﬁntEﬁpggﬁétﬁggf'Qﬂra%b%Qc%§d.%ﬁ% squrce/drain .

el ectrodes according to i ment except he "‘conmposi t'i on of

I EI A d d
The sour corieaPh arRorPiaal SR RaP R SR S R dre Ak Teas ae a
ilm

ni trogen- _containin a al um num.al,l o

ni t r ogen- 88ﬁ?5§ﬁpﬁggpa3éFSt E Qﬁ&&&t 023§ t80%58$29I§lphﬁﬁeﬁtFﬁ@FFans|stor
sem conduct or | ayer tro e ni tro cont ai nj ng .l ayer
bt o SPEPESAG! Lpnaccbi EORRGLIGIT ay et THRUHEE! B5aR contat RoRge] ayer
acts as a barrier for_preventing interdiffusion between al um num and
silicon @&FCPREINHLE? fHde héfhoshimehd SRONPRHATHITTYEE Fion SEPERPRAYCERE
thin-filmtransi stor sem conductor |ayer. The source/drain 20 el ectrodes
accor di ngleBerrref EhbBULAbAt LERBEEFEPESPHATIEET slcelindst PORILALPT ME
transistor properties wthout barrier nmetal |ayers typically of nolybdenum
(Mb) , inbebhairastetdl dovasmi end theqinatomisiine lesmestasagegording

after-nmenti oned Experi nent al
to Second Embodiment can be connected to semiconductor layers

of thin-film transistors without the interpositicn of barrier
metal layers and can further be directly connected to the
transparent picture electrode. The source/drain electrodes
according to Second Embodiment have the same configuration as
the source/drainelectrodes according to First Embodiment, except
for the composition of aluminum material,

Source/drain Electrodes According to First Embodiment

The source/dfain electrodes according to First Embodiment
each comprise a nitrogen-containing layer and an aluminum alloy
thin film. The nitrogen-containing layer is arranged so as to
cover a thin-film transistor semiconductor layer, and nitrogen
(N} of the nitrogen-containing layer binds to silicon of the
semiconductor layer. The nitrogen-containing layer acts as a
barrier forpreventinginterdiffusionbetweenaluminumandsilicon
at the interface between the aluminum alloy thin film and the

thin-film transistor semiconductor layer. The source/drain
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Exanpl es. This configuration elimnates the need of an extra

fil mdeposition systemfor the deposition of barrier netals, because the
nitro gen- containing |ayer can be easily fornmed, for exanple, by a plasm
nitridation process after the deposition of the sem conductor |ayer and

bef ore t he1deposhibboncebrig Ak ymnum: abykaker «nhe il 9geRrcant al ning

| ayer featuring in the present invention wll be illustrated in detai

bel ow. N E&ggfﬂeﬁ@tﬂntf‘ﬁ '1}]{16 nﬁ&@é?bg%@g1E§y\9{tl{?6ﬁlg%a;[rq%selll En%eal of

t he sem conductor | ayer rog ontaini ng ere mai nly
conpri ses; Li b ab I t her
conpri se aggéks'g 6%%%# dm§f¥ﬁ§3§ﬁ# @ﬂﬂ géy%?%rl%%tﬂ%yggpﬁggtgéhgmresult
of the b|nd|n i.lican n|tr| mnth 0X is, far anpl e,

i nevi t abl y¢ |ng?gﬁﬁ§§d ddir 5 On?%éaégpo%Pt %ﬁeﬁrggé OSF%tﬁéperlmen il

ni t r ogen- gont ai ni_ ng er e nit 0 en- contajning |aye ferably further
sati sfi csEAeHRLFSH | oWt Tig ?%laﬂwm S TRHahSE | Dpb e R P E el HBk L Bned
Experinen%aL Eé ngles The nitrogen- contalnlng |, ayer eferabl has a
surface HeRBTEGPEFLIhTPRoG¥R CEHUAPTL 66 IRPEREF 1PRaR T t Eridfraletdessity of
effective dangling bonds of the materj al (typlfled by silicon) of the

seni conduBEBRUFyERS OF HIGRT TR 13 N Sl e TAS aRsP o 1P afiskeyY ifkedesboder t he
surface of the_ sem conductor |ayer nust be covered by the

ni t r ogen- e¥ATRLAI NV | ayrtasBaaBlEslgrevent PraeesEneéEdLf £DSi dAPBELheen t he

netal interconnection material and the sem conductor material. In this
case, unbofitbed Borgmiductor layer andbefore thedepositionof the aluminum

alloy layer.

The nitrogen-containing layer featuring in the present
invention will be illustrated in detail below.

Nitrogen (N} of thenitrogen-containinglayerbindstosilicon
of the semiconductor layer, and the nitrogen-containing layer
thereby mainly comprises a silicon nitride, as described above.
This layer can further comprise asiliconoxynitride. Thesilicon
oxynitride is formed as a result of the binding of siliconnitride
withoxygen (0O) whichis, forexample, inevitablyintroducedduring
the deposition process of the nitrogen-containing layer.

The nitrogen-containing layer preferably further satisfies
the following regquirements, as demonstrated in after-mentioned
Experimental Examples.

The nitrogen-containing layer preferably has a surface
density of nitrogen equal to or higher than the surface density
of effective dangling bonds of the material (typified by silicon)

of the semiconductor layer of thin-film transistor. As is
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(dangling bonds) at the surface of sem conductor |ayer preferably conbine
with nitrogen. The term"effective dangling bond" herein neans a bond that
can be present in the surf ace of the sem conductor |ayer even in
consideration of steric hindrance of nitrogen atom The term "surface

density ofjceffa¢lddvandangl tng Q@Pﬁé{cér%af”%htehgem_sLHBBéP@tg?n?S%%g%%‘mﬂég t hat

the nitrogen-containing layer covers the entire surface o

sem conduekoeoLay gl (e -suntags denslin, of 16f/a01ive Sangling andar es

dependi ng on the type of the “sem conductor nateri al ubstantial ly

Wi thin thﬁﬁnrt%)%%ﬁ £, 51200 tet%\%gje% Ge? e 240 Ji%t%'?&l%ﬂn’?etéﬂl%nc ?nsaececif' z;ﬁ]i AP

whi | e slightl varyi ng dependi ng on the plane rection of crysta
Speci fically, the nitrogen-cantai.ni.ng Layer .preferably, has urface
donst ty ot P erOgenERDt e ROE S ofY B8 SRGeD WreRERe B T ess a
the interface ﬁet en %he thin film of re_.alum nymor an_al um num.al | oy
and the sdAFCIRANELCI TaYET ot FUTACEHE: CAUSORIMY (HoLAYTF S36H CEAI ni ng
layer mainly conprises . a silicon nitride and when jt further conprises a
silicon ok§RPERFAE:CH ALEdRERon ¢ BetHREThif A €6 hbER AP BAEANT] TR To
ensure desired thin-filmtransistor properties, the surface densjty of
ni trogen PRERSGE bprd that 6@%@-e%%§%ﬁthilﬁdj}%§é’ﬁfﬁ§erﬁﬁ Eh%rS@P@Fé’EJI‘%PCt?IX 1014
CM 2 or nore and further preferably 4 X 1014 CM 2 or nore. However, an
excessi vellgYRr venifaeendedsreyion off eEegés INJrange of rhkreger giom-
containing |ayer may result in an increased amount of insulative silicon
ni tri de i Aheheennt tHgehacomensitg dfagédfectINesdendsebgapond’t meees] the
el ectrical resistance and thereby deteriorated thin-filmtransistor
properti esurTheedspesri iy a¢suming that thenitrogen-containinglayer covers
theentiresurfaceof the semiconductor layer. Thesurfacedensity
of effective dangling bond varies depending on the type of the
semiconductor material. It is substantially within the range of
about 10 ecm™ to 10*® cm™ in the case of silicon, while slightly
varying depending on the plane direction of crystal.
Specifically, the nitrogen-containing layer preferably has
a surface density of nitrogen (N1) of 10** cm™ or more and 2 x
10'® em™® or less at the interface between the thin film of pure
aluminum or an aluminum alioy and the semiconductor layer both
in the cases when the nitrogen-containing layer mainly comprises
asiliconnitrideandwhenit further comprisesasiliconoxynitride
in addition to the main component silicoh nitride. To ensure
desired thin-film transistor properties, the surface density of
nitrogen (N1) of the nitrogen-containing layer is more preferably

2 x 10" cm™® or more and further preferably 4 x 10 cm™ or more.

However, an excessively high surface density of nitrogen (N1}
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of the surface density of nitrogen (N1) is nore preferably set at 1 X 1016
cm 2. When the nitrogen-containing | ayer conprises a silicon oxynitride,
nanely, when it further conprises a silicon oxide in addition to a silicon
nitride, the ratio (N1101) of the surface density of nitrogen surface
density ofrniid AYERoGNEL)-bathhe i sdr fAcer mdgnaidiy 0f n RRYOERr£ 9 disSount
preferably 1.0 or nofe, in addition to neeting the requirenment in surface
density of #nitLooep; {NJi1; s L Yr FRRIPMES, dde LU dr 8 b i stor
propertieé.-T%e s?f?coﬁWﬁ%r$é% anéﬁgﬁﬁiggﬁrgkynl%ﬁiﬁgﬁgég%ﬁﬁ%éﬁilg'
i nsul ator s, .b egtrical, resi ihn _t fi i an be
| ow, beczﬁég #hggggtg%ggthgﬁﬁgﬁh?%%Eﬁgggﬁlhéggg§@€$§£%ﬁ%#{q%ﬁ%%%ﬂgss of ,
for exanpl . or,opre.and i S s_describ | ater.. . The
pr esent iﬁggﬁ?%%gaﬁ§§eEggge?ﬁ%%nFégPéig%ﬁ%dﬁfi%%rﬁh%g'tﬁﬁﬁ%ﬁﬁI)Ii%éﬁ%Fstor
properties_are affected the ratio N1101 d.the ratio N1/ shoul d
pr ef er abl fbég?.sﬁr ?cﬁngénfbfyp? Vi e u eﬂi%%ggf1§ﬁF¥#ﬁ%%@M Bt
t ransi st or pﬁogeiﬁi@s,_as denonstrated in after-nmentioned Experi nent al
Exanples.a?h's i prdbabl y because resistive conponents in the nitrogen-
containing |ayer decreases at a high,ratio N1101 to thereby yield
satisfactory Fpet R eBLIEECHRRACPRT AR P BASLEYEF. CTRBT L 88F 02NEEALCPR
preferably 23 hlgh as nmuch as possible, and it is nore preferably 1.05 or
O i hELdBy o peply whengd tphpethep B ASRIF181S4AAp A /silde
nore and 0 . g AR LG8t ed,
for exanpl e, by appropriatel controlling conditions for plasma generation,
such asrrgég Qs}céstsig:gétg a sili%on nitride, the ratio (N1/01) og the su?:face

densityofnitrogen surfacedensityofnitrogen (N1) to the surface
density of oxygen (0l) is preferably 1.0 or more, in addition
to meeting the requirement in surface density of nitrogen (N1).
This further improves the thin-film transistor properties. The
silicon nitride and silicon oxynitride are primarily insulators,
but the electrical resistance in these configurations can be low,
because the nitrogen—-containing layer has a very small thickness
of, for example, 0.18 nm or more and 20 nm or less, as described
later.

The present inventors have experimentally found that the
thin-film transistor properties are affected by the ratio N1/01,
and the ratio N1/0® should preferably be 1.0 or more for providing
further excellent thin-film transistor properties, as
demonstrated in after-menticned Experimental Examples. This is
probably because resistive components in the nitrogen-containing
layer decreases at ahighratioN1/01 to thereby yield satisfactory

propertiesas thin-filmtransistor. TheratioN1/0l ispreferably
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and gas conposition for plasma, and process tenperature, in the formation
of the nitrogen-containing |layer using a plasma nitridation process. This
will be illustrated in detail later. The surface density of nitrogen (N )

and the surface density of nitrogen (01) of the nitrogen-containing |ayer

canbe det ﬁaqhngg,muéforaseis@@@h%,lebyaﬁatb@rﬁs%@rléaﬁké@@ﬁ%&yng SPeA En%%try
(RBS). The nitrogen-contai ni ng Iayer preferably has a thickness of 0.18 nm

or nore aggdZQHQQhegrpr%%%raégylq desgrihed above, the nitrogen-containing

| ayer is effective as a barrier layer for preventlng the interdiffusion

bet veen al um nym. a0d s5it1 £ONCEh pd g Lot &4 | 26 égé:at:éﬁﬁyerﬁ{?%g?'r%ﬁ'r@‘é@ei‘ oy

| ayer and the iTm tranS|stor em con uct excessi vely

t hi ck ggg gH%%k%Leqnx§¥§% Q%M_' %%rthe Pex T ormance % gEegsu{ﬁ

t hi n- f|| ranS|s |ncrease I'n |ca reS|stance
presence of .the nitro ai ni n% Iayer can be co led within, such a

range as ABE ¥3° eﬁﬁﬂﬁé&ﬁgﬁ?ﬁ$ Tt B rFBFn%ﬁ%%eS%ft3$ﬁe{ﬁﬁ%ﬁﬁnl%ﬁ Fpﬁg t he
t hi ckness _of the nitrogen-cqontainin hin the ,above-specified
e, ThESFFCRABSS Fof TNy bt fsﬁ&g%ﬁnt@c}ﬁ%ﬁnﬁﬁgeﬂrayéﬁ SEHE et er abl y
15 nmor less and, further preferably 10 nmor |ess. Over one nonol ayer of
si |'i con- nPEFEERTHBRAIPTLCRABugH ot Jﬂé-HPt%%b%ﬁtﬁﬁﬁ?glH?ﬁﬁ“FﬁﬁePa §¥

m ni mum The atom c di stance of silicon-nitrogen is about 0. 18 24 nm thus,
the mini mum t hiekfegSase drRBSAtYrohertrestralit hgndhier susfanerepaply o. 18
rimor nore. The thickness of the nit rogen- containing layer is nore

pr ef er abl 9f@iZremeantPIupfide nhredeeabronipainipg daveReahbelpEssmanethe

nitrogen- containing |ayer
for example, by Rutherford backscattering spectrometry {(RBS).

The nitrogen-containing layer preferably has a thickness of
0.18 nm or more and 20 nm or less. As is described above, the
nitrogen-containing layer is effective as a barrier layer for
preventing the interdiffusion between aluminum and silicon at
the interface between the aluminum alloy layer and the thin-film
transistor semiconductor layer, but an excessively thick
nitrogen-containing layer may impair the performance of the
thin-film transistor. The increase in electrical resistance due
to the presence of the nitrogen-containing layer can be controlled
within such a range as not to adversely affect the performance
of TFT by controlling the thickness of the nitrogen-containing
layer within the above-specified range. The thickness of the
nitrogen-containing layer is more preferably 15 nm or less and
further preferably 10 nm or less. Over one monclayer of
silicon-nitrogenbond is enough for thenitrogen-containing layer

at minimum. The atomic distance of silicon-nitrogen is about 0.18
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can be determined by a variety of physical analyzing procedures such as
above- mentioned RBS process, an X-ray photoel ectron spectronetry (XPS) ,
secondary ion nmass spectrometry (SIM5) , and an RF gl ow di scharge emi ssion
spectronmetry (GD-CES). The thickness of the nitrogen-containing |ayer is

det er m negdmbyt RBS, @RAnXRSniA & { Lfd@HUrongd BXpaIddmnidie §8yekn the

nitrogen- cont ai ni ng | ayer, the maxi numof the ratio (N Si) of the nunber of

ni trogen %%&&&5@&%@@ f o%! Lice@n 1Lons, il LS efally, 0.5 or nore and

1.5 or less. This per e nitrogen-containing layer to effectively act

as a bar gt oWbhioul, dsterly Oiggzggnlg@n AU %ang ?3 nans! %tr%peraog%%g%% The

ratio N Si re prefera nor e
nore. The C be d' b contro
i rradiati E ﬁfrle%%gg Opl%%“rra vqﬁq}% %ﬁ%e%%nge 0 g&_co?ﬁ% %ni?%la Sﬁt 10

m nut es. Th| rated i N detﬁ Iater atio N Si

t
et or m nelisbrf S emmrd %Yaﬁamﬂﬁaw é%}eysejt%an]er?t“sa Yrﬁlﬂ%aéfﬁcgﬁ&rsﬁ " con)
|nath|cknes dir ctlon t.rogen-contain % ort{I to RBS.
The i t1 oBBRELcBit APTRGRFAYEPIRS. FESEd OUEae cRlp e P TGRS e
upper nost | ayer of the sem conductor layer to nitridation. The nitridation
process i SPREFTSPEEFYi EAFF Y I5?erﬁcir%ﬂjarﬁéf}oé’nﬁ‘aﬁﬁc@%%‘e%rm?%?rléx%% erf a
plasma nitridation process, (ii) a thermal nitridation process, and (iii)

an ani nat FBnRpr BéeYs d1s558a888c FMBEF PR GOC&TIT OBELEW. (GO OBiSdsmaThet ri dat i on

process
thickness of the nitrogen-containing layer is determined by RBS

and XPS in after-~mentioned Experimental Examples.

In the nitrogen—-containing layer, the maximum cf the ratio
(N/Si) of the number of nitrogen atoms to the number of silicon
atoms is preferably 0.5 or more and 1.5 or less. This permits
the nitrogen-containing layer to effectively act as a barrier
without deterioraticn in thin-film transistor properties. The
ratio N/Si is more preferably 0.6 or more and further preferably
0.7 or more.

The ratio N/Si can be adjusted, for example, by controlling
the irradiation time of plasma within the range of about 1 minute
to about 10 minutes. This will be illustrated in detail later.

The ratio N/Si can be determined, for example, by analyzing
these elements (nitrogen and silicon) in a thickness direction
of the nitrogen-containing layer according to RBS.

The nitrogen-containing layer is formed, for example, by
subjecting the uppermost layer of the semiconductor layer to

nitridation. Thenitridationprocess isnotspecificallylimited
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The plasma nitridation process uses plasma. This process preferably uses a
ni trogen-contai ning gas as denonstrated in after-nentioned Enbodi nent 1 and
Experimental Exanple 1. The nitrogen- containing gas can be a non-oxidative
gas such as N2, NH3, or NF3. Each of these gases can be used alone or in

conbi nati QR B ABRSLYS Sk XHMT L, ('ig A 106flah i VE1688 i SHG ASe N0 (985 1S
used, the reaction between oxygen (0) in the oxidative gas and silicon

proceeds Qrkﬁérﬁgltﬁft£§é££i89_ﬁf%@%%%?thioﬁﬁﬂjaﬁgl%&h%%%ﬂo%? rBE%ggby fai

to forma desired silicon nitride ecause silicon in the surface of

t he senicggdaggggibggegniae¥ggi bgggﬁeptible to oxidation. Specifically, the
thin-film "transistor sem conductor Tayer is preferably placed in the

vicinity of a g{psgPa§8gr €500t igﬁngrgéééggen. The di stance between the
pl asma source and ‘seniconductor Fayer~nay be set within an appropriate
range accordi to the type of ,plasma and conditions for e generation of
b aom such. o b Sh A AR R R Lo dih b e Somp S PORCEFE 1 s
preferably about. several tens _of centinmeters or |ess. H gh-energy, nitrogen
Bt oms. ar cBF BSEAPLYniSEHch ALGPEPRTTYOBE Sphdbfin T2inatt REJCESN 648 71 or m a
desired nitrogen-containigg | ayer on the surface of the sem_conductor

| ayer. N tfbFEMeRAhlBRefed™PPEAERE hi PREgERPESATERhAAg EFPEERE dour EBE 26
for exanple, by ion inplantation. In this case, the distance between the
pl asma solit EEC@RRA-EABTEARLBENAREL 67N I RGe? QR Beldakbre reas 15udeas Beecause

ions accel erated by an electrical field can travel a |long distance. The ion
i mpl ant ati%n ¢35 Ngpef efaphpf these gases canbe used alone or in combination

as a gaseous mixture, If anoxidative gas such as N.0 gas is used,
the reaction between oxygen (0) in the oxidative gas and silicon
proceeds prior to the reaction between nitrogen and silicon to
thereby fail to form a desired silicon nitride layer, because
silicon in the surface of the semiconducteor layer is very
susceptible to oxidation. Specifically, the thin-film
transistor semiconductor layer is preferably placed in the
vicinity of a plasma source containing nitrogen. The distance
between the plasma source and semiconductor layermay be set within
an appropriate range according to the type of plasma and conditions
forthegenerationofprlasma, such as power, pressure, temperature,
and gas composition. It is preferably about several tens of
centimeters or less. High—-energy nitrogen atoms are present in
such a vicinity of plasma, and they can easily form a desired
nitrogen—-containing layer on the surface of the semiconductor
layer.

Nitrogencanbe fed fromthenitrogen-containingplasma source,
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carried out by placing the sem conductor layer in the vicinity of the

pl asma source and applying a negative high-voltage pulse to the

sem conductor |ayer so as to inplant ions to the entire surface of the

sem conductor layer. Alternatively, an dedicated ion inplanter can be used

to carry @ul- i.9RmdIR aMALIRN i e ASTH JERRT @hi QN c‘é%'éd' tth%”%il%g‘éﬂcés

pressure and conp05|t|on of gas for the generation of plasma, and process

temper at UL a8y PRelerAbl e %turr@c?l ehq NS LA RING JEner., 80.85,4 0 set

the ratio he sur ace ensity of nitrogen o the surface

density of, @x¥gen. g,ggetn Qe (U4 £RgeN: £OD AL 0LDG H AYRTe féc&lgafrfl@%e to

t hereby fur her ransis oper i es

dennnstrate% kgagg Tga I fg%é%éypeghgfgéghbﬁj gﬁ?Thls ef%gﬁgkﬁely

prevents the oxi € semcon erat
nitridation_reaction,,and |ncrea es the nitridatio effici

Speci 11 calPy e oteabyi BheprBistre Teupr et ranty I?,%v 5 ol i Hhe
pressure |% | ess than 55 Pa, the nltrldatlon reaction . q?y proceed slomﬁy
and it taRéstde| @Slf“i‘ln%o%%:?&rntﬂ FPRIL Y BgeR-ReHmt B hithP T HRertata P udas
effectively act as a diffusion_  barrier. In addition, an oxidation reaction
may si gni FPcAREI Femprenebatari bRVES EReaRi §9 | AR realtt itoh thmhicdh icsuses
27 deteriorated thin-filmtransistor properties. Fromthis viewpoint, the

pressure PYTEREReBIRE semheghdustpbdavsite, AAdernatiyed vprat sesbiopted Pa or

more and further preferably 66 Pa or nore. The upper limt of the pressure
vari es dep@ﬁdpmglanter can be used to carry out ion implantation.

The plasma generaticn conditions such as pressure and
composition of gas for the generation of plasma, and process
temperature are preferably controlled in the following manner
sc as to set the ratio (N1/01) of the surface density of nitrogen
(N1) to the surface density of oxygen (0l) in the
nitrogen-containinglayeratl.0ormore to thereby further improve
the thin-film transistor properties, as demonstrated in
after-mentioned Experimental Examples. This effectively
prevents the oxidation of the semiconductor layer, accelerates
the nitridation reaction, and increases the nitridation
efficiency.

Specifically, the reaction pressure is preferably 55 Pa or
more. If the pressureis less than 55Pa, thenitridation reaction
may proceed slowly, and it takes a long time to form a
nitrogen-containing layer that can effectively act as a diffusion
barrier. In addition, an oxidation reaction may significantly

proceed prior to the nitridation reaction, which causes
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typically on the performance of a systemor unit to be used and cannot be

uni quely determ ned. Fromthe vi ewpoint of stable supply of plasm, the

pressure is preferably about 400 Pa or less, and nore preferably about 266

Pa or |less. For exanple, the upper limt of the pressure f or stably

SuPPl i N0 Bl 8sRrb¢ ob331EY -Ie 1 khe rShslieRo. afdLr - Bephi one

Experi nent al Exaﬁp g ) The rea?f?b% teﬁpe? S#Et?é pre?g?ab?y gOO C or

hi gher . 'Lle&gsla%a%hg gpgratiLe) ?jfépm; L2 300 & e kT da on
roceéd slowy, "an e a 16 P

reacti on nay ng ti

ni trogen-gontalni ng.layer \Lhat can cgf fec g%'dyf%%tthe%g fuslon, harer. I

addi tion, “an oxi I"on"reacti on nmay S|gn|f|cantly prio
nltrldatlon reactlo,flh mhlch cgusei gtgrlorated t hi | mtransi,stor
propertie8’ HoWever; “an” VB §Thr QR PRaEErbR Y%ﬁﬁsFagﬁpgnﬁéVgan|te

deterioration d dangge o he sem conductor | ayer reactio
Lemper at uF&PLF8 Eye%mﬁ?yp%%?ﬁm%o%@ " P Peigal Forba,08 Sbren can
be the nitrogen contalnlqg gas such as_ N2 or NF3 al one but is

pr ef er abl §2BNAH PEHE Bt€ Lt heS LRTMEPBYen- E@HﬁFB?ﬁFﬁ@Q&%?%ﬁﬁFF%P%%&HBPAQ gas.
This further _effectively prevents the oxidation of the sem conductor |ayer.
Exanpl es 8f RheSFeduthd@iiswie INHR 84§ TRP L YORPPRES RO §aBe LT N8BS S /a8hE not
only as a reducing gas but also as a nitrogen- containing 28 gas, and it can
be used arere RefiaralonbrhabGfabe pr Fo7s exdingl exanple, AhecipReT Jamy L t he
gas for plasma nitridation is preferably a gaseous m xture of the nitrogen-
cont ai ni ngf gdw rikeRsaraef@r s4Rbly supplying plasma is 133 Pa in the system

used in after-mentioned Experimental Example 11.

The reaction temperature is preferably 300°C or higher. If
the reaction temperature is lower than 300°C, the nitridation
reaction may proceed slowly, and it takes a long time to form
anitrogen~centaining layer that can effectively act as diffusion
barrier. In addition, an oxidation reaction may significantiy
proceed prior to the nitridation reaction, which causes
deteriorated thin~film tréﬁéistor properties. However, an
excessively high reaction temperature may invite deterioration
and damage of the semiconductor layer, and the reaction temperature
is preferably about 360°C or lower.

The gas for use herein can be the nitrogen-containing gas
such as Nz, NH;, or NF; alone but is preferably a mixture of the
nitrogen-containing gas with a reducing gas. This further
effectively prevents the oxidation of the semiconductor layer.
Examples of the reducing gas are NH; and H;. Of these gases, NH;

acts not only as a reducing gas but also as a nitrogen-containing
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gas (SiH4) used in the deposition of the sem conductor |ayer. \Wen the ni
trogen- containing layer is to be fornmed by using the nitrogen-containing
gas al one, the gas used for the deposition of the sem conductor |ayer nust
be purged fromthe chanber after the deposition of the sem conductor |ayer.
The pl asmaani t 4hdatd 00y bd 3R dal TOSPRE en oridie HasGOUS Bl XEYF & @ligTinat es
the need of purging the gas for the deposition of the sem conductor layer,
whi ch shogtens the treatnment tinme. (ii) Thermal nitridation process The
thermal nitridation process has been generally used for nitridation because
typically of g Wa[oJee f £ rﬁﬁﬁ I g s il £ Ly,
heating is pregggggﬁéegggryég%giggs %grrgkanp é}@gﬁh?g%%gﬁgg F%?ﬁgkt%éb-c or
| ower in i le t j r- ti d
aﬁéé%@%ﬁgﬁlﬂ@e ]reanfDx?HQ%{f‘trciaq;erﬁi 5 ée:g Ixﬁ AL ghLErs pERL),Qng

Experi nmen . An excessi Ve enperature nmay cause

i ncreased _damage_.on the sem cqondugct or .l ayer. contrast, an. excessively

| ow heat | A6ot ARBE Bt T Tt a1 S O of GRS Red Lo oge doNEEni g
| ayer suffjciently., The heating tenmperature , i re_preferably controlled
nt 500 C BRH DHETDANHOSR00CoBE A BhET . THbkg TURENBr BoETeRdDry S DS0oC o
hi gher and,350' C or lower. The heating treatnment (thermal nitridation
process) Béﬁrﬁge€6ﬁﬁﬁéﬁé@lnﬁhg@énﬁiﬂﬁ??oﬁhﬁﬁ?%St4ﬁﬁéﬂgﬁﬁn¥hﬁ AEPEELi R
process, as described 29 in after-nmentioned Experinental Exanple 3. This
further @aéckherss Y& ] tresntae ey efteriii)

Am nation process The am nation process serves to accelerate the .
deconposiF grilepositionof the semiconductor layer. Theplasmanitridation

in an atmosphere of the gaseous mixture eliminates the need of
purging the gas for the deposition of the semiconductor layer,
which shortens the treatment time.

(ii) Thermal nitridation process

The thermal nitridation process has been generally used fof
nitridation because typically of good throwing power of the
resulting film. Specifically, heatingispreferablycarriedout,
for example, at temperatures of 400°C or lower in a nitrogen gas
atmosphere, as demonstrated in after-mentioned Experimental
Example 2. An excessively high heating temperature may cause
increased damage on the semiconductor layer.. In contrast, an
excessively low heating temperature may fail to provide a desired
nitrogen-containinglayer sufficiently. Theheatingtemperature
ismorepreferablycontrolled at 200°C or higher and 380°C or lower,
and further preferably at 250°C or higher and 350°C or lower. The
heating treatment (thermal nitridation process)} can be conducted

in combination with the plasma nitridation process, as described
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or reaction of gas by the action of light to thereby formthe
nitrogen-containing layer. Light at a wavelength within the wultraviolet
region (about 200 nmto 400 nn) is generally used. The light source can be
a nmercury lanp such as a |owpressure nercury |anp at a wavel ength of 254

him or - a hkﬂ“a@%@§sﬂéﬁtﬁg5%ﬁrExpk@qﬁeﬁEaQ ?%%g%ﬁ%g%h °%h§§5fﬂgk?§£ exci mer

| aser system such as ArF laser at a wave of 194 nm or | aser at a

wavel engt gl 2480m-,N0GE,RREGLL 8l Le Hhe AMALAN Ligareherabl y

carried out ‘using ultravio adi ation a er wavel e

ni t r ogen- cont ai nj empnstrated in after-nmenti oned Experinenta
Exanpl e 4. Thiéfiggrg§£%ag§%ggﬁg?é%ﬁ%rgy to be applied in amdation. The

am nation procgss_is_preferably carried out usi a. nhitraggen-containing

Sol Uti on typi CIFT 5 CBRT AL Mg B ARG G CUBC RS G € 47 CHRDRGEG O
efficiently fed to the_sem conductor |ayer _by . applying. ultraviolet

Fadi at | onoHnFFEChLPHI G BHS RVt LGeRCEaHbaPA ndOPRabPd PREEEM SCETWEDR ¢ he
sem conductor |ayer. The specific procedure can be found in after-nentioned
Exper i nenPaFreYghpreniaipdngs 1ggecri betdabote, 2t WaVaL eregRnvEbRtAI Rifg | ayer
is deposited preferably by at |east one of the processes (i) to (iii) The
syst em (dBVEERBY1OLBRaRBEEONt éAPERAL 4P @, MR JH dBhpdsi OraRrTada vf BEethe
deposition of the nitrogen-containing |ayer are preferably set or selected
as fol | ondhesbigbtt so8raApl FRY PReanBAUFHEVULENG SPrbcessés landPsREFUER t he

treatnment tinme. Regarding the system the formation of the
mercury lamp at a wavelength of 254 nm or a high-pressure mercury

lanp at a wavelength ¢f 365 nm; or excimer laser system such as
ArF laser at a wavelength of 194 nm or KrF laser at a wavelength
of 248 nm. More specifically, theamination ispreferablycarried
out using ultraviolet radiation at a shorter wavelength in a
nitrogen-containing gas, as demonstrated in after-mentioned
Experimental Example 4. This realizes a higher energy tc be
applied in amidation.

The amination process is preferably carried out using a
nitrogen-containingsolutiontypicallycontaininganaminogroup.
Nitrogen can be more efficiently fed to the semiconductor layer
by applying ultraviolet radiation while brining the
nitrogen-containingliquidincontactwith the semicenductor layer.
The specific procedure can be found in after-mentioned
Experimental Example 4.

As is described above, the nitrogen-containing layer is
deposited preferably by at least one of the processes (1) to (iii).

The system (device), chamber, temperature, and gas composition
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ni trogen- containing layer is preferably carried out in the same system as
the deposition system for depositing the sem conductor |ayer, and is nore
preferably carried out in the same chanber of the sanme systemas the

deposition of the sem conductor |ayer, so as to sinplify the manufacturing

processesfo¥h5§3Sgbgkgggggfﬁgﬁ%ﬁﬁﬁEgo %Q%%QEaQEﬁBBQJ%ﬁékapg&%%ﬁgﬁgéﬁgﬁnE or

W thin one system e tenperature, e formation

ni trogen- cant gining. | ayar. | S prelel ally caryied,oul e gtun, substantially

equal tenperature 10 I I'm"deposi tion enper € sem con
| ayer, that is, w.thi 0 of .the filmd sition tenperature of the
senicondu8F8FeF§§3ré %Tﬁﬁggggﬁeghgn%ngEQQﬁﬂﬁi%%ﬁ'adjusting t he
tenmperature. The gas.for_use herein n ge t he.ni tragen-contai ning gas such
as N2, NH3, orﬁﬁﬁgréFBHeFHBu§y? eBreggﬁa P§m3%é8§e8§s%ﬁfxture of the
nitrogen-containing %as,mith a material gas (SiH4) used for the deposition
of the sehi¢SRAGEEGPTIEYAANIhRNEE S AT TSR Lo editHieryOPysr Fhe S8Mse
formed by using the ni trogen- containing gas al one, the gas used for the
depositioﬁyséﬁmﬁﬁé@9@hﬁ88ﬁé&§ﬂ8P—%%@%ﬂ“ﬁ%gtdBEOEﬁFééa*ﬂﬁbﬁﬁﬁﬁéo@ﬁ§ﬁ5@? after
t he deposition of the sem conductor |l ayer. The nitridation in an atnosphere
of the gas@¥as nirREulé BOTRi RaLésTERd \nEed rdRbp oG ig thke Sgas herTbE
deposition of the sem conductor |ayer and shortens 31 the treatment tine.
Al t er nat i 981 Yhe typng gy sitemppef gralepos iibarupé bhe tgrini gandusyerc deweaini ng
gas with a reducing gas. This further effectively prevents the oxidation of
t he sem condaetior au%piify the manufacturing processes. This eliminates

an extra movement of the work between systems or within one systemn.

Regarding the temperature, the formation of the

nitrogen-containing layer is preferably carried out at a

substantially equal temperature to the film-deposition

temperature of the semiconductor layer, that 1s, within =+ 10°C

of the film-deposition temperature of the semiconductor layer.

This saves an extra time for adjusting the temperature.

The gas for use herein can be the nitrogen-containing gas

such as N,, NHs, or NF3; alone, but is preferably a gaseous mixture

of the nitrogen-containing gas with a material gas (SiH4) used

for the deposition of the semiconductor layer. When the

nitrogen-containing layer is to be formed by using the

nitrogen-containing gas alone, the gas used for the deposition

of the semiconductor layer must be purged from the chamber after

the depositicn of the semiconductor layer. The nitridation in
an atmosphere of the gaseousmixture eliminates the need of purging

the gas for the depositicon of the semiconductor layer and shortens
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Exanpl es of the reducing gas are NH3 and H2- O these gases, NH3 acts not
only as a reducing gas but also as a nitrogen-containing gas, and it can be
used alone or in conbination with, for exanple, H2 After form ng the

ni trogen- containing |layer on the thin-film transistor sem conductor |ayer,

a filmof Lan %&ggk%ggkakl is deposited typically by a sputtering process
to thereby vyiel esired source/drain interconnection. The source/drain

Ot e OR AL OB Lo beypr RN ALIYEnbL 2060 Do ORGSRl Bl o pitsl O 2

single sputtering target e sputterin as there i's no need

of changi g e gonpostion Ofﬁ&tshm%utt% 19192525 | Rrabove, eaLi oned

JP- A No. ccor the = present enti on-can ftur

sinmplify t nufacturin esses. e of ar fe t res of the
sour cel Ur SthehraLErgdHE = R ESr B Ros T it e p s e [ Ry

ni trogen- onta ni_n rranged between the th|n f tran5|stor

sem condut6fP Fﬁygftgﬁ% Iﬁgﬁﬁﬁn?ﬁ?l%@3ngeﬁzsocggtg%SEOQ%?e%héﬁh

sem conductor layer. Accordingly, the types of the alum numalloy and the
seni condu@fsf fP%E/é’tnléfr eSSt eshieding gar KMt PrhiSPeds BRd HERISE EEFELAY used
in source/drain el ectrodes can be used, as long as the thin-f ilm

transi st oFagr g ditegamme Hé?dﬂ@?%@lryl%w&%@tl%lzwkébr e<Thezampd e,
exanpl es of the sem conductor |ayer are an anorphous silicon and a

pol ycrystHktine silicon. The aluminum alloy can be, for exanple, a

general l y-used al um num material such as pure alum numor an aIun1nun1aIon
cont ai ni ng si |Afoar forming the nitrogen-containing iayer on the thin-fiim

Lransistor semiconductor layer, a film of an aluminum alloy is
deposited typically by a sputtering process to thereby yield a
desired source/drain interconnection. The source/drain
electrede according to the present invention can be deposited
by using a single sputtering target and a single sputtering gas,
and there is no need of changing the composition of the sputtering
gas as in above-mentioned JP-ANo. 2003-273109. Accordingly, the
present invention can further simplify the manufacturing
processes.

One of the major features of the source/drain electrodes
according to the present inventicon is the nitrogen-containing
layer arranged between the thin-film transistor semiconductor
layer and the aluminumalloy layer so as to cover the semiconductor
layer. Accordingly, the types of the aluminum alloy and the
semiconductor layer are not specifically limited, and those
generally used in source/drain electrodes can be used, as long

as thethin-filmtransistorproperties arenot adverselyaffected.
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copper, or a rare-earth elenent such as Nd or Y as an alloy elenent. The

al um num material for interconnections in the source/drain electrodes
according to First Enmbodi nent can be a conventional alum num alloy as
intact but is preferably an Al-Ni alloycontaining 6 atom c percent or |ess

Of NI Ckel ef% ot rdesqhiddedanie.o T, CORIAIHAII O 80 eald 265

thin-filmtransistor properties equivalent to those of conventi onal

al uni num ak0Ysouseken ;ERE LRRULILOG, LDLBELL INLT anel Sior sSLhale Lges

uses no barr metal [ayer. € denons er-nenti oned
Experinen% I gx | es. k% t -Ni all t.al ns I 6 t om
percent o ﬁ%P kggB ?%é FN?§§ %ﬁ’t iﬁ%¥F%%gl yuﬁgggagﬁ%ﬁgggéggﬁ$%P€ hi gh
electricalur sistancg. Thus thg response spee ofégj %L nma %eg&e%§e, t he
pover conSHHt FEnoNRS FhEPFbARE, SRl A rECuITI I ECSPray T e Timai r ed
quality not suitable for racti cal use. Fre ni ckel conten# i S re
or of er abl §OBPE ot ca TRAC AT G CLEBERCHIEN Bietd PF i £5 6 Lo REdRBETSont ent
i's not specificall¥ limted in view of the thin-filmtransistor
properties. HoWeGeRlUHMRH Nt RRCAFLIRE APFoynERFAOPIPACESTEi FBcthP$ connect ed
toan ITOthin film the N -A_ alloy preferablg.contains 0.3 atom c percent
or nore ofCHIEREArafRecARChrodesopcrording ta Fhespriggerdinenlemanhean
further conprise, as a third conponent, 0.1 atonmic percent or nore and 33
1.0 at omi ECp¥EeREAPTEL fbeBipingllwase bhkael dndhtissereteedabiy e ALhdigr oup
consisting of Ti, V, Zr, No, Mo, Hf, Ta, and W(this group is hereinafter
al so ref epledvtaerds: ITGranp axpomi c orcentesulitgarge ahieyels dwer eidagtrébed so
referredto as "Al-Ni -Xl alloy".

above., This configuration also realizes thin-film transistor

properties equivalent to those of conventional aluminum alloys,

even the resulting thin-film transistor substrate does uses no

barriermetal layer. Thiswill bedemonstratedinafter-mentioned

Experimental Examples. If the Al-Ni alloy contains more than 6

atomic percent of nickel, the A1-Ni allcy thin film may have an

excessivelyhighelectrical resistance. Thus, the response speed

of pixel may decrease, the pcwer consumption may increase, and

the resulting display may have impaired quality not suitable for

practical use. The nickel content is more preferably 5 atomic

percent or less. The lower limit of the nickel content is not

specifically limited in view of the thin-film transistor

properties. However, when the A1-Ni alloy thin film is directly

connected to an ITO thin film, the Ni-Al alloy preferably contains

0.3 atomic percent or more of nickel.

The A1-Ni alloy for use in the present invention can further

comprise, as a third component, 0.1 atomic percent or more and
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Alternatively or in addition, the Al-N alloy can further conprise 0.1
atom c percent or nore and 2.0 atom c percent or |less of at |east one
el enent selected fromthe group consisting of My, G, M, Ru, Rh, Pd, Ir,
Pt, La, &, Th, Dy, Nd, Y, Co, and Fe (this group is hereinafter also

referred 40 gas L pup, X2 |OEQ?E?S”S§§EL§€ Ne-3ld Oyl o1 etk naliat. &l o

. O
referred to as oy containing at Fbast

Goup X2 62k Sbaube Bl kSRS Betaf Y nttet 10 A RS ht T R aren

G oup X2 can resent 1hvention' edétEBn e el'ement s
bel ongi ng 0, & oup XL A0d Foun, X2, Jd, inconporal ed into e A opL alloy,
serves to“preven ecrease i n thermal stability duetofornmati on of
hill ocks (hu ._proj.ectio s%_on t.he surface_of t$ AI-Q% gglg %ﬂin film
when' "t e TR U8B S R B e P Pt T Aebr B EEA1S hhe R CL bt oY he | O
film (?O%E X1 %nd X2 differ {ron1eacg ther, ipn their ogerations when
vi ewed i nPd&EAPRI LTRSS TPt i hef '7ﬁiag}8Yé¥¥bﬁu ORE B FCEPSE SEhem
will be described in detail in the source/drain electrodes according to
Second EnBodi AERATLFaRF CeFheP s dtft iR /Adihain Ve PEERE60R]T BRRBr af ntPid FHi Pt
Enbodi nent elimnate the need of the interposition of a |ower barrier netal
| ayer bet weeftt pae LA I ethiiF o ERcafdCReCeRf hs Fineh o f MPlhsCet or
sem conductor layer, in contrast to conventional 34 equivalents. Therefore,
t he al um Mibn BRI ojhit Peh ¥ mBan Use &6, dbrelV. clddt att G4 Rchde (this
sem conductor |ayer through the ni trogen- containing |ayer. Sanple TFTs
usi ng a thiraupi im berpareftarumilsomretcanedl IN aal ["Gyoprepar'ed i Bhe
after-nmenti oned

resultingalloyishereinafteralsoreferredtoas "Al-Ni-X2alloy".

An Al-Ni-X1-X2 alloy containing at least one element belonging

to Group X1 and at least one element belonging to Group X2 can

be used in the present inventicn.

At least one of the elements belonging to Group X1 and Group

X2, if incorporatedintotheAl-Nialloy, serves toprevent decrease

in thermal stability due to formation of hillocks (bumpy

projections) on the surface of the Al-Ni alloy thin film when

the A1-Ni alloy thin film is brought into direct contact with

the ITO film. Groups X1 and X2 differ from each other in their

operations when viewed in detail. These differences including

preferred contents of them will be described in detail in the

source/drain electrodes according to Second Embodiment later.

The source/drain electrodes according to First Embodiment
eliminate the need of the interposition of a lower barrier metal

layer between the aluminum alloy thin film and the thin-film

transistor semiconducior layer, in contrast to conventional
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Experinmental Exanples were found to realize thin-filmtransistor properties
equal to or higher than those of conventional equivalents using a
conventional alumnumalloy thin filmwith the interposition of a barrier
metal |ayer such as chromum |l ayer. Thus, the present invention elimnates

the need gf, BaLhikarsTetdlerbBYLE, ST LM SIRINMY RAYEALE Wi Mg, OGESSes

and reduces the production cost. Source/drain elecCtrodes according to

Second Emiodl gent.oThecSguigehdrai elepliodes. according oy Seqand
nprise a ni ge nd a

Enbodi ment each co trogen- containing-layer a -Ni all oy

thin fi 'Hlt?ggeﬁg%ﬁ%%% ﬂg&%?o%eagn AGCREALNG 1,0, S860Nd f'::tg'%oc‘?% gent  have

the same confrgurations as the Souf cé/drain el éctiodes —according t0 First

Enbodi nent, except for uihgggagégf t er- nenti.oned A -N alloy as an
n

peci fi
al uni num AEEEFTER, CPe&8r M OYh& T CEEME C oY F&i?@ﬁ%}qgf as the ni
trogen- cgntaining, | ayer t he source/drain._el ectrodes according to First
Enbodi mentARPFINCBES S TR P MEES. L THRT SEb PR G2 NP 1 ) CREPRIELOdi r ect
connection between the AI-Ni allqy thin filmand the thin-filmtransistor
semi conduBFBPEFayEF EAHBLgRCL RE RLORETgdhanc dhesieniotg corRyentdmdal i n
addi tion, enables direct connection between the AI-N_alloy and the
transpar eREUpVRLBRESeREERFoleCOTHERE + QNP obEBI AW HUY 3811dh Tdilectiitlal |y
conductive oxide (Al Ox, O<x!~0.8) and/or a nickel -enriched |ayer is forned

at the intkefladenpaiiderrt RE APaNrieg) ez hAd VEReS U ASpar eIt B dayes -

electrode. This will be described in detail |ater.
Thus, the present invention eliminates the need of barrier metal

layer, thereby simplify manufacturing processes and reduces the
production cost.

Source/drain electrodes according to Second Embodiment

The source/drain electrodes accerding to Second Embodiment
each comprise a nitrogen-containing layer and a A1-Ni alloy thin
film. Thesource/drainelectrodes accordingto Second Embodiment
have the same configqurations as the source/drain electrodes
according to First Embodiment, except forusing an after-mentioned
specific A1-Ni alloy as an aluminummaterial. Description on the
same configurations, such as the nitrogen-containing layer, as
the socurce/drain electrodes according to First Embodiment will
be omitted herein.

The specific A1-Ni alloy permits direct connection between
the Al1-Ni alloy thin film and the thin-film transistor
semiconductor layer through the nitrogen-containing layer and,
in addition, enables direct connecticn betwéen the A1-Ni alloy

and the transparent picture electrode. This is probably because
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Initially, the Al-Ni alloy for use in the source/drain electrodes according
to Second Enbodinment will be described. The AI-N alloy for use herein
conprises 0.3 atom c percent or nore and 6 atom c percent or |ess of nickel.
The lower limt of the nickel content (0.3 atomic percent) is set mainly

from the.yi @W@@t?&éa%yr %QH@M%;V%E S%Q'atea‘"(hl'b%s' Bl ¥)at [ 1 gL erf ace

between the Al-Ni "alToy thin filmand the transparent picture electrode and

of ensurlﬂgcﬁaaléaé%g%)sﬁ fgggﬁg%nég&ﬁpgd Eyche'I%{rgffga&'s%'m%%%t@ﬁéggf yihe

source/ drain eléctro a econd odi nent ess an 0. 3

atomi ¢ peteent, amteagg gagaga%%mgt ULl e ater T asg, si,ght |y, i ner eases

and the t S crease nic con éxceeds 6 atonic
per cent, the AI al | n f|In1nay have an exceSS|ver high electrical
resistancg ?ﬁugedtﬁe gé% E Seed of pixel decreases, the power

consunption i reas t he resul i spl ay, has,_inpaired , quality not
sui tabl e for p EANE RS gh 'ﬁl ﬁbngiﬁggaf?ﬁngﬁ? fﬂeggegEQHﬁFﬁéggaéﬂd
dlsadvant ge nlckel content. is preferably C percent or nore
and 5 ato tﬁ% BEnECEPTALEY. t?héeﬂPnﬁ|E§PP89m6P§f@F ggfﬁﬁFﬁéﬂ €6npri ses,
as athird conponen 0.1 atom c percent or nore and 1.0 atom c percent or
less of at |eaBic die™el heRY BRF il AGTESNGFRBBT XEes|q - %Wetoeerﬁ BRECEBE of
the at | east one elenent belonging to Goup Xl is less than 0.1 atomc

percent, PHE@KR it ¢ aforheseerrentn’s Lewp Adtnbekebf f ddiq Jaliprekhnbit ed.

In contrast if it exceeds 1.0 atomc percent, the activity may increase
but the A@fhmhg|néck@y chhphent (0.3 atomic percent) is set mainly from

theviewpecints of reducing thecontactresistivityat theinterface
between the Al-Ni alloy thin film and the transparent picture
electrode and of ensuring satisfactory thermal stability.

Ifthenickel content of the source/drainelectrodes according
to Second Embodiment is less than 0.3 atomic percent, the contact
resistivity at the interface slightly increases and the thermal
stability decreases. If the nickel content exceeds 6 atcmic
percent, the A1-Ni alloy thin film may have an excessively high
electrical resistance. Thus, the response speed cf pixel
decreases, the power consumption increases, and the resulting
display has impaired quality not suitable for practical use. 1In
consideration of these advantages and disadvantages, the nickel
content is preferably 0.5 atomic percent or more and 5 atomic
percent or less.

The Al-Ni alloy preferably further comprises, as a third
component, 0.1 atomic percent or more and 1.0 atomic percent or

less of at least one element beleonging to Group X1. If the content
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filmmay have an increased resistivity. Inconsideration of these, the
content of the at | east one elenent belonging to Goup XI is nore
preferably 0. 2 atomic percent or nore and 0. 8 atonmic percent or |ess.
Each of these elenments can be used alone or in conbination. Wen they are

used in C%’fbitﬁ_@]E gggiege% gﬂ%daglsﬁehe%egényﬂﬁg%r@m&p Fhoul dle{ﬁ 'ta ir{ hin

t he above-specifi range. ternatively of 1n addition, the Al oy can
further oMPLL3G Q. oAl Qe REILCENk: i0f: dIPIG AR LIRS, RELPN: Qe | ess
of at |east one g?e Nt be dnglﬁb tojgégﬂgcﬁb as a thir conp&ﬁent.q#%is
serves to fectivel t decrea i.n ernal . . stabi lity.due :
fornatione% e%&ﬁh§§ﬁ§6¥%ﬁﬁggxﬁﬂojg%t?%ﬁ%faég’ gﬁelgqugggdgflfﬁeakﬁpﬁF al | oy
thin fil as, in the Al-N.-X alloy. |f_the content -of LB@Eat | ea Egpne
el enent bEFORGMNY LOSGREURT XY T8Y] BRETEASR 000 HromE ertem  The et i vi ty
may not be.  ef f ectively exhibited., However, if it exceeds, 2. % tomc
per cont,  EERBTASRRTT PPHEATRE W A L300 Y | oyt A FPRS TRF TR M PRCPERSH,
al though the activity may increase. In consideration of these, the caontent
of the at tPEaSPRERE TePdmdhte Bl dFgiSTg XE GSHFDR P ORI FrefECaR ylo. 3
atom c percent or more and 1. 8 atomc percent or |less. Each_ of these
el ement s &P PERECERBAE Jor’  WPRRVFBERSENSP T RORRANEHEYS aEemisagcent
conbi nation, the total content of the elenments should fall within the
above- spe@irfliass r ahgeh S7tirpae AlleNengls| i porsgda jonea tie 1 prresddmativent i on
can be an Al -N-X -X2 alloy conprising both of at |east one el ement
bel ongi ngWhes Gaiupr Xusgadi meonkase toaa dileneptabebotgntg i thaedgpexZs These
el enents belonging to Goups XI and X2 are sel ected
should fall within the above-specified range.
Alternatively or in addition, the Al-Ni alloy can further
comprise 0.1 atomic percent or more and 2.0 atomic percent or
less of at least one element belonging to Group X2 as a third
component. Thisservestoeffectivelyprevent decrease inthermal
stability due to formation of hillocks (bumpy projections) on
the surface of the A1-Ni alloy thin £ilm, as in the A1-Ni-X1 alloy.
If the content of the at least one element belonging to Group
X2 is less than 0.1 atomic percent, the activity may nof be
effectivelyexhibited. However, ifitexceeds?2.0atomicpercent,
the resistivity of the Al-Ni-X2 alloy thin film may increase,
although the activity may increase. 1In consideration of these,
the content of the at least one element belonging to Group X2
ismorepreferably 0.3 atomicpercent ormoreandl.8 atomic percent
orless. Eachoftheseelementscanbeusedaloneor incombination.

When theyareused incombination, the total content of the elements

should fall within the above-specified range.
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fromthe viewpoints of the thermal stability and the electrical resistivity
of the resulting AI-Ni-X1 alloy thin filmor AI-Ni-X2 alloy thin film
Goups XI and X2 slightly differ fromeach other in the mechanismto
contribute to thermal stability. This will be illustrated in detail bel ow,

with referencefo b Gy 8 FlG 8 sl %g%ﬁ%%@ﬁ@ih&%ﬁ%%eﬁ'éé&%tﬂét g how

the stress of alum num mvaries on 't e Atur 6,

an A xe TS e §5m%?2%é}3%8tﬁorf?§§‘ t@érgeaé ng%rf}on%'l%@ Q‘i”‘
Shovs t hatot RECAP. 33 AT oy I | TR Bor 6 g D5 gé%éﬁecCt'GZﬁeLL?iog. 5 to
Cemporature. THRegFar 31'@%‘85% ﬁb”?ic?ﬁ%#%. f?«éé@efciu%“%teﬂy 4 R T ot ure
el evation but it injtiates at relatlvel¥4l ow tenperatures, and the stress

i s sharpl $TPBI BR8dVIFWRCHAFF §h§h§§66 a@eﬁ%@?h%hF@saanﬁQ?|%¥%9§ﬁ%%ﬂly

because a dissolved elenment contained in the alloy precipitates as an
i nt er net aFPPe St d¥Hbdunt FhgnBe Rl s1ag deleriards 2t heYdrthith fdhBvR h AdtNar&si num
to thereby reduce the electrical resistivity. Specifically, the electrical
resistivi ﬁli 1py Gk ifdilant | GreeBEceldaae ¥eFat phEly doW ehéatrmeaelewpdeat ur es.
However, when the thin filmis further 38 heated in the state where the
stress isifwthy nredthpmdsn dconmoedsinmitestpeskevoelrstanl t hevt hiThig Wimlland
t hereby causes, for exanple, hillocks. The alloy probably has a
heat - r esi beanfl lttefperatiuie dedar 1t detlloer,t eniér attdee catcanticciFithe Sstress i s
rel axed.
FIG. 8 is adiagram schematically illustrating how the stress
of aluminum thin film varies depending on the temperature. In
FIG. 8, the symbols "A", "B", and "C" represent the data of pure
aluminum, an A1-X2 alloy comprising an element belonging to Group
X2, and an Al-X1 allcoy comprising an element belconging to Group
X1, respectively.
FIG. 8 shows that theAl-X2alloyfilm"B" comprisinganelement
belonging to Group X2 has an increasing compressive stress with
an elevating temperature. The grain growth is inhibited inearly
stages of temperature elevation but it initiates at relatively
low temperatures, and the stress is sharply relaxed in a narrow
range of temperatures. This is prcbably because a dissolved
element contained in the alloy precipitates as an intermetallic
compound, and this accelerates the grain growth of aluminum to
thereby reduce the electrical resistivity. Specifically, the

electrical resistivity is sufficiently reduced at relatively low

heating temperatures. However, when the thin film is further
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The Al-XI alloy film"C"' conprising an el enent belonging to Goup X shows
an i ncreasing conpressive stress with an elevating tenperature as in the

Al-X2 alloy film"B", and the grain growh of alumnuminitiates at simlar
tenperatures as in the Al-X2 alloy film However, the elenment belonging to

G oup X HEBE@§Q§1tB%qgﬁégghﬁ%E%Qﬂ§9E?EE%@:ﬁ@@u@ﬁ%@f@iéﬁé@ﬁCQEF%@ssive

internmetallic conpound at a relatively low rate. "Thus, the internetallic

compound ge adual | ycpreci pickal en: i £ 1 an decLangecohs Lemaratynes, [and the

stress is gra y relaxe precipitati as illustrat in FIG

8. Theref gie oList edphLesy gyclhhieati g, and quite alang e hetore Lhe

stress is 'suffrcrent Yy nos I'ssolv enent “preciprtates

as an interpetallic conpoun and, grai.n.grow h_.of alum num_proceeds to
al | ow t he"FoT1 ?&Pn&b?i x & eﬁ&?f@% &l 11 ntt?]f? FEGGEEY & S&TATES
conductivity. This resul in_incregsed thermal stabjlity, pecifically,
Che ol envnt 5 BETOR T €0 18V0GD IR Cany RS SSRGuEY & bPECH iR Gt
internetallic conpgund, t her ebynore effectivel i ncrease. the hhernal
stabi | i t yST3HA Care¥hi B L ISHFSLENT ONREY 3Rt B & e Pt 6% 3y et RE AL ABFnal
stability in a snaller amount than the el ements belonging to Goup X2.
Thus, thet@PRREAFETBetdnidt gt LT AL IAY drid ™ hEse BBHOMYF MF2ifoIEPEGR X2
differ in nmechanismof exhibiting the thermal stability 39 and thereby
di ffer inC€onteRin@mppBitLiphEs ég cheldant EpmperatHaes| agents thel BAgiAg to
G oup X1 can reduce the contact resistivity to a target-level in a smaller
amount t hahlerel ielrenedoyevsal .oifeney eeeIGy &3 oxirgs taemprar at dd fifpses
after-nentioned

from the solid-solution and precipitates as an intermetallic

compound at a relatively low rate. Thus, the intermetallic
compound gradually precipitates within a wide range of
temperatures, and the stress is dgradually relaxed with the
precipitation, as illustrated in FIG. 8. Therefore, it requires
much heatingandquite along time before the stressissufficiently
relaxed, most of the dissolved element precipitates as an
intermetallic compound, and grain drowth of aluminum proceeds
toallow the filmmatrix to have a sufficiently reduced electrical
conductivity. This results in increased thermal stability.
Specifically, the elements belonging to Group X1 may mcre slowly
precipitateasanintermetalliccompound, therebymoreeffectively
increase the thermal stability, and can exhibit sufficient
advantage of improving the thermal stability in a smaller amount
than the elements belonging to Group XZ2.

Thus, the elements belonging to Group X1 and those belonging

toGroup X2 differ inmechanismof exhibiting the thermal stability
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Experimental Exanples. This activity is also observed when the thin filmis
treated at relatively low heating tenperatures. In addition, the elenents
bel onging to Group Xl are resistant to the formation of voids in the

el ectrode filmas conpared with the elenments belonging to Goup X2,

al though Lhe ganteny af ke iHOLEREAROULADE Sehikower dhancthe egntent of

the latter. Specifically, when an elenent "that rapidly precipitates as an

intermetal lic ﬁ(pgp&l%le ugs %@f&ﬂ&%é 31{]92@19;11}5 PRI Yot kPeRe REZLLAY, such

as one belonging to 0 i ST use nore intensive tensile stress

occurs inréQ§3E55§¥?g%9%2%§%§§9i%ﬁggﬁ.iQsﬁ%ﬁW%@”am&@ﬁ@tﬁEﬁ1&h£gﬁ%@gﬁ??LEd to

roomtenperature a ensil e stress may causSe Vol
contrast,,in _an.all e in_whi,ch an.internetallic co und gradual |y
oreci pi t pedoBgafle 88 BXSLE k! e B BR Ly ARG Sromsiear OFE 12hsh as an
el ement gelon ing,t é}ou X, éﬂgﬁpre i.pi.tation_and grain owt h e
i nterrupt 6paﬁgﬂeﬁﬁa9a ?%@g%gshe ?8%ﬂ§ﬁﬁ§fé?u?€§oégx%ﬂ“ﬁg%ﬁ%%nxggethe
stress is_not %uificientlé]relaxed, and alsngll uantiéy of the tensile
stress rehBiAstHimt A8 FFPACRAeATCOBLBALVEIV0dRY PERpERTt GFEBPEFRUST Sthe
el enent s beloqggn%‘to,croup Xl are preferably selected fromthe viewpoint
of preventing VorHeIEdGTed 1D lERENEMGIANEIPESES CHRRHR X1tdee sRFdEteRFOK,
wherein x satisfies the following 40 condition: O<x!~0.8) fornmed at the
i nt er f acetpeiedpred AN RE valfsyin e piratardet helnramspareredréthre
el ectrode will be described. The oxide Al Ox contains oxygen in a |ess
amount anBh¢sei¢resrlpy belonging to Group X2, although the content cf the
former should be set lower than the content of the latter.
Specifically, when an element that rapidly precipitates as an
intermetallic compound in a narrow range of temperatures upon
heating, such as cnebelonging toGroup X2, isused, amore intensive
tensile stress occurs in the £ilm with proceeding grain growth,
when the film is cooled to room temperature after heating. The
tensile stress may cause volds. In contrast, in an alloy system
in which an intermetallic compound gradually precipitates over
a long time with an elevating temperature, such as an element
belonging to Group X1, the precipitation and grain growth are
interrupted when the alloy is heated to temperatures as in Group
X2, the stress is not sufficiently relaxed, and a small quantity
of the tensile stress remains in the film when cooled to room
temperature. Thus, the elements belonging to Group X1 are
preferably selected from the viewpoint of preventing voids caused

by the tensile stress.

Next, the oxide (Al0Ox, wherein x satisfies the following
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nore electrically conductive than A1203 having the stoichionetric
conposition. This contributes to reduction of the contact resistivity even
wi t hout barrier netal |ayers. Specifically, when a conventional alunm num

i nterconnection material is brought into direct contact with the

transpar ephnRii¢likne ebegkpode whihodts+ thes i ilelPesid i piebarHd en gt al

| ayer, a thick filmcontaining oxygen in a substantially sane anmpbunt as

A1203 and aﬁ%\g ¢nd &h iquim ra%%f. Sct}fev ittr>énis?v afr%ho'{e\;\% i%tttfﬂ%? é.l%tcetgo e 'wi.eirld ]:)tehi S
causes an increase contact resistivity. ver, the configuration

accordingd%F the.4qoresent invention can avoid this problem The thickness of
t he oxi de O 'S preferably about 1 to 10 nm nore preferably about 2 to 8

nm and furthe&hgrere a ro The electricall¥ cgpdu i ve.oxi de
e pr

. . X1 ?Héﬁxa OT1 nad' I’ISSO}Qm n 1 less ni.a %é‘l by
film(A ) is pre%era% y e posﬁt ed uggﬁg 2 il rﬁd%nr}glsll iOH &d§
conprising two or nore t eps., Far. _ex | e,. Lnitiall an | TO filmfar
constitutﬁﬁ6€%$ééc¥¥%ﬁ%bg¥§%9qﬁc 1JFé€€$%?9ﬁ@a§aF§“&%E%§FF@&%H&OQEFﬁﬁékness
of about 5 to 20.nm preterabl¥ agound 0 nm bé,s ut%erhng at a substrate
t enper at uFE8™BPSpePErabl J1bGER T IHBUESF 0 T 206581 Fﬁg 2hbReokPREE Ve gas
such as argon gas. During this procedure, nanely, in earl stages _of the
deposi t i ORCSESEREIEFOCHMEIMYEdHS T PETTd Sth&e teranshdteht éPEFaﬁécéﬂéé%rode,
the filmdeposition is preferably 41 carried out in an atnosphere free from
oxygen soWh&§Ntd Capyied tioxiadas 8l BRNtIHE afifdrdias ofon RAtAFIRL B3 bayudhitn
film Wen the filmdeposition is conducted in an atnosphere free from
oxygen i Anthidlnamihepntans Wwidduth¢e fganFoatehimdeporie ede biyregattidhiong

the interposition of barrier metal layer, a thick film containing
oxygen in a substantially same amount as Al,O; and having a high
resistivityis formedat the interface, and thiscausesan increased
contact resistivity. However, theconfigurationaccordingto the
present invention can avoild this problem.

The thickness of the oxide AlOxX is preferably about 1 to 10
nm, more preferably about 2 to 8 nm, and further preferably around
5 nm.

The electrically conductive oxide film (AlOx) is preferably
deposited using a film-deposition process comprising two or more
steps. For example, initially, an ITO film for constituting the
transparent picture electrode is deposited to a thickness of about
5 to 20 nm, preferably arcund 10 nm, by sputtering at a substrate
temperatureofpreferablyabout 100°C to200°Cusinganon—-oxidative
gas such as argcn gas. During this procedure, namely, in early

stages of the deposition of the ITO film constituting the

transparent picture electrode, the film depecsition is preferably
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contains a |l ess anmount of oxygen to thereby decrease the electrical
conductivity of the ITOfilmitself. However, the reduction in electrical
conductivity can be conpensated by appropriately heating the substrate
during this process, because the crystallinity of 1TO increases as a result

of such heatrirmigd ohextin tHie aAatmepheld c@as irsntangrd fyomd e avoid
non- oxi dative gas to an oxygen-containing gas conprising a non-oxidative

gas and exygeRrigasorafide afdddnd srdepesitadi f10roexanpl ei1h0 avHdi elress
of about 20 to 200 rim preferably around 40 nmwhile maintaining the

t enper at ure 1af dbhess¥hShr akecodBBcPXNIEN £SO @Mt sietderrad sk 4re8as
herein is not specifically limted but is preferably so set that the oxygen

partial pressHie hanhfrtO0rRO rJOuT+imy ef &6 abl i afQund 20 T spMtda figgpect
to the argon pressure, for exanple, of about 1 to 5 mlorr,” preferably

around 3 %E?xft%:ins.@?e%%ﬁrﬁﬂﬁlﬂ Q¥ %&é;%{ee d@tﬁ%e?iépﬁ]rﬂlégﬂn%aﬁ% ém%hzlé %‘i%@t‘?:q dhat the

electrical resistivity of the deposi to about 1 x

10-4 : itiqns. . qbt.aj ned
(err E%ﬁ%u‘é‘&%%ty‘l&ﬁeﬁgwocﬁ 'fgrl;?/ng i fhe 1%6‘”‘9}18%93%6‘9@1?? Cr%%i}x%‘%?é?ﬂ ne

by addi ng water vapo stea Xygen 1o the nmospher us, the

ITOfilmitself .can ha a . suf.ficient hi gh._el ectri.cal nducti.viity while
preventinSl%%grégﬁ afpéﬁugﬁl%ﬁﬁg'aaﬁn%%uﬁQa %%f%%ﬁ%%ﬁﬁ?%ﬁﬁ%%%%ﬁ%ﬁﬁ% of the

depositiop of .ITO_ fil arrying out .the deposition of I1TO film by
Sphtteri ngeR5IPT (5 GROROrate, Ghe Al I h GRS hE Sassh Dt ent of t he
at nospheri c e _nickel -enriched | ayer forned at the interface

s. Next, t
bet vieon ¢ FEYAEERGHI Yy ATl B SEhé % Fafsirent fpiscidh deat ing.-

Next, the atmospheric gas is changed from the non-oxidative
gas to an oxygen-containing gas comprising a non-oxidative gas
and oxygen gas, anda filmis deposited, for example, to a thickness
of about 20 to 200 nm, preferably around 40 nm while maintaining
the temperature of the substrate. The oxygen content of the
atmospheric gas herein is not specifically limited but is
preferably so set that the oxygen partial pressure is 10 to 50
nTorr, preferablyaround 20 uTorrwith respect to theargonpressure,
for example, of about 1 to 5 mTorr, preferably arcund 3 mTorr.
The present inventors have experimentally revealed that the
electrical resistivity of the deposited ITO film is minimized
to about 1 x 107 Q.cm® under these conditions. The same advantages
can be obtained by adding water vapor instead of oxygen to the
atmospheric gas. Thus, theITOfilmitself canhaveasufficiently
high electrical conductivity while preventing the oxidation of
the aluminum alloy film in early stadges of the deposition of ITC

film, by carrying out the deposition of ITO film by sputtering
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electrode will be illustrated. The nickel-enriched |layer is electrically
conductive and contributes to the reduction in contact resistivity, as in
the ALOx film The average nickel concentration of the nickel-enriched |ayer
is preferably 2 folds or nore and nore preferably 2.5 folds or nore the
aver age niiekekoC @icentratstep ofwiine AhaNgiald ahe The/gdrhictkness: off tHhe:

ni ckel -enriched layer is preferably 0.5 nmor nore and 10 nmor |ess, and
more pref grablsyhkrQ NPy, nore and 5 nmor |ess. The sanple TFTs prepared
by using the specific Al-N alloy thin films were found to realize

thin-filmtrangkgtor tREOReEke@Senr@RLACY akRS Foirticlly ataRdhel h@RRIfa3tabi ity
equal to or higher than those of conventional TFTs using conventional

al umi num alhoMent R Wil-iE Wity heinntrenRosidd om ot D8t Jretal diaver s
such as chromum |l ayer, as denmdnstrated in after-nentioned Experlnental

Exanpl es. eé%geﬁ:%egwut e %‘1‘%%‘?:’1:%:%‘&‘ ehhgt meﬁelaeg%@p@a tl‘a eveqand

Enbodi nent of the present i1nvention elimnate the nee barr er net al

by aauct i 081 Wl%'ama”déf*n%%tm”fa%t Sehe IR AR ol cal

producti on cost tion, the enab icien

re5|st|V|Eg %%CEeI %H% 1 Iow @e? eﬁgsit%gperature of about 200'C
and permt £'6 select es o] d|sp ay device materials and process

ot e 9%%@%&%%%%% OB ep bR e e R kB PR R S CRE MR es: esent

'”Ve”t'oni%‘kke eraglusgr%t?gs or more and more preferably 2.5 folds or

more the average nickel concentration of the A1-Ni allcy. The
thickness of the nickel-enriched layer is.preferably 0.5 nm or
more and 10 nm or less, and more preferably 1.0 nm or more and
5 nm or less.

The sample TFTs prepared by using the specific A1-Ni alloy
thin films were found to realize thin-film transistor properties,
contact resistivity, and thermal stability equal to or higher
than those of conventional TFTs using conventional aluminumalloy
thin films with the interposition of barrier metal layers such
aschromiumlayer, asdemonstratedinafter-mentionedExperimental
Examples. Accordingly, the source/drainelectrodes according to
Second Embodiment of the present invention eliminate the need
of barrier metal layers, thereby simplify the manufacturing
processes, and reduce the production cost. In addition, they
enable sufficiently reduced electrical resistivity at relatively
lowheating process temperature of about 200°C and permit to select

the typesofdisplaydevicematerials andprocessconditionswithin
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below, with reference to the attached draw ngs. Such preferred enbodi nents
will be illustrated by taking a liquid crystal display device conprising an
anor phous silicon thin-filmtransistor substrate as a representative
exanple. It is to be noted that the follow ngs are only exanpl es which by
no nmeans Wiiget thegeeqope of the present invention, and various changes and
nodi fications are possible there in without departing fromthe teaching and
scope of the prwese@nhehBventi on. The present inventors have experinentally
verified that the source/drain electrodes according to the present

invention can @50z be BPPFefed Cend&ineXedm € tHLiaeHve neheeilsades r
typically for reflective liquid crystal display devices, and TAB connecti ng

el ect rodegubgk rhRRYtac @k Qi PRt psbgBaksS A+ O Ofn 1,218 Ut 5iceq AR
enbodi ment of the anorphous silicon thin- f|In1tranS|stor substrate

accordi NOL0okNG PERSAM ) VAP RN LE L OehLL! MRl Aled. I dPbabr bl g

reference to FIG 3. FI G 1S a schemati c Cross- sec i onal Vi

a preferrggd.g QRQH%Q‘%HJ]PEE g%g’éﬁgéd HaN3I5E 91 ‘i'?iséfsgéf 1?1%%%&‘1 ng to

t he present PRvent i on nts orre ndi n the

conventi ogal , Lhi ol bb?%%hge%hsg% pﬁ%BEtr§E§coﬁ Ehen-%; ﬁgggpgg Y nd a

ref erence " numnera er ence a source e

O s BhREhag1e. 20 5 O PR LY SOMDeE 10 2 SOUORULY B

ni trogen- contalnng Layer (not, show) andan, Ay 2 ol 9TkE P %{g‘z@gpﬁ
of the present invention, and various changes and modifications
are possible therein without departing from the teaching and scope
0of the present invention. The present inventors have
experimentally verified that thé source/drain electrodes
according tc the present invention can alsc be applied to, for
example, reflective electrodes typically for reflective liquid
crystal display devices, and TAB connecting electrodes for input
and output of signals from or to the outside.

An embodiment of the amorphous silicon thin-film transistor
substrate according to the present invention will be illustrated
in detail with reference to FIG. 3.

FIG. 3 is a schematic cross—-sectional view illustrating a
preferred embodiment of the thin-film transistor substrate
according to the present invention. In FIG. 3, components
corresponding to those in the conventional thin-film transistor

substrate in FIG. 2 have the same reference numerals.

With reference to FIG. 3, a source electrode 28 and a drain
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nitrogen- containing layer is so arranged as to cover a channel anorphous
silicon thin film33. The configuration of the source/drain interconnection
34 will be illustrated in detail in after-nentioned FIGS. 4E and 4F. A
conpari son between FIG 2 and FIG 3 shows that the conventional thin-film

transi st ol 184RSHR © Y iSestihiedlawercoiadial tBtalsdayal/ Ehiand the
upper barrier netal |layer 54 made typically of nolybdenum (Md) on and bel ow

the sourceh@dtaidn @Ledrodes, (Eh@-sghrceWB?Egﬁs15@%rEBhHeE%|ght@@nS'Stor
substrate according to the present invention does not i1nclude the | ower

barrier ”%b%brl%%%ra5§1£f$&%n3%ontéﬂnﬁgg'fé§5& @ﬁﬁpgﬂe%ﬁtr§BSQﬂ1@ﬂ 2.0

after-nmenti oned Experi nent al Exanp es, the present |nvent|on al so

e"mnateatgmcng%qg%: hANi000G, 1 LPREY: DAIFber, Ml plond ayer 54 Thi s

enbodi nent enabl ect conne et ween t alum num al l oy and the

channel ﬁ%%‘é’;‘éﬁ Sk edhind 1a el LEQUGD, o L DE4N altwf 096N LNt %[”91 | ayer

wi t hout t erposi |on | ower "barrier ne ayer, in con rast to
convent i onal gglvale hIS m.transi.s

I
proper ti e§ €48 Varert 199 hﬁigﬁeiniégﬁ ?ﬁo%eC8P@%H3r85ﬁ98n9Fo%§F thin-film
t t bstr at. fter- t t I I .
Add 11 onaPPYEBMGERET SbGa R G OPhe \piganBs MIQHEar Ratres™a i reci
connection between the alunlnun1allg% and the transparent picture el ectrode

wi thout tHE PALEFpBSPLioRESE e -uffePardfi-er netal layer, in contrast to

conventional equivalents. This also__ensures good thin-filmtransistor
properties equhvgpgﬂgrﬁgogrbetween FIG. 2 and FIG. 3 shows that the

conventional thin-film transistor substirate comprises the lower
barrier metal layer 53 and the upper barrier metal layer 54 made
typically of molybdenum (Mo) on and below the source/drain
electrodes (FIG. 2); whereas the thin-film transistor substrate
according to the present invention does not incliude the lower
barrier metal layer 53 (FIG. 3). 1In addition, as demonstrated
in after-mentioned Experimental Examples, the present invention
also eliminates the need of arranging the upper barrier metal
layer 54.

This embodiment enébles direct connection between the
aluminum alloy and the channel amorphous silicon thin film through
the nitrogen-containing layer without the interposition of the
lower barriermetal layer, incontrast toconventional equivalents.
This realizes good thin-film transistor properties equivalent
to or higher than those of the conventional thin-film transistor
substrate (see after-mentioned Experimental Examples 1 and 2}.

Additionally, ancther embodiment of the present invention enables
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hi gher than those of the conventional thin-filmtransistor substrate (see
after-nentioned Experinental Exanples). Consequently, the present invention
elimnates the need of upper and |ower barrier netal |ayers essential for

conventional interconnections. Next, a nethod for nanufacturing the
thin-fil mdirarsi sbehec8UbstHARShOWa & Mkl fum 3 1a060EHHNEhE @ rzhe Rresent
invention will be illustrated with reference to FIGS. 4A to 4G The

conponent $i ciiirkl &1 e 4t 6005 QHRAUKII NG he0i hPOBEo b Nt FbB o Brhaveppde rrdiBer
reference nunerals. Initially, an alumnumalloy thin film(A -2. 0 atomc

percent  hdk2611 891 NG AcbhiekBESE, QlorARAH 200 BHLi@Adear 80l yhdeaumsihi n
filmb52 (not shown) haV|ng a thickness of about SO nmwere sequentially

deposi t ed QB3 ol 383 SYRAIHLE ] & YEYRIGRIY IR SRUELIHAY hldGt: 48) or The
filmdeposition by sputtering was carried Oout at roomtenperature. A

patt ern ofdnesial 0288 o QoRd Qi I iaven i Lid by

phot ol i t hograp ayer m conprising the

al um num %lub@étratyen C](sfeiel @f@jega—?a%nttQ%n%%P%%t@ rrnnegmofrlr fEE}Ja éaglze "Yas et ched

t
using the” patterned resist 62°as a nma here orma gat'e el ectrode

26 (FIG 4C) ._.ln_thi th i_pher, f.th | ti hin fil
i's éreferab?y %?%ﬁ%ghgﬁgggggggrE@ﬁ%ﬁgﬁgﬁké%ngﬁépge%%m§§g§88L%§%§&“F%oggou; i
60’ to i th f t i | at 7 to b i,ted
Cher oo REREE BRGi {70k HARTISdTAIrh LO4PESI FT AL o) BF KARves Gonel -

th|cknessi%Ee%Eg%%e%%gogglmas deposited typically by plasma CVD

Next, a method for manufacturing the thin-film transistor
substrate shown in FIG. 3 according to the present invention will
be illustrated with reference to FIGS. 4A to 4G. The components
in FIG. 4 corresponding to those in FIG. 3 have the same reference
numerals.

Initially, analuminumalloy thin fiilm (Al1-2.0 atomic percent
Nd) 61 having a thickness of about 200 nm, and a molybdenum thin
film 52 (not shown) having a thickness of about 50 nm were
sequentially deposited on a glass substrate la typically by
sputtering (FIG. 4A). The film-deposition by sputtering was
carried out at room temperature. A pattern cof a resist 62 was
produced on the multilayer thin film by photeclithography (FIG.
4B}, and the multilayver film comprising the aluminum alloy thin
film 61 and the molybdenum thin film 52 was etched using the
patterned resist 62 as a mask to thereby form a gate electrode
26 (FIG. 4C). In this procedure, the periphery of the multilayer

thin film is preferably etched in a taper-shape at an angle of
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(FIG 4D) . The fil mdeposition by plasma CVD herein was conducted at a
tenperature of about 350'C. On the silicon nitride f ilm(gate insulator)
27 were sequentially deposited an undoped hydrogenated anorphous silicon
film(a-Si-H 55 having a thickness of about 200 nm and a phosphorus-doped
n+-type hwuthoogenart etdoaabophods® i ld< o fidphduer tarSicdhefydhaf g date

t hi ckness of about 80 nm typically by plasma CVD. The n+-type hydrogenated

anor phous insiilliz¢er 271 movaess drpeS itted haaardryl ng out plasma CVD using Si H4
and PH3 as materials. Subsequently, a nitro gen- containing |ayer 60 was

fornmed on theyast}yReshydregenat edaanp! phougasd | icam {¢d M (raraSidd 256 in
the chanber of the plasnma CVD systemused in the deposition of the silicon

nitride fihmM-4EbGs 8E) anoSReshd igahlas dbb%sg%E@rt?blc!§§¥U§§qpf§§m§l@VD
deposition of the anorphous silicon filmwas evacuated from'the chanber

while the gﬂ'@smﬁt € W Ji‘fﬁ%us %?Ftl&ﬂ% XD Hé}:%l%‘p{\fgg%n%lulctt%%

n+-type hydrogenat ed annrp I con n1 6 was treated with asma for

th t I
ree m “Htteéteg@eggtu fapiat Qﬁcﬁ‘ac;a e ¢ :?{H%%%?SQ gce{_{lrﬁéng?f Farel e

as a carrier nber 60 was
densi ty of 307 e %%‘a”?f‘%%“éaitloas.ﬁ %%p?é%}a%‘?a ureg%?egéw ”e%%& % gas
pressure of 67.Pa. The.surf of _t S anal 47 b S, and XPS
to find t RRPTPRETS EPoERRCORE ﬁ?ngaﬁﬁ $o %V“?%r S RBGG ot
Do S8 T S SRSl STl p g, LaYEL 80 e O B B ccess
silicon film (n* a-Si-H) 56 having a thickness of about 80 nm
typically by plasma CVD. The n*‘~type hydrogenated amorphous
silicon film was deposited by carrying out plasma CVD using SiHy
and PHs; as materials.
Subsequently, a nitrogen-containing layer 60 was formed on
the n"-type hydrogenated amorphous silicon film (n*a-Si-H) 56 in
the chamber of the plasma CVD system used in- the deposition of
the silicon nitride film (FIG. 4E). Specifically, the material
gas used for the deposition of the amorphous silicon film was
evacuated from the chamber while the substrate was kept in the
chamber. Next, the surface of the n"-type hydrogenated amorphous
silicon film 56 was treated with plasma for three minutes, which |
plasma was generated while feeding nitrogen gas alcne as a carrier
gas to the chamber. Thus, a nitrogen-containing layer 60 was
formed. Thisplasmatreatmentwascarriedoutataradio-frequency
powerdensityof 0.24W/cm?, a film—deposit‘ion temperatureof 320°C,

and a gas pressure of 67 Pa. The surface of the work was analyzed
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of this layer is not limted thereto, and a desired nitrogen-containing

| ayer can al so be forned by the above-nentioned thermal nitridat ion
process (ii) and the am nation process (iii) , as denonstrated by the
experinments (after-nentioned Experinental Exanples | to 4). Next, an Al-2.0

atom ¢ pebgemBsNanal x®p fdd MiGd havwitnghe dilirekresseft aabkduyg 30 aIMwaas
deposited on the nitrogen- containing |layer 60 typically by sputtering

(FIG 4F) roheed Ity deposidikin@iys Ry spdidters g ndas carried out at room
tenperature. A pattern of a resist was then produced by photolithography;

and the Al -2. OthathQmir® gRe-GComt alinidld DYy d it b0we3 st ched 1 dEid diknt
patterned resist as a mask, to thereby forma source el ectrode 28 and a

drain el egtr 948 2% A B GriAE) i on heoAdad YPerdedingengleeh ANDF PHOYS o Sdld con

film56 waS stripped by dry etching using the source electrode 28 and the

drain el ecter 2 - l: G i jiddc ifry i{m (protectin
filh) (no?%s%g%ﬁ)aﬁ%%ra&gE§EF§gdg?géﬁ gﬁ@%&ﬁé&sgg¥92bék%ﬁ§%%lnnf?ypical:ygin

I i tri dati - he fi (R [ duct ed at
Fenpor at LS 5P R 0L N e 1h (SO ASD s 08T S ofed by pr oduci ng
a pattern Bf ar %Eﬁt

t no
R R o hsal L pon L SE L. 39 and, eariying Qufy for
n

exanpl e, dry &t ching. Xt, an ashrng s si'ng “oxygen plasma was

f
48 duct ed, d .th hot i st | t sh i d. .usi
onovor CBROEEREnG L Do e BheR st B U S PR R st R R i e
further c%ntainingtlg %erce t b% nass of tin oxide) was deposited to a
t hi ckness"8PEEBBEI 80 ARATRESS, lpdft éni ng

Next, an Al-2.0 atomic percent Ni alloy film 63 having a
thickness of about 300 nmwas deposited on the nitrogen-ceontaining
layer 80 typically by sputtering (FIG. 4F). The film—depositioh
by sputtering was carried cut at rcocom temperature. A pattern of
a resist was then preoduced by photolithography; and the A1-2.0
atomic percent Ni alloy film 63 was etched using the patterned
resist as a mask, to thereby form a source electrode 28 and a
drain electrode 29 (FIG. 4F). The n'-type hydrogenated amorphous
silicon film 56 was stripped by dry etching using the source
electrode 28 and the drain electrode 29 as a mask (FIG. 4G).

A silicon nitride film (protecting film) (not shown) was
deposited to a thickness of about 300 nm typically in a plasma
nitridation system. The film deposition herein was conducted at
a temperature of about 200°C. Next, a contact hole 57 was formed
by producing a pattern of a resist on the silicon nitride film
30 and carrying out, for example, dry etching.

Next, an ashing step typically using oxygen plasma was
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by wet etching was carried out to thereby yield a transparent picture
el ectrode 5. Thus, the thin-filmtransistor substrate was conpleted. In the
thin-filmtransi stor substrate according to this enbodinent, the Al-N
alloy thin filmis directly connected to the channel anorphous silicon thin

filmthroughdukeeal,t 20Q€ Mt eC Phoiotad Jrayelyeandnick: fsdhgr wdis egtdiyped
connected to the ITOfilm The transparent picture electrode S herein is an

I TO film ushuly htréﬁﬁvéks@o@@aﬁﬂiﬂl%p £ mxdpstLad robmadnecamaphoys Sitk con,
a polysilicon (polycrystal line silicon) can be used as the active

sem conduqli 0k haysk i dd eyt dosi¥shahqdi SRA%ARVEGGaNOWE + 1 Bk@del 1S
prepared by using the above-prepared thin-filmtransistor substrate, for

exanpl e, tmfsit B@paggltgpﬂ'oﬁa HE&H@anéggt{ﬁ! ¥oufns @l @nment, d ayer vi.gfigrymed by

applying a I'm o r exanple, a polyimde to the thin-fiFmtransistor

SUDSL T Al &1y Luglr Mg se LI My BN LRG0 AU UPYING. Reaandig 2 count er

substrate i ng s forme gl ass substrate by

pat t er ni ng,. ex heomi as triXa. t, .1 reen, bl ue
Posi nous. Biroikpr EREREBogeibom Mihe A% LS NN rad ke fF B0 3UE D
| i ght shieldiggﬁg %gkélnlg. A transparent conductive film such as an I TO

film as wﬁ?c ctrode 7 is formed on the light shielding film9 and
the color, [11LeE B Thisy bhecounter plectypde s provided;, AL, alf,gnent
embediment, the A1-Ni alloy thin film is directly connected to
the channel amorphous silicon thin film through the
nitrogen-containing layer and is further directly connected to
the ITO f£ilm.

The transparent picture electrode 5 herein is an ITO film,
but it can also be an IZ0 film. Instead of an amorphous silicon,
apolysilicon (polycrystalline silicon) can be used as the active
semiconductor laver.

The liguid crystal display device shown in FIG. 1 is prepared
by using the above-prepared thin-film transistor substrate, for
example, by the following method.

Initially, an alignment layer is formed by applying a film
of, for example, apolyimide to the thin-film transistor substrate
1, drying the film, and carrying out rubbing.

Regarding a counter substrate 2, a light shielding film 9
is formedon aglass substratebypatterning, for example, chromium
as a matrix. Next, red, green, and blue resinous color filters

8 are formed in interstices in the matrix-shaped light shielding
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a polyimde to the uppernost |ayer of the counter electrode, drying, and
rubbing the resulting film Next, the thin-filmtransistor substrate 1 and
the counter substrate 2 are placed so that the TFT of the thin-film

transi stor substrate 1 and the alignnent |ayer 11 of the counter substrate
2 face eadhlat ber.AThesespawestibsiddiesi vy eilandedchexeeph 0o fialn, ldd ng
port for a liquid crystal, using a sealing material 16 such as a resin. In

this procadesgmohhel distanser (gapprihetiveerthd ha dnti Bhiehmihyapsigtdang
substrate 1 and the counter substrate 2 is kept substantially constant by,

for exanpkee édi&F FASItIY 82 SPaeeS the bBesumeen dihamrohe ikhyso Pl @par edrenpty
cell is filled with a liquid crystal material to forma liquid crystal

| ayer by B'l@%hﬁm%ntthﬁa%@ﬂ h11i% tifery @6 UHBN LRANL O fOURk o 1\Sf easing il e,
pressure to an atnmospheric pressure mhlle i'mersing the filling port in the

liquid Cr)é%cﬂ(}un{”lﬁcie%b &he u ybeerfrﬁdéﬂ PQ éuge %#\?ﬂ‘% P@h@gtrgﬂgaldﬂﬁfln

pol ari zers are attache e cell to conmplet

liquid chatghbgg th@e4%euﬁt |v%rl%{rCU|t 13 is eIectrlcaIIy connected
to the [|iqui stal™ panel i% arranged on a lateral side or backsi de

of the liquid ﬁrgt a&hé’%eln-sﬁﬂé ttr nt%” Mo Neplhguid ¢ryshalye digply ek

device. A frane. havi ng "an openin Heta"sereen of - $0 the I|qu
crystal

are arran§g§|§5ag§%%§k% %35%3%%1gﬁﬁhng§iggﬁ1§%§ eh%%? d%?&%%%%gﬁ%%%?g t he
liquid Crgugstra%%paagngegﬂéx%l1grmP%ﬁ!q%@%%l1§ngpthe counter substrate
2 face each other. These two substrates are bonded, except for
a filling port for a liquid crystal, using a sealing material
16 such as a resin. In this procedure, the distance {(gap) between
the thin-film transistor substrate 1 and the counter substrate
2 is kept substantially constant by, for example, interposing
a spacer 15 between them.
The thus~prepared empty cell is filled with a liquid crystal
material to form a liquid crystal layer by placing the cell in
a vacuum, and gradually increasing the pressure to an atmospheric
pressure while immersing the filling port in the liquid crystal
material. The filling port is then sealed. Finally, polarizers
10 are attached to the both sides of the cell to complete a liquid
crystal panel.
Next, a driver circuit 13 is electrically connected to the
liquid crystal panel and is arranged on a lateral side or backside
of the liquid crystal panel so as to drive the liquid crystal

display device. A frame 23 having an opening to be a screen of
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Experiments were conducted in follow ng Experinental Exanples 1 to 5 to
verify that excellent thin-filmtransistor properties can be obtained even
wi t hout barrier nmetal |ayers by using source/drain electrodes containing a
nitrogen-containing |ayer as in the present invention. The experinental
condi ti ongheahdgdétiecnyabd i aremet hadbzoklti hatp2 dDper bi €3aar ki glst faaldraws.
Source/drain el ectrodes The source/drain el ectrodes accordi ng to Enbodi nent
1 using Ahd2an®thésnixampercente Mrrahlgeyl werss usathlid thepei reatady dowanpl es
1 to 4. The source/drain el ectrodes according to Enbodinent 1 were used in
Experi menpahneBExamplteeZesx ceflp fdle Ui iRfiriel &l il tImdi istpadiafi dde
Al-2.0 atomc percent N alloy. Experinental Exanples 1 to 4 differ from
one anot hekpaiinebyt ihe fofgmtd on nethod of the nitrogen-containing |ayer
for the source/draln el ectrodes. Specifically, the nitrogen-containing

| ayer was for E‘Eﬂe?){m%ﬂ%sph%a?gac%&hb@%%i' QR @699%%%:1' ”Eﬁ’ﬁa%‘?c&'m’é%’%ta%' Exanpl e

1, which process is described in detail 1 n Enbod |nent the thermal
nitridati eg.REacess ks BXpe | tﬁ;‘ thxamle odn 2 ¢ ttmn ﬂqna@r%xtgl%o&f ocess
in Experlnent Exanp es 3 an respectively. peri nment al
thin-fil ﬁpgg Y. e, ne u 5 oﬂ géa__q;
Exper|n92F %Ezkig b?h I n- f?ﬁ?ﬁ?%%%P@Fgﬁ%%aégr?%egréﬁgg? proﬁ%dure
of Enbodinment 1 écgat f.or o8 ni trogen- cont inin I%%% an

using gdur rain e ec ro contarining a roge alnlng

layer as in the present invention. The experimental conditions
and determination methods of the properties are as follows.

Source/drain electrodes

The source/drain electrodes according to Embodiment 1 using
Al-2.0 atomic percent Ni alloy were used in Experimental Examples
1 to 4. The source/drain electrodes according to Embodiment 1
were used in Experimental Example 5, except for using pure aluminum
instead of the Al-2.0 atomic percent Ni alloy. Experimental
Examples 1 to 4 differ from one another only by the formation
method of the nitrogen-containing layer for the source/drain
electrodes. Specifically, the nitrogen-containing layer was
formed by the plasma nitridation process in Experimental Example
1, which process is described in detail in Embodiment 1; by the
thermal nitridation process in Experimental Example 2; and by
the amidation process in Experimental Examples 3 and 4,
respectively.

Experimental Example 1

A thin-film transistor was prepared by the procedure of
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the follow ng manner. Initially, an n+-type hydrogenated anorphous silicon
film (n+t a-Si-H) 56 was fornmed by the procedure of Enbodi nent 1. Next,
heati ng was conducted using nitrogen gas as a carrier gas at 350°'C for
thirty mnutes in the plasma nitridation systemused for the deposition of
the siliceabbidtifiete flil m The surface of the work after heating was

anal yzed by the procedure of Enbodinent 1 to find that a

nitrogen-contatﬁb@gihamgélmggaﬁpu@eg to a thickness of about 6 nm
Experimental Exanple 3 A thin-filmtransistor was prepared by the procedure

of Enbodi mentalenexceptinf ekahehBikRe daBi bregaRedCoft #hBi Beokavei-« Br the
follow ng manner. Initially, an n+-type hydrogenated anorphous silicon film

(n+ a-Si- E@nbé@iﬂ@%tf or cé’p(t tﬂ?r Ero%gglgr § I?It%%g{-g&%aﬂ-niﬁﬁxltayeﬁ r1ins was

placed in an ultraviolet irradiator, ultravio radiation at a

wavel engt f lied for sixty mnutes while feeding nitrogen
gas to thgh?rFégﬁgggbgaiﬁgggﬁ?face of the work after heating was anal yzed

by e raceuig l s EXUOUMASR sybd b BCARRED, s gh g v
{111 IS S0 S R, PSaet DY e, RLOEREMTS, B oETRL BNt by oxcept
an n+-t ypﬁeQ%qgggﬁgsatc%%duaéq;%rdoﬂglilxslgsriilgrcoogner]: Iglarsn as a carrier gas at 350°C
for thirty minutes in the plasma nitridation system used for the
deposition of the silicon nitride film. The surface of the work
after heating was analyzed by the procedure of Embodiment 1 to
find that a nitregen-containing layer was formed to a thickness
of about 6 nm.
Experimental Example 3
A thin-film transistor was prepared by the procedure of
Embodiment 1, except for forming a nitrogen-containing laysr in
the following manner.
Initially, an n'-type hydrogenated amorphous silicon film
(n" a-Si-H) 56 was formed by the procedure of Embodiment 1. Next,
this was placed in an ultraviolet irradiator, and ultraviolet
radiation at a wavelength of 254 nm was applied for sixty minutes
whilé feeding nitrogen gas to the irradiator. The surface of the
work after heating was analyzed by the procedure of Embodiment
1 to findthat anitrogen-containing layer was formed to a thickness

of about 3 nm.

Experimental Example 4
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(n+ a-Si-H) 56 was fornmed by the procedure of Enbodi ment 1. Next, this was
imrersed in a 1 percent by volune aqueous anmoni a solution, and ultraviolet
radi ati on at a wavel ength of 254 nmwas applied to the surface of the work
for sixty mnutes. The surface of the work after heating was anal yzed by

t he procedure af thabediiment: rahstie thirngralsh@ire@aticld @geteophraideidg d ayer was
formed to a thickness of about 2 nm Experinental Exanple 5 Athin-film

transi st oS iplceRan ¢deR¥ebher PF acaalinrg af niErbgdhrephtdinexgepiydr am usi ng
pure alum numinstead of the Al-2. 0O atomc percent Ni alloy. The

ni trogen- goRrt dNiRgilRyelaheein had a thickness of about 5.8 nm TFT test
pi ece The above-prepared TFTs having the configuration shown in FIG 4G of

Enbodi ment | wepersubhect ad ho-apneal jdiid ftn 309G L0 pn bl rd v MJHitEs., These

were used as test piecés for the sake of ~easy and conveni ent determ nation

of the thip+f]ldmIyang v%éQrfor%{e%PSgtﬂ#eeezFr?ESgﬁ?Eeﬁ g%o‘&%ﬁéh@ pn hengl n was

set sinulating such a heating tre 'l m deposition step of ‘a

ey EH A AL CORL 00 3L SR LB St e RN
not been Sap skads SHRIOD MALLUR 11 ARG 90 0 S3cs g 28 et
o cone! g Pl L, heve: provety s, aubstaptialLy. L1 S5l 0808 PLPRSLS | o
work after heating was analyzed by the procedure ¢f Embodiment
ltofindthat anitrogen-containing layer was formed to a thickness
cof about 2 nm.
Experimental Example 5
A thin-film transistor was prepared by the procedure of
Embodiment 1, except for using pure aluminum instead of the A1-2.0
atomic percent Ni allecy. The nitrogen-containing layer herein
had a thickness of about 5.8 nm.
TFT test piece
The above-prepared TFTs having the configuraticn shown in
FIG. 4G of Embodiment 1 were subjected to annealing at 300°C for
thirty minutes. These were used as test pieces for the sake of
easy and convenient determination of the thin-film transistor
properties. The annealing condition herein was set simulating
such a heating treatment in a film-deposition step of a silicon
nitride film {(protecting film) as to yield a maximum thermal

hysteresis. The TET test pieces used in these Experimental

Examples have not been comnpleted through various film-deposition
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Eval uation on inter diffusion between silicon and alum num On the TFT test
pi eces, the interface between the channel anorphous silicon thin film and
the Al-Ni alloy or pure alum num was observed to detect whether or not
interdi ffusion between silicon and al um num occurred. Specifically, the

i nterfaceswaps abseh Vst wideth i -aTi0%6 t3etisienalr EGBRsFhEsEONHEet et aFT
m croscope (cross-sectional TEM at a nmagnification of 60xIO tinmes, and

the interdishf B3R ORWREN 5%inleiad @M ARG AldN NWarRLY tthe HaRle ihagR Ma%s
guantitatively analyzed by energy dispersive X-ray fluorescence

spect r oscapy stERX)ia 106t edHiRAHOR ¢hd HidddtNdd i RitQfa IPrQPelt4 €8, The
swi tchi ng behaviors on drain current-gate voltage of the TFT test pieces

were deternined..ikhe siug}s%rx%i ffusion between silicon and al um num can al so
be indirectly evaluated by tthi S property. In this procedure, the |eak

current 11 owl ng.whencthe ohhl e i4M£ (805 SEOLuLe, W ARl d thedialy

current when a negative voltage s appli ate voltage; .

'S T urned on waPeChEt b i HER LIRS Ol iiHey oS TSRy Her T aer o eces
of 'the gafBORPEENS 8- RERGH L langt APEW LS o Moo TRY BF dTH AP LBHE dhd t he
dot at . 105, OBRETCIER. SPare "eir ERE ETor VT deTiHel HS i HRTERE when

a gate vol t_il e at -3 V was applied, and the ONstate current was defined as
the vol t ajélhAen ehe 8l LegeTEachedPs6 1y ical Y, the Tnterface was

observedunder across—sectional transmissionelectronmicroscope
(cross—sectional TEM) at a magnification of 60x10* times, and the
interdiffusion between silicon and aluminum at the interface was
quantitatively analyzed by enerqgy dispersive X-ray fluorescence
spectroscopy (EDX).

Determination of thin-film transistor properties

The switching behaviors on drain current—-gate voltage of the
TFT test pieces were determined. The interdiffusicn between
silicon and aluminum can also be indirectly evaluated by this
property. In this procedure, the leak current flowing when the
thin-film transistor is turned off (the drain current when a
negativevoltage isappliedtothe gatevoltage; OFF-statecurrent),
and the ON-state current flowing when the thin-film transistor
is turned on were determined in the following manner.

Using TFT test pieces having a gate length (L) of 10 pum, a
gate width (W) of 100 um, and a ratio of the gate width to the

gate length (W/L) of 10, the drain current and the gate voltage
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The neasured thin-filmtransistor properties were evaluated wth the
thin-filmtransistor properties of Conparative Sanple 1 as reference val ues
in the followi ng manner. As Conparative Sanple 1, a thin-filmtransistor
was prepared using source/drain electrodes conprising a pure alumnumthin

filmand elrenhgaksubadli ern Miahchayeesengndhdeifd Gpelliteseofakhe=tdBE were
neasured. The TFT according to Conparative Sanple 1 had an ON-state current

of 1.2 X 10§ A and airObba st ab@r £l el r ofn 494 Xadifrrledi As HRS@urtalues
were defined as the reference values. A test piece having an OFF-state

current tenehoh df 1 vo@%% ofhgrr-ef & fRE A U8y (4r@ tXe 1Oy 1Lt A+ O 883 Was

eval uated as "Good", and one havi ng an F-state current higher than this

range was,awahdatgdqass" Nt (D9 9o hen %@t&aetél\bélttﬂgfe I &g A kest

pi ece having an ON-state current ~20% or ss lower than the reference val ue

Curront out of TR e A A T A He NG TR arre &

current out (0] range was eva

cross-seclhal ol RO 85\ 0" ehoct 05 Mesgur ol of e sl e

accordi ng p%rlnenta anp

ni trogen-containi.ng layer (nitride_|ay rf is formed in ?ﬁf vicinity of the
nterface bBPwEBRSFRBCENERAREES Mo BhotklATTIRoMEHITH { i Fif SHICERE TATEN

alloy thin filmfor 55, source/drain electrodes. Bright portions indicated b
the arrows2PRLEI G ASTHiB~Bi-oBi b 4kt etk 2 ¥5° BrapREe i i ooitacd hadn

anal yzed by EDX to find that the interface is smpoth wi thout interdif
fusi on beEwEELLSRESCcER™RAG SdRGnienkmte aluminum thin film and chromium

barrier metal layers, and the properties of the TFT were measured.
The TFT according to Comparative Sample 1 had an ON-state current
of 1.2 x 107° A and an OFF-state current of 4.0 x 107 A, These
values were defined as the reference values. A test piece having
an OFF-state current ten folds or less the reference value (4.0
x10"*?Aor less) was evaluatedas "Good", andonehavingan OFF-state
current higher than this range was evaluated as "NG" (No Goed).
On the ON-state current, a test piece having an ON-state current
20% or less lower than the reference value (9.6 x 107 A or less)
was evaluated as "Good", and one having an CN-state current out
of this range was evaluated as "NG".

Results

FIG. 5is across-secticnal transmission electronmicrograph
of the test piece according to Experimental Example 1. FIG. 5
demonstrates that a nitrogen-containing layer (nitride layer)
i3 formed in the vicinity of the interface between the channel

amorphous silicon thin film and the A1-Ni alloy thin film for
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The sane results were al so observed in the test pieces according to
Experinental Exanples 2 to S, while mcrographs of these test pieces are
omtted. The thin-filmtransistor properties of the test pieces according
to Conparative Sanple 1 and Experinental Exanples 1 to 5 are shown in Table
1. Tabl e koNeceJomizael diatnr&fEs St el I phate obval nidd ¢ e d Byeehs ede-cgur r ent
[A] current [A] Corrprative Sanple | O + pure Al 4.0 x 10-13 1.2 x 10-'

Good  Expehni mguf.als Bxaf il ibiMatad Aiakemyeatmb. 3.4 x 10-1° 1.1 X 10-5
Good Experinental Exanple 2 Al-2.0 atomic %N 4.3 x 10-'3 1.2 x 10-' Good

Experinmental Exaap S flce w2500 286Ny 802 Xo 0B tha? #hdAntEaade
, Experinental Fxarrple 4 Al-2.0 atomic % NIl 54 x 10-13 1 1.1 X 10-5 Good

| Exper i meqtakyExakr ik en5uPUT er & a s 51 3n @eé@eén L3 2edD-and G1ukdbhé 1
shows that the TFTs according to Experimental Exanples 1 to 5 have good

thin-filmtr an%?t Q%m?r QBE{ﬁ‘cgswéFQSM‘%' ékéérvﬁﬂu'ﬂ‘la%g\@t +EQt hose of

Conparative Sanple conventiona equi valent), regardless of "the process

f f
I T s LRk S A
bet ween si hl con um_num at__t. At erface between the channel anor phous

s ii icon""fhr ntfel tmpar?&etshélrgl ﬁ]ilrﬁr% al | oy f| I m can be effectively

revented eve out _| barri net al n o] hin-film56
Fransistor proﬁ%?t%généﬁé?WeéFPgﬁasgor prOper 85 o2"€ndo0dst pleces

according to Comparative Sample 1 and Experimental Examples 1

to 5 are shown in Table 1.

Table 1
No. Source/drain OFF-state ON-state Fvaluation
Electrode current [A] current [A]

Comprative Sample 1 Cr + pure Al 4.0 x 1079 1.2 x 107 Good
Experimental Example 1|Al-2.0 atomic % Ni| 3.4 x 1077 1.1 x 107 Good
Experimental Example 2|Al-2.0 atomic % Ni| 4.3 x 107 1.2 x 107° Gocd
Experimental Example 3|A1-2.0 atomic % Ni| 8.2 x 107 1.2 x 107 Good
Experimental Example 4|A1-2.0 atomic % Ni| 5.4 x 10 1.1 x 10°% Good
Experimental Example 5 pure Al 1.5 x 107 1.3 x 107 Good

Table 1 shows that the TFTs according to Experimental Examples
1 to 5 have goced thin-film transistor properties substantially
equivalent to those of Comparative Sample 1 (conventicnal
equivalent), regardless of the prccess of forming the
nitrogen-containing layer.

These results show that, by using the source/drainelectrodes
according to Embodiment 1, the interdiffusion between silicon
andaluminumat the interfacebetween the channel amorphous silicon
thin film and the aluminum alloy £film can be effectively prevented

even without lower barrier metal layer, and good thin-film
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Conparative Sanple 2 In this connection, an attenpt was made to forman AIN
| ayer as a |lower |ayer of a pure alumnumthin filmby the nethod in

JP- ANo. 2003-273109, but the alum numthin filmwas del am nated. Thus, the
thin-filmtransistor properties of this test piece were not determ ned. The

del am nat itommefi e drspdwumddidrd iddn1 oecurred probably because the AIN
| ayer was fornmed only as a lower |layer of the alumnumthin film and this

causes an intepginarattikRSSa@p1the al um num all oy. Experinental Exanple 6 A
series of TFT test pieces was prepared by the procedure of Experinental

Example 1, exceplefps JnddIdlieatongh Lhon bl ASER oA akl Atid(R): of
Tabl e dth

the plasma nitridation process as In 2, and the properties of the TFT

test piec va\er%%g%%agﬁgg%do@ya é{si'fepéi) SAHLE Oh 1 DXPELE BAtAl e %&%&tih%e The

data in Table thickness of the nitrogen-containing |ayer, NI Si

ratio (nwier..of JHAJC o] L. of _silicon _at .and .the surface
density oﬁﬁ%@@e@%%ﬁﬁe@e’r %Blﬁg%p%élﬁlﬁ%ngg‘o%%%%fﬁtﬁgﬁé derarleqrhlonc?gc.e&{
Conpar at i Sanpl e .3 .,A TET. test piece_as a conparatiyve. s l,e_was prepared
by The prouUF BS SRR e R L S SR EoHS SRab B LRk TR pLBSe IR

ni trogen-cont a ni ng .l ayer s not formed. Next, on the TFT test i.ece, the
interface nﬁ?& %&ﬁ@‘ﬁ@%ﬁanﬁ@? Q%FBHB& 190 Poffni umfmqu“mtz)rJr&l tfﬁémAl -Ni
alloy thin f ilmwas observed, and the thin-film57 transistor praoperties
wer e eva|&gggiqﬁgpﬁgbﬁp6g@ﬁﬁ%p%ﬁtheAlNlayerwasformedonlyasaalower

layer of the aluminum thin film, and this causes an intensive
stress on the aluminum alloy.

Experimental Example 6

A series of TFT test pleces was prepared by the procedure
of Experimental Example 1, except for varying thecondition (plasma
irradiation time) of the plasma nitridation process as in Table
2, and the properties of the TFT test pieces were evaluated by
the procedure of Experimental Example 1. The data in Table 2 on
the thickness of the nitrogen—-containing layer, the N/Si ratio
(number of nitrogenatoms/number of siliconatoms), and the surface
density of nitrogen were determined by the above-mentioned
methods.

Comparative Sample 3

A TFT test piece as a comparative sample was prepared by the
procedure of Experimental Example 1, except that the
nitrogen-containing layer was not formed. Next, on the TFT test
piece, the interface between the channel amorphous silicon thin

film and the A1-Ni alloy thin film was observed, and the thin-film
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Experinental Exanple 1. FIG 6 is a cross-sectional transition electron
m crograph of the test piece according to Conparative Sanple 3. FIG 6
denonstrates that a | ot of voids (indicated by the arrowin FIG 6) are
observed in the channel anorphous silicon thin filmand the A -N alloy

thin fil mifremssewoae/firaidrielectiatdessvalhisted sy ceiesptdatdurd esdi f f usi on
bet ween alum num and silicon frequently occurred at the interface. The

i nterface pgsranalitzad exdandERX 1 .and significant interdiffusion between
silicon and al um num was observed. The properties of the TFT test pieces

according to ExperinedtakrExamBle t8 ochIamplenbsiod & D@ réndy iCRarall ve
Sanple 3 (Sanple No. 2) are shown in Table 2. Table 2 al so shows the

o518 SLyCamPragte P ke cofSarml 6 dain2 38, Ot P (9
cq N -I 'ndéﬂ%hstrates that a lot of voids (indicated by the arrow in FIG.
6) are cobserved in the channel amorphous silicon thin film and
the Al1-Ni alloy thin film for source/drain electrodes. This
indicates that interdiffusion between aluminum and silicon
frequently occurred at the interface. The interface was analyzed
by EDX, and significant interdiffusion between silicon and
aluminum was observed.
The properties of the TFT test pieces according to
Experimental Example 6 (Sample Nos. 3 to 9) and Comparative Sample

3 (Sample No. 2) are shown in Table 2. Table 2 also shows the

results of Comparative Sample 1 in Table 1 (Sample No. 1).
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In Table 2, Samples Nos. 4 to 7 and 9 are inventive samples
satisfying the preferred conditions in the present inventicon,
Sample No. 2 is a Comparative Sample having no nitrogen-containing
layer, and Samples Nos. 3 and B are referential samples which
do not satisfy the preferred conditicns in the present invention.
Of the inventive samples, Samples Nos. 4 to 7 each comprise an
Al-Ni alloy layer, and Sample No. 9 comprises a pure aluminum
layer.

Table 2 shows that Samples No. 4 to 7have thin-filmtransistor
properties as good as Sample No. 1 {conventional equivalent).
They are prepared by setting the plasma irradiation time at about
1 minute to 10 minutes and suitably controlling the thickness
of the nitrogen-containing layer, the N/Si ratio (the ratio of
the number of nitrogen atoms to the number of silicon atoms),
and the surface density of nitrogen.

In contrast, Samples Nos. 2, 3 and 8 show deteriorated
thin-filmtransistorproperties. Althoughthedetailsof reasons
arenotclarified, thereferential sampleNo. 8 showspoor thin-film
transistor properties probably mainly because a longer plasma
irradiation time causes a thicker nitrogen-containing layer and
thereby causes damages on the channel amorphous silicon thin £film,
and a trace amount of contaminated oxygen in the plasma causes
oxidationofsilicononthesurfaceof the channel amorphoussilicon
thin film.

Experimental Example 7

Thin-film transistor samples were prepared and the thin-film

60

~4
rara



In Table 2, Sanples Nos. 4 to 7 and 9 are inventive sanples satisfying the
preferred conditions in the present invention, Sanple No. 2 is a
Conpar ati ve Sanpl e having no nitrogen-containing |ayer, and Sanples Nos. 3
and 8 are referential sanples which do not satisfy the preferred conditions
in the presentiistventiropertObst hRerB¥ENkEVE SattEtednedSanplete Nadcediuke 7
each conprise an Al -N alloy layer, and Sanple No. 9 conprises a pure

al um num clrayepe r Tabhea 2 Howsl 4 hat o 2a8pt e NGardihe FhBavectdl Rohiclkem:

transi stor properties as good as Sanple No. 1 (conventional equivalent).

They are prepgsed - aetbiy,Ngs tiheTpbasmy, 'ﬁ%@ﬂpﬁébﬁﬁ:ﬁiﬁ%&&ﬁtﬁﬂ@%&oc&s@‘nUte
to 10 mnutes and suitably controlling the thickness of the

ni trogen- aat &l Uik d AUBHe ritiR &léu%b dd i@ iddea s atd @x%mﬁ@ﬁtaym% pak
nitrogen atoms to the nunber of silicon atoms) e surface denS|ty of

ni trogen. 4| nlﬁomeﬁtth%ﬁ%ﬁ%'\pira@dm&agd%&éwg dehald At ket Im

t ransi st or pr opertl es tal reasons are not clar

t he refer‘éﬂ%‘fé n'\"%roge%h it Tagla aéra fi kAL B%%P%%H
probably nmain ecau e al nger asma |on |ne causes a thicker
n|trogen- cgnt ai ni yer and ereb aus nnel

anor phous S?|I%0n P%/%f ?tlo dp L ﬁ%%% anD %% (%ﬂﬁ%ﬂﬁ ﬁatgﬂ ggen in
t he plasna c ug ﬁ&;datkon of S|I|con on the surface of the channel

amor phous°£i hi it m Experinental Exanple 7 Thin-filmtransistor

sanpl es were p%ggared fnd the thin-film 698 3

results are shown in Tab
Table 3
Source/drain electrodej OFF-state current | ON-state current | Evaluation
[A] [A]

Al1-0.1 atomic % Ni 4.1 x 1078 1.2 x 107 Good
A1-0.3 atomic % Ni 3.2 x 1078 1.1 x 107 Good
A1-0.5 atomic % Ni 3,9 x 107" 1.1 x 107 Good
Al-4.0 atomic % Ni 5.1 x 107 1.1 x 107 Good
Bl-6.0 atomic % Ni 5.3 x 107% 1.2 x 107 Good

Table 3 shows that the TFT samples using Al-Ni alloy thin
films having a varying nickel content within the range from C.1
atomic percent to 6 atomic percent have good thin-film fransistor
properties.

Experimental Example 8

Thin-film transistor samples were prepared and the thin-film
transistor properties thereof were determined by the procedure
of Experimental Example 1, except for further incorporating La
or Nd as a third component to an Al-2.0 atomic percent Ni alloy
or Al-0.1 atomic percent Ni alloy and varying the content of La
or Nd as in Table 4. The plasma nitridation process was conducted

under the same conditions as in Experimental Example 1, in which
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transi stor properties thereof were determ ned by the procedure of
Experinental Exanple 1, except for varying the nickel content of the A -N
alloy as in Table 3. The plasma nitridation process was conducted under the
sanme conditions as in Experinmental Exanple 1, in which the plasma

i rradiati aihd ﬁﬁﬁsﬂ@sikhééﬁaﬂwﬁt’@ﬁne e thheeresuhtdNg aMid EREsHENtALQI Ng

| ayer had a thickness of about 5.8 nm a NISi ratio of 1.0, and a surface

density ofnniddpgeN-o0fa Hn ShK 15042 (% thRexhesYl &8 ARitShowni hahapte 3.
Tabl e 3 Source/drain el ectrode F-state current ON-state current Eval uation

[Al [Al A0 Loatpmgc BN, 4415 ' x X0 10z -043ratgric % N
5% x 10- ok 1004 aeodglﬁ 5%-%?%%“0%1? éo r\ﬁ]}g.r%g‘%%%- félsl.f X Rf 11" Good
A -4.0 atonmic BN .S 1Q-13 o1 - G%(Zd Al -6.0 atonmic %N 5.3 x
10-13 1.2 X 10ﬁ1’¥&§§(§u1l§bsl %% s%l(?v\w/sn tl;ﬁaé&%tk%lee sanples using Al-N alloy
thin fil nisbt}Tavid'ng a varying nickel content within the range fromO0.1

atom ¢ per SNt 19 6 atomic percent have gnnd thin-filmtransistor

propertieq. ExpefismitialinExaphac8 Thi f- fodmtsans| st@rseaapl Bs=neeeon
prepared gndthe thin-film transistor properties._tpereof rel determ ped by
t he procecw%mm;@iﬁ& ncorporating
La or Nd |asl-a.d Bcéndccompemnenitdndc anthl - 23.30 at®m ¢ percent® N abdoqy | Or
Al-0.1 atqmc,peresht Ny;3] Loy, and varying thg,gonfent, of, LA 1 oy

Al-2.0 atomic % Ni-2.0 atomic % Ia 7.4 x 1078 1.1 x 10 Good

A1-2.0 atomic % Ni-0.1 atomic % Nd 4.0 x 107 1.2 x 107 Good

Al-2.0 atomic % Ni-0.3 atomic $ Nd 6.7 x 107 1.2 x 107 Good

Bl-2.0 atomic % Ni-1.0 atomic % Nd 5.8 x 10 1.2 x 107 Good

A1-0.1 atomic % Ni-0.1 atomic % Ia 2.9%107H 1.2x107° Good

A1-0.1 atomic % Ni-0.3 atomic % ILa | 4.3x107" 1.2%107° Good

B1-0.1 atomic % Ni-2.0 atomic % La 5.4%107% 1.2%x107° Good

Al-0.1 atomic % Ni-0.1 atomic % Nd 3.0%x107% 1.2%107° Good

A1-0.1 atomic % Ni-0.3 atomic % Nd 5.1%x107"3 1.1%107° Good

A1-0.1 atomic % Ni-1.0 atomic % Nd 7.6%107" 1.1%107° Good

Table 4 shows that the TFT samples using Al-Ni-La alloys
containing 0.1 atomic percent to 2.0 atomic percent of La and
those using A1-Ni-Nd alloys containing 0.1 atomic percent to 2.0
atomic percent of Nd have good thin-film transistor properties.

Experimental Example 2

Thin—filmtransistorsampleswerepreparedandthethin—film
transistor properties thereof were determined by the procedure
of Experimental Example 1, except for further incorpcrating 0.3
atomic percent of any of the elements shown in Table 5 (the elements
belonging to Group X1) as a third componrnent to an Al1-2.0 atomic

percent Ni alloy. The plasma nitridation process was conducted
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or Nd as in Table 4. The plasma nitridation process was conducted under the
sane conditions as in Experinental Exanple 1, in which 61 the plasm
irradiation tine was three mnutes, and the resulting nitrogen-containing

| ayer had a thickness of about 5. 8 nm a NSi ratioof 1. 0, and a

surface dengitytRt dHid QUM i0fi Brs 8sXid Gk Nhdntaihexaasult §, ane wshewn in
Table 4. Table 4 Source/drain electrode OFF-state ON-state Eval uati on

current [ehecﬁiéﬁﬂé J[ﬁ]adoiatzlorp taheMigs % e Onihudlkam ndodiae %e%uﬁt]_tgg" 1.2

X 10-' O atomic %N -0.3 atomic %La 5.3 x 10-1" 1.1 X 10-1 Good
A-2.0 ah@&B%%hN'co%taQn%Eq%nl&ye@ Ly a%%lé&e% blaodf- 51 £apd 5 N/=4. 0
atonm c atomc 9% Nd 4.0 x 10-13 1.2 'x 10-" Good Al-2.0"atom ¢ %

aton o o N8 T608 % 018N 3 g éoﬂ%l%‘“@%‘i’lf ol R £8 S0 e o La
2 . 9X 10-13 ]A?h%) li S lggoggﬁNSthB ?{10%51 i -0.3 atomic %La 4.3xI0"'3 1.

2xl &' Good oni c omc %La 5.4xIO-" 1.2 X10-5 Good
Al -0.1 at nh%%éNl-Olatomc % Nd 3 . OX10-13 1. 2xIO' Good Al -0.1 atom c
% N -0.3 GCood  Al-0.1 atonmc. 9% Ni-1 0 atornic %Nd 7. .6x.10-13 1
| X10-1 Gopd Tabbcdaphiansettidle t he [bFF-ssaRPhesnyp bingtdte Nrrds@ @hh@¥Sion |
containing 0.1 atomc percent to 2.0 atom ¢ percent of La and | those us$ing
Al -Ni - Nd ini icC pp[N‘nnf i 2 o0®atonid percent|of Nd
have good|A1h2.0- fdohiB & MANS ESitakiPs aper t Basx 1oBxper i mentad 1dxanpl e Qod

Al-2.0 atcmic % Ni-0.3 atomic & V 5.5 x 107 1.1 x 107 Good

Al-2.0 atomic % Ni-0.3 atomic % Zr 7.9 x 1078 1.1 x 107 Good

Al-Z.0 atomic % Ni-0.3 atomic % Nb 6.0 x 1071 1.2 x 107 Good

A1-2.0 atomic % Ni-0.3 atomic % Mo 3.7 x 107 1.2 x 107 Good

Al-2.0 atomic % Ni-0.3 atomic % HE 9.8 x 1071 1.2 x 107 Good

Al-2.0 atomic % Ni-0.3 atomic % Ta 3.7 x 10713 1.2 x 107 Good

21-2.0 atomic % Ni-0.3 atomic % W 5.6 x 10713 1.1 x 107 Good

Table 5 shows that the TFT samples using Al-Ni-X1 alloys
comprising the elements belonging to Group X1 have good thin-£film
transistor properties.

Experimental Example 10

Thin-film transistor samples were prepared and the thin-film
transistor properties thereof were determined by the procedure
of Experimental Example 1, except for further incorporating 1.0
atomic percent of any of the elements shown in Table 6 (the elements
belonging to Group X2) as a third component to an Al-2.0 atomic
percent N1 alloy. The plasma nitridation process was conducted
under the same conditions as in Experimental Example 1, in which
the plasma irradiation time was three minutes, and the resulting

nitrogen-containing layer had a thickness of about 5.8 nm, a N/Si
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transi st or
Exanpl e

Thin-filmtransi stor sanples were prepared and the thin-film
properties thereof were determ ned by the procedure of Experinental

1, except for further incorporating 0.3 atonic percent of any of the
el enents shown in Table 5 (the elenments belonging to Goup XI') as a third

conmponent @ ianoAl + 20, Gt and€r e cRMAs Ny 3kl Oy rJdien plfagma Nt datd on
process was conduct ed 62 under the sane conditions as in Experi ment al

Exanple 1, in whkChesting splaemhohfadinalizgn ot igTe was three minutes, and the
resulting nitrogen- containing |layer had a thickness of about 5. 8 nm a
NS ratigmafe % 0, and a surface density of nitrogen of 6. 8 X 1015 CM 1.
The r esul fFs—are—showr—r—Fable—5—Fapte—5-Sourcerdrar—etectrode—SH—stat e
current QN st atse cu/rrent 11I-Eval uation | [ ApFE-AfateAl -[2. ON-attetrd C OOE(VNi -0.3 gtom c
O C a ele . a

%Ti 3.1 k 10_ l_‘ir ya @f :il?\. :@S‘iﬂf Al-P. Q. 3l g G % N 203,81 RE\E \//8‘]‘:}‘,\5110? X
()'13 11 /\ J.U J UUU . \v) aI.UIII 70U TNI V. J aLU1IIL; 70U 41 T P /\ LU [ e ) 11 X
10-1 Good|AAE- QZatc@fuat%oNﬁ-@ Yehimif. %3Maf oni-6 LAY 6.|0 XL.BOx 18°1. 23 x &0d' Good
A 2.0 atpi g Tl Ond 1 QElig. % 00 3.7 X 10+43 11 21 TQ5> Sod ofh-2] O
atom ¢ % N—H6—3—atomc—SrH—9-8—X T Lo 1+—2—x—16-1—Cood 2 10-atoem4 %
Ni-0.3 at|oie - OpTaic3 i3 -16-48< B WK 102 x 6830 | - P.10¢ A8 ¢ %0, ;
atonic % M5, . %md0-518i%. ¢ afort 0-45rH000; Fabhgr5 shows it hap-sthe TREL.samyl es
usi ng Al N|—X1—or|—|—0y§—cvﬂ'p1—rs1—rrg—t—h% etement s betongngto Goup Xi—qve
good t hi npALP A 2tsand Si-ér0 propert Res. Experfirentlal atmpfe 1 Good

Al-2.0 atomic % Ni~1.0 atomic % Pd 4.5 x 1079 1.3 x 107 Good

Al-2.0 atomic % Ni-1.0 atomic % Ir 4.1 x 107% 1.2 x 107 Good

Al-2.0 atomic % Ni-1.0 atomic % Pt 5.2 x 107 1.1 x 107 Good

Al-2.0 atomic % Ni-1.0 atomic % Gd 8.9 x 107%® 1.1 x 107 Good

Al-2.0 atomic % Ni-1.0 atemic % Tb 1.5 x 107 1.3 x 107 Good

A1-2.0 atomic % Ni-1.0 atomic % Dy 5.2 x 1078 1.1 x 107 Good

Al-2.0 atomic % Ni-1.0 atomic % Y 4.9 x 107 1.1 x 107 Goed

Al-2.0 atomic % Ni-1.0 atomic % Co 8.1 x 1073 1.1 x 107 Good

Al-2,0 atomic % Ni-1.0 atomic % Fe 7.3 x 1079 1.2 x 107 Good

Table 6 demonstrates that the TFT samples prepared by using
Al-Ni-X2 alloys containing the elements belcnging to Group X2
have good thin-film transistor properties.

Following Experimental Examples 11 to 13 were conducted while
varying the conditions for the formation of the
nitrogen-containing layer (gas pressure, film-deposition
temperature, and gas composition) as follows, so as to determine
how the thin-film transistor properties vary depending on the
ratic of surface density of nitrogen (N1) to the surface density
of oxygen (01) of the nitrogen-containing layer (N1/01).
Experimental Example 11

How the ratio N1/01 varies depending on the pressure varying
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Thin- f i Imt rans i s tor s anp 1l e s w re pr epared and the thin- f i

| m transistor properties thereof were determ ned by the procedure of
Experimental Exanple 1, except for further incorporating 1.0 atom c percent
of any of the elenments shown in Table 6 (the elenments belonging to G oup

X2) as a tihi kteConpORERE 133 ak Ao pL WAloMte RNt N alloy. The plasnma
nitridation process was conducted wunder the sanme conditions as in

Experimental Exgppheida1l, WHEBanbhesPlASIB repbhadi@by @Mnd & {81 ¥@%tHcee
m nutes, and the resulting nitrogen-containing |ayer had a thickness of

about 5. %o@@es@owd@ng 63 trh%tfm@t%djdes%rl% an FHH ARG AN Ao Pd | Nithfogen

of 6.8 X The results are shown in Table Tabl e 6 OFF-state

6.
ON-state %ge/f@r ﬁ#)ge%a%tn%o%%u@%%l/ 0N o 1GHY, &s[ gde&rrgigfll[ Ale Al-2.0

atom ¢ %NI- ato 1.3 x 10-' atomc %

N om0 o thiBsEgted 1o f%%aﬁléf%aé’é%%ﬁe%%%egteo B B0 R B b o
5.9 X 10- 13 1. imﬁjiile d_AI-2.Qatomc %Nl-l.Oatomc % Rh 6.5 x 10-13
1.3 x 10-?°Gdbd FEGa dmc%Nl-loatomc%Pd45x101313x105

Good Al-2.0 Ni-1.0 Y 0-" Good Al-2.0
atomic %N -1 Og’fbﬁfiyi%aﬁta%@%f@@éﬁ@ﬁéi n ki 501k O'af Ol g Batorrt o

Ni-1.0 atomc % CGd 8.9 X 10-11 1. 1 X .10-5 Good AI-2 0O atomc %N -1.0
atonmic % ¥6) 165 BaWHI £ §h%cf6‘e§5C%€oab%t22Q§) e nfedog ol e Bhith 1o, Dy

SZXlOlSlleOlGOOd , )
film 52 (not shown) having a thickness of about 50 nm were

sequentially deposited on a glass substrate la typically by
Sputtering (FIG. 4A). The film-deposition by sputtering was
carried out at room temperature. A pattern of a resist 62 was
produced on the multilayer thin film by photolithography (FIG.
4B}, and the multilayer film comprising the aluminum alloy thin
film 61 and the molybdenum thin film 52 was etched using the
patterned resist 62 as a mask to thereby form a gate electrode
26 {(FIG. 4C). 1In this procedure, the periphery of the multilayer
thin film is preferably etched in a taper-shape at an angle of
about 30° to about 60° so as to improve the coverage of a gate
insulator 27 to be deposited thereon.

Next, a silicon nitride film (gate insulator) 27 having a
thickness of about 300 nm was deposited typically by plasma CVD
(FIG. 4D) . The film-depositionbyplasma CVD hereinwas conducted
at a temperature of about 320°C. On the siliconnitride film (gate
insulator)2?7weresequentiallydepositedeulundopedhydrogenated

amorphous silicon film (a-Si-H) 55 having a thickness of about
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Al -2.0 atomic %N -1.0 atomc %Y 4.9 x 10-1" 1. 1 X 10-5 Good AlI-2.0
atomc %N -1.0 atomic %Co 8.1 X 10-13 1. 1 X 10-1 Good Al -2. 0 atomc %
Ni-1.0 atomic %Fe 7.3 x IT* 1.2 X 10-1 Table 6 denponstrates that the TFT
sanpl es prepared by using Al -N-X2 alloys containing the el enments bel ongi ng

to Goup %20 havengoed dlyspHddus-tdansi st'ok ypeopettibgenakteld aworghous
Experinental Exanples 11 to 13 were conducted while varying the conditions

for the fermatben fafid hgt ALELOAENSEOALSE AGNE kAYeknedas oBf @3SWe 80 nm
filmdeposition tenperature, and gas conposition) as follows, so as to

det erm net ReWatihe thi fsifddn® thansi shar nPropsL th 8§ ¥e&Ya denendh PEnonst he
rati o of surface density of nitrogen (N) to the surface density of oxygen

(01) of the;niLLogen;CeRtal 'dalt.gid@a/% &y%%g%hg oﬁ%gﬁqgﬁ%wla Exapgl €41 How

the ratio N1101 varies depe g on the pressare varying 64 in the range of

33 10, 399 Ba vas. delerrinod,  Segel ] GRLALOIFT, samlies Mers prepared

nodi fi ed Method “€orrespondi od desc I nent
above. The tmetth%got,igr preparing source/drain el ectrodes herein will be
i | lustrat8§%i A d&fai " below, with reference to FIGS. 4A to 4G as in
Enmbodi ment 1. Lnitiall an alum numalloy thin f .ilm(

percent Nd) 6 ulﬂ%ﬁﬁﬁxglyhi%lﬂﬁa B4 gjfbﬁl%ﬁayﬁdélg-ﬁ%?s{)%%ﬁ%n%?’hi n

oo 8 SOl 00, DL 5 st et 2onut SO L Y el Y,

filn}depoiktLﬁg gga££g£t§¥i€%%¥gfzsma CVD system used for the deposition
of thesiliconnitride film (FIG. 4E). Specifically, thematerial
gas used for the deposition of the amorphous silicon film was
evacuated from the chamber while the substrate was kept in the
chamber. Next, the surface of the low-resistance amorphous
silicon film (n'-type hydrogenated amorphous silicon film 56) was
treated with plasma for one minute, which plasma was generated
while feeding nitrogen gas alone as a carrier gas to the chamber.
Thus, a nitrogen-containing layer 60 was formed. This plasma
treatment was carried cut at a radio-frequency power density of
0.72 W/cm?, a film-deposition temperature of 320°C which is the
same as the deposition temperature of the amorphous silicon film.

The plasma treatment was carriedout at a varying gas pressure
within the range of 33 tc 399 Pa. However, plasma could be stably
generated at a pressure of at most about 133 Pa, and samples treated
with plasma at a pressure exceeding 133 Pa were not subjected

to the subsequent steps.

Next, an Al-2.0 atomic percent Ni alloy fiim 63 having a

66



carried out at roomtenperature. A pattern of a resist 62 was produced on
the nultilayer thin filmby photolithography (FIG 4B) , and the nmultil ayer
filmconprising the alumnumalloy thin film6l and the nol ybdenumthin
filmb52 was etched using the patterned resist 62 as a mask to thereby form

a gate el e¢liroae s 261 @bloGt ) nm +ds HBpsspreaeditBe riite R -RIeIHa iefidde
multilayer thin filmis preferably etched in a taper-shape at an angl e of

about 30" 1:@c3begtt | 501 I\ﬁ%yt@pmﬂpéﬁyﬁgtdrq@owﬁ ageroé @& 1GtRpdNTUloat or 27
to be deposited thereon. a silicon nitride film(gate |nsulator) 27

having a pthi Tﬁlﬁﬂ%é?zlﬁﬁ @Q@tgaﬁqtzemh\&%tdﬁﬁﬁ@tte%etrwu%@ |y abya £t ése fCVD

(FIG 4D | mdeposition by plasnma CVD herein was conducted at a

tenperat ut er%%@'%%%s@ﬁéﬁ@%%&u@d%&? gildd SO £ Oﬂ%{/f |40 Goal e -2

i nsul at or) 27 mere sequentially deposited an undope drogenated anorphous

oL con ! eleBe SeatlooSowhauh ngyact bhckoess, ol ahouty. 4% 00 AR

phosphorus - ope n+-t ype hydr enated anor phous

56 havi ngtrgga@wmesas @bout 50.0m, Lypical Ly, by egease%r%% Jhe -t ype

hydr ogena Smorphéus’ S|I|con "M was ep05|te y carrying out” p dsnma

CvD d P tl t

nerein vas sbie Brsgone By B U8 it AR Ruiede AR o v
i1 the chaTBRroBr THE TALhe GVB EPSEORPISRs FHFAE dEHOd (1oh SOF e
the deposPLPSHISES HE Qﬁﬁr SheusiTeRn Cr A 28 @ mask (FE. RSO

The above-prepared TFTs were subjected to annealing at 300°C
for thirty minutes. The annealing condition herein was set
simulating such a heating treatment in a film-deposition step
of a silicon nitride film (protecting film) as to yield a maximum
thermal hysteresis. The TFT samples according to this
Experimental Example have not been completed through various
film-depositionstepsasinactual thin-filmtransistor substrates,
but the TFT samples after anhnealing are considered to have
properties substantially reflecting the properties of actual
thin-film transistor substrates.

Determination of thin-film transistor properties

The switching behaviors on drain current—-gate voltage of the
TFT test pieces were determined. Specifically, the OFF-state
current and ON-state current were defermined, and the switching
behavior was evaluated by the procedure of Experimental Example
1.

The thin-filmtransistor properties of TFT samples according
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evacuated fromthe chanber while the substrate was kept in the chanber.
Next, the surface of the |owresistance anorphous silicon film(n+-type
hydr ogenat ed anorphous silicon film56) was treated with plasm for one
m nute, which plasm was generated while feeding nitrogen gas alone as a
carrier gas t@péhemehaad@xampllIs] Srdkhbageih Tednkar ni rg b ayeip HG ties
formed. This plasma treatment was carried out at a radio-frequency power
density ofsan@162 W eRy B-1fidnfitamdepost tipn renpeicat uhetRl SO G IS
the sanme as the deposition tenperature of the anorphous silicon film The

plasma tr %@{g@%&he‘i\&%lcﬁﬁﬁﬂe Qut, lcdbvabY i JR8coRTeEBHER i nWIldtJhe range
of 33 to 399 Pa. However, plasma could be stably generated at a pressure of

at most abayt, 133 /R s Blfe SR £Suk GRLES i 1M LAGPLASOR Bh Ba PFASS Wk a1
exceeding 133 Pa were not subjected to the subsequent steps. Next, an

Al -2.0 at qui r@;e%ﬁa”b N céhhﬁéétfih%"%ﬁgsﬂé\/{]p@?ﬂneﬁs@ téﬂ&kﬂ}?éiar%fpbea}t%ts 300
nm was deposited on Re nrtrogen-contar ning ayer B0 typically by

sputtering ( ELG ) e il mdepositi y .Sp ri nr4i ed, out
at room t%r?pgbgt Eég.w%\r%&?%sr%r%%' gl%?lesfsir%%u\%gs l?h%%%r%@%%ﬁ?%glaable d]
photol i t hogra ;.and._the Al-2.0 atomc percent Nl alloy film63 was etched
usi ng thqungg%ngg‘ PQSist as a mask, to thereby forma source el ectrode 28
and a drain electrode 29 (FIG 4F) . The n+-type hydrogenated anorphous
silicon filmb56 was stripped by dry etching using the source electrode 28
and the drain electrode 29 as a mask (FIG 4G . The above-prepared TFTs were
subjected to annealing at 300'C for thirty mnutes. The annealing condition
herein was set
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simul ati ng such a heating treatnment in a fil mdeposition step of a silicon
nitride film(protecting film as to yield a nmaxi mum thermal hysteresis.
The TFT sanples according to this Experinental Exanple have not been

conpl eted through various filmdeposition steps as in actual thin-film

transi stor| substrates, [ but [the TFT sangl es gdfter annealing are consi dered
to have prcm'pertl SQSUbstami Hg dleh| egtyne|the properties of actual
. . tl Bl o] W 1 Q of H . .
thin-film}Eansi s{og| Slbst Batelsg| [t &f @|n@f isgqn of thin-filmtransistor
properties Ehe swit chi ng [behavji of s |on} drlai h qurrent-gate voltage of the TFT
test pi ecep—wetre—tletermneti—gpeetficathy,rtfe OFF-state current and
ON-state clryr éht veieodej esmdled] wand| thesswift ching  behavior was eval uat ed
by the procéduge of E>§<pe>[i pent al, I:‘,'xamalxe j‘he; thin-filmtransi stor properties
of TFT sarrpl estiactod(diegs| 67 |owbx{jes| mental(Exanpl e 11 are shown in Table
7. As a cor’rﬁar@tl e'| sampl ] o ©hion-#{ FHnptrarsi stor was prepared by the
procedure pT — EXperinental, Ex3 2 . @XCeptl for using source/drain
el ectrodes| £cofpr i $|ng | & |pHf & [acurd |\ndmatihenefli | mand chrom um barrier netal
| ayers and rffiot*g condlictd ng pl asina| trlear mEnt| 7dnd the properties of the TFT
were measuf &d.= Thisolreswit ~i sv[akse |(shpw) an<lTable 7 (Sanple No. 1). 68 0 O
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Table 7 demonstrates as follows. Samples Nos. 6 to 11 which
underwent plasma nitridation at a pressure of 55 to 133 Pa so
astohavearatioNl/Olofl.0ormerehavegoodthin-filmtransistor
properties substantially equivalent to those of Sample No. 1 as
a conventicnal sample.

In contrast, Samples Nos. 3 to 5 which underwent plasma
nitridation at a pressure of 50 Pa or less so as to have a ratio
N1/01 of less than 1.0, and Sample No. 2 which did not undergo
plasma nitridation have pcor thin-film transistor properties.

Of these samples, Samples Nos. 4 and 5 which underwent plasma
nitridation at a pressure of 40 to 50 Pa have a decreased ON-state
current. This is probably because the nitrogen-containing layer
resultantly has a ratioc N1/01 of less 1.0 and thereby becomes
more insulative.

Sample No. 3 which underwent plasma nitridation at a pressure
of 33 Pa shows both a decreased ON-state current and an increased
OFF-state current. This is probably because interdiffusion
between silicon and aluminum occurs, since the plasma nitridation
is insufficient and thereby fails to provide a layer effectively
acting as a diffusion barrier.

Experimental Example 12

How the ratio N1/01 varies depending on the plasma process
temperature varying in the range of 280°C to 340°C was determined.

Specifically, TFT samples were prepared and thin-film
transistor properties thereof were evaluated by the procedure

of Experimental Example 11, except that plasma nitridation was
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+ Table 7 denonstrates as follows. Sanples Nos. 6 to 11 which underwent
plasma nitridation at a pressure of 55 to 133 Pa so as to have aratio
N1/d of 1. 0 or nore have good thin- filmtransistor properties
substantially equivalent to those of Sanple No. 1 as a conventional sanple.
I n cont r asiondSanpeldes tNes prad=ure Wi v mdervent valrasimy teintgdrdaturen aat a
pressure of 50 Pa or less so as to have a ratio N1101 of less than 1.0, and
Sanpl e Noshdwahii@h Tdicd enat. undergo plasma nitridati on have poor thin-film
transi stor properties. O these sanples, Sanples Nos. 4 and 5 which
underwent pl astBe tHity- fddld eRaabiatPreIIHa tofe AQFITIOakB] Ba ke @ rdeeeased
ON-state current. This is probably because the nitrogen- containing |ayer

resul tant by, hasefimatt o1 Jan%pa‘ 1bess inBwand, rheneby. becogRgmparative
nore-insul ative. Sanple No whi ch underwent plasma nitridation at a

pressure Q33 Pg @@Wf?%%@ar@@fé@@é%%r% abe CUL! et k&t defreased

OFF-state current his 1s probably because m%ler diffusion” between silicon

and al uni py e%&%%al RG0S 201 B9, DELE AL PRl S/ 3UL L 0leht: o0

thereby faits to provi ayer ctively ctrn as a usion barrier.

Exper | ont gl X8R, 10, HOW L6, £ 10,1101 vg@ge@ggﬂ% 00 | e blhasa

process eratu yin range o was determ ned.
Speci fi caI I TFT rep ed and thin- f si stor pertl es
t her eof weraé’ “&vafl §tg§ O%’Aﬁ pro Smaotfr tpHérrrlrﬁs %ar%oge%f% except
that pl asg‘% ghgr%gﬁt&gpe%esasured This result is also shown in Table 8

(Sample No. 1).
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70 conducted at a pressure of 67 Pa and a varying tenperature as shown in

Table 8. The thin-filmtransistor

Experi nment al

properties of TFT sanples according to
Exanpl e 12 are shown in Table 8. As a conparative sanple, a

the procedure of Experinmental Exanple

odes conprising a pure alum num
hyer s and not conducting plasma

FT were neasured. This result is also
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Table 8 demonstrates as follcws. Samples Nos. 4 to 8 which

0041) ~ .1 v-P.

underwent plasma nitridation at temperatures of 300°C to 340°C
so as to have a ratio N1/01 of 1.0 or more have good thin-film
transistor properties substantiallyequivalent to those of Sample
No. 1 as a conventional sampie.

In contrast, Samples Nos. 2 and 3 which underwent plasma
nitridation at temperatures lower than 300°C so as to have a ratio
N1/01 less than 1.0 have a decreased ON-state current and show
poor thin-film transistor properties. This is probably because
the nitrogen-containing layer having a ratio N1/01 of less than
1.0 becomes more insulative.

Experimental Example 13

How the ratio N1/01 varies depending on the gas composition
in plasma nitridation was determined.

Specifically, TFT samples were prepared and thin-film
transistor properties thereof were evaluated by the procedure
of Experimental Example 11, except for carrying out plasma
nitridation at a temperature of 320°C and a pressure of 67 Pa using
pure N; gas alone (Sample No. 2 in Table 9) and a gaseous mixture
of N; and 25% NH; (Sample No. 3 in Table 9).

The thin-film transistor properties of TFT samples according
to Experimental Example 13 are shown in Table 2. As a comparative
sample, a thin-film transistor was prepared by the procedure of
Experimental Example 13, except forusing source/drain electrodes
comprising a pure aluminum thin film and chromium barrier metal

layers and not conducting plasma nitridation, and the properties

73
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denonstrates as follows. Sanpl es
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underwent plasma nitridation at tenperatures of 300'C to 3400C so as to
have a ratio N1101 of 1.0 or nore have good thin-film transistor properties
substantially equivalent to those of Sanple No. 1 as a conventional sanple.
In contrast, Sanples Nos. 2 and 3 which underwent plasma nitridation at

t enper at ungs thewBFTt hane300aLisedas Mol haessd tr dtsi alsN1ibBdwhess Tdiae B O
have a decreased ON-state current and show poor thin-filmtransistor
propertiegSakpile N®.prighably because the nitrogen- containing |ayer having
a ratio N1101 of less than 1.0 becones nore insulative. Experinental
Exanpl e 13 How the rati o N1101 varies depending on the gas conposition in
plasma nitridation was determ ned. Specifically, TFT sanples were prepared
and thin-film transistor properties thereof were eval uated by the procedure
of Experimental Exanple 11, except for carrying out plasma nitridation at a
tenperature of 320'C and a pressure of 67 Pa using pure N2 gas al one
(Sanmple No. 2 in Table 9) and a gaseous m xture of N2 and 2S% NH3 ( Sanpl e
No. 3 in Table 9) . The thin-filmtransistor properties of TFT sanples
according to Experinmental Exanple 13 are shown in Table 9. As a conparative
sanple, a thin-filmtransistor was prepared by the procedure of

Experi nental Exanple 13, except for using source/drain el ectrodes

conprising a pure alumnumthin filmand chrom umbarrier netal |ayers and
not conducting plasma nitridation, and the properties 73 of the TFT were
measured. This result is also shown in Table 9
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denonstrated in Table 9, the thin-filmtransistor sanples which underwent
plasma nitridation using two different gases have good thin-filmtransistor
properties. Among them Sanple No. 3 which underwent plasnma nitridation

usi ng a gaseouss MEXHefmeneeRhikd 1g Fabeduoi NghgashiNHI) 180 tasinlsq shave a
ratio N1/OL of 1.0 or nore has a higher ON-state current than Sanple No. 2

prepared whiBouwk Wsiies @nﬁﬁgughlﬁgﬁagé@mémﬁ]l@ﬁﬁdé‘ﬁ(_@@ﬂl|@é‘imﬁ hivis fdllfrﬁerent
transi stor properties substantially equivalent to those of Sanple No. 1 as

a conpar aly, ke S aRke o $Hih-iakakinsRacayse dhg e Fedlci nangas NER), acts
to further prevent the OX|dat|on of the sem conductor |ayer. Experlnental

Exanpl e 1%&5;; «SRAP! §SMED ee;f:k A 2k chlek&agg%ncl%m?ra NG dANE Was

prepared in e sane ch er e system for dep05|t|on

sen conduﬁggrt%lh:gy(gén@élﬁﬂ?%%afreed&c[el@yggégéU(YNE{{’jl o4 B8 dd iy ez[pafginés:gb[i

tenperature o sem conuauct or

propertle% Oi.bhngﬁgr%aﬂgles Hf%ﬁ%r ON-state current than Sample No. 2

prepared without using a reducing gas and has excellent thin-film
transistor properties substantially egquivalent to those of Sample
No. 1 as a comparative sample. This is probably because the
reducing gas (NHj3;) acts to further prevent the oxidation of the
semiconductor layer.

Experimental Example 14

TFT samples were prepared in which nitrogen-containing layer
was prepared in the same chamber of the system for deposition
of the semiconductor layer at the same temperature as the film
deposition temperature of the semiconducter layer, and the
thin-film transistor properties of the TFT samples were
determined.

Specifically, TET samples were prepared by a modified method
corresponding to the method described in Experimental Example
11. Themethod for preparing scurce/drain electrodes hereinwill
be illustrated in detail below, with reference to FIGS. 4A to
4G.

Initially, analuminumalloy thinfilm (Al1-2.0 atomic percent
Nd} 61 having a thickness of about 200 nm, and a molybdenum thin

film 52 (not shown) having a thickness of about 50 nm were
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determ ned. Specifically, TFT sanples were prepared by a nodified nmethod
corresponding to the nethod descri bed in Experinental Exanple 11. The

nmet hod for preparing source/drain el ectrodes herein will be illustrated in
detail below, with reference to FIGS. 4Ato 4G Initially, an alum num

al 1 oy t hi sdqudnti(Al12.ddpadidd qrerLefltas Nukssl hatve Noa a: ki €kmes opf  about
200 nm and a nol ybdenumthin film52 (not shown) having a thickness of

about 50 ypuMlea-iffy seguentdizml |y Teepesiltiedepn sa tdloas b5 Wsithata nlga waypi cal |y
by sputtering (FIG 4A) . The fil mdeposition by sputtering was carried

out at roQEtamREAIULE rHoRAtbRR raf udel. €Sh Shaf2e WASo £ PE Otk Ls: b thes
multilayer thin filmby photolithography (FI 4B) , and the nultil ayer

film compihejngdcherakul umahbox:{bhin £ilMG) sk oot yhdepum idii n

filmb52 was etched using the pafterned resist a mask™ to t'hereby form

2 gate el gy oday 20FLG 1 Ay ¢11d PinRaueduE e LDELBRLEPDETY, O e

mul tilayer ‘thin fi mis pre ably etc taper-shape at am ang
about 300 40,80 0 05 LB AHaL e Gpier adl. of 2Rt dpsulat o 27
navi 9,2 Le0gs ol 0 3001t derosLig YBLCEl Ly b Bl oy O
Lok P WS S SR A T B T
(a-Si-H %iiga%kq%.?stgkg gggﬁlgfeggﬁgﬁ in a taper-shape at an angle of
about 30° to about 60° so as to improve the coverage of a gate
insulator 27 to be depcsited thereon.
Next, a silicon nitride film {gate insulator) 27 having a
thickness of about 300 nm was deposited typically by plasma CVD
(FIG. 4D). The film—-depositionbyplasma CVDhereinwas conducted
at a temperature of about 320°C. On the siliconnitride film (gate
insulator) 27 were sequentially deposited anundoped hydrogenated
amorphous silicon film (a-5i-H) 55 having a thickness of about
200 nm and a phosphorus-doped n -type hydrogenated amorphous
silicon film (n® a-Si-H) 56 having a thickness of about 80 nm
typically by plasma CVD. The n'-type hydrogenated amorphous
silicon film was deposited by carrying out plasma CVD using SiH,
and PHEs as materials. The film-deposition temperature herein was
set at 320°C.
Subsequently, the material gas used for the deposition of

the amorphous silicon film was evacuated from the chamber while

the substrate was kept in the chamber of the plasma CVD system
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200 nm and a phosphorus -doped n~-type hydrogenated anorphous silicon film
(n" a-Si-H 56 having a thickness of about 80 nm typically by plasma CVD.
The n+-type hydrogenat ed anorphous silicon filmwas deposited by carrying
out plasma CVD using SiH4 and PH3 as materials. The f il mdeposition

t enper at unesdeferntivasdepesial 083200 GheSuisdqguentliy ritkee firdiher i Mdxigashised
for the deposition of the anorphous silicon filmwas evacuated fromthe

chanber whidraddhe Subsd riadve- masi kepicd nidwprehager 1 Dfod hei ih asire tGyie
system ~7 used for the deposition of the silicon nitride film Next, the

surface ohyldiedeRMtRsiagbaneeuambi pheds £ilh ) hidsm BatEMPe: thyiregenat ed
anor phous silicon film56) was treated with plasma for one mnute, which

pl asma wag geges atigth M) e 1 EaGSH Do ikk098fe r 9881 AONG 8881 £ t8 oS O
t he chanber. Thus, a nitrogen- containing |layer 60 was fornmed (FI G 4E) .

This pl as tarl%ten%g Nas, ,Gard W, atp a Ladisf reguegncy _power density of
0.72 WCI\/g"%sa fil mdeposition te(r:%%esfatoure of 320" C vm?,:l:llh%i's at he sane as the

d iti - f id] fi d f

67 Pa.  The R A G AR R S e T B0 KU AR e

nl trOgen'%%%ta%'m%'n%gwggygglr%(gdf fred %Olréd%%ge@he%%g“% wér gy rabé he
nely, a nit avi ng

surface. ) rogen-contal ni ng ayer \ n I CKNness O . a. out

40,1 vmg Lo oegh L SRR, O o N SRl L 1S T BDNS, S eor

atom ¢ pers%?ngtaé\ﬁthae! liggofsii rinorf*sl er}n%ve!rnagcuare of the amorphous silicon film,
and a gas pressure of 67 Pa.

The surface of the work was analyzed by RBS and XPS to find
that the nitrogen-containing layer was formed to a depth of about
4.0 nm from the surface. Namely, a nitrogen-containing layer
having a thickness of about 4.0 nm was formed on the surface of
the low-resistance amorphous silicon film by the method according
to Experimental Example 14.

Next, an Al-2.0 atomic percent Ni alloy film 63 having a
thickness of about 300 nm was depositedon the nitrogen-containing
layer 60 typically by sputtering (FIG. 4F). The film-deposition
by sputtering was carried out at room temperature. A pattern of
a resist was then produced by photolithography; and the A1-2.0
atomic percent Ni alleoy film 63 was etched using the patterned
resist as a mask, to thereby form a source electrode 28 and a
drain electrode 29 (FIG. 4F). The n'-type hydrogenated amorphous

silicon film 56 was stripped by dry etching using the source

electrode 28 and the drain electrode 22 as a mask (FIG. 4G).
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t hi ckness of about 300 nmnas deposited on the nitrogen-containing |ayer 60
typically by sputtering (FIG 4F) . The filmdeposition by sputtering was
carried out at roomtenperature. A pattern of a resist was then produced by
phot ol i t hography; and the Al-2.0 atomic percent Ni alloy film®63 was etched
usi ng the pattehresbovespstpased TRRKwetke dltefaityed apnensauice & 8ootmde 28
and a drain electrode 29 (FIG 4F) . The n+-type hydrogenated anorphous
silicon fifdgn %hiwas, stiriyyead, byher wnekehiing ushrg ttike, $eude welecdtode 28
and the drain electrode 29 as a mask (FIG 4G . 78 The above-prepared TFTs

wer e subj egted 410 ranneall ng rafa 30 G rdaamdt rHiry drifutesiecthe aiealtidiy
condition herein was set simulating such a heating treatnment in a

filmdepogist hos Si&ph Aft B FicAN P Fédeidd lembr abeed i@ 1fd & Maasmbo
yield a maxi mum thermal hysteresis. The TFT sanples according to this

Exper i mentale Examl.e have, inot %%ln T%Q‘_”Elaﬁfplg%st RIQUGR YR QU hi s

fil mdeposition steps as i1 n actual thin-filmtransistor substrates, but the

TFT I ft j ' ' tiall
Sanp %%cp%ertlﬁeggéglﬁ?%!sa@%claé %a&%‘%ﬁ{%ﬁ e & OReFdu s substantially

reflecting act | mtransi stor substrates.

ref | ecting the propert ies hi _ es.
ampl o5, BAG SREF A ot DaRn CEe THaer Lot BAGA SLEEa i 3 1% and

the Al-N ol oy 1 b5 il myas  gbserved to detect whether o not, ...
i nterdiffasion betveer ST Corf " and AU num occurFed pet £ ca}f&fy, t he

nterf ace g Shsely el Al MUY SR of SO, 0 LIS, S04, L1,
quantitat%%ﬁ%if%ﬂ%!%ﬁ%%sistor substrates.

Evaluation on interdiffusion between silicon and aluminum

On the TFT samples, the interface between the channel
amorphous silicon thin film and the Al-Ni alloy thin film was
observed to detect whether or not interdiffusion between silicon
and aluminum occurred. Specifically, the interface was observed
at amagnification of 60x10* times, and the interdiffusion between
silicon and aluminum at the interface was quantitatively analyzed
by energy dispersive X-ray fluorescence spectroscopy (EDX) by
the procedure of Experimental Example 1.

Determination of thin-film transistor properties

The switching behaviors on drain current-gate voltage of the
TFT sample were determined. Specifically, the OFF-state current
and ON-state current were determined, and the switching behavior
was evaluated by the procedure of Experimental Example 11.

Results

FIG. 9is across—sectional transmission electronmicrograph
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by energy dispersive X-ray fluorescence spectroscopy (EDX) by the procedure
of Experinental Exanple 1. Determnation of thin-filmtransistor properties
The swi tching behaviors on drain current-gate voltage of the TFT sanple
were determ ned. Specifically, the OFF-state current and ON-state current

were det eoii aRd, tasd phecsw dedidithpeaharkel r ives teMakuakhpdebys t herpr ocedur e
of Experinental Exanple 11. Results FIG 9 is a cross-sectional

transm ssyefoalkeethiel Fhahogr aph rof@nokohta ittty R8s agaerdisRd 1tQer)
Experinmental Exanple 14. FIG 9 denonstrates that a nitrogen-containing

layer (nitkidgrhaneih ths PEMREy Ot henyi Gipdivad Bdieiddt aifacbelween
the channel anorphous silicon thin filmand the AI-N alloy thin filmfor

source/ dr aiB gheely Q468 a6k deN36 RO 1t@fS Aingyicahad Py ke £l dn
FIG 9 are precipitated AIS3N grains. The interface was "anal yzedl1L y EDX to

find that [ f. ' th w ' I f.f usi ih
and al um SO CCTHEE o rhPEeRAE ey dF OF Sereh PR ol SRgPEANRE RS K

ON- st at e current o% ;.29x 10--5A and sh}o quﬁd thin-filmtransi stor
Il Se-0

oropert | e8 SGhetAnE IS ¢ BAG PRSP NS hbdt Nt BBApRrative sample 1.

Experi ment al | 15 1n this experi nt exanpl e | as nitridati on was
cogduct ed int @gps]dﬁbe%%%glaso?n?ﬁ S yeﬁhxo O%%E%gi{gl%ﬁn%gf &
sem conductor | ayer, .by using a gaseous mxture contajnin i trogen and the
925 used F5r “BRRLGI ¥HHOUE {HEcSunT EontRELaTtheen 1 1don dnd a1 AR

13 A and an

This sample has an OFF-state current cof 4.0 x 10
ON-state current of 1.2 x 107> A and shows good thin-film transistor
propertiessubstantiallyequivalent tothoseof Comparative Sample
1.

Experimental Example 15

In this experimental example, plasma nitridation was
conducted in the same chamber of the system for the deposition
of the semiconductor layer, by using a gaseous mixture containing
nitrogen and the gas used for deposition of the semiconductor
layer. How the thin-film transistor properties are after this
procedure was determined.

Specifically, anamorphoussilicon film, anda low-resistance
amorphous silicon film having a thickness of about 80 nm were
deposited by the procedure of Experimental Example 14.

Next, plasma generation was suspended, and the surface of
the low-resistance amorphous silicon layer was subjected toplasma

treatment for ten seconds whereas plasma was generated while

keeping feeding the material gas (SiH,) for the deposition of the
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| ayer. How the thin-filmtransistor properties are after this procedure was
determ ned. Specifically, an anorphous silicon film and a | owresistance
anor phous silicon filmhaving a thickness of about 80 nmwere deposited by
the procedure of Experinental Exanple 14. Next, plasna generation was
suspended amanthiches sdilfiace dfi lmt he tbarclesmnistanoed sambiiphousa iy ey er
was subjected to plasnma treatnent for ten seconds whereas plasna was

gener at ed nihtidogrerkeepl g faeeding diheyamtiey itle gasa(®idd) Ther plilhemdeposi tion
of the 80 anorphous silicon filmto the chanber and additionally feeding

nitrogen @as rdsiad e vwad £thgasalr ilhroehanieradiber pdasemcy Polveirdrinsan ywas
thus carried out at a radio-frequency power density of 0. 07 Wcm2 , a

subst r at e otretpe? at/uhé, of s3RQtEatanthnd DS £8FUSE0°Qf afd aPdas Thessihistrate
tenperature herein is the sane as the filmdeposition tenperature of the

anmor phous o lgzcen. Thge §1&&5§@£§t@fté£§e§§£‘@£§ Nese 0] ¥y zad by, RBS and,XPS to
find that the nitrogen- contalnlng ayer was forned to a depth of about 6

nmfromt urf I e ng
*ﬁ e gn 01 thRFR I y%%&—he Sura?déicy fdsf‘ 1 O‘éi The

t hi ckness abo nm was W-T esi st ance

anor phous ¢ %'xjf‘fa%l%” ff' 't%%a%a??e”ﬁ&@ogn%?ggég'ﬂ %@ecte ééma’btaf’ '?1* 'e 15.

Next, a thin n1tran5|sto and anneal i ng y t he

poced <81, FASLINL o SR e, ER LIS I DR
al | oy thln ffromy%he surface. Namely, a nitrogen-containing layer having
a thickness of about 6 nm was formed on the surface of the
low-resistance amorphous silicon film by the method according
to Experimental Example 15.
Next, a thin-film transistor was prepared and subjected to
annealing by the procedure of Experimental Example 14.
Evaluations
On the prepared sample, the interface between the channel
amorphous silicon thin film and the Al-Ni alloy thin film was
observed to determine whether or not interdiffusion between
silicon and aluminum occurred. Specifically, the interface was
observed at amagnificationof 60x10*times, and the interdiffusion
between silicon and aluminum at the interface was quantitatively
analyzed by energy dispersive X~-ray flucrescence spectroscopy
(EDX) by the procedure of Experimental Example 14.
The switching behaviors on drain current-gate voltage cf the

TFT sample were determined. Specifically, the OFF-state current

and ON-state current were determined, and the switching behavior
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observed to determ ne whether or not interdiffusion between silicon and

al um num occurred. Specifically, the interface was observed at a
magni fi cati on of 60x104 tines, and the interdiffusion between silicon and
alumi num at the interface was quantitatively analyzed by energy di spersive
X-ray fl uoraescende gpet throsdopyp r (&) rdhyo f Hexpsoechir el o xdixpes | hént al
Exanpl e 14. The swi tching behaviors on drain current-gate voltage of the
TFT sanpl e wer gedeflewm ned. Specifically, the OFF-state current and
ON-state current were determ ned, and the sw tching behavior 81 was

eval uat ed by t Rrecpriaredurea fs -qaridreilt at axanps eod4l ecResuliiscfdfzagtD is a
cross-sectional transm ssion el ectronm crograph of the sanple according to

Experi mentd tExaming 135 . adddzdikdy demisdFaiastd hatxanmid rogen-roent aioni ng
| ayer (nitride layer) is formed in the vicinity of the interface between

the channglen AERRRUS Hdt GO ittHdydr B diigy AlaMr ald Gy idd n dyd.m for

source/drain el ectrodes. Bl ack dense portions indicated by the arrowin

FIG 10 ang Rigfiddi Gt %ﬁeA%lé'&n%gi 8.%-ﬂ@%@éfﬂ@g%é\@&e&w%%%@x to

find that the interface is snooth wthout interdiffusion between silicon

and al um nymprihiss AL 1(*)}?-@1/{?2%1 i ALY Ll Gt O il Afnd an

ON-, 9tate cur shows good thi'n transistor

properties bstanti.al Ly equival ent_to those of arat | Sanpl .
Bcpor | mencS el T e R R s P h i S5 aat T vePFy e RaCY ddis

direct- contact .. FIG. 10 are precipitated AlsNi grains.

The interface was analyzed by EDX to find that the interface
is smooth without interdiffusion between silicon and aluminum.

This sample has an OFF-state current of 4.0 x 10" A and an
ON-state current of 1.0 x 107> A and shows good thin-filmtransistor
properties substantiallyequivalent tothoseofComparative Sample
1.

Exberimental Example 16

Experiments weremade sc as to verify that gooddirect-contact
resistance (contact resistance) and thermal stability can be
obtained by using source/drain electrodes comprising an Al-Ni
alloy and anitrogen—-containing layer as in the present invention,
even when the A1-Ni alloy thin film is brought in direct contact
with the transparent picture electrode without the interposition
of a barrier metal laver.

Specifically, samples comprising any of the source/drain
electrodes in Table 10 and an ITO film deposited on the aluminum

alloy thin film of the scurce/drain electrode were prepared by
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resi stance (contact resistance) and thermal stability can be obtained by
usi ng source/drain electrodes conprising an Al-Ni alloy and a nitrogen-
containing layer as in the present invention, even when the Al-N alloy
thin filmis brought in direct contact wth the transparent picture

el ectr ode csirtrihduty the isplertpaesing an 200°@ bardn extmeiptetayef .arSpecidasccal |y,
sanpl es conprising any of the source/drain electrodes in Table 10 and an

| TO fil m deposidredsaird heg & wiigwmead |y rtitiutdd | mreke tsherseyreslidrai n
el ectrode were prepared by 82 carrying out sputtering at 200'C in an

at nospher @ 1Qfc t3cdRE g e YrepdHRE B galcafsn% Mo i 01 i A0 pRUEAS . unkher
source/drain electrodes were prepared by plasma nitridati on process under

varying cepdilinns.aRtiitl obabl 10, seps 1o hayes ity lfwémlf%r Sidnfrent
t hi ckness of "'the nitrogen-containing |ayer. The ITO filmconprises i ndi um

oxi de and 40 ereent-HRy., IRSS g tha 1%{:98 eﬁhcéﬂ‘é‘a?ﬂ Pé?@f‘r edr Al es,

the direct contact resistance (contact SI stance the occurr ence of

AR (Efl‘ﬁ{g@n %39' iﬂ&a‘z’&mwlec%éj%ﬁ&%](ﬂpcﬁ?@rg %er nﬁr%'s'soéé"f“&

Det er m nati on act resrstivi aving a contact “hol e

size of 10 pm sguare %eSBeggem gﬁqﬂes, %hera%pﬁae;cleagg?gegc@ 510 nal

measur enent mas con cted ica an élec curren passed

t hrough bet we n_I1TO t he al um num al ternlnals

and the vOFLeact 55 BatARSE T Y FOY P R dhdt %Ctﬁ?%m% iy ves
oth r two ternlnals callyéé% rrent was

nmeasur ed r S f
passgd th%%&% 11ty 2weFﬁeqﬁﬁ%§ﬂﬁ?ed by'%he Pesd wing ‘i

Determination of contact resistivity

A Kelvin pattern having a contact hole size of 10 um square
as shown in FIG. 7 was prepared, and a four-terminal measurement
was conducted. Specifically, an electrical current was passed
through between an ITO (or IZ0) and the aluminum alloy using two
terminals, and the voltage drop between the ITO (or IZ0) and the
aluminum alloy was measured using other two terminals. More
specifically, a current I was passed through I;-I;, the voltage
V between V; and V, was measured (FIG. 7), and the direct contact
resistivity R of the contact C was determined by calculation
according totheeguation: R= (V,-V;)/I,. Thecontactresistivity
was evaluated as follows. By taking the contact resistivity
between a chromium thin film and an ITO film as the reference
value {2 x 107° Q.cm® or less), a sample having the contact
resistivity equal to or less than 2 x 107" Q.cm® was evaluated
as "Good", and one having a contrast resistivity more than 2 x

107* Q.cm® was evaluated as "NG".

83



V between V, and V2 was neasured (FIG 7) , and the direct contact
resistivity Rof the contact C was determ ned by cal cul ation according to
the equation: R= (V2-VI) / 12. The contact resistivity was evaluated as
follows. By taking the contact resistivity between a chromumthin film and
an 1 TO fil m asothertreherende hivdlodgs( 2 thetthall (strab)ildri®sjor | ess), a sanple
havi ng the contact resistivity equal to or less than 2 x 10-1 K2. CM2 was
eval uated as AQEdim lantk-onel-Npddgpateenhrass greshsddd bhythorsarglals 2 X
10- 4 C1U2 was evaluated as "NG'. 83 occurrence of hillocks (thermal

stabi | ity) fad@uhefdadtntkbpenand-wPaeenpat-t et has opt GduC el i eaytmien s es,

a vacuum heat treatnent was conducted at 250'C for thirty mnutes, the

surface ofiyheylkneaand+sRacenpath 8L Bpaseiy @ﬁ@ﬂm@%01ﬁ9@r<~e@ﬁne@@§sﬁw@s by
SEM and the nunber of hillocks having a dianmeter of 0. 1 pmor nore was

counted. ApsaRe haYidisr 2 hid Lagk AR e ofi kO AL S dRemeduar e

mllimeter was eval dated as and one having a hillock denS| ty

di g\gﬁli I
gi(geghloc\n% OljfnéT%g'?“ %%mggﬁ%%%idrﬂ?%%égt reg\n SIS fyal ag?lo er??le;s 0 ktdhe sa Iuers
O oo 120 2 208eaL50 SIOWA B labL i MG LELLA LBl the

5 and
overal | ratlng 0 e con esI StV e thi ranS|s dr

t | " Qv .1 | Wh h gh t act
esl st vi &7 %&e AV |%ﬁ%ﬁ%#sﬁ%t%@'%rt§’peﬁ%f% g e b e Wi
d whi t tact t t d thin-fil
and_one oF“l:&ﬁ‘ pce)g\(ra\ﬁ:%rrle a %aet‘%c? NS, gl contac resistivity and thin-film

The results are shown in Table 10. The thin-film transistor
properties of the samples as in Table 2 are also shown in Table
10. The "Overall rating"” shows the overall rating of the contact
resistivity andthe thin-filmtransistor properties. In"Overall
rating”, a sample which is good both in contact resistivity and
thin~film transistor properties was evaluated as "Good", and one
which is poor in at least one of contact resistivity and thin-film

transistor properties was evaluated as "NG".
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Ora aguC AOVvO0OOfaOO 14 -H4 -H-HH Zz zlz z z .Ha)
Ubuu()W (a0 14 0000a U4 v 4l 41 foa(drum(afa 00000 C
Cl,3 N, C E In Table 10, Sanples Nos. 4 to 7 are sanples satisfying the
preferred conditions in the present invention, Sanple No. 2 is a
conpar ati ve sampl Babagi N, eanp Idoger-.cantainiang bayplesSaapl eSyiMNgsched and
8 are referential sanples which does not satisfy the preferred conditions
in the presesfedrmueEridrlt it Samphe Peeselti snaehefienenshapleampl & is
conprising pure alum num | ayer as the source/drain electrode.
acomparative sample havingno nitrcgen-containing layer, Samples
Nos. 3 and 8 are referential samples which does not satisfy the
preferred conditions in the present invention, and Sample No.
9 15 a referential sample comprising pure aluminum layer as the
source/drain electrode.

Table 10 shows that SamplesNo. 4 to 7 have contact resistivity
and thermal stability as good as Sample No. 1 (conventional
equivalent). They are preparedby setting the plasma irradiation
time at about 1 minute to 10 minutes and suitably controlling
the thickness of the nitrogen-containing layer, the N/Si ratio
{(the ratio of the number of nitrogen atoms to the number of silicon
atoms), and the surface density of nitrogen.

In contrast, the referential samples (Samples Nos. 3, 8 and
9) are somewhat poor in these properties, as compared with Sample
No. 1 (comparative sample). Of these referential samples, Sample
No. 9 comprising a specific nitrogen-containing layer and a
conventional pure aluminum layer has good thin-film transistor
propertiesbut ispoor incontact resistivityandthermal stability.
Thus, the direct contact between this sample and the ITO film
was not established..

Experimental Example 17

Samples were prepared and the contact resistivity and thermal

stability thereof weredeterminedbythe procedure of Experimental

Example 16, except for varying the nickel or lanthanum content
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Tabl e 10 shows that Sanples No. 4 to 7 have contact resistivity and thernal
stability as good as Sanple No. 1 (conventional equivalent) They are
prepared by setting the plasma irradiation tinme at about 1 mnute to 10

m nutes and suitably controlling the thickness of the nitrogen- containing
| ayer, thefNiG Alatiicalldéherridie aleNithe alinbessdh Tabtedén aThap ltasntahe
nunber of silicon atons), and the surface density of nitrogen. In contrast,
t he refereaitiraldasdm esocSarpvas Nosdudteld ander Mharearsomewhdt t ooy dsn
these properties, as conpared with Sanple No. 1 (conparative sanple) . O

t hese ref enenkpalifanphesExOan € 6,Non wh COPHeShhgsRasPecadi£tion time
nitrogen-containing |layer and a conventional pure alum num|ayer has good

thin-fil mikagskretoninlEEREr £hEStMetrd Su POy I tGAtcdrasd Slivd tha
thermal stability. Thus, the direct contact between this sanple and the ITO

film waspngty %ﬂl%béﬂésfgegf ~arpers menhaly fxaiml A i1 o Sanph esines e ieRay ed

and t he contact reS|st|V|ty and thermal = stabi Ity f her eof were determ ned

by the progedure off '1:-2& @ ¢ @«”ﬂ] s 18,-2except for varying the nickel
Ni

or | ant hanum cont ent theAI alloy or 'the Al-Ni-La alloy as in
Tabl e 11. The S r ti roce S-.gonduct ed under the sane
condi tions as 'ng Egsgrm:t%relﬁ?g EE%WB % ?éb\ﬁ?n \%m ch the plasma irradiation
tinme V\’aSTEEZeJ.T nutes, and the resul ting nitrogen-containing |layer had a

t hi ckness t S 8 nm a NS ratio of 1.0 and a surface density of
nitrogen [of 6.8 x 1015 €M 2. The fesults arle showacin Table 11.
Source/drain OFF-state ON“state resistivity Thermo— | Overall
current
electrode current [A] with ITO stability | rating
(Al @ ar)
Al-0.latomic®Ni| 4.1 x 10™ | 1.2 x 107 2.0 x 10™ NG NG
Al-0.3atomic%Ni| 3.2 x 1077 | 1.1 x 107 1.0 x 10 Good Good
Al-0.5atomic®Ni| 3.9 x 107 | 1.1 x 10°| 9.0 x 107 Cood Good
Al-4.0atormic®Ni| 5.1 x 16 | 1.1 x 107° 5.0 x 107 Good Good
Al-6.0atomic®%Ni| 5.3 x 1077 | 1.2 x 10| 3.0 x 107 Good Good
A1-0.1 atomic %
Ni-0.35 atomic% 5.6%107" 1.1x107 2.0%107 Good Good
La
A1-0.3 atomic %
Ni-0.35 atomic$ 6.2%107 | 1.1x107 1.0x107 Good Good
La

Table 11 demonstrates that the TFT samples using A1-Ni alloy
thin films having a varying nickel content within the range from
0.1 atomic percent to 6 atomic percent are excellent in contact
resistivity. Moreover, A1~Ni alleoy thin films having a varying
Ni content within the range from 0.3 atomic percent to 6 atomic
percent and Al-Ni-La alloy thin films are excellent in thermal
stability.

Experimental Example 18
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Table 11 Contact ON-state Source/drain OFF-state resistivity Therno-
overall current electrode current [A] [A] with ITO stability rating [KI
Cm2j) Al -0.latomic¥% 4.1 x 10-" 1.2 x 10-' 2. 0 x 10-' NG NG

Al -0.3atomc%i 3.2 x 10-13 1.1 X 10-1 1.0 X 10-1 Good Good

A. 1-0.5atorrLi ¢oih-3i9mxt20n33stot 2anld &s Ntk XpteprhrEabdndoode contact

Al -4 . CatorrLic% 5.1 x 10-" 1.1 x 10-' 5. 0 x 10-' Good Good

Al - 6. Cat ordeda¥ii A.t3 ¥nd0cdSrila R 9tatl-19 t3 tReXed@-we kH 0k {0ad neft By Ghk
atomc %N -0.35 atomc%5.6x 10-13 1.1X10-1 2 . OX10-4 Good Good La AI-0.3
atorni ¢ Yo MNoc@d3R AtAMEmYHHS: idnlid Il T damplEl 06, lekbEr 1r oot Saogd- La Table
11 denonstrates that the TFT sanples using Al-Ni alloy thin filnms having a

varying nijgjc@lr2entay Wal Birnvihes range A eBnpBnknat efi snpercent 4tqfatomc
percent are excellent in contact resistivity. Mreover, Al-N alloy thin

films haviag anvanyl 89100 2 CQN LN Y i cBHEeh@”SE ﬁa{QﬁB %328t PG P]S cent

to 6 atomc percent and"Al-N -La alloy thin filnms are excellent in thermal

Stab'l'ty12EXp?ﬁbq§f5§ﬁaJﬁ§%yid%E¥% Erocess was conducted under the same

conditions as in Experimental Example 1, in which the plasma
irradiation time was three minutes, and the resulting

nitrogen—-containing layer had a thickness of about 5.8 nm, a N/Si
-2

ratio of 1.0, and a surface density of nitrogen of 6.8 x 10*° cm

The results are shown in Table 12.
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Thin-filmtransi stor sanples were prepared and the contact resistivity and
thermal stability thereof were determ ned by the procedure of Experinental
incorporating La or Nd as a third conponent
all oy and varying the content of La or Nd as

Exanpl e 16,

in Tabl e

except for further
to an Al-2.0 atom c

conditions as in Experinental
time was three m nutes,
t hi ckness of about 5. 8 nm a NS

nitrogen of 6. 8 X 1015 CM 2. The results are shown in Table 12.

00 00O
00 E~-P

Table 12

percent Ni
12. The plasma nitridation process was conducted under the sane

Exanple 1, in which the plasma irradiation
and the resulting nitrogen- containing |ayer had a
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Table 12 demonstrates that the TFT samples using Al-Ni-La
alloys containing 0.1 atomic percent to 2.0 atomi¢ percent of
La and those using A1-Ni-Nd alloys containing 0.1 atomic percent
to 2.0 atomic percent of Nd have good thin-film transistor
properties and are good in contact resistivity and thermal
stability.

Experimental Example 19

Thin-film transistor samples were prepared and the contact
resistivity and thermal stability thereof were determined by the
procedure of Experimental Example 16, except for further
incorperating 0.3 atomic percent of any of the elements shown
inTable 13 (theelementsbelonging toGroupX1l) asa third component
to an Al-2.0 atomic percent Ni alloy. The plasma nitridation
process was conducted under the same conditions as in Experimental
Example 1, inwhich the plasma irradiation time was three minutes,
and the resulting nitrogen-containing layer had a thickness of
about 5.8 nm, a N/Si ratioof 1.0, and a surface densityof nitrogen
of 6.8 x 10*° cm™.

The results are shown in Table 13.
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U 00O0O0O0O0 Table 12 denonstrates that the TFT sanples using A -N -La
alloys containing 0.1 atom c percent to 2.0 atom c percent of La and those
using Al-Ni-Nd alloys containing 0. 1 atomc percent to 2.0 atom c percent
of Nd have good thin-filmtransistor properties and are good in contact

resistivity and thermal stability. Experinental Exanple 19 Thin-film
transi stor [sanpljes (wefe iprepared apd [the contact resistivity and thernal
stability th@'r MEB e TeBerdn Beds pB|t he procedure of Experinental Exanple
16, except [f@r §udther &|i Bca¥pdnat| & 0.3 atonic percent of any of the
el enents sho i n|Taplg 18 (jthe e] efents belonging to Goup XI) as a third
conponent [to an|l Al[-2[0 [atomc perfkent N alloy. The plasma nitridation
process way conductied| undet tjhe |sapre [conditions as in Experinental Exanple
1, in which ghe: plvas_?a% r%adi atjlop tjijme was three mnutes, and the
resulting i trd gr- pgtgiﬁn% lﬁy?‘r had a thickness of about S. 8 nm a
NISI ratio oﬁ ,‘%1 a®surff ace” derjsity of nitrogen of 6.8 X 1015 CM 2.
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Table 13 shows that the TFT samples using A1-Ni-X1 alloys

comprising the elements belonging to Group X1 have good thin-film
transistor properties and are good in contact resistivity and
thermal stability.

Experimental Example 20

Thin-film transistor samples were prepared and the contact
resistivity and thermal stability thereof were determined by the
procedure of Experimental Example 16, except for further
incorporating 1.0 atomic percent cf any of the elements shown
inTable 14 {(theelementsbelonging to GroupX2) asa third component
to an Al-2.0 atomic percent Ni alloy. The plasma nitridation
process was conducted under the same conditions as in Experimental
Example 1, in which the plasma irradiation time was three minutes,
and the resulting nitrogen-containing layer had a thickness of
about 5.8 nm, a N/Si ratioof 1.0, and a surface density of nitrcgen
of 6.8 x 10™° cm™.

The results are shown in Table 14.
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X X

Al-Ni-X2 alloys containing the elements belonging to Group X2
are good in thin-film transistor properties, contact resistivity
and thermal stability.

The foregoing invention has been described in terms of
preferred embodiments. However, those skilled, in the art will
recognize that many variations of such embodiments exist. Such
variations are intended to be within the scope of the present

invention and the appended claims.
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OzOmmmmmmmO mTable 14 denonstrates that the TFT sanpl es prepared
by using Al-Ni-X2 alloys containing the elenments belonging to Goup X2 are
good in thin-filmtransistor properties, contact resistivity and thernmal
stability. The foregoing invention has been described in terns of preferred
enbodi mentBlATHoOweVidiA IMEibsieE skil led, in the art will recognize that many
vari ations of such enbodi nents exist. Such variations are intended to be

wi thin the scope of the present invention and the appended clains. 94 WHAT
IS CLAIMED IS: 1. A source/drain electrode for use in a thin-filmtransistor
substr at e lconpr ssingeddsuhat edtefradehforfubsen 1m amstlstrorfi se cordivctaor

| ayer, source/drain el ectrodes, and a transparent picture electrode, the
sour ce/ dr aiubsairedld edenOnim $ing bt ddtagen caniet fi g trayeisase a thin
filmof pure alum numor an alum numalloy, wherein the source/drain

el ectrode dewis@reRifdgun agetrhad o && ogeni Ofe tdrer i dd NIanRdCO it dray er
binds to silicon of the thin-filmtransistor sem conductor |ayer, and

wherein thg SepLe i@l ectrode is so configured that the thin film of
pure al umi num or al um num aIon is connected to the thin-filmtransistor

sem conduct or kﬁ)é%dfﬁ@}tg}hmglee't%ea%@ﬁﬂa A% i fen“contining

source/drain el ectrode according to claim wherein the

ni trogen- GoRtAl Aidg J ayam MBI % £ P SESut Sild | &M 4 fifihum alloy,

wherein the source/drain electrode is so configured that
nitrogen cf the nitrogen-containing layer binds to silicon of
the thin-film transistor semiconductor layer, and

wherein the source/drain electrcde is so configured that the
thin film of pure aluminum or aluminum alloy is connected to the
thin-film transistor semiconductcr layer through the

nitrogen-containing layer.

2. The source/drain electrode according to c¢laim 1, wherein the

nitrogen-containing layer mainly comprises a silicon nitride.

3. The source/drain electrode according to claim 1, wherein the

nitrogen-containing layer comprises a silicon oxynitride.

4. The source/drain electrode according €o c¢laim 1, wherein the

nitrogen-containing layer has a surface density of nitrogen atoms

-2

(N1) of 10 cm™® or more and 2 x 10 cm™® or less.
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3. The source/drain el ectrode according to claim1, wherein the
nitrogen-containing |ayer conprises a silicon oxynitride. 4. The
source/drain el ectrode according to claim 1, wherein the nitrogen-
containing |ayer has a surface density of nitrogen atons (Nl1) of 1014 cm2
or nore andd Zh¢ HolG E@Vkradm ledssot1@kleh.o fThel ssiourte/vdraiairel ot rode of claim
3, wherein the nitrogen-containing |layer has a surface density of nitrogen
atoms | Nitrareéns swtfacs mehsiyéy efs axygeaincat dass i Of'of andrwbeneitrortshe
ratio of NI to 01 (N1101) is 1.0 or nore. 6. The source/drain el ectrode
accor di ng "o "chadmn ksumhereidentshe v aftéogesn coniaimgiirng hajerhdasim tdy f ace
density of nitrogen atons equal to or higher than the surface density of

silicon ekhecd wa ndang iong danas jcansti tutdngadhe. sem conductor | ayer. 7.
The source/drain el ectrode according to claim1l1, wherein the

ni trogen-containing |layer has a thickness within the range of 0.18 nm or
nore and 20 nmor |ess. 8. The source/drain el ectrode according to claim1,

wherein the @hé%&?ﬁb&%@irﬁ"eﬁ%d&%@k Qééo%d&‘ﬂ@bx% cflfalrIH ir g & P N'
and a nunber of silicon atons "Si", and wherein the nmaximnumratio of "N’

to "Si" (Nl%'r)og'e%—‘@ornmarlnlrﬁ% f%g@? s 9: &ﬁacﬁﬁgn@fg :!31'5nlﬁ J_J?ﬁ%‘to%ts The

source/drai n el"ectrode accordi toclaim1l erein

tranSIStor c r

pol ycryst &Y %nTeEg:}?P %{hefﬂ¥ﬁ%ﬁe9§%u§ ce§ cf’a%ld%l%l ecYOr 0 e§%ic%%r?%ﬁectacolvc aim

(1Ni ‘)M’ere' Nahh8 1nd YU AW GYRY $8% & QLU PTG, | ess of nickel
7. The source/drain electrode according to claim 1, wherein the

nitrogen~containing layer has a thickness within the range of

0.18 nm or more and 20 nm or less.

8. The source/drain electrode according to c¢laim 1, wherein the
nitrogen-containing layer has a number of nitrogen atoms "N" and
a number of silicon atoms "Si", and wherein the maximum ratio
of "N" to "Si" (N/Si) is within the range of 0.5 or more and 1.5

or less.
9. The source/drain electrode according to claim 1, wherein the
thin-film transistor semiconductor layer comprises an amorphous

silicon or a polycrystalline silicon.

10. The source/drain electrode according to claim 1, wherein the

aluminum alloy comprises 6 atomic percent or less of nickel (Ni)
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96 as an alloy elenent. 11. The source/drain electrode according to claim
10, wherein the alum numalloy conprises 0. 3 atomc percent or nore and 6
atom c percent or less of nickel (Ni) as an alloy elenment, and wherein the
source/drain electrode is so configured that the thin filmof alum num
all oy is tarthenldbyeetlkyeadannected to the transparent picture el ectrode.
12. The source/drain electrode according to claim 10, wherein the alum num
alloy further conprises 0.1 atomc percent or nore and 1.0 atom c percent
or less of at |east one elenent selected fromthe group consisting of Ti,

V, Zr, Nojil1M, Ti# ,sdarcendrN nasiapntableyaetemenhg €3. cThemsource/ drain
el ectrode according to claim 10, wherein the alum numalloy further

conprises 0.1 ajof€: PeheeAl uRhi niBr £1 180G chrd 406 3peE6RNE Hrdass oef at
| east one el enent selected fromthe group consisting of Mg, Cr, M), Ru, Rh,

Pd, 11, Phorkand &diotBc ddrcd¥h o¥1 o ARY k@ 12808N28ld0y1 ) ¢eBRkentd. A

thin-filmtransistor substrate conprising the source/drain electrodes
according,}g claim1. 15. A display device conprising the thin-film
transi stor 97 substrate according to claim14. 16. A nethod for

facturi I foll kst - di t L.m 14,
Compr i ng L he arepe o 187 ThepagR g oL Sk an PP A B R & BBve o

SUbStratethin film of aluminum alloy is further directly connected to the

transparent picture electrode.

12. The source/drain electrode according to claim 10, wherein
the aluminum alloy further comprises 0.1 atomic percent or more
and 1.0 atomic percent or less of at least one element selected
from the group consisting of Ti, V, Zr, Nb, Mo, Hf, Ta, and W

as an alloy element.

13. The source/drain electrode according to claim 10, wherein
the aluminum alloy further comprises 0.1 atomic percent or more
and 2.0 atomic percent or less of at least one element selected
from the group consisting of Mg, Cr, Mn, Ru, Rh, Pd, Ir, Pt, La,

Gd, Tb, Dy, Nd, Y, Co, and Fe as an alloy element.

14. Athin-filmtransistor substrate comprising the source/drain

electrodes according to claim 1.

15. A display device comprising the thin-film transistor
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to prepare a thin-filmtransistor substrate; (b) formng a ni trogen-
containing |layer on the sem conductor |ayer; and (c) depositing a | ayer of
pure alum numor alum numalloy on the nitrogen-containing |ayer. 17. The
nmet hod according to claim 16, wherein the sem conductor |ayer is deposited
in a depoubir=Systamdrdime sé epl{m,14and wherein the step (b) is carried
out in the sane deposition system 18. The nethod according to cl aim 16,
wherein the sem conductor |layer is deposited in a chanber in the step (a) ,
and wherein the step (b) is carried out in the same chanber. 19. The net hod

accordi ng 1t chaidankhl roheseuT ache rs e enduchori 1hareh dis tdepogsidechid a
deposition tenperature in the step (a) , and wherein the step (b) is

carried Olétcc%;rc@ir{_lgﬁrmﬁr(ﬂé'fﬁ 1subsianti Ay the seapsascthe deposition
tenperature. 20. e nmethod according to claim 16, wherein the sem conductor

layer is deDOSi(ta‘?ddé‘ﬁéélﬂtﬁnQaass'leﬂiEBﬁ?iﬁE%Br(Payer Ed?%ﬁﬁcﬁ}é“agér}go%@ﬁaéé ep

(b) is carried out I1'n an atnosphere of a mxture o e gas

nitrogen-qu&g%&%ﬂgagg%bé%LfﬂiﬁeEgg fgfg¥x§§gg%&£9eplain116, wherein the

step (b) is out 1n an atnosphere of a mxture of a ni trogen-

containing ga I _22.. The. et i t o clal 6,
wherein the st38??%1%?%&?%%%%?0%g%}/t%ﬂg}]g%rlrgc}%irﬁl:{gég i%e%nlpcfoo%%%&%&
The nethoq according to claim22, wherein the plasma nitridation process in

the step (B9 EHfFied out at a pressure

(c} depesiting a layer of pure aluminum or aluminum alloy

on the nitrogen-containing layer.

17. The method according to claim 16, wherein the semiconductor
layer is deposited in a deposition system in the step (a), and

wherein the step (b) is carried out in the same deposition system.

18. The method according to claim 16, wherein the semiconductor
layer is deposited in a chamber in the step {a), and wherein the

step (b) is carried out in the same chamber.

19. The method according to claim 16, wherein the semiconductor
layer is deposited at a deposition temperature in the step (a),
and wherein the step (b) is carried out at a temperature

substantially the same as the deposition temperature.

20. The method according to claim 16, wherein the semiconductor

layer is deposited using a gas in the step (a), and wherein the
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of 55 Pa or nore. 24. The nethod according to claim 22, wherein the plasm
nitridation process in the step (b) is carried out at tenperatures of 300" C
or higher. 25. The nethod according to claim 22, wherein the plasm
nitridation process in the step (b) is carried out in an atnosphere of a

m xture ofstaedibogenc£ent ainb g GasrafdmdspReuel 88 Hasixtde oEhenmeyhod
according to claim 22, wherein the sem conductor |ayer is deposited using a

gas in thestep {i@rogad-elghithd hgas pl asma nitridation process in the
step (b) is carried out in an atnobsphere of a m xture of the gas and a

ni trogen- containing gas. 99 27. The nethod according to claim 16, wherein
the step (b) is <carried out by a thernmal nitridation process. 28. The

met hod acqgfpi@getﬁeghghﬁggzofwggég%BO%ESFﬁhQ%UagBeP%%éigﬂ&ngegrPEFZ?%iS

carried out at tenperatures o ower nmet ho ccor gto

| ai m 16, Y - ' ' b ] ' . 30.
The mot hod AacernPRG Yo-barRaterf Brd Rkl Th AP AR R EEEER

uItravioIeEﬁ;aq{ té‘?%dd%%: The net hod according to claim?29, wherein the
am nati on 991 §¢6s S Uses SotUtTBN whi ch contains nitrogen atoms. 32. The

met hod according to claim 16, wherein the step (c) conprises a sputtering
process. 100

22. The method according to claim 16, wherein the step (b) is

carried out by a plasma nitridation process.

23. The method according to claim 22, wherein the plasma
nitridation process in the step (b) is carried out at a pressure

of 55 Pa or more.

24, The method according to c¢laim 22, wherein the plasna
nitridation process in the step (b) is carried out at temperatures

of 300°C or higher.

25. The method according to claim 22, wherein the plasma
nitridationprocess in the step (b) is carried out in an atmosphere

of a mixture of a nitrogen-containing gas and a reducing gas.

26, The method according to claim 22, wherein the semiconductor
layer is deposited using a gas in the step (a), and wherein the
plasma nitridation process in the step (b) is carried out in an

atmosphere of a mixture of the gas and a nitrogen-containing gas.
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27. The method according to claim 16, wherein the step (b) is

carried out by a thermal nitridation process.

28. The method according to claim 27, wherein the thermal

nitridation process is carried out at temperatures of 400°C or

lower.

29. The method according to claim 16, wherein the step (b) is

carried out by an amination process.

30. The method according to claim 29, wherein the amination

process uses ultravioclet radiation,

31, The method according to claim 29, wherein the amination

process uses solution which contains nitrogen atoms.

32. The method according to claim 16, wherein the step (c)

comprises a sputtering process.
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