SOURCE/ DRAI' N ELECTRODES, THI N- FI LM TRANSI STOR SUBSTRATES, MANUFACTURE
METHODS THEREOF, AND DI SPLAY DEVI CES BACKGROUND OF THE | 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, semRenAYLA OF @lﬁxy@:@ﬁémgndmpmP@LMC@msﬁgtr@R ktpalraaTekel ates to
nmet hods for nmanuf acturl ng the substrates, and di spl ay devi ces.

Specifically, itzigf ;&?MM%DSS E‘i&dez‘r aifip &l egtedes-eaRiai ning a thin

filmof pure al um num or um num a oy as a conponent. 2. Description of
the Related Art Liquid crystal display devices are used in a variety of
applications rangi ng fromsmall-sized nobil ephones to | arge-sized

t el evi si ]é ?0 CE screens. They are categorized by the
pi xel dr.&ﬁg&ﬁ%‘?‘fﬁ q° n?fég N%}E@JT% rix liquid crystal display devices and
active-matrix liquid crystal di spl ay devices. O these, active-matrix
liquid cristdiehdayteitentHaving a thin-filmtransistor (hereinafter
briefly referred to as TFT) as a switching elenent are widely used, because
they realize ﬁﬁ@gﬁrﬁéﬁphlltﬁ‘(ﬂﬂti1rﬁal“gé§laﬁélSmsﬁﬁééaéérﬁﬁﬁg@@%rﬁ%agﬁeed
Wth reference to FIG 1, the configuration and operating principles of a
represent sthbseratesi ﬁonrlyse ainpihéh-folmuseanaisaersveimat gukdl cgustatr yst al
di splay devices will be illustrated, by taking a substrate with a TFT array
(herei nafdespahge, semeroeduckorodesidéd) antlidpghigainsosponestbst rat el yousi ng
a hydrogenated anorphous silicon as an active sem conductor |ayer
(herei naft&rates 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 varilety of

applicationsranging fromsmall~sizedmobilephones tolarge-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 displaydeviceswillbe illustrated,

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



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 counter substrate 2 is arranged so as to face the thin-film

tran5|stor sul%st, %tl% ]f'l h¢=,\Cl,<_m%U|S<:JC gcr tralahye,r %é 'Sh %{r@%eog%%eﬁt%e&n t he

t hi n- f|In1tr3nS|stor sub rate count uncti ons
as an optical dul ation | ayer The th|n flln1tr nsi bst r.at

ncl udes AFOFREGUS FheLEPRCES agha%lg@eS?aw%ausﬁ?s 0 WS AR 1 m
transistors 4, a transparent picture electrode 5, and an interconnection
section @& é@nﬁ&ﬁﬁFﬁ&dsééh@@ngQWQ%Q?Q%ﬁj%%%ﬁﬂﬂnIﬁnﬁﬁs L traRspEent
picture electrode 5 is made typically froman indiumtin oxide (ITO film
cont ai ni nGUPRFIrGREORi @6 @PN2ERFPaifd about 10 percent by mass of tin oxide
(SO . The thin-filmtransistor substrate 1 is driven by a driver circuit
13 and a contr@hecliiquid ciydonneened 10Heretfd G.hloighladdaB ttage -2 1mThe
counter substrate 2 includes an insulative glass substrate I|b, and a common
el ectrode tZanaictbarsibdteits;l , andoant éghltubsiiraltdi Hgantdid i §uidhe ysdmion

el ectrode 7 is arranged overall the side of the glass substrate |b facing
the thin-filal@rt Banstisé afomuhist raflsstdatell?e icoHRrahgedbsbr & ec fafca tueol e
functions as a counter electrode. The color filter 8 is arranged at such a

posi tion %lntqlflacaraﬁalgﬁaﬂsm;mtaﬁ qt.ur enel Pﬁiﬁpﬁ%éstﬁﬁelbggf:‘@ is

shielding 2 film9 is arranged at such a position as to face the thin-film
Lransi stop 4,308 BeclALer eARNeqlnal;S6CkIoR 0 00 Rerhlitld hMark 288l st or
substrate 1. e counter strate urther has an

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 interconnection section
6 containing scanning lines and signal lines. The transparent
picture electrode 5 is made {ypically from an indium tin oxide
(ITO) film containing indium oxide {(In,Q03) and about 10 percent
by mass of tin oxide (Sn0O). The thin~film transistor substrate
lisdrivenbyadriver circuit 13 andacontrol circuit 14 connected
thereto through a TABR tape 12.

The counter substrate2 includesaninsulativeglass substrate
1b, and a commen electrode 7, acolor filter 8, anda light shielding
film 9. The common electrode 7 is arranged overall the side of
the glass substrate 1k 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



alignment layer 11 for aligning liquid crystal nolecules (not shown) in the
liquid crystal layer 3 to a predeterm ned direction. The |iquid crystal

panel further includes polarizers 10a and 10b arranged outsides (on sides
opposite to the liquid crystal Iayer 3) of the thin-filmtransistor
substrate_1.angd the_counter

trate res ec |veI th [N
crystal pgr]iéf“ 007 3 ﬁr%{lggfirﬁi ﬁle? dp? éetvve fya%%er%hcoﬁtr%ltl lf 1t r ode
2 (conmon_el ectr and .t he transparen ictyre el ectr . rols the
AR PRS- U R R ok R b et e ﬁmg% ayer
3 to thereby nodulate light passing through the liquid crystal layer 3.
This confFaP§ieherqiBRELFFLET 1t i ghte CoMRS™T FERSTRAGGgR thECRBTMAET an
substrate 2 to thereby produce and display an inmage. Next, the conflguratlon
and oper aglagnpenficilplves of §Orc@ﬁ#§ﬁﬂﬁ@h§HQ@#6#ﬁﬁd@§a§ Iod@ Ui - (iottm
transi stor substrate for use in liquid crystal panels will be illustrated
in detail shaivhh Ietbeehteuid cEivGtal. 1&y€x 32t9 o phedé begeined eliofeathen.
essential part Ain FIG 1. Wth reference to FIG 2, scanning |lines
(thin-film gat®heiliteericbongst sdnsin25 fareharr angbdd o p@ lglrdge rsubsi make ( not
shown) . A part of the scanning lines 25 functions as a gate el ectrode 26

to controhopt @rtdhfe@ncandiabtt 0bn Eh@et hbpodsl e ttandistioqui Agdistal
insulator (silicon nitride film 27 is arranged so as to 3 cover the gate

el ectrode;3 erSBQQﬁ?thh”%ﬁlﬁSQEEEEéﬁﬁﬁ%I%téf“éﬂﬂéHEEﬂéUpﬂﬁa1§ﬁe%b%n%%&anged
So as to intersect the scanning lines 25 with the gate insul ator

|nterp05|ggbgg%g@gn2th%g%peétg%rlyof the signal lines 34 functlons as a
source electro

In the liquid crystal panel 100, an electrical field formed
between the counter electrode 2 (common electrode 7) and the
transparent picture electrode 5 controls the alignment direction
of liquidcrystalmolecules inthe liquidcrystal layer 3 to thereby
modulate light passing through the liquid 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 operating principles of a
conventional amorphous silicon thin-film transistor substrate
for use in liquid crystal panels will be illustrated in detail
withreferencetoFIG. 2. FIG.Z2isanenlargedviewof theessential
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 soc as to



28 of the thin-filmtransistor. Adjacent to the gate insulator 27 are
sequentially arranged an anor phous silicon channel film (active

sem conductor film 33, signal lines (source/drain interconnections) 34,
and a silicon nitride interlayer dielectric film(protecting film 30. A
l'iquid cr stal panel of this type LS gener II . called as a otton1gate type
panel . Hhor %u%ag?|?£ tE%gﬁn%% fgﬁ RIS TPt er  (n

| ayer) doped wi th phosphorus (P), and an |ntr|n5|c | ayer (i Iayer al so

cal | ed astmrPiFRITPREC Iy} P4 ath atrh‘@%deSPrﬁs%ItQtJdPteWe(F% téilep?&‘@lm%’é@l on,

in which the transparent picture electrode 5 is arranged. The transparent
picture eliems oife Wik Phrlegdtomnstbrtexadpl 1 terP? IO PatwneRi heg- | n2C3
and SnO. Adrain electrode 29 of the thin-filmtransistor is in contact with
and el ecthx imzat yof commesi@uk i ol ihes t 3&nSparehnenpi s ur eseliecer etdectrafleh t he
interposition of an after-nentioned barrier nmetal |ayer. Wen a gate voltage

is fed t@d he gaketklipefiddet26nthesbogh Adcaannionghkl get25insheatdin-fil m
transistor 4 is turned on. In this state, a drive voltage which has been

fed to the sirgndequdrtel a34 v S frethddonmt BRospubee ehectbaden28nthrough the
drain electrode 29 to the transparent picture electrode 5. Wen the

transpar efdcifd W& £ &C4EOES: Of 1 Bnf e W s hghhe dihye ngﬁaes/daélﬁ
predeterm ned | evel, a potenti al di fference occurs between t he

transpar ante i Gl & e ool T ade 809 e GOUDL Ex g L 20; 88, desee bec
ehisic | & £ f §ﬁeren§’

above wit re erence to I'S potentl a e orients or aligns

the | i quigh Gf ysty %etr@él%oqj'ﬁam sbhe a1 o gy crxtal, Laven 3 theteby,

bri ngi ng I"ati str

the sourgfgcgéﬁerally 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 undcoped layer). On the gate insulator
27 is a pixel region, in which the transparent picture electrode
5 is arranged. The transparent picture electreode 5 is made from,
forexample, anITO filmcontaining In;03 and SnO. Adrainelectrode
29 of the thin-film transistor is in contact with and electrically
connected to the transparent picture electrode 5 with the
interposition ¢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 Signal
line 34 is fed from the source 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



i nterconnections 34 electrically connected to the source/drain el ectrodes;
signal lines electrically connected to the transparent picture electrode 5
(signal lines for picture electrode); and scanning lines 25 electrically
connected to the gate electrode 26 are each nade froma thin filmof pure
alloy or an alumnum alloy such as Al-Nd (hereinafter pure alum num and
such mlﬂﬁﬁﬁwﬁr%ﬂ$E®%e%Pepb%E%F?c%}?QtF%@%r?e@n@otgg C%PBE?HU%%%FFB9§@)
This is because such pure al um numor alum num alloys have a | ow

resi stiviy shdesar edabove pidbesséareBagriert et dl- | Apépspobantsal 53,
and 54 containing a refractory metal such as Mo, Cr, Ti, or Ware arranged
on and/ ordbEfeventese iater conabtghondie laguidl osysaaédid Fedi@s 2n phe
representative exanple of such an interconnection is a multilayer

(three-| ayeqyid nirgrsdarinéayeon3, ithelradiyngr angbhy demnutml(ivbt hagetationer
barrier netal |ayer) about 50 nmthick, a pure alumnumor Al -Nd alloy thin

filmabout 150, i kihdk- fanch ardsliayer cuppelabar i, echaesahrtayerainbout
50 rimthick arranged in this order. Reasons why the three-|ayered

mul tilayefnt ot 5e00necthond £14894 @8 The s/ dral Bhknishcoapgshigns 34
connected to the channel anDrphous silicon thin film33 wll be described

bel ow. Ase siddass ! 8tedain i i3 o Foc e d ONREORREELRHITPIAL L] 8YERa - 5nB3 1

ar r anged Bet ween t anne ous SI i'con thi 33 an

al umi num gl Loy, 4 hi i Lo Thi 5 gggigg{@y@ofs rBLOLY of DLepdsd) | o prevent

the inter usi on wee_n SI n an um n | I’l ace’ be ween
e atum U LD 12 8 L1 el apratons, SLLACRREELDL T
26 are each made from a thin film of pure alloy or an aluminum
alloy such as A1-Nd (hereinafter pure aluminum and such aluminum
alloys are generically referred to as "aluminum allioys"). 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 (fLhree-layer) interconnection
including a molybdenum (Mo) layer (lower barrier metal layer)
about 50 nm thick, a pure aluminum cr Al-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 ccnnected to the
channel amorphous silicon thin f£ilm 33 will be described below.

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



If an alumnumalloy is brought into direct contact with a channel

anor phous silicon thin film and a heat treatnent such as sintering or
annealing is conducted in a subsequent step in the production of thin-film
transistors, alumnumin the alum num alloy diffuses into the anorphous
silicon [or silicon in the nor phous si l.icon.diffuses into. the_alum num
oy oS e ATTAFS S AR e L 2 th G R s uS L P BonPAg o

sem conductor _significantly deteriorates, r sulting,in a_decreased ON-state
current, amaPfckRasdymiagg %H?Bér‘ﬁhlﬂ bt hg FRRTEAPR2F T PThL % PahBTEtor is
turned off (OFF-state current), and/or a decreased swtching speed of the
thin-fil rittrendedt 69 . PTRVSNE deRer bRt AL ATRFLATt PARYPSROPIHA6PBr 8N8s cannot
be obtained, and the resulting display device has poor performance and

qual i ty. Fhauinegwnert ddre ilovtandiade befercsg téfef édtiniaup pléggntiiphéiln
interdi ffusion between alum num and silicon. The upper barrier netal |ayer
54 is arranjethencloanmdbvantighowas usi hiioeal thynt i hmf (heraintéyten pievent
the formation o f hillocks (nodular projections) on the surface of the

al um num sdhwyy thé ferfédmangdst vignsurecatontact with an 1 TO | ayer to be
arranged thereon. The hillock is probably fornmed as a result of heat 6

treat nent generfalahy aathimabaut a300¢ 19 BROWNHHY0GE o HiiredieabnthicealieRt ai S
carried out in the deposition of a silicon nitride film (protecting film

after thedepos] 4ol des @ WBAHWAH 11N n,t Rk B hBLEN: PBARhaGE UELBE
processes of the thin-filmtransistor substrate. Specifically, the

et £t S LI U L LT SR CRLLR, |

( pf ot ect iﬂge {)E:lomlction of thin-film transistors, aluminum in the aluminum
alloy diffuses into the amorphous silicon and/or silicon in the
amorphous silicondiffuses into thealuminumalloy. Consequently,
the performance of the amorphous silicon as a semiconductor
gsignificantly deteriorates, resulting in a decreased ON-state
current, an increased leak current flowing when the thin-film
transisteor 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

aluminumalloythinfilmmainlytoprevent 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



The hillocks are probably caused by a difference in thermal expansion
between the alumnumalloy thin filmand the glass substrate in this
process. The upper barrier netal |ayer 54 effectively prevents the
formati on of hillocks. The formation of upper and | ower barrier netal

| ayers, however requires.an_extra fi deposition,_s fqr.th
depositio re?ﬁ%?%Bf?gPEIQZ&Vtana@SU% %gpHfd%%d%???%nxiéggénﬁ%éﬁ gﬁgt
deposition of alumnumal]oy interconnections., Specifically, a . .

film depo%???%?ﬁe§§s%%rﬁql??%1|?%i%ﬂ: &Rt FRC IR EpbeT 9 0P SRR PiFEE dEhe
deposition of respective barrier metal thin filps nust be used. A

repr esent bt R elpsedipste nsf fihe) syktamthe derPust &en cdofhe ieiRUmhel 4ang
multiple fil mdeposition chanbers connected to a transfer chanber. The
syst em i nehimifgmetnrrenaf 2t vt ng peowtssesi plorhoftbarfidm fsaabibhgers
causes an increased production cost and a reduced productivity, which nust
be avoi desubstrabss- Foetict 1 omnl bf, | tlopi shilcsysdiad lpaaeisgathé oal ¢ostum The
alumnumalloy thin filmis connected to the transparent picture el ectrode
5 wi th thelieyenpaditlinohs elibtjlee thart yercaielat o chayaicallvasor depssiated in
FIG 2. If an alumnumalloy thin film 7 is directly connected to the

transpar ef¢vp) eloUfiee £416¢ Hepde i tt He i16enhactt Fiasd ShaRce Aetaweind esa) |
conponents is high, which inpairs' the quality of displayed inages.

A!U”i”U”‘@ﬁ@dh§§1@gﬂgt§£éabr585bl%h@ahgéﬁrE9PQGBHE?@§eB%% the theapgpar ent
picture electrode is very suscepiible to oxidation. Consequently, an

i nsul ati ”quﬂgnéﬁ{g{?%gﬁ?ﬁ?%%f ;T]B;%B%ﬁ}%ﬂﬁmi §1i83méﬂiﬁt AR g%ertggcgéggtsween

the alumn e transparent picture el ectr The

alqninun1Qé%gfrééeCfHSEHiQpréXQSQ.fc%ﬂgxhﬁgefugg¥kgg£iﬂgtal layer 54

effectively prevents the formation of hillocks.

The formationof upper and lower barriermetal layers, however,
requires an extra film-deposition system for the deposition
thereof, inadditiontoa film-depositionsystemfor thedeposition
of aluminum alloy interconnectiocns. Specifically, a
film-deposition system including extra 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-deposition chambers connected to
a transfer chamber. The system including extra units for the
depositiconof barrier metal 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



fil mdeposition processes of the liquid crystal panel. The indium tin oxide
(ITO as a material for the transparent picture electrode is an

el ectrically conductive netal oxide, but it fails to establish an
electrically Chmc contact if an alum num oxide layer is formed as

menti oned, above. The depositionof such barrier netal |ayers, however
requires T RRIEEFE IAOBSSTECoROcHARTST AN TRAT TiHe ROt PORCEREASf thEn
addition to sputtering systens for the deposition of the gate electrode,
sour ce el e@tfagereang tangiehraiwran bleseiraserentsals biidhs Wakde1BR2LAEr eased
production cost and a decreased productivity. In addition, netals used as

t he barrithe spedlidvagérdisplaygt onegsed | hlpnovewsisrf agch madandal for
etchingnsith a chem cal solution at different rates fromthose of pure

al um num tainel b ver commadt byss fdhushe ptogessangnti peosubaselactradsvesse or
crossw se direction in the processing cannot be significantly controll ed.

Accor di ngfyry Ehecdepadileithoi dhateher omisdghayer ¢, eadguidiest icofphiyeat ed
processes and thereby causes an increased production 8 cost and a decreased

product i Vét ¥n aNQmieVok i @8ikhe MiLyReitie i 9f o f £h 6k depasichitafe Butimahse from
t he vi ewpoi nt of processing. Accordingly, proposals on materials for

e!eCtrOdQ§lI$@Ithfﬁiﬁlﬂﬁt§n3h€h@e€f§§£%¥réﬁﬁ part{;ec gBLakrbayer stead enable
direct contact between source/drain el ectrodes and a transparent picture

el eC”OdeaﬂﬂE'l%”@if&%ai% éé’ﬁs&&%&%%?@gﬁ@& ﬁ@ébbg dLKEqt e act

bet ween sourcé arn el ectrodes and se nductor |ayers "such as”a channel
amor phouse 81 L g0 Pt blmhave e, 1295, 1 4ARANRSA HORXe™ Ntk PRkeD)
tin oxide (ITO) as amaterial for the transparent picture electrode
isanelectricallyconductivemetal oxide, butit failstoestablish
an electrically Chmic contact if an aluminum oxide layer is formed
as mentioned above.

Thedepositionof suchbarriermetal layers, however, requires
extra film-deposition chambers for the deposition therecf, 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 layers are
processedinprocessingsuchaswet et.chingwithachemical solution
at different rates fromthose of pure aluminumand 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



No. Hei 11-337976 discloses a technique of using an indiumzinc oxide (IZO
filmcontaining indiumoxide and about 10 percent by mass of zinc oxide as
the material for the transparent picture electrode. According to this
techni que, however, the ITOfilm that is nost w dely used nust be repl aced
with the | ZO fil ich c ses an i.ncreased material cosf. JP-A No. He

L 283055 bbb es AohBaRa BF STy g ¢ Ret UR¥AbEoSt he PP APRLAEL r ode
by subjecti the drain electrode to plasma treatnment or ion inplantation.
The met h&f %be VRGP0 S Y gk st a%l%%t$%9%t¥§ﬁfYﬁeWPEQ%Er@Ec%r??%%§h%%t

whi ch causes a decreased product|V|ty JP-A No. Hei 11-284195 discl oses a
nmet hod of condaeadimg 1t he rgaras et gtk e Bkt el @ eete oo dandtitrai n

el ectrode from a first layer of pure alum numor an alum numalloy, and a
second |alarirgftpuhe retass Tury Sprdraratign hehaadlllayerfuandeanadont dlhéng
impurities such as nitrogen, oxygen, silicon, and carbon. This nethod is
advant agemrstdat bhatvethisofrndaekidfaim ebastrbdeerend Ad ra® sgatrerd] et tode,
source el ectrode, and drain el ectrode can be continuously deposited in one

film depasiddiorbdhaiberon Tid Ser 1@ Hoth r heneyerodeequhaesennpest arstep of
depositing the second |ayer containing inpurities. In addition, the

reSU|tln&wﬁ%ﬁﬁ@ﬁé@wébﬁsdﬁﬁ%é¥wﬁﬁ$&bQ@%t&b@@#ﬁﬁ&%eﬁ&b@ﬁdﬁ@@%ﬂI&W@i@e wal |
of the chanber in the step of introducing inpurities into the source/drain

I nter conngety ons. 5 Té'ﬂé'n‘ufl CaMsash s as di {£&8 engen FMhk hﬁ‘é@@' b@éﬂ%‘é&é’”

coefficient between m containing the 1npurities and ' m not

cont ai ni ng_tho JIpu b%%xaﬁan%%O@qteh@'ﬁpgﬁggg%abnt?sbﬂﬁkgegoﬁeﬂyblﬁ§

frequent mai nt'enance operati

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 film, 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. Hei 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 cof 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



whil e stopping the fil mdeposition step, and this results in a
significantly decreased productivity. Under these circunstances, the present
i nventors have disclosed a nethod that elimnates the necessity of barrier
nmetal |ayers, sinplifies the manufacturing process w thout increasing the
nunber of steps, and enables direct and . reliable_contact between__the

Ut num BTy HeERFaA” C ELFF B LRFCRC B cPaReSBrRt FREIPHEIBER RB.

2004- 214606. The technique disclosed in_JP-A No. ,2004-2 4%36 uses. an

al uni num PP BILEORE AY nFRECHT teH01B R8Nt ¢ IMGEFERALE LoPRatPRREE -onk s8] ect ed
fromthe group consisting of Au, Ag, Zn, Cu, nickel, Sr, Ge, Sm and Bi as
an al | oy B¢ ehedt howsitPal FORIAE eat AP eashy HaTErop I 1des Wi 1ny “SceitfPddt o be
a precipitated or enriched layer at the interface between the al um num
alloy fillaved chetainnspaiepurpréear e Bl exddbuono theerevylathveve t he
object. JP-A No. 2003-273109 discloses a thin filmfor the 10 three-|ayered
al um num sxbhoye i dt 81 cantectioane athioals 1 rejustes] vde 1l eléntt edaldmytlvonalitt i ve
upper alum numnitride layer (AINlayer) , an alumnumalloy thin film and

an electroftathy cloadoeti ve towestepl ofi Dutrodteide Layeriateangadci bhehis
order. The upper alumnum nitride |layer can be directly connected to the

I TO fil mangréepliraes iRcSptdshact DEhsy |TOW £0N aclugRBibst angerréhenkever
aluminum nitride layer can be directly connected to sem conductor | ayers

such as afy, &l ANOUS &b drh 0 | s r iand pstalljshes 29 16xeshkeihinGhehe |
contact. This nethod, "however, requires a highly sophisticated control in

sputtering, @.ﬁf@i’é& 24t efiilf}lgé{%tco@xecai‘}ﬁ'}%“‘?ttheed WS BRI OPRLaL6hYq
controlllndpt e conposition an
this problem, the method requires frequent maintenance operations
while stopping 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
thenumber of steps, andenablesdirect andreliable contactbetween
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 containing 0.1 to 6 atomic
percent of at least one selected from the group consisting of
Au, Ag, Zn, 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 af 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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proportion of reaction gases in order to deposit the alum num nitride

| ayers. In addition, the nethod is still susceptible to inprovenents in
contact resistance and ohmic contact, and a demand has been made on further
i nprovenents. The above expl anation has been made by taking a |iquid crystal

di spl ay device as a representative exanple, but the praoblens in the
convent i oHAT €2 etR¥THEE S B 1H: eddRyn Fhe BRDFPRELSCRT IWRF! 1fwilndes ap

transi stor substrates used not only in liquid crystal display devices but
al so i n othertHbvates COTRESE iylegibiess adhgg nugdeirriae LBYATT {ALN 1 REAS! st or
substrates using a polycrystalline silicon instead of an anorphous silicon
as the sem admhictuor al aggrthiof £ hmp-dnd ant ¢ basi st ox b1y SUVMVARY IO TeiFer

| NVENTI ON The present invention has been acconplished under these 11

ci rcunst antesinandiamids ecyewhirrhegpresenhi ik mvektr .onThe Upp gy avidénua
techni que that gives excellent thin-filmtransistor properties even w thout

| ower barfieriagtakehayelpand eetTiicoshdeedd aBdhe BT O #hhe Ganneslions
bet ween source/drain interconnections and sem conductor |ayers of thin-film

transi st of Ss ANQENEE o PP] §CT QT cLREaPEEEERE sHAYBRL T Ofhd S &iPe PT OVifEn@En
techni que that ensures excellent thin-filmtransistor properties, high

thermal sf aby i{ié Vg AW dg%""b%%i@&&tigﬁoﬁ{a%éé&%éefc? ﬁgh?gﬂﬁcbﬂ\ﬁﬁht.ofi”?ayé’?§ r

barrier metal Tayers and permts dir connection o

source/drain_interconn ions _not onl 0. sem condugt.or. | ayer f.thipn-film
R e e R R s L A

transi sto 0 ure electrodes.

above Objgﬁéfé 5Q§t£é§§eQﬁ1£g“§ggﬁéglFH&%@&%?i requires a highly
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. In addition, the method is still susceptible to
improvements in contact resistance and Chmic contact, and a demand
has been made on further improvements.

The above explanation has beenmade by takinga liquidcrystal
display device as a representative example, but the problems in
the conventional techniques are in common in amorphous silicon
thin-film transistor substrates used not only in liquid crystal
display devices but also 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
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a source/drain electrode for use in a thin-filmtransistor substrate
conprising a substrate, a thin-filmtransistor sem conductor |ayer,
source/drain el ectrodes, and a transparent picture electrode, the
source/drain el ectrode including a nitrogen-containing layer and a thin
filmof pure alumnumor an alum numalloy, in which the source/drajin
eIectrodeQ%§Q§F5§ﬁﬂﬁQ%nﬁ%@aﬂﬂﬁj?ﬁ¥PédgﬁaB¥eFﬁBthﬁ%E%H“bbﬁ LRI HG I%ayer
binds to silicon of the thin-filmtransistor sem conductor |ayer, and the
sour ce/ dr & heehpttreddats Jsgee ot ¢ Gk art than tHdm hrﬁnwﬁﬁ@rd?rrcmﬁ%tlaﬁm num
or alumnumalloy is connected to the thin-film transistor sem conductor

| ayer threvygh thdhoutt dgesc dataiimmgetiay draydm andrefarirted] dinsoddi et , t he
nitrogen-containing layer 12 mainly contains a silicon nitride. The

ni t r ogen- cedtiabliengdrmeert iion dredivwesm preefery /it a ienmhiodi everdn oot aoms aand
silicon oxynitride. The nitrogen-containing |ayer preferably has a surface

density ofsefiildoe@Rit ti0Me: s of tHikA GMm 2 eingmdeand 2 x 1016 cm 2 or
| ess. The nitrogen-containing |ayer has a surface density of oxygen atons

(01), in whichahBeneat be et tNort @Rl ptNYRD) iins, Rrtalsr akl ko bidbwlfagmre. The
ni trogen-containing | ayer preferably has a surface density of nitrogen

atoms equal, 4Q i, h%@?@énéﬂﬁt@ﬁte@c%eﬁ‘irefr?& ﬁgﬁflﬁl%r%si'slt LWL idactd e

dangling bonds ¢ ituting e sem conductor Tayer
nitrogen- #37 Elathl nlgai &b Ef:fye,rgr?c':l)iore\?éora}tgh*:Crkenselsssc1V1ty without lower

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 source/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 alley is connected to the thin-film
transistor semiconductor layer through the nitrogen-containing
layer.

In a preferred embodiment, the nitrogen-containing layer
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within the range of 0.18 nmor nore and 20 nmor less. In still another
preferred enbodi nent, the nitrogen-containing |ayer has a nunber of
nitrogen atons (N) and a nunber of silicon atonms (Si), in which the maxi mum
ratio of Nto Si (NSi) is within the range of 0.5 or nore and 1.5 or |ess.
The thin-filmtransistor sem caonductaor |ayer preferably contains an

amor phous M Fil&o OB 2d 5o Py Sy CaM e didS-con.  The al umi num al | oy
preferably contains 6 atom c percent or |ess of Ni %nickel) as an all oy

el enent. |In anBkferiprederreanéabbdndentyerhént BRAthermPse fgdred al uni num or
alumnumalloy is athin filmof an alum numalloy, the alum num all oy
cont ai ns emBogioent pendennsor morld camd o vatidwiigle .13 percent or | ess of
nickel (Ni) as an alloy elenent, and the source/drain electrode is so
configured t haThtheithbgeht-tonbhinahgmlayprablkreyeirsbflyr hlaer adismedilcg
connected to the transparent picture electrode. The al um num all oy can
further caehaiimyOof aterbgepencent (NL)nofelaitdch O cat eamire peicenk 00'9 ess
of at |east one elenent selected fromthe group consisting of Ti, V, Zr,
Nb, Mo, HEyTeyy 1@¥s Was an alloy elenment. The alum numalloy in yet

anot her enbodi ment may further contain 0.1 atom c percent or nore and 2.0
at om c percent l; f_.-at it ; p
consi st ng of TREG R R LR s ey E TR AT ) e

S LRSI ¢ e R R
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 cecnstituting 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 (31), 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
contains an amorphous silicon or a polycrystalline silicon.

The aluminum alloy preferably contains 6 atcomic percent or
less of Ni (nickel} as an alloy element.

In another preferred embodiment, the thin film of pure

aluminum or aluminum alloy is a thin film of an aluminum alloy,

the aluminumalloy contains 0.3 atomic percent or more and 6 atomic
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The present invention further provides a display device including the
thin-filmtransistor substrate. In addition and advant ageously, the present
invention provides a nethod for manufacturing the thin-filmtransistor
substrate, including the steps of (a) depositing a sem conductor |ayer on
or above a substrate to prepare a thin-filmtransjstor substrahf; (b)
form ng aPRrCeSdeR cdmSn Mindickrdr Ontht e &b tonauetaet by étnd e ( ¢)
depositing a layer of pure alum num or alum numalloy on the _

ni t r ogen- €okEgedidig inaydectinede preefser ad fdmgdidedal e dénire dridie toor

| ayer is deposited in a deposition systemin the step (a), and the step 14
(b) is capdiuednomt ail hotyhes sanet ldepokindadn wygonemctien anoftine rt yaresfterresd:
enbodi ment, the sem conductor layer is deposited in a chanber in the step
(a) , andptik¢éustkepliEtrcgiecarried out in the same chanber. In yet another
enbodi ment, the sem conductor layer is deposited at a deposition

tenperature i nThheastRPn(iA)alangd the foi€Pef bionSaLard ] Bthtaitii Atpecent
tenperature substantially the sane as the deposition tenperature. In

anot her peef arredagAbedomedbmni thgese8hEORHULESE baYSE ISastepnsidiegdisi Ng a
gas in the step (a) , and the step (b) is carried out in an atnosphere of a

T Xt ure obelBeaas sanfl ool JrAgeR LAl BiG 0as, ¥ MEl nBnOkbeTBr eer T ed

enbodi ment, the step I's carried out I'n an af nosphere of a mxture of a
nltrogen-%ggéﬁlggggng%ﬁlo tg?%g%quCIHQ gas. The step (b) is preferably

carried ou asma ni I on

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, Th, Dy, Nd, Y, Coc, and
Fe as an alloy element.

Thepresent invention furtherprovidesathin-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 semiconductoer
layer on or above a substrate to prepare a thin~film transistor
substrate; (b} forming a nitrogen-containing layer on the
semiconductor layer; and (¢) 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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process. The plasma nitridation process is preferably carried out at a
pressure of 55 Pa or nore. The plasma nitridation process is preferably
carried out at tenperatures of 300C or higher. The plasna nitridation
process is preferably carried out in an atnosphere of a mxture of a

ni trogen-containin as and a reducin as. The pl as nitridation process
in the st 'Bp(ﬂﬁ F@gﬁg@éepﬁgl v E&er iséla‘%o POF 1t Of r?é%%ﬁé‘f'e of a mixture of
a nitrogen-cont ai ni n% 15 gas and a gas used in the step (a%. I n anot her
preferred embob? remthamherefepren)enrodhreied b seBycantHerfEl L3 eY iLdat i on
process. The thermal nitridation process is preferably carried out at

t enper at udesosi tado@ erchawesr iThehstsdier b} ) camnbeheairerdbouis lppraned

am nation process. The ami nation process preferably uses ultraviol et

radi ati onoutThe ahenatimencprobess preferably uses solution which contains
nitrogen. The step (c) can be carried out by a sputtering process. The

source/ drai n elecisodesoaleenr dnbgdinehbe prnesesainicondentobenlbgve the above
configuration, can use a generally used pure alum numor alum numalloy. In

addi tion, gkpeyican Be acCanpesiedoh orSePE coNEHSt D 18y edtSerdf (d)hi Rfd ke
transistors through the nitrogen-containing |ayer wthout barrier netal

layers, iBtefORSTasd -Gy eRl aRal BSHbYAL Bt S - suldie: HOrH LB drld same
el ectrodes have good thin-filmtransistor properties.
as the deposition temperature.

In another preferred embodiment, the semiconductor layer is
deposited using a gas in the step (a), and the step (b) is carried
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.

Thestep (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
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By further using an Al-N alloy containing a specific amount of nickel as
the al um num all oy, the source/drain el ectrodes according to the present

i nvention can be directly connected not only to sem conductor |ayers of
thin-filmtransistors but also to transparent pi cture el ectrodes. The
resul ting sourc drain eIe tro gs are ex Ient in thin-filmtransistor
propertied2% & zi‘ctgarseétsset 3: ean?d:etﬁ'ue stability. The use of the
source/drai n el ectrodes accordlng to the present invention provides

hi gh- perf or makBERR SR AP EdATEES ERAPILLBNE ant e ShEBdiRed SwrRRT ERE &Y Tent
productivity at low cost. Further objects, features and advantages of the
present i et itbermal ﬂﬁ&ﬁﬁﬁﬂﬁﬂﬂﬂﬂﬁﬁﬁcq&%xnthe fol | owi ng description of
the preferred enbodinents with reference to the attached draw ngs. BRI EF
DESCRI PTI ON OFTHEECDRAMENGS1 FrGlatips prechessi $ coeaf er gely seetiigrlout ew
illustrating the configuration of a representative liquid crystal panel to
whi ch an anortphpews atiddecon f MOB°CI bm flpaesi.st or substrate is applied; FIG

2 is a schematic sectional viewillustrating the configuration of a
representativergenveapi qpal cambbpheus rsield ean byhiafr fadimatians ipstodfess .
substrate; FIG 3 is a schematic sectional viewillustrating the

configuration efa a[frr{lrfbftfldr{'fbi’bél@§s rQIT SRS 3 €5 a3 t2R vephedivmRitat iofn t he
present invention; FIGS. 4A 4B, 4 4D, 4E, 4F, and 4G are process draw ngs

showi ng part Ok b hgTBAUALH Ho L OGS PLEEFSES yAlsdd ol B Dofiibeh contains
nitrogen.

The step (¢) can be carried out by a sputtering process.

The source/drain electrodes according to the present
invention have the above configuratiocn, can use a generally used
pure aluminum or aluminum alley. In addition, they can be
connectedtosemiconductorlayersofthin-filmtransistorsthrough
the nitrogen-containing layer without barrier metal layers, in
contrast to conventiocnal 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 allcy, the source/drain electrodes
according to the present.invention 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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transi stor substrate shown in FIG 3; FIG 5 is a cross-sectional

transm ssion el ectron mcrograph of the interface between a channel

anor phous silicon thin film and an Al-Ni alloy thin filmprepared in
Experinmental Exanple 1; FIG 6 is a cross- secti onal transm ssion el ectron

mcrograph t he |nterfac bet we achann anorphous silicon thin film
17 and an€© ;Q &GV r‘i"eﬁ %;‘ ing L#_n f FHdet: cont ai ni ng

| ayer as a conparative sanpl e; F G shovvs a Kelvin pattern used to nmeasure
the contact ?ggrgbﬁvu PP Béi:ﬁeeﬁeéﬁuéleﬁmaﬁﬁlmaélivlawatgﬁlsnOf| theamgegent
transparent picture electrode; FIG 8 is diagram show ng how the film
stress vadngendésandildg besofiive ap@gasint & ofte Fodrlewnad KesgiimHen al | oy
film FIG 9 is a cross-sectional transm ssion el ectron m crograph of the

i nt er f ace ofetthee ppra felramde lerdootiplents silltitcorefdriandd Itm Erel alcaghed al | oy
thin filmprepared in Experinental Exanple 14; and FIG 10 is a

Cr oss- sectramdhnagtsr.ansm ssi on el ectron m crograph of the interface between a
channel anorphous silicon thin film and an Al-Ni alloy thin film prepared
in Experinental Exanple 15. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The
present inventors nmade intensive investigations to provide novel

sour ce/ dr arnrel etlsiedes 1oy ke cennegi@dNax sem conductor | ayers of

thin-filmtransistors. Specifically, they nade investigations to provide

novel source/dgapn £l8CL Q88 matic 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 sectional view illustrating the
configuration of a representative conventional amorphous silicon
thin-film transistor substrate;

FIG. 3 is a schematic sectioﬁal view illustrating the
configurationocf athin-filmtransistor substrate as an empbodiment
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. S5is across—-sectional transmissionelectronmicrograph
of the interface between a channel amorphous silicon thin film
and an Al-Ni alloy thin film prepared in Experimental Example
1;

FIG. 6 is a cross—-sectional transmissionelectronmicrograph

of the interface between a channel amorphous silicon thin film
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that can exhibit excellent thin-filmtransistor properties, when connected
to sem conductor |ayers without the interposition of barrier netal |ayers,
in contrast to conventional equivalents, and can use pure al um num or

al um num al | oys (hereinafter these conventional alumnummaterials are
generically referred to.as 18 "alum num all oys"). as_intact, which al um num
al | oys ar €¥]€eﬁé]r §1]1_3\u @c}ﬁ\f@ﬁ&% LA, %sglfﬁ%éje? iskéff”élr?%rﬁ%ource/ drain

el ectrode interconnections. Consequently, they have found that the objects
can be acKi&FOFBY CHHAURYT NPT T ce/ G 3 21 £6: rdfeP 88 7 anged  adj acent
to a sem conductor |layer froma_nitrogen-containing |ayer and an alum num
al loy thin fil ALGin7wAhenWsSnat Fegean (RgtberRhesedi e deemseont Ergidrgiaster
binds to silicon (Si) of the sem conductor |layer. The present invention has
been achi eeed stiasdd batvhesearf padimagsm Thlgy ddvifi fut atarshagaranigpamtintect
connection between the alumnumalloy thin filmand the sem conductor |ayer
of thin-f pimthrensilgdadrrdda;ough the nitrogen-containing |ayer. By using an
al umi num al l oy further conprising 0. 3 to 6 atom c percent of nickel

(hereinafter aksa.referdiedirtaon asowfhgNowat h@Y'l 1nsot Bss & Oadiiekidwgpdrstirig om
conventional alumnumalloys) as the alumnumalloy, the AI-N alloy thin

filmcan be @heeddnsstainectt@dpdm e tdanspareninPheh W EL &) eei1pde. This
provi des source/drain electroé%s havi ng good el ectrical properties wthout

barrier metal ghgyefss ErSQ%LFﬁéé‘cibﬂa‘iWﬁ@ﬂﬂ?i‘or?@%%%k%ﬂtﬁcr%&&{ m

"source/drain el ectrode" use erein neans and 1 ncludes both a source/drain

el ectrode gt ¢ fiﬁ@%g?a%%%‘é%%ﬁi D hBhREEOINEELAGDs SPEELLA Cally ¢4
source/drain el ectrodeés
and an Al-Ni alloy thin film prepared in ExXperimental Example
14; and
FIG. 10isacross—sectional transmissionelectronmicrograph
of the interface between a channel amorphous silicon thin film

and an Al-Ni alloy thin film prepared in Experimental Example

15.

DESCRIPTION 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 ncovel 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 conventional equivalents,
and can use pure aluminum cr aluminum alloys (hereinafter these

conventional aluminum materials are generically referred to as
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according to the present invention each conprise a source/drain electrode
integrated with a source/drain interconnection, inwhich the source/drain

i nterconnection is in contact with a source/drain region. 19 The
source/drai n el ectrodes according to the present invention will be
illustrated.in.detail beI For, t ke of onvenience in explanation,
e sour S A HUBIHAREHEs 8 X e Bt FD S U SLLAYSi St PREGLLY
"source/drain electrodes according to First Enbodi ment" and _"source/drain
el ect r odeSON¥ERELANAYL Vo UBBE A Eﬁ%@éﬂﬁéﬁtforTﬁ@“§6@/@éﬁde%%QQQ%%*%des
according to First Enbodi nent can be connected to sem conductor |ayers of
thi n-fil niREQASPBRBFSIANERoUtOR BRLAR B PodinevdravF ToBaethart e abJeayer s,

and the source/drain el ectrodes according to Second Enbodi ment can be
connect edcap seatboadadtaor chagersctohathbautckidrranst st ormodd alisangele
interposition of barrier metal |layers and can further be directly connected
to the tadnapanenio psehiceneletbraderediecsaut cefcdyenncehesinodedayer
according to Second Enbodi nent have the same configuration as the

sour ce/ draha ghegltAdasmaetobei ABiho fRilkst iEMhadcAent frexyeapt(N)f of the
conposition of alum nummaterial. Source/drain Electrodes According to First

Enbodi ment, i + FhgefiodbaeAEH2HA Qb?@&rgdﬁﬁsa%éorgiﬂﬂcéﬁ FsEpt oEMPRAI ment  each
conprise a nitrogen-containing fayer and an alumnumalloy thin film The

ni trogen- EQﬂlébHaﬁatbéy%yb§ ar’fl@é‘g}(?fle§9n§sllt19en€9¥ﬁrh@stBé@nf hEm Lyagsi stor

seni conductor [ayer, and nitrogen of the nitrogen-containing [ayer

binds to SLLLGOBOtnLDE ANEAGRIUCHDL S| AYRE; IPS: IAT QOBR: EQNGLELDD | ayer

acts as

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

By using an aluminum alloy further comprising 0.3 to 6 atomic
percent of nickel (hereinafter also referred to as "A1-Ni alloy"
so as to distinguish from conventional aluminum alloys) as the
aluminumalloy,theAl—Nialloythinfilmcanbedirectlyconneéted
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 integratedwithascurce/draininterconnection, inwhich
the source/drain interconnection isin contact with a scurce/drain

region,
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barrier for preventing interdiffusion between alum numand silicon at the
interface between the aluminumalloy thin filmand the thin-filmtransistor
sem conductor |ayer. The source/drain 20 el ectrodes according to First
Enbodi ment therefore provide excellent thin-filmtransistor properties

wi thout barrier nmetal layers typically of nol yhdenum (Vb) in contrast to
convent i onal Eﬁ%i%%?ﬁﬁ?zgrﬁéndéﬁﬁﬁgFP ?édaPﬁ°§gﬁaﬂ-ﬁ8n¥%8n356é§8 ri ment al
Exanpl es. ' This configuration elimnates the need of an extra
filmdepodPVEBSLiePstem fioe theislestd ildh It asdr Prdrvnet &P, the ekt he

ni trogen-containing |ayer can be easily forned, for exanple, by a plasm
nitridati@ﬁnﬁeaéé§§eaﬂpeEXPH@n@égégmtrﬁ§¢ sefended Herire sdrdtiieddsayare and
before the deposition of the alum num alloy |ayer. The nitrogen-containing
| ayer featatepggrinethengr ddemtinguiwdmd dmbw |"lscve dd/Adrstimatedced iy adist=ai |
below. Nitrogen (N) of the nitrogen-containing |ayer binds to silicon of

t he sem cenduetidngl apelrirand Embe dimehade aneoitsaiuricry drayier e ldvarrelalesrai nly
conprises a silicon nitride, as described above. This layer can further

conprise acgbkieag @xyBetbinde Embbeligiehnitean ThXyBbuktd¢diraihoeMedtasdasr esul t
of the binding of silicon nitride wth oxygen (0) which is, for exanple,

i nevi tabl ¥cEBYHOHYCEE BHFd N EmIIE 8R0S B8 P ReES8e@ftd Remiconductor
nitrogen-containing | ayer. The nitrogen-containing |ayer preferably further

sat i o7 e )abheel Ol 9WiQ 1 GUIL BURIL 025 AHRAR! T e Gt BN oned

Experi ment al Exanpl es. The nitrogen-containing |layer prefera as a

surface gepsiLy pf.0f troaen eaydl «he 5. PLORSE.than Jhe surd age Jensid v

to Second Embodiment can be connected to semiconductor layers
of thin-film transistors without the interposition 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/drain 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 laver, and nitrogen
(N) of the nitrogen-containing layer binds to silicon of the
semiconductor layer. The nitrogen-containing layer acts as a
barrier forpreventinginterdiffusionbetweenaluminumandsilicen
at the interface between the aluminum alloy thin film and the

thin-film transistor semiconductor layer. The source/drain
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of effective dangling bonds of the material (typified by silicon) of the
sem conductor |layer of thin-filmtransistor. As is 21 described above, the
surface of the sem conductor |ayer nust be covered by the

ni trogen-containing layer so as to prevent the interdiffusion between the
metal interconnection material and, 6 the _sem conductor material. In this
case, unbBUREEICREAdECCPASHGNE hg Bdrdd) E QQ%?Qﬁﬁﬁéﬁﬁ¥Qﬁb%ﬁHHQQ%%m%tor

| ayer preferably conbine with nitrogen. The term "effective dangling _bond"
herein ne¥ASlachénehimatl baf e preshbrepeitd esurt hieubfPamel gleficéédduct or
| ayer even in consideration of steric hindrance of nitrogen atom The term
"surface demsreytwpieiibgifveodahgennyg Bémd' imeanstrast Suchagendénsiatly
assum ng that the nitrogen-containing |ayer covers the entire surface of

t he sem cegduvhdenktayers Theonstfrateddamnsiatfy e rofnesftfiectdds & xdangineng adond
vari es depending on the type of the sem conductor material. It is

subst ant i BkkypMekhi nThhe cangegotataboubl 1014aEds- 2htond8dSoEMan2eknrhe
case of silicon, while slightly varying depending on the plane direction of

crystal. gpesifkpakhiyiohheyBitkiogen- ¢oRt Alepiord tiaye b Preferiad wmdtas s,a
surface density of nitrogen (Ni) of 1014 cnR2 or nore and 2 x 1016 cn® or

l'ess at tPg-LOLEr{RE & DStYREN Lherd Dh hd 1149 RBW Be @éé‘m?%ﬁﬁecﬂn flyum num
al l oy and the sem conductor |ayer both “in“the cases when 1he

ni trogen- goof,ahai ng, | Qyﬁﬁagﬁgnﬂtﬁﬁggﬁﬁsparggéis!si GeRaLt gide d%ﬁa%‘é"i‘%’ioht

further conprfses a“srlfcon oxynitr in ition to the mai nh conponent

silicon nitride. To_ en esired fhin-fi transi.st.or rti t he
surface d%%&ﬁ%ﬁ%)lc?ﬁ #%é%%g?ﬁ?f%) ??m??ﬁ%g%égﬁig&n%%W#%gﬁgg%gﬁipgmhore

preferablg 2 x.1014 CM -2 or nore and further preferably 4 x 1014 CM -2 or
nor e. lloy 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 compriseasiliconoxynitride. Thesilicon
oxynitride is forméd as a result of the binding of silicon nitride
withoxygen (0} whichis, for example, inevitably introducedduring
the deposition process of the nitrogen-containing layer.

The nitrogen—-containing layer preferably further satisfies
the following requirements, 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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However, an excessively high surface density of nitrogen (NN) 22 of the
nitrogen-containing layer may result in an increased anount of insulative
silicon nitride in the nitrogen-containing |layer. This causes an increased
el ectrical resistance and thereby deteriorated thin-filmtransistor
properties. The_up er limt. of the surface density of nit nor e
pr ef er abl Hesgri 20QVER 1 6RENMFYT T Wn%rP{ enlsteim&§8¥‘dé](‘fﬁl°§| ﬁ??{@fﬂé %’ be
conprises a silicon oxynitride, nanely, when it further conprises a silicon
oxi de i nCa¥@EScORY dhe mhwnﬂqqnt@émt% 3o INEDNH° Framisuiitace
density of nitrogen surface density of nitrogen (N) to the surface density
of oxygen IOBrdis fyrsefoar disityweler) tdre mmt@l imtamidianoret taon meetdhigat end
requirenent in surface density of nitrogen (N1). This further inproves the
t hi n-fi | mtthreassrstcondraper tneeser e, $nl ithds mistse, deindmmdingidd domdsxyni t ri de
are primarily insulators, but the electrical resistance in these

confi gur at{idams;1Gay bentiowat breause ddieo Ridanigemdiaitiar Dhpgri@yeefehdsia very
smal | thickness of, for exanple, 0.18 nmor nore and 20 nmor |ess, as

descri bed cohdiele wTHE rAeSRMHn | NYaBtOd & hé‘f@e@’é@@é'd@‘ﬁﬁlﬂg’bbﬁd“%éf@i{n t he
thin-filmtransistor properties are affected by the ratio N1/01, and the

ratio N1/ %a%@%'b@n@rﬂfe?f BB dErdsOnori PR E shiofr R0V E @h@% el M8l ctor
excellent thin-filmtransistor properties, as denonstrated in

af ter - ment| %‘%d xR BEALRLeFX2TBheSs sy%'ricﬂ 121n8£99é‘9'<%’{f HgEgHgﬁnraeédrét | ve

conponents i"'n the ni'trogen-containing "l ayéer decreases ratio Ni/01

o, ther by g%ggfagﬁé%segoagnswpeft 85,85 S I LERRHShEne Hie, Tat 0

surfacedensityassumingthat thenitrogen-containinglayer covers
theentiresurfacecf 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 cm™ to 10'® em™® 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'®* cm™® or less at the interface between the thin film of pure
aluminum or an aluminum alloy and the semiconductor layer both
in the cases when the nitrogen-containing layer mainly comprises
asiliconnitrideandwhenit furthercomprisesasiliconoxynitride
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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23 high as nuch as possible, and it is nore preferably 1.05 or nore and
further preferably 1.1 or nore. The ratioNl/A can be adjusted, for exanple,
by appropriately controlling conditions for plasma generation, such as gas
pressure and gas conposition for plasma, and process tenperature, in the
formati on of .the nitrogen-containi | ayer using a.plaspa_nitridatio
process.  Phi L EBECT FAEPAPedT TRt SRV ToTEr: Hrrl SUFFaesCHAAT of
nitrogen (Ni) and the surface density of nitrogen (01) of the
nitrogen-@5n%%ﬁﬂ?ﬁ§lV§y%#lh%%nBﬁiﬂéﬁé%ﬁFhEG? N ¥ oo et et 2 byl metIfetetor d
backscattering spectronetry (RBS). The nitrogen-containing |ayer preferably
has a thi EkAgssagses0ang imaren sesy @ lasd RTaimes isdsgiceaand deseshibed
above, the nitrogen-containing |layer is effective as a barrier |ayer for
prevent i ngeteeiomaéed thasi-dn lbetwesniakom puopantdisili cbre atppathd dimitter f ace
between the alum numalloy |ayer and the thin-film transistor sem conductor
| ayer, bubfanhexsagshvel dehbitl ofidlogefesola) niNgud By err By dbiipaigett he
performance of the thin-filmtransistor. The increase in electrical

resi stancgtrduex 10t henpresence of the nitrogen-containing |ayer can be
controlled wthin such a range as not to adversely affect the perfornmance
of TFT by contggbhi BHetHQtEBEGKnééﬁtQEr{E‘LH@ @'a%%@g%ﬁmﬁgﬁlts@sman%i;'i_@:\b‘?lr Wi thin
t he above-specified range. The thickness o6f the nitrogen-containing |ayer
s more peelandhlinel5 afeay | 633,008 ke Rrekalall v 191980 dase Over

one nonol Ol STTTCON=TH 1T ogen ponma s "enougfir 1o 11e

2: |t ' ggﬁ[‘;}ﬁg”&&&f&f& '%%Vgrs i3 tf_‘égl% Qkﬁy%efh&ea‘r%‘i% A BFSPCE 2fhe surtace

densityofnitrogen surfacedensityof nitrogen (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
giliconnitride 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 N1/01 should preferably be 1.0 or more for providing
further excellent thin-film transistor properties, as
demonstrated in after-mentioned Experimental Examples. This is
probably because resistive components in the nitrogen-containing
layer decreasesatahighratioN1/0l to therebyyield satisfactory

propertiesas thin-filmtransistor. TheratioNi1/0l ispreferably
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nm thus, the mninmmthickness of the nitrogen-containing |ayer is
preferably 0.18 nmor nore. The thickness of the nitrogen-containing |ayer
is nore preferably 0.2 nmand further preferably 0.4nm The thickness of
the nitrogen-containing |ayer can be determ ned by a variety of physical
anal yzi ng,procedure such as_above-nentioned RBS proce n.xX-ra

Phot bel 6CTRER. S8 JULAR GHbPDF SCRBSy . SBBChNde FOFGnDRBSETaRaY: f ofgtd TOSRNES)
and an RF %IOM/discharge em ssion spectronetry (G- CES) . The thickness of
the nitrog®Bh- EHRCERRAI R SIt&FeP Livs lddt mimeed® by RBS and XPS in
after-nmentioned Experinmental Exanples. In the nitrogen-containing |ayer, the
maxi mum of t heThatied 100N AP cap hehadhagbed, SPrMiauyes BYeRPIy itlvd sdinber

of silicon atoms is preferably 0.5 or nore and 1.5 or less. This permts

t he nitrogenteontlaingi aendiayierns fosfiflectiagtyenet ion, susdras gas plisssoE
deterioration in thin-filmtransistor properties. The ratio NSi is nore

pr ef er abl yn@. gés orones €1 aheh figd pdraguaef enabbyocBsg pemperetufbe iratihe N Si
can be adjusted, for exanple, by controlling the irradiation time of plasm

W thin thectrangeoaf c@betle himrddies -domabiounglQ agatasingld Smdnla be
illustrated in detail later. The ratio NN Si can be determ ned, for exanple,

by anal yzhagrihhesenepesBaks. (Nihioaenm and $ihi1seRktkn antddekiess iy ection
of the nitrogen-containing |ayer according to RBS. The nitrogen-containing

| ayer is forne efsQIrﬁ@éTBleﬁség _oﬁqltljt?c%tgfeﬂzg(fﬂg? éiﬂ:?%h%‘)%rféé@rde?{sitt@e

sem conductor [ayer to nitri ion. The 'nitridation process I's no

B fggiefsis?a'&kiﬁ%i'ﬂﬂggte%d(ofyr’o%”c%é REL OG- L0+ §XATRE G a ) o 2h BE3RTR Alihlldat i on
for example, by Rutherford backscattering spectrometry (RBS).
The nitrogen-containing layer preferably hasg 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 interdiffusicn 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 thenitrogen-containing layer canbe 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 the nitrogen~containing layer

at minimum. The atomic distance of silicon-nitrogen is about 0.18
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a thermal nitridation process, and (iii) an am nation process, as described
in detail below. (i) Plasma nitridation process The plasma nitridation

process uses plasma. This process preferably uses a nitrogen-containing gas
as denonstrated in after-nentioned Enbodi ment 1 and Experinental Exanple 1.

The nitrogen-containin as_can, be a non-oxidative gas such as N2, NH3,

or NF3. EaBR’ofife egggggmhlﬁnﬂb]eg)ﬂé%%s éﬁqtoﬁ 96?11?1?9%%%‘?%15?:’0%m%§aé’e§aseous
m xture. |t an oxidative gas such as N20 gas i s used, the reaction between
oxygen (O}Siﬁfﬁﬁér@?ﬂ&apraé Gals OFn &L i Yisdesds i oMt o the reaction
between nitrogen and silicon, to thereby fail to forma desired silicon
nitride | ByéErogpaceasdaigiinidcdayen thanwiy fracd eaRitiye Osénfue ot diierthiegyer i s
very susceptible to oxidation. Specifically, the thin-film transistor

seni conduptefelrapéry G s pnef ditabtlyi pkaeed cifriththeitypgeniconotinipbdsiyersour ce
contai ning nitrogen. The distance between the plasm source and

sem conducharbéayere nminde lseta watheny af @shpps D L atres Inanigey gocaredivngst o t he
type of plasma and conditions for the generation of plasm, such as power,

pressure, sheApakabbbee-n@nd igasdC RFIOPIrtdcts, | tarl X-f8f @ralge lahaitorsever al
tens of centinmeters or |less. Hi gh-energy nitrogen atons are present in

such a vi ghBetYoRbtRhASRES) anebddieyaan Baghkky §psstomestyedsMs), and
ni trogen-contai ning Fayer on the surfiace of the sem conductor | ayer.

Nitrogen Ganke Gedyf alchhe (ll Lhagen coUAL NG ALASraHne, 128 for

exanple, by 1on7inplantatio I'n this c ance between the plasm

source anghﬁgﬁnéggi89Wgﬂgﬁfgtﬂ&@gﬂ;égﬁké¥%ing layer is determined by RBS

and XPS in after-menticoned Experimental Examples.

In the nitrogen-containing layer, the maximum of the ratio
(N/S1) 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 deterioration 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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arbitrarily set, because ions accelerated by an electrical field can travel
a long distance. The ion inplantation is preferably <carried out by placing

the sem conductor layer in the vicinity of the plasna source and applying a
negative hi gh-voltage pulse to the sem conductor |ayer so as to inplant

ions to the entire. surface of the sem conductor. |ayer. Alternatively, an
dedi cat edSPotis Hisiem do ToaraBRLTeed 1t B A T3 B4E LR LA REPAEFon. e
pl asma generation_conditions such as pressure and conposition of gas for

the gener &t FBATBRLpRAERAI2EABRPPERESES  t @RPeriat bk ST IR IR BP &Sritrr ol | ed
in the follow ng manner so as to set the ratio (N1/0l) of the surface
density ofsniepegéhed( ND) dedaie bedoWace density of oxygen (01) in the
nitrogen-containing layer at 1.0 or nore to thereby further inprove the
thin-filmtranéistBtaprapeitiédatasndpronsssated in after-nentioned
Experinmental Exanples. This effectively prevents the oxidation of the

sem conduct or Thyepr]lasmeehetat@stidhepnddessatsen peasha on, Thard proceess es
the nitridation efficiency. Specifically, the reaction pressure is

preferabl pr8fePaboly uBRsea hfithheepressiadnisid ess tHdnidb R rdthel in
nitridation reaction nmay proceed slowy, and it takes a long tine to forma

nitrOg?”jﬁ@ﬁbéLﬂbﬁﬁibﬁﬁﬂfEhb@ﬁiﬁ@&teﬁf%@&iVﬁ%@éﬂﬁﬁeﬂ%ﬁﬁiﬂﬂéﬂpﬁﬂ<wl baerier.
In addition, an oxidation reaction may significantly proceed prior to the

nitridati QrireaehlieBntWiinGhCaUEesad bdehehbRL8L 8dat i B- fhEMEERNSL SEOT
properties. Fromthis viewoint, the pressure is preferably as high as

possi bl e, @nd . yixfe,Tor £aBRESAERBLY o83 R LA S ABYChUIdNER JAEf eI, 66 Pa

as a gaseous mixture. If an oxidative gas such as N0 gas 1s 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 semiconductor 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 layer may be set within
an appropriate range according to the type of plasma and conditions
forthegenerationofplasma, such aspower, pressure, temperature,
and gas compositicn. 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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or nore. The upper limt of the pressure varies depending typically on the
performance of a systemor unit to be used and cannot be uniquely

determ ned. Fromthe viewpoint of stable supply of plasma, the pressure is
preferably about 400 Pa or |ess, and nore preferably about 266 Pa or |ess.
For exanple, the upper limt .of the pressure fqr .stably s | yj.ng plasma is
133 Pa | e PEGR, Rbd I WA THNG oned TEXBER (@R B DL The
reaction tenperature is preferably 300C or higher. If the reaction

t enper at uPEGreapidre tHaFBoe U hHe Hid rikmt I Sh Codte toh hayeprot e
slowy, and it takes a long tine to form a nitrogen-containing |ayer that
can ef f ectinpalbyragctl vasedi freciwre loans ﬁ@@?lﬁﬁa’éédigiw G chacbkigat | 1d
reaction may significantly proceed prior to the nitridation reaction, which
causes detem dratved &hlongidimtaragsi stibe propérplaestatbapves praiterably
excessively high reaction tenperature may invite deterioration and danmage
of the semacariduttomt bgyplacand the seacttbnduteopelaydreiniisherefeiraliy
about 360C or |ower. The gas for use herein can be the nitrogen-containing

gas suchoas tNg, pNudmaosolNFSe alroheppllyiing preéghabhy i ghxiol €agé gulese
ni trogen-containing gas with a reducing gas. This further effectively

prevents thet@x dakiednucile 38H¢0RAUEEOEs! a¥Elant ExaAbl €5 e tdirduci ng
gas are NH3 and H2. O these gases, NH3 acts not only as a reduci ng gas but

al so as a i iAegens Gon ggm&esnaﬁﬁga%@f@ritm%ﬁ%meeqﬁ' Re1iddted

conbi nation with, for exanple, ternatively, the gas for plasma

\r/‘V: E Li gah;;igrn: glm%rlegnq{eq:blc%n P IREAS N XML Qi s, N AS PGS0 €O ai ni ng gas

The plasma generation conditions such as pressure and
composition of gas for the generation of plasma, and process
temperature are preferably controlled in the following manner
so 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 tothereby 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 caneffectively act as a diffusion

barrier. 1In addition, an oxidation reaction may significantly

proceed prior to the nitridation reaction, which causes
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gas (SiH4) used in the deposition of the sem conductor |ayer. \Wen the
nitrogen-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 as nitridation _i.n an_atnosphere of the gaseous m xture . elimnates
the need GEFEFEPEANGY & 1igad o YWRESHSTES BGP t%qﬁ?séﬁp@oﬁgﬁétor | ayer
whi ch shortens the treatnent tine, (ii) _Thermal nitridation process The
thermal nVEEWBREDSm SPEcBESSRAECheEPERRRFAPLY Sl ras Magsidatd ofBecause
typically of good thromﬁn%.pomer of the resulting film Specifically,

heat i ng i $spreter by egalrived Colts, orf crorexamsl &urdihare py@ianady of6 4B0C or
lower in a nitrogen gas atnosphere, as denonstrated in after-nentioned
Exper i menbal moEranpTke 2upparextmwssi vél $hhi ghehearenyatrénpedabendimgy cause

i ncreased damage on the sem conductor |layer. In contrast, an excessively

| ow heat i ngptiesperabur ehaaye f fbitméwcprovide yataesorednini to dgen:scahtaadi ng

| ayer sufficiently. The heating tenperature is nore preferably controlled

at 200C okahhghele @nqp380EdekekpMBEd. antoh hkherewd il abkyabl e 25Q6 161
hi gher and 350C or |l ower. The heating treatnent (thermal nitridation

process) ganpPgsmANALE 8o d S COMY Al AT M N abR@ tPhasmRa b ridad | amg
process, as descri bed 9 in after-nentioned Experinental Exanple 3. This

oy e o SRS R LS D, 0 LD 1 EAOER,OTL L Y1)
deconposi Lieqf o B5EAGE A0 Qo933 MG AT ALY 1 5119Y pL QA PREERM gy m the
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-containing layer that can effectively act as diffusion
barrier. In addition, an oxidation reaction may significantly
proceed prior to the nitridation reaction, which causes
deteriorated thin-film tréﬁsistor properties. However, an
excessively high reaction temperature may invite deterioration
anddamage 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 Ny, 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 NHs; and H,. Of these gases, NH;

acts not only as a reducing gas but also as a nitrogen-containing
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ni trogen-containing layer. Light at a wavelength within the ultraviolet

regi on (about 200 nmto 400 nm is generally used. The light source can be
a nmercury lanp such as a |owpressure nercury |anp at a wavel ength of 254
nm or a high-pressure nercury |anp at a wavel ength of 365 nm or exciner

| aser system such as ArF laser at a wavelength of 194 nmor KrF | aser at a
vavel engt H2Sof 288 CRBrRE §566 #1ORF IGF, 1P S Bt + O “iid Dpr P B8P ‘Earri ed
out using ultraviolet radiation at a shorter wavelength in a

- nitrogen-&entai ning gas, as denonstrated in after-mentioned Experinental
Example 4. This realizes a higher energy to be applied in amdation. The
am nation procdsseirsapigbéyabllye garsr Fed mlasnsnidg radagiionoge rrsdrrEmihg
solution typically containing an am no group. Nitrogen can be nore

ef fi ci ent bygéedotis e weariodondact Orrd @yrercomlya apphyigeg withawimeltetrial
radiation while brining the nitrogen-containing liquid in contact wth the
sem condugher (kaygy. uslkde ispedid idegucetii & ahde dmihdur @it erayant i oned
Experimental Exanple 4. As is described above, the nitrogen-containing |ayer
i s deposizhes phefgiabbyeRYcahthenashqgongyet theaprecesspsd(by dLidd itne -

The system (device), chanber, tenperature, and gas conposition 30 for the
deposi ti of;@folyae dhAdeNTEP LA Al Rg! A¥AE 56 REEHEFSD! dhe SRIp i 1SiIeCt ed
as follows, S0 as to sinplify the manufacturing processes and shorten the

treat nent i b BEGALSLAGLHE 13ALe, Sthe FATMRLA 97 8 thBena

ni t rogen- contal eferab ] TeS3 ystem as
the depos'ti'lleocpeps sStheingI{ Sk t%%psoesnllitéonrgd&ggof?nggr.]duﬁ%gi’alasma nitridaticn

in an atmosphere of the gaseous mixture eliminates the need of

mber after
E ste

purging the gas for the deposition of the semiconductor layer,
which shortens the treatment time.

(11i) Thermal nitridation process

The thermal nitridation process has been generally used for
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
ismore preferablycontrolledat 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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| ayer, and is nore preferably carried out in the sane chanber of the sane
system as the deposition of the sem conductor |ayer, so as to sinplify the
manuf acturi ng processes. This elinmnates an extra novenent of the work

bet ween systens or within one system Regarding the tenperature, the

formation of the nitrqogen-containing |layer is preferably carried out at a
substantiéPI?féﬁﬁépepéﬁ%EFQtEFEGF&mF aﬁi&ﬁ?ﬁ&ﬁﬁ%f%1oﬁglﬁe%B§F gre of the
sem conductor |ayer, that is, within_ 10C of the fil mdeposition

t enper at uRECEH S RE €Se EoA@FERGH apdr theThild rogpay cant@dn d d i e For
adjusting the tenperature. The gas for use herein can be the

ni t rogen- cont ail hi hy Yasnasyen REOMRSSNH3, or NF3 alone, but is preferably a
gaseous m xture of the nitrogen-containing gas with a material gas (Si H4)
used for the @epegiinadnicofptbeesemegorduct ecdedyssratafipn deltemposition
nitrogen-containing layer is to be formed by using the nitrogen-containing
gas al oneprt heagascused baks blye thepasittionn ofofl iighe senmtterdict dortayeére nmust
be purged fromthe chanber after the deposition of the sem conductor |ayer.

The nitri datiregenRcoaiaahiBgphener of thghgaseodswavstengtal WitRaheshthe need
of purging the gas for the deposition of the sem conductor |ayer and

shortens 3ittheibreat FeRLohl MBhoAkt ebDakhh Ve Vaod Nengass igeirehianaklsyqa
m xture of the nitrogen-containing gas with a reducing gas. Thi's further

effectl Ve!r}ﬁepﬁ?z\s&ﬁ@t §oh%§eg)rt%1 ﬁ ieo% Ak e Seahgondust ofs Layeh-pexduples of

t he reducing gas are N these gases, NH3 acts not ‘only as a
| auci 9 685 AL PLAD 2 R VS SRS SIOSRG BB 6AP RS S
lamp at a wavelength of 365 nm; or excimer laser system such as
Ar¥ laser at a wavelength of 194 nm or KrF laser at a wavelength
of 248 nm. Morespecifically, the amination 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 to be
applied in amidation.
The amination process is preferably carried out using a
nitrogen-containingsoclutiontypicallycontaininganaminogroup.
Nitrogen can be more efficiently fed to the semiconductor layer
by applying ultraviolet radiation while brining the
nitrogen-containingliquidincontactwith the semiconductor 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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H2. After formng the nitrogen-containing |ayer on the thin-film transistor
sem conductor layer, a filmof an alumnumalloy is deposited typically by
a sputtering process to thereby yield a desired source/drain

i nt erconnection. The source/drain el ectrode according to the present

i nvention can be deposited by using a single sputtering target and single
sput t er i ngOgase AgRASL P Cifs%/]ﬁ%nﬁé ﬁq@P"&?Qﬁ@ilﬁ]@r&ghiea% 68i ried{'?‘?]%ﬁb%t%e
sputtering gas as_in above-nentioned JP-A No. 2003-273109. Accordingly, the
present i B@&Enbropetantedraheiokianii e aRetaanifatt iy i Hye rodesdey inche of
the major features of the source/drain electrodes according to the present

i nvent i onprocelssasi noyehagditraitiieng rdadymmntariiatrged between the thin-film
transi stor sem conductor |ayer and the alum numalloy |layer so as to cover

t he sem conducRegartangr thAcegstengl yhet Hertnpiesnofo ft deal um num al | oy and
the sem conductor |ayer are not specifically limted, and those generally

used in seaurecehdnhaidareldetiredes yeani bep sk awby |ong- i éab ouhieihht e fddma
transi stor properties are not adversely affected. 32 Representative

exanpl es @Ps&bﬁL§§Wﬂﬁ96§p@%@tibQY§ﬁs@éﬂ1@&*d@@@%ﬁﬂ@%@w@hUsém1dyﬂﬁdttor
pol ycrystalline silicon. The alum num alloy can be, for exanple, a

general | yqused alwg nummierd @lre SR, 8% MU M iimHY ahaldiniep al | oy
containing Silicon, copper, or arare-earth elenment such as Nd or Y as an

L e Tt I BN TS 81 YA O ORI AP s o
aluninUNI%Blgg é%;éfﬁﬁ%%f&“@hé:%agﬁ%g%%ﬁghxgaﬂré%ég%es. This eliminates
an extramovement of the work between systems or within one system.

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 is, within £ 10°C
of the film-deposition temperature of the semiconductor layer.
This saves an extra time for adiusting the temperature.

The gas for use herein can be the nitrogen-containing gas
such as N;, NHs, or NFs5 alone, but is preferably a gasecus mixture
of the nitrogen-containing gas with a material gas (SiH,} used
for the deposition of the semiconductor layer. When the
nitrogen~containing laver 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 deposition of the semiconductor layer. The nitridation in
an atmosphere of the gaseousmixture eliminates the needof purging

the gas for the deposition of the semiconductor layer and shortens
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all oy containing 6 atom c percent or less of nickel, as is described above.
This configuration also realizes thin-filmtransistor properties equival ent
to those of conventional alum numalloys, even the resulting thin-film
transi stor substrate does uses no barrier netal layer. This wll be
denonstrated in after-nenti oned Experinental Exanples. If the Al-N alloy
cont ai ns ﬁ%@etFﬁéﬁméntatdﬁFb percent of nickel, the Al-Ni alloy thin film
may have an excessively high electrical resistance. Thus, the response
speed of pixePlhgynabivedde, thRedpswie BEREGHBOLIN amEy Sthdce e thidnd the
resulting display may have inpaired quality not suitable for practical use.
The ni ckehidovuent cos trdind ner efesr ablbp 5 ateshicinparagent Toi s| €8 thie | oner
limt of the nickel content is not specifically limted in view of the

t hi n-fil metfifansiisedly ppeupetsi ebe thudseionwhentidheoi-ddndldioyr tlhved.i Imis
directly connected to an ITOthin film the Ni-A alloy preferably contains
0.3 at om Expeptest odrthdredicinekels. afbeN® aNd HE | oy ff ahesseghRet heNpy esent
invention can further conprise, as a third conponent, 0.1 atom c percent or

nore and a33slndt al} espereenicioly kasshet Alsd gasd mine wjerein tsalmicied
from the group consisting of Ti, V, Zr, Nb, My, Hf, Ta, and W(this group

i's herei nghleragh s@ Feheld 8detOaBSne Gr0UR HmPinatitéh wiesyl FbAG @Ak i s
hereinaftér also referred to as "AI-Ni-Xl alloy". Alternatively or in

addition,HEhe Al-N alloy can further conprise 0.1 atomi c percent or nore
and 2.0 atomi c percent or less of at |east one elenment selected fromthe

g oup consi = 15k A i B Bhadiin v b P g, ¥
transistor 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
electrode according to the present invention can be deposited
by using a single sputtering target aﬁd.a single sputtering gas,
and there is no need of changing the composition of the sputtering
gas as in above-mentioned JP-A No. 2003-273108. Accordingly, the
present invention can further simplify the manufacturing
processes.

One of the major features of the source/drain electrodes
according to the present invention 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-filmtransistor properties arenot adverselyaffected.

32



resulting alloy is hereinafter also referred to as "AI-N -X2 alloy". An

Al -Ni - X1- X2 all oy containing at | east one elenent belonging to Goup Xl and
at | east one el enent belonging to G oup X2 can be used in the present
invention. At |east one of the elenents belonging to Goup X1 and Goup X2,
if incorporated into theAl-Ni alloy, serves to prevent decrease in thernmal
st abi | i t y Repe eserftariate o aofe Ieid |odc K biamlycorphu] ext | bhg) T oire i sur f ace
of the AI-Ni alloy thin filmwhen the AI-N alloy thin filmis brought into
di rect cortracthwitsh sitflthechT@nfi bnpoGyoupstXlland X2ldcéher Theormleachmust her
in their operations when viewed in detail. These differences including

pr ef err ed adQntyertas ok ,t fem wixandle ,des erdnzed lily-detal laliumitthen retercied1dr ai n
el ectrodes according to Second Enbodi ment |ater. The source/drain el ectrodes

accor di ng stehFhksbukabadimeAtim &1 &h Nal @ 1:4En @Plb%afcdﬂ't%irﬂi[_ posiitdarn of a
| ower barrier netal |ayer between the alumnumalloy thin filmand the

thin-1Til meJansi st %rréﬁéﬁ&eﬂ‘ﬁy%ﬂ%heh%yfﬁch 1R 6PBLASE diPa EPRYeNLRRAl, 34

equi val ents. "Therefore, the alumnumalloy thin filmcan be inh direct

contact wi th t?ﬁesg%ﬁﬂﬂﬁffﬂ%e FYET £hlr Q%%%rtc%%ne@tﬁ%&%_eEﬂncglri'ii[eai ning |ayer.

Sanmpl e TFTs using m of “purée “alum num or an oy prepared
in after-nentiaoned .Experinental Exanpl.es re_found_.to realize thin-film
Lransi st of O GRGrAEs CaGUAT OFh S0P h RGPSt Ran® ¢ RoS e Bro¢oRTRh: T ehaTe =
equi val ents using a conyentional alum numalloy thin filmwth th )

"t er posi EPO S5t L& FLBRRERatL {2y &5 SUERCAShronPGRT PEFELY A N he
present invention eljmnates the need of barrier netal . |ayer,_ thereby
sinplify FBAQYAINETHY MY 6EEs3ES RRBCeRBOE e §hat nickel, as isdescribed

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. Thiswillbedemonstratedinafter-mentioned
Experimental Examples. If the Al-Ni alloy contains more than 6
atomic percent of nickel, the Al-Ni alloy thin film may have an
excessivelyhighelectrical resistance. Thus, the response speed
of pixel may decrease, the power 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 alleoy for use in the present inventicn can further

comprise, as a third component, 0.1 atomic percent or more and
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production cost. Source/drain el ectrodes according to Second Enbodi nent The
source/drain el ectrodes according to Second Enbodi nent each conprise a
nitrogen-containing layer and a Al-Ni alloy thin film The source/drain

el ectrodes according to Second Enbodi nent have the sane configurations as
the source/drain electrodes according to First Enbodi nent, except for using
an after- et P6ABYC RpEerRt Aleags afl ay g sh caleur AUAT e @k e@fed from
Description on the sane configurations, such as the nitrogen-containing

| ayer, as thehgroopr cehdisitingl edt Fode¥, aécor¥bngMe o ¥ r sTa Endoodlivhrelfthis | |

be omtted herein. The specific Al-Ni alloy permts direct connection

bet ween tdreudl -iNi haldecaynaftiar fdllsn ardfdtred hia-43 |'Mragnsistlor The

sem conductor |ayer through the nitrogen-containing |layer and, in addition,

enabl es didegai] taORNECLd Ph s brirsgen ftdhe Al sdire@biregd tangs t'he-Niars paret” .
picture electrode. This is probably because 35 an electrically conductive

oxide (A @¢tmtd-R)1 2HEA addi Ml keltnenti-ahed1hayesad sutenred-@ipting

interface between the Al-Ni alloy and the transpafent picture el ectrode.

This will e dgsori pedebficdst il Lalat o It ghlycetie Al oN gl oy far use

in the source/drain ectrodes according to Second Enbodi nent w

descri bed | Theodl M aLhov. for Usg RELei) COUMII-SES,0;3:aLgnie her Gant of

nore and éea om’'c "percent "or “Tess of 'nick _ _ he dickel
content (9, BLOT PEUCSPL) ke, 3oL, Tl g {uom e, v syeoly s of e no
and the t%&@i@ﬁ&%n%égéﬁﬂgg%er also referred to as "Group X2"). The
resultingalloyishereinafteralsoreferredtoas"Al-Ni-XZ2alloy".
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 invention.
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 allcy thin film when
the Al-Ni alloy thin film is brought intoc 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 allcy thin film and the thin-film

transistor semiconductor layer, in contrast to conventiocnail
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el ectrode and of ensuring satisfactory thermal stability. If the nickel
content of the source/drain electrodes according to Second Enbodinent is
| ess than 0.3 atomic percent, the contact resistivity at the interface
slightly increases and the thermal stability decreases. If the nickel
content exceeds 6 atomc percent, the AI-N alloy thin filmmy have an
exceSS|veﬁﬁuﬁﬁéﬁenéﬁectFh@ﬁPfPE§vs¥%%c%lum?ﬂﬁﬂ-qhﬁ9§f§§66n§él§p%%ﬂ'Qﬂ i xel
decreases, the power consunption increases, and the resulting display has
i mpaired qloaer:ty cpotasli Walsihe ther qunmcnﬁsre layer donsiwer dilion of these
advant ages and di sadvant ages, the nickel content is preferably 0.5 atomc
per cent onitorgcandobtatioding ipeecentSovpled§§TsThel iy aNchah|foylpe Eferabl y
further conprises, as a third conponent, 0.1 atom c percent or nore and 1.0
atom c peagentinam oress ofl-ali laddsty enepalreenin keitengimghitmrddup Xl . |f
the content 36 of the at |east one elenent belonging to Goup Xl is |less

than 0. lpapewimcpeadentampes e/ Eb¥naftd ReSQ iQkehBIn SF MY theihdAQtor
effectively exhibited. In contrast, if it exceeds 1.0 atomic percent, the

acti vity BRKobBeneasedu the oAl Mok alley dhidy i |mmyhave,an i nor eased

resistivi | nconsi ation of these, the content of the at | east one

el ement el gogi ng. 0 GLOUB X1coh5ol1DE 8l oL EEADh Y 0a 21 5 AL, REGRN g TOr €

and 0. 8 atonlc perce ess ese e e use one or
|n conbln ion e.used i.nation, the total ent of the
el enent s éﬁomfamfpafnlm% o Eretsrenepatirved rarea® Wt Er SN or in
addition, the AlcN o alloy can further, gomprise O 4 2PMES, DF LNt 90 ™ @

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

Source/drain electrodes according to Second Embodiment

The source/drain electrodes according to Second Embodiment
each comprise a nitrogen-containing layer and a A1-Ni alloy thin
film. The source/drainelectrodes according to Second Embodiment
have the same configurations as the source/drain electrodes
according to First Embodiment, except for using an after-mentioned
specific Al-Ni alloy as an aluminum material. Description cn the
same configurations, such as the nitrogen-containing layer, as
the source/drain electrodes according to First Embodiment will
be omitted herein.

The specific Al1-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 connection between the Al-Ni alloy

and the transparent picture electrode. This is probably because
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| ess of at |east one el enent belonging to Goup X2 as a third conponent.
This serves to effectively prevent decrease in thermal stability due to
formati on of hillocks (bunmpy projections) on the surface of the Al-N alloy
thin film as in the Al-Ni-X1 alloy. |If the content of the at |east one
el enment bel on to Goup X2 is less than 1 atom c percent the activity

may not bén & P6 FLEIY Ve XRPBINCEd. v eHOWdWS | (107t dsededs 27100 %t 6ini ¢

percent, the resistivity of the AI-Ni-X2 alloy thin film nay i ncrease,

al t hough nhekadteniriygheay! 4ver éastorned esndiclenaer dacefoativesy) thedd -@6nt ent
of the at |east one el enent belonging to Goup X2 is nore preferably 0. 3
atoni ¢ perédénty endnthe dmanbkpafeattomic ercenltectorodeess ThEacwidfl bkese

el enents can be used alone or in conbination. Wen they are used in

conbi nati dascthieetotial deantientl adfert.ne el ements should fall within the
above-specified range. 37 The AI-N alloy for use in the present invention

can be an Al -MiXiaX2ypl tRY AOPRAI aingRokRrofisat iheask e@releuRAtn
belonging to Goup X1 and at |east one elenment belonging to Goup X2. These

el enent s Q%@@gbaast A cEHMRH Xt ARG 5 Al 18EiRd wifinomd heesdewpei nts of
the thermal stability and the electrical resistivity of the resultlng

Al -N - X1 al | oyq E%"Jﬂ 44 man tf\kok"ugg &él%ﬁ%ﬁ??lglels% 9’&9&%@?},[3% ?%@

slightly differ romeacho enec smto cont e'tot ernal

stability, _This w |ustrated in detail | href rence.to FIG
8. FIG |sm%1“:%llanCi ascﬁ‘eﬁa‘t’ E%ﬂlg @tlluesﬁ raf RE %Sw theh V‘(Fesr rﬁ it

agram t1 ng %tres
ort i,/ ) o eperaire o e Lot " B At
al l oy Conprgih% i@l;ﬁ;QFggdﬁ%&%@%ﬂﬂgcégtgig%%s1st1v1tyatthe1nterface
between the Al-Ni alloy thin film and the transparent picture
electrode and of ensuring satisfactory thermal stability.
Ifthenickel contentof thesource/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 atomic
percent, the Al-Ni alloy thin film may have an excessively high
electrical resistance. Thus, the response speed of 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 1s 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 atcmic percent or more and 1.0 atomic percent or

less of at least one element belonging to Group X1. If the content
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X2, and an Al -X1 alloy conprising an el ement belonging to Goup X1,
respectively. FIG 8 shows that theAl -X2 alloy film"B" conprising an

el enent belonging to Goup X2 has an increasing conpressive stress with an
el evating tenperature. The grain growh is inhibited in early stages of
tenperature elevation but it initiates at relativel¥? | ow t enper at ures, and

the stres®fi $henatplyasd] aREdSILRMENFaPPORRILRHGEC of L PBRPET at BirkdSs TR i s
probably because a dissolved elenment contained in the alloy precipitates as
an i nt er mét-dl lditemicorourrnt arfd a &t ideicel erfatidre 3 e pRemE vt mof be
alumnumto thereby reduce the electrical resistivity. Specifically, the

el ect ri caleffesitdtvialivt yexlsi sivfedd ci émt lopntedsded idt itelemtdesslsy 1 .dwvatogstd ng
tenperatures. However, when the thin filmis further 38 heated in the state
wher e t he pgirioes:,i $heubkloy ivdltgxedy conpeeasei bet she eSk-MNT€XI salloy henitrhi n
film and thereby causes, for exanple, hillocks. The alloy probably has a

heat - r esi stiaind EAREGE ANUTE-rNAAId 05t BEiteaper atneenat debhehohle tHaBss 1S
rel axed. The Al -X1 alloy film"C"' conprising an el enent belonging to G oup

Xl shows afd REFRAFING £ UHY QS| & IHRS M drfler@tD 182 iMg td efRarAtur e as
inthe Al-X2 alloy film"B", and the grain growh of alumnuminitiates at

simlar tenpglat ﬂ&@%le%g;o‘;g d.*‘zeaé%mi@ pedlde@¥ &1 foB-cHRVEY ef ﬁgbﬁ%ceﬁ@méﬁt

bel onging to Group X uses romthe solid-solution a precipitates as

o NCITRALLE, Samovet gkt (Al LY Lt A R Iy Ll Ll

conpound gra Ci a w range o ures, ‘and the
stress s aaduall v col axed WL e s Y SGhPLL L O B bEURLAISEA N, FI
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 Greocup X2 as a third
component. Thisserves toeffectivelypreventdecrease inthermal
stability due to formation of hillocks (bumpy projections) on
the surface of the A1-Ni alloy thin film, 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 not be

effectivelyexhibited. However, if itexceeds?2.0atomicpercent,
the resistivity of the Al1-Ni-X2 alloy thin film may increase,
although the activity may increase. 1In consideraticn of these,
the content of the at least one element belonging to Group X2
ismorepreferably 0.3 atomicpercent crmoreandl.8 atomicpercent
or less. Eachoftheseelementscanbeusedaloneor incombination.

When theyareused incombination, the total content of the elements

should fall within the above-specified range.
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much heating and quite a long tinme before the stress is sufficiently

rel axed, nost of the dissolved elenent precipitates as an internetallic
conpound, and grain growth of alum numproceeds to allowthe filmnmatrix to
have a sufficiently reduced el ectrical conductivity. This results in

i ncreased thernmal stability. Specificall t he el enents bel ongi n%t o Goup
X1 may nore sl &ReyAL 'pwéci‘lbi/@&t%o%su%llfﬂé PAPFPBLcORPEORACD Can be an

t herebynor eeffectively increase the thermal stability, and can exhibit

suf fi ci en®l-Advadtagex bioy Aproviiagnorie thef mall estsdon ¢ ey ergng Renknemanount
than the el enments belonging to Goup X2. Thus, the elenents belonging to

G oup X1 drd Grivawe Xelaonyiaiy 1das Graup Xemsirfif ére iomgrachaind sérofip ekhi biting
the thermal stability 39 and thereby differ in content (upper limt of the
content). TheTekeseslembakangehgntont dupGebupant estudeX2 her e ardlasited
resistivity to a target level in a smaller anount than the elenments

bel ongi ng oGt BEPy Xwpd$n de MBSt Att@@ r 12kt abi MeRY 9AGd: h&Exduesd izl
Exanpl es. This activity is also observed when the thin filmis treated at

rel ativel %és@‘é’tﬁ%tﬂwgftt@f@%éh%%g Anpddi 'aQ'loyt fgi glranenbs elanging to
Goup X1 are resistant to the formation of voids'in the electrode film as

conpar ed ‘éﬁltl%ﬁ/o ﬁli‘gn%ﬂrﬁ?m l%rB%#v%”%i %91 22 @19UR X2, ?ﬁkt&@%:& bEAUMEY Of

the forme be set | owe an t e content

SpeCIflcaIIygh ﬁecganf c%ggglbu QkYtBr%%ER'%%tﬁilﬁ%guch PéQﬁHEFalllc

conpound M Har T ow range of erarures heatTn as” one

Che 11 m 6% A praeaedionh ”%f%agﬂo”ﬁmi S ﬁeeﬁﬁen”%sé%ei S EE 5 Toom

temperature after.hegggpglagrmnschematlcally1llustrat1ngkxn«thestress
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 Al-X2 alloy comprising an element belonging to Group
X2, and an Al-X1 alloy comprising an element belonging 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 probably 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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tensile stress may cause voids. In contrast, in an alloy system in which an
internmetallic conpound gradually precipitates over a long tine with an

el evating tenperature, such as an elenent belonging to Goup X, the
precipitation and grain growh are interrupted when the alloy is heated to
tenperatures as in Gou X2, the stress is not sufficiently relaxed, and a
smal | quaRertyd Bt tﬁlﬁeSf%% Mhe TS e’ $trems b3 Hut loheet PRAA WSS PESSRSEd & o
room tenperature. Thus, the elenments belonging to Goup Xl are preferably
sel ect ed BrEMSEheCGERPHL fhofhpprelehmi r?g*ldlghG§e@éfu§ééseﬁy e wersii%e
stress. Next, the oxide (Al Ox, wherein x satisfies the followng 40

condi ti onhi@ire®s8) Thenadlay rhebimterlizw e hetateereaiwiant Niempginadyinehi n
filmand the transparent picture electrode will be described. The oxide

Al Ox cont aengs Grygae iterpdreduiramaintwhamd ithe reredns iwreeleesirical ly
conductive than A1203 having the stoichionetric conposition. This
contributes toTheductibmldfoyt fielaont aciompres istg \irt ¥1emMent ibd heondimardgd er
nmetal |ayers. Specifically, when a conventional alum numinterconnection

mat eri al b&phﬁm@hodsnaﬁ iHdreds RNt 8pbrekskh veher & apsnanesh dididiag
el ectrode without the interposition of barrier netal layer, a thick film

cont ai ni NgBXYgeNricNa8 SHslARLLabl ¥1 $08: AP 25,AL203 Andihavinga high

resistivity 1s forned at the interface, and this causes an 1 ncreased

contact rgsishiyit, tHgg@g%r@est 4e <anfihdur aLlen AGGardl ng. Lo, the Aresent

i nvention can avol robl'em™ The thickne e oxl

prefer abl y,about, 1,10 10, U0, TR PLELSE AN Yo R0RYS & EQofoMd AN Suuit her

pr ef er abl y~aroeun
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 gradually relaxed with the
precipitation, as illustrated in FIG. 8. Therefore, it requires
much heatingandquite along timebefore the stressissufficiently
relaxed, most of the dissclved element precipitates as an
intermetallic compound, and grain growth of aluminum proceeds
toallowthe filmmatrix to have a sufficiently reduced electrical
conductivity. This results in increased thermal stability.
Specifically, the elements belonging to Group X1 may more 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 X2.

Thus, the elements belonging to Group X1 and those belonging

toGroup X2 differ inmechanismof exhibiting the thermal stability
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5 nm The electrically conductive oxide film (A Ox) is preferably deposited
using a fil mdeposition process conprising two or nore steps. For exanple,
initially, an ITOfilmfor constituting the transparent picture el ectrode
is deposited to a thickness of about 5 to 20 nm preferably around 10 nm

by sputtering at a substrate  tenperature of preferabl bout 100C to 200C
using a néﬁdo%Pﬁéﬁpyedl§§§rs&@hC§§t§P§oHUé§§F'é&ﬁpﬁgcﬁﬁﬁg“bﬁﬁﬁgﬁﬁﬁ@; nanel y,
in early stages of the deposition of the ITOfilmconstituting the
transparent pi Et@relanertsdeel onaingiton@epositi ol soshetaetdls] yortagarri ed
out in an atnosphere free fromoxygen so as to avoid oxidation of the
surface oteshetAviky b hdyandaethleveminematller dnpnntdpesi ther lieseassduct ed
in an at nosphere free fromoxygen in this manner, the resulting ITOfilm
deposi t edbbyosgihtietbnGroapnii, ns sa degessdmairtd dfn axfyger ten ttilveresby
decrease the electrical conductivity of the ITOfilmitself. However, the

reducti onEkperehegtrilcekagphdyct ithiy ean Wia £ arpensat stk dyvedpaps itakel y
heating the substrate during this process, because the crystallinity of ITO

i ncreasestasnarhienulit efcSiel Reatiengtividaxt 1 hhecttmesphenige gasides changed
fromthe non-oxidative gas to an oxygen-containing gas conprising a

non-oxi dative gasqa1d PXYERS &%%ner&%?l&ﬁ%ﬂhb%od@%ﬁbmdaré%s%%%'te, to
a thickness of about 20 to 200 nm preferably around 40 nm whil e

AR _ - th e f. .t h
ai nt ai i pg o Ded Sneral wiey gl ot f?fcggﬁslte;l%&r_o&efgg%aggg Saema o ke

at nospheri'c gas herein 1s not Speci 'imted

that the OXOS-PELLLALPLESSNES.d Bl 929001 TROLyPEAL LARLY, TR 20
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 asonebelonging toGroup X2, isused, amore intensive
tensile stress occurs in the film with proceeding grain growth,
when the film is cooled to room temperature after heating. The
tensile stress may cause voids. 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 (AlOx, wherein x satisfies the following
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for exanple, of about 1 to 5 mflorr, preferably around 3 nflorr. The present
i nventors have experinentally revealed that the electrical resistivity of
the deposited ITOfilmis mnimzed to about 1 x 10-4 S2cnR under these
conditions. The sanme advantages can be obtai ned by addi ng water vapor
instead of oxygen to the _atpospheric gas. Thus, the ITOfilmitself can
have asuf FPE‘idé%%PF‘ hﬁﬁﬁ%r ¢t Fgﬁﬁﬁdc‘i‘) dtie? | W §F WRTF P PreERaIht iRy ftindit
oxidation of the alumnumalloy filmin early stages of the deposition of

| TO fil mpiBpYcahipi AdlouanchdgefesinEPes et PEOTRINsmehe Sgindeeriing #2 in
two or nore ste[%s whi | e changi ng the oxygen content of the atnospheric gas.
Next, thedmisckélednriched |ayer formed at the interface between the Al -Ni
alloy thin filmand the transparent picture electrode will be illustrated.
The ni ckel - enr Thbhedkildey/ Bl Okscordgiasiots pegbky icoaduects erocant aoht sitharedyt o t he
reduction in contact resistivity, as in the AlLOx film The average nickel

concent r anbea ®fedhei dhTkelcenhicied tByeR1,0s harafrer ahk ¥ t2 fodlidsieair indr e
and nore preferably 2.5 folds or nore the average ni ckel concentration of

the Al -N cahbeyitibe, thheknesstefivifesniekekbdgetiehedfl ayer contpref erably
0.5 nmor nore and 10 nmor less, and nore preferably 1.0 nmor nore and 5

nmor |esgesThe; 9amRl @ vERTS, iRHRRAT efh Y isini dihe Spacd i epAlsMi -ahhQy thin
films were found to'realize thin-filmtransistor properties, contact

™ e ze thin-f il . | contac
Convent ] ONEF TETS I Er g Eavent onar AT s TRUm T T By S A1 s e

| nt er posi &h?g cP:‘Erebc E(':)I%Eag%%?iltk{ €1¥§%§'a§1‘§%grent pictureelectrode without

the interposition of barrier metal layer, a thick film containing
oxygen in a substantially same amount as Al;0Os and having a high
resistivityis formedat theinterface, andthis causesanincreased
contact resistivity. However, the configurationaccordingto the
present invention can avoid this problem.

The thickness of the oxide AlOx 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 argon gas. During this procedure, namely, in early
stages of the deposition of the ITO film constituting the

transparent picture electrode, the film deposition is preferably
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as chrom um | ayer, as denonstrated in after-nmentioned Experi nental
Exanpl es. Accordingly, the source/drain el ectrodes according to Second
Enbodi ment of the present invention elimnate the need of barrier netal
| ayers, thereby sinplify the manufacturing processes, and reduce the

product | 0 695 L add] Lol ey analls, S Lemly seduee; dhestyi cal

resistivity at relati ating process te out 0C and

permt to select. th es. of dis ice erial.s and_praocess

condi ti on?’iﬁqa‘r%ilﬁn 2% é\nggeﬁurr%ancgeef&l %éﬁ&%iﬁénﬁ”‘fﬁo%ﬁﬁlﬁ %lg%f gl the
enbodi nent s .of the Lth-fLIn1trans'stor substrates accgrdin to theEPresent
i nvent i on fdiF) I6EOSHEGSPY 45eHONBEFOGA Wit A% r SHAY BARET E ot TR HtPRcHRP e
drawi ngs. Such preferred enbodinents will be illustrated by taking a liquid
crystal diigplthys Bapree.cbifr FeFnytang abb? phbie 499 Tbred Mn-FRUthasidrsi st or
substrate as a representative exanple. It is to be noted that the

f ol | owi ngsoarta sy § lesami@mn whf ox isiemieo frbgreblyi g ereare Sbed e Pir tded
present invention, and various changes and nodifications are possible

t her ei n wicoheiytc tdaddnt edgthe o ® Hel Ieddlsiedd .antowevpe, bhethedpriebentin

i nvention. The present inventors have experinentally verified that the

sour ce/ dr alrctlreéctarlodesdiacdoridiyn g atro deh e gupessesd t edvent a e agand. att sloy be
applied to, for exanple, reflective electrodes typically for reflective

liquid chyesitahoditspl ayrdevizaes duaithglAB iconmnesdiddy, ebashiasesnd or i nput
and output of signals fromor to the outside. An enbodi nent of the anorphous

silicon tRirR~sfahmitiansicst arro sHRsldald aecqy didh 110 dhespiresetdrimyention
will be illustrated
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 film is deposited, for example, toa 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
uTorr, preferablyaround 20 uTorrwith respect to the argonpressure,
for example, of about 1 to 5 mTorr, preferably around 3 mTorr.
The present inventers 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
atmosphericgas. Thus, theITOfilmitself canhaveasufficiently
high electrical conductivity while preventing the oxidation of

the aluminum alloy film in early stages of the deposition of ITO

film, by carrying out the deposition of ITO film by sputtering
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in detail with reference to FIG 3. FIG 3 is a schematic cross-sectiona
viewillustrating a preferred enbodinent of the thin-filmtransistor
substrate according to the present invention. In FIG 3, conponents
corresponding to those in the conventional thin-filmtransistor substrate

in FIG 2 hayeg. %'E%rs‘ij NES UNEBLA Sin VL el Rfan e et G Jnd

source e|é2%¥§§bQ§é and a é&%ﬁn %iﬁ elecfﬁgg%VZQ are electrically connected

to a sourceldrain_.interconnection 34. The source/drain interconnection 34
%mms?DIherlg' d

conprisesaa rogen- oﬁ?aining | ayer (not shown) and an Al-2.0 atomc

percent N all %il not sh @nér.a d tge ni trogen- contai ni.ng |layer is so
arranged as toﬁ§§ erghgcﬁéﬁﬁgﬁ © F&F%ﬁgu %ﬁ%qtégﬁﬁﬂﬂr#ﬁiﬁh%:%ﬁ%eﬁﬁéce
configura%jon of the sounceﬁ%éain i.nter.connection 34 will be illustrated in
detail i REAMEER MR Pdndd BlasY 4B1gnd H4E R IS EIPREtSe P ET® and
FIG 3 shows that the __conventional thin-filmtransistor substrate conprises
t he | ower eliggtricsle mitdl Deayidrl w3 rat®d-he Thsp & Frardricdr ivkbed laarsr 154 nade
typically of nolybdenum (M) on and bel ow the source/drain electrodes (FIG
2); wher e&d ecite lidaild-f idonducdrisies tagyd subisiridiet e aickoridingradiethiecprissent
i nvention does not include the lower barrier nmetal layer 53 (FIG 3) . In
addi ti on, castdermrstiataditivy afst ém e iZoiesd Bxdoer i ment al Exanpl es, the
present invention also elimnates the need of arranging the upper barrier
metal | ayer 52heWViexgydhoiikehtoanahkesatdonect tkoniekeilornhativeerl dyher
al um num al l oy and the channel anorphous silicon thin filmthrough
is preferably 2 folds or more and more preferably 2.5 folds or
more the average nickel concentration of the Al1-Ni alloy. 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 accordingto
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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the nitrogen-containing |ayer without the interposition of the |ower
barrier nmetal layer, in contrast to conventional equivalents. This realizes
good thin-filmtransistor properties equivalent to or higher than those of
the conventional thin-filmtransistor substrate (see after-nmentioned
Experinepbghe§x§g3§%§.l and 2). Additionally, another enbodiment of the
present invention enables 45 direct connection between the alum num all oy

and the transpﬁégnt. |%tyre el ectrode without the interposition of the
e

. n . . . .
upper barrier ayer, in contrast to conventional equivalents. This

al so ensures good thin-filmtransistor opert,.es ui valent_to ar . higher
Chan t hose. of CRECEORVEREFBIEFS, RERCFITRRES dri o i ht'd Psae tor
after-nmenti oned Experinmental Exanples). Consequently, the present invention
el i ni nat eSUPRETAEET BFCOXPBHY LA S BRES SHAr +7 ‘?n%‘i’él"‘“llgylé‘rgﬁéé@é?ﬁtaitﬁd for
conventional interconnections. Next, a nethod for manufacturing the
thin-fil nPelansi $ibh retdeeneg Eshbrnatharhed dragtpddi ngd e e fsraseht
invention will be illustrated with reference to FIGS. 4A to 4G The
conponent smbpd iREGE s4v bk besiplolnt tigp ted bydseking glldq@ chavesthé Sapd ay
reference nunerals. Initially, an alumnumalloy thin film(A -2. 0 atomc
percent Ndyi6& kawpmdsanghiack agss pbiousbautl 1200 nirend lan notarbdierium t hi n
filmb52 (not shown) having a thickness of about 50 nmwere sequentially
deposi t edsapsérglkasassubsépateehdatypecakhyphby. sputieridiemd FdBedAhatThe
filmdeposition by sputtering was carried out at roomtenperature. A

pattern otha f&BlShikds Was oRI PEUCHEH 1L WhecAW Y hbay&ind hiimift tHe Byope

phot ol i t hography (FI G
of the present invention, and various changes and modifications
are possible therein without departing from the teaching and scope
of the present invention. The present inventors have
experimentally verified that thé source/drain electrodes
according to the present invention can also 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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4B), and the multilayer filmconprising the alumnumalloy thin film®61l and
the nol ybdenumthin filmb52 was etched using the patterned resist 62 as a

mask to thereby forma gate electrode 26 (FIG 4C) . In this procedure, the
periphery of the nmultilayer thin filmis preferably etched in a taper-shape

at an ang%?s?%rgg?a?%u%réoeﬁ%c%QQ%ggqgk%%n@ﬁ*%%¥iqR{%y%Kﬁnﬁxﬁﬁyrﬁ_ e of a

gate insu or 0 be deposite héer eon. a sili1con e film

(gate insulator) 27 having .a i ckness of about_ 300 nm was .depaqsited

oot cal 1y LBy cSFhoRb-BlER arc Mty SO%Rhe O TR eBeTEPBR py LpTagtn OVD
herein was conducted at a tenperature of about, 350C On the siliﬁpg Q;tride
film (gat EOTPRSGRSL Bri}L BEOGRN e SRR R AI 13V He goGitt 88OHR) Ry AL 2 -

hydr ogenat ed amnor phous silicon film (a-Si-H) 55 having a thickness of about
200 nm andtamproBpksecns- déped 1rY- higd Hy@ogdpated pRsus silicon film
(n" a-Si-H 56 having a thickness of about 80 nm typically by plasm CVD.
The n' -typéthpdepgenatednimer proyes 1si socanrdigaiwas Hepssiared khragaedyi ng
out plasma CVD using SiH4 and PH3 as nmaterials. Subsequently, a

ni t r ogen- enntghniiag sidyeon6@hvias ffidmmsd .onTheheontigypethypdr odetated

anor phous silicon film(n'a-Si-H 56 in the chanber of the plasma CVD

syst em usegduirnetHeadapasiteirgondkecttibe Sidl wddn hiet rdildesfridamedFiG dbERil
Specifically, the material gas used for the deposition of the anorphous

silicon fihmwasr-evacianed fFrom.t g gharagr. while the substrate was kept in
the chanber. Next, the surface of the n'-type hydrogenated anorphous

silicon film5f veaphteabRUpWLLBR! 838R DOEnhhiee Mindhess WALEhthel asma was

generated while feeding nitrogen gas alone as a carrier
conventicnal thin-film transistor substrate 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 include the lower
barrier metal layer 53 (FIG. 3). In 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 enables direct connection between the
aluminum alloy and the channel amorphous silicon thin fiim through
the nitrogen-containing layer without the interposition of the
lower barriermetal lavyer, incontrast to conventional 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, another embodiment of the present invention enables
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gas to the chanber. Thus, a nitrogen-containing |ayer 60 was formed. This
pl asma treatnent was carried out at a radi o-frequency power density of
0.24Wcn2, afil mdeposition tenperature of 320C, and a gas pressure of 67
Pa. The surface of the wor k was anal yzed 47 by RBS and XPS to find that the

ni trogen-c ntalnln | ayer S fo d thic b nm._.The
it ogen. Coneatnraarr B S e e Rk %9%1 e AT aP e e i
nitridation roces ver the f ess f.this Ia er i,s not
i ted t RAFEESE ShACHEARS HHAIO £PEqont CORPSS BED qﬁ;&e wire SIS B2 T or e
by the above nentloned thermal nitr |dat i On process & andtheanlnatlon
process (Fetplatadehondt FRPEIBY tt he P iemal eapivaterésti ongdsS also
Experinmental Exanples 1 to 4 Next, an Al -2.0 atom c percent Ni alloy film
63 havi ng easugisc kRess thfing ddm M@@mwet@rquréfdecﬁw qdjglvalent to or
nitrogen-containing |layer 60 typically by sputtering (FIG 4F). The

fil m deposiigher thansftcser iofg tees carwarngdl angtl dthimooi treipearess istEor A
pattern of a resist was then produced by photolithography; and the A -2.0
atom c pewscest: riiteal (lseye faftmrGhanes cetaeh etk st ingerithel. patdrgsnes) . resi st as a
mask, to thereby forma source electrode 28 and a drain electrode 29 (FIG

4F). The n'-typenbydhegengt echamydhaus irsidritCon billimine reestbbrhgped by dry
etching using the source electrode 28 and the drain el ectrode 29 as a nask

(FIG 40 upPedi khQOToRe: e ifd 4 me(d%rloqe%kege&sémlén%ﬁ hROMVereona)
deposited to a thickness of about 300 nmtypically in a plasma nitridation

system TE%t%kc%hﬂ%EQﬁ'Blon herein was conducted at a tenperature of about
200C. Next, a contact hole 57 was forned

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 compcnents
in FIG. 4 corresponding to those in FIG. 3 have the same reference
numerals.

Initially, analuminumallcoy thin film (Al-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 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
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by producing a pattern of a resist on the silicon nitride film 30 and
carrying out, for exanple, dry etching. Next, an ashing step typically using
oxygen plasma was 48 conducted, and the photoresist |ayer (not shown) was
stripped wusing a renmover containing, for exanple, an amine. An ITO film

(1 ndi um oxi f urth I phé& 0 ! 0 ' i de)

deposi ted)%b%%éc t%r?i cﬁéeéfsgg%? ggogic}ﬁ?ggn?cell\m@?{yv pa teer%ﬁ‘%]ég&ggé; cgv\jigta eﬁ’% ng
was carried oyt .to reb ieldatr arent picture electrode 5. Thus,
the thi n-flﬂs%litaltgﬁsitz?te&ro é’%sfﬁpﬁsét%@&%g%%t ed. In the thin-film

transi stor substrate according to this_.enbodinent, the Al-Ni_alloy thin
filmis di rectN?XEOnﬂeEf 4ct8 nfﬁﬁlgﬁaﬁhﬁ?‘ g%‘?%hb{b%ugﬁ‘?ﬁbgh ﬁ’?anv'lfr}q M

t hrough the nitrogen-containing |ayer and is further directly connected to
the 1TO fithCkPRESt P&n@%@\d@n%o@i@‘ﬂ oS eeposisgs SYRéFaihYi Y amt 35 G
but it can also be an 1ZO film Instead of an anorphous silicon, a

pol ysi | i cdfIGpotYicr yStted f1 He—depbabh}ondy beasmadvVaherrimpapwrnducted
sem conductor |ayer. The liquid crystal display device shown in FIG 1 is
prepar ed altya tsnpgriehe rabol ebpudpds e .t hOn-tfhd miliansisttoriulfsimatoste or
exanple, by the following nethod. Initially, an alignnment |ayer is fornmed by

appl yi ng dnfsullemtoef), 2T aerexsanplent fa Pof depbde ted dihentibpadfi ydndgearesiest or
substrate 1, drying the film and carrying out rubbing. Regarding a counter

substr at e agqiorghblught i3hicehdifagmf i(hrE9-H) S5EORABHN §Na at 1t AGSe SsIlast raadom thy
patterning, for exanple, chrom um
200 nm and a phosphorus-doped n'-type hydrogenated amcrphous
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 cut plasma CVD using SiH,
and PH; as materials.

Subsequently, a nitrogen-containing layer 60 was formed on
the n*-type hydrogenated amorphous silicen film (n‘a-Si-H) 56 in
the chamber of the plasma CVD system used ir; 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 alone as a carriear
gas to the chamber. Thus, a nitrogen-containing layer 60 was
formed. Thisplasmatreatmentwascarriedoutataradio-frequency

powerdensityof 0.24W/cm?, a film-depos it'ion temperatureof 320°C,

and a gas pressure of 67 Pa. The surface of the work was analyzed
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as a matrix. Next, red, green, and blue resinous color filters 8 are forned
ininterstices in the matri x-shaped light shielding 49 film9. A
transparent conductive film such as an ITOfilm as a conmon el ectrode 7
is formed on the light shielding film9 and the color filter 8. Thus, the

counter elgoraade s poyhded, Ay 'c);t%n%gtt Ut i gﬁyegf%%yt ,

applying a exanp ap per no

counter electr d and r ng t resultlng fllnl Next, the

t hi n- f||ﬁ19F§ﬁ§l§to %6%# él ﬁﬁéfﬁgﬁd%er substrate 2 are placed so
that the TFT of the thin-fil mtransistor bstrate 1. an | i gnnme

ayer 11 of thih%l&mﬁe&us%t&e@mﬂ%ﬁe%r BH e sortheree MhEba SR B e
are bonded except for a filling port for_a liquid crystal, using a sealing
mat eri al IGaW%nétFééﬁﬁlOPrP’{W%S%r oCENFE L 1t hae %%%’é%or(‘é’éfﬁ’)ce@é‘t ween
the thin-filmtransistor substrate 1 and the counter substrate 2 is kept

subst ant i &Fl hdendpase By, nPdr légdrmside thanedipoding 2 aledcat 15 bet ween
them The thus-prepared enpty cell is filled with a liquid crystal nmaterial
to form anlitqogdncrpstaliniager aye mplcaci rd schéecdldrriad y vidsuum and
gradual ly increasing the pressure to an atnospheric pressure while

i mer si ngabbeef-mehitigneadrthd ma lhei tr fjda dionpsbale s snftier aad thélenimiationg port
is then sealed. Finally, polarizers 10 are attached to the both sides of

the cell peceespl €tig )g 44 guindnserystalbypamnebxpllexiendsdEiter-gigradidnel3 1S
el ectrically connected to the Iliquid crystal panel and is arranged on a

| ateral shdgegﬁm@@Qgglggamgﬁe%hq lHoouiyd crystal panel so as to drive the
liquid crys
Next, an Al-2.0 atomic percent Ni alleoy film 63 having a
thickness of about 300 nmwas deposited on the nitrogen-containing
layer 60 typically by sputtering (FIG. 4F¥). The film—depositidh
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 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 electrcde 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 & 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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di spl ay device. A franme 23 having an opening to be a screen of 50 the
liquid crystal panel, a backlight 22 as a flat |ight source, and another
frame 23 are arranged so as to hold the liquid crystal panel to thereby
conplete the liquid crystal display device. Experinental Exanples

Experi nment s r onduct in_foll ow,.n perimental . Exanpl es to 510
verify t h&Pn\é@EgPﬁenﬁ%ﬁgﬁf Plhﬁl%Lorr&ﬁ’ﬁsgt Ic?téyeﬁr opertt isé’s?“@gn e &%trd'ipﬁ’g even
wi t hout barrier nmetal |ayers by using source/drain electrodes containing a
ni t r ogen- BSANE fi FYIOYAY eFos2 iRl RGe RSN Lfredti 8R1Phe BXpEr? el
conditions and determ nation nethods of the properties are as follows.

Sour ce/ dr diipdélecex bdesSumidiesogpeéadrang &P eemcsddsbrgrosgliofgtio Fsisdi nent
1 using A-2.0 atomic percent Ni alloy were used in Experinental Exanples
1 to 4. Thwessdapoelitiedi nhoebhethiolessacebralbogtt o0 BmbodiNestit, babierreimsed in
Experimental Exanple 5, except for using pure alum num instead of the

Al -2.0 at ol Gepeetentiny walsl @yr dbepe iutenicalthebeplyes 14 t0 th adidfifaaterftr om
one another only by the formation nethod of the nitrogen-containing |ayer

for the spucreardrailbBctebaet FodesnuSpeeid ialdyei e v Rgei Gl ity
| ayer was fornmed by the plasma nitridation process in Experinental Exanple
1, which pracegsphetrdescribed in detail in Embodinment 1; by the thernal
nitridation process in Experinental Exanple 2; and by the am dation process

e P et AL deatd, Crafespet veblyr Rungcomaal Bemals 1 A
embodiment, the Al-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 ITC film.

The transparent picture electrode 5 herein is an ITO film,
but it can also be an 120 film. Instead of an amorphous silicon,
apolysilicon (polycrystalline silicon) can be used as the active
semiconductor layer.

The liquid 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, a polyimide 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 formedonaglass substrate by patterning, 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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51 Enbodi ment 1. Experinmental Exanple 2 A thin-filmtransistor was prepared
by the procedure of Enbodinment 1, except for form ng a nitrogen-contai ning
|l ayer in the followng manner. Initially, an n+-type hydrogenat ed anorphous
silicon film (n+ a-Si-H) 56 was forned by the procedure of Enbodi ment 1.

Next, heathpgg ""aSAIQé;ﬁfrﬁsgéaeﬁdeasm h éifdl%e’]ﬂ% peleis Egr%leh@a&ﬂﬁ 3R0C

for th|rty mnutes ation system us deposi tion
of the silicon nitr m. The _surf ter heati

anal yzed BySTRESHIGLEGEFEAET éﬁbgafﬂgﬁtoﬂqﬁ}bequ FHéFtlng PELATE R

ni t rogen- cont ai l.ayer was_f or to a cne f .about 6 n

Exper i mentaf & %gfé C}yeE Bhi nEFH meaneie %%C Fécplb?/‘q%@e pr 6%edur e
of Enbodi nent 1, except for form.ng a nltrogen contal ning layer in_the

fol | ow ngaﬁrétﬁﬁ@lentllrﬁlﬁ%”yls HemicoFppd bmaR ed idm? bhdas IS fil m
(n+ a-Si-H) 56 was fornmed by the procedure of Enbodi ment 1. Next, this was

pl aced i naaeluimiad op sheiunradingdr 1 a ged oftheavd whleg r el gai-aeden datviag,
wavel ength of 254 nmwas applied for sixty mnutes while feeding nitrogen
gas to thenirratbbangr thEheeswlftang dfiltthe work after heating was anal yzed
by the procedure of Enbodinment 1 to find that a nitrogen-containing |ayer
was fornmed to Hekhj ckineshiroffdhoutr ah simtdx pabistenatal 1Exadpllee £chiditer

substrate 2 are placed so that the TFT of the thin-film transistor

substrate 1 and the alignment layer 11 of the 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 1iquid 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 liguid 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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A thin-filmtransistor was prepared by the procedure of Enbodi nent 1,
except for formng a nitrogen-containing layer in the follow ng manner.
Initially, an n'-type hydrogenated anorphous silicon film (n'" a-Si-H) 56
was formed by the procedure of Enbodinent 1. Next, this was imrersed in a1l

percent b (o] . qg@g |a |, OF rayi ol iation at a
mavelengt%h%figgﬁlﬁn1 %E%%ggﬁgﬂ” ?8£€%%92%ng%%E%%Etﬁgégdg%ﬂ?g%qgﬁé%;

m nutes. The surface of th wor k _after heatin nal yzed by the
procedur eaB'g BNt amelggoaﬁ:‘? RATERSE IS RidS gﬁ\gﬁoﬁc%ﬁﬁgi %Jr%]él%!é:f s
formed to a_thickness f about n peri.nent al anple 5 Athin-film
transi st oP3R&s %Pegiﬁé&%ByCFﬁgﬂﬁﬁﬁkg%ﬁﬁ %ﬁ“fagﬁﬁﬁﬁéaiﬁgﬁﬁpkﬁ&: V¥St- usi ng
pure alum numinstead of the Al-2. 0 atomc percent NN alloy. The

ni t r ogen- ESREALAFPAG A afeP™eSSi n  had a t hi ckness of about 5.8 nm TFT test
pi ece The above-prepared TFTs having the configuration shown in FIG 4G of
Enbodi ment 1 wexeesiyBfeEtedets annddriag an Jdodtordény Eipelyimentates. These
were used as test pieces for the sake of easy and conveni ent determ nation
of the thEmafpllemst dafisi St ¢ vprafer tthes. eFRoe ldmmdaltiig~donddi ttiremsisteim was
set sinulating such a heating treatnent in a fil mdeposition step of a
silicon prbpedeitsl oafipbotdetainged idvgn ad thouyi bhdraecmaxe bain tagrmalby
hysteresis. The TFT test pieces used in these Experinental Exanples have
not been gehaphetedrtbyanghnval&otsodibl istiepobhini@n nS3 releps % tial rdeigual

thin-filmtransistor substrates, but the TFT

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

Source/drain electrcdes

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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test pieces after annealing are considered to have properties substantially
reflecting the properties of actual thin-film transistor substrates.

Eval uation on interdiffusion between silicon and alum num On the TFT test

pi eces, the interface between the channel anorphous silicon thin film and
the AITNiEQEEBX g%tpgﬁe alum num was observed to detect whether or not
interdiffusron betweer silicon and al uni num occurr ed. Specifically, the
interface was _observed under _a cross-sectional transm ssion el ectron

ni cr oscope (c?%%%géﬁ%FFaﬂaﬁx%ﬁﬁ;ea a magni fication of 60xl04tines, and the

interdiffusion_between silicon and alum numat the interface S
quantitativeIyAaF%¥9igﬂf%ytEﬂEFb?tﬂFsﬁ@FsP§8pi¥F§bel%E?eEEQHqure of

spectroscopy (EDX). Determination of thin-filmtransistor properties The
swi t chi ngEBRAGV SRS bn WFEFME Aty ERTTIGRTe ol FERECHT CORER 1HHTY ti&te hildces
were determ ned. The interdiffusion between silicon and alum num can al so
be indi r eEbhkyfedabuwdnedmppneli.s property. In this procedure, the |eak
current flow ng when the thin-filmtransistor is turned off (the drain
current when alnhegallive amlnageries haplicgemthated RacgathenmolstidgeonOERE-1st at e
current), and the ON-state current flowi ng when the thin-filmtransistor

i s turned(nhawsrieHHebemwdanédrinadtine thel powtaguranmeEnbodingnTHT. t efetktpi eces
having a gate length (L) of 10 m a gate width (W of 100 pm and a ratio

of the gaheawtdthvd® cohelucgatenkengtdi {’\Wdan ahslds at Berdiakyaaurkerdoand the
gate voltage 54 were neasured. In the neasurenent, the drain voltage was
set at 180V ther Prfrsiade iguehent: hghein wasiaefldmedsdent Bfc8Urd e hhe
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 nitrogen-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 layer in
the following manner.
Initially, an n'-type hydrogenated amorphous silicon film
(n* a=38i-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
while 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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when a gate voltage at -3 V was applied, and the ON-state current was
defined as the voltage when the gate voltage reached 20 V. The neasured
thin-filmtransistor properties were evaluated wth the thin-film

transi stor properties of Conparative Sanple 1 as reference values in the

follow ng manngr,, %T}Ra'&%h ¢ sr32MLE ére a8 é)'t'i%‘ L3033 ,QL Was

pr epared using source rain ectrode I'sing pure alunlnunrthln film

ﬁgisﬁi‘éﬁ”’ﬂm?ﬁgqf‘r‘%%“i%cﬁ%r%%*afyoerc% 7 r°<9‘?%5'e§% SRR B e

of 1.2 x %g lind.an OFF-state current of 4. 0 x 10-13 A These values
were defi 88 L81tRYIPGr DPDREE “val ues. A test piece having an OFF-state
current ten folds or_less the, reference value (4.0 x10-12Aor. |ess)_ was

eval uated as "E3b8:aliKd 8RN haFvﬁfH'?g hé’ﬁir@gﬂsétteﬁ% SQFRRGHS HilgH&O™ Kan™ hi s
range was eyaluated as "NG' (No Good). On the ON-state current, a test

pi ece havilhg 2’ io8)sbatwa s Gpraed b (ieoproesdurevas Enhadimpatref eNedde val ue
(9.6 x 10-6 A or less) was evaluated as "Good", and one having an ON-state
current othisofas himeraaddnvms reralardt eyl vad unN@quaRESTIRIBON Fi €0 1B tiona
cross-sectional transm ssion electron mcrograph of the test piece

accordi ngahd Expeaviehtal r&daapienlat H Gaveletdgrmbnsttr abésnt hats applied
nitrogen-containing |layer (nitride layer) 1is fornmed in the vicinity of the
i nt er f acetbethneemrthe -« bantet wariorphogsxsiinicontdéhi n THd puafdceher AheNi
alloy thin filmfor 55 source/drain electrodes. Bright portions indicated by

the arrowyokR EEGerShaneingerapi 44 Bpz M AN QAigtoceierd e rhRee ives t
anal yzed by EDX to find that the interface
ltofindthat anitrogen-containing layer was formed to a thickness
of abcut 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 alloy. The nitrogen-containing layer herein
had a thickness of about 5.8 nm.
TFT test piece
The above-prepared TFTs having the configuration 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 fiim-deposition step of a silicon
nitride film (protecting film) as to yield a maximum thermal

hysteresis. The TFT test pieces used in these Experimental

Examples have not been completed through various film~deposition
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is smooth without interdiffusion between silicon and alum num The sane
results were al so observed in the test pieces according to Experinental
Exanples 2 to 5, while mcrographs of these test pieces are omtted. The
thin-filmtransi stor properties of the test pieces according to Conparative

I I I hown bl
Sour cor dr SPAPCHRS SR s i&”‘% e éP?o e%e-i?ﬁ R BIgeub?I%n%hTﬁa%ﬁ '

Eval uvat i OE rrgr atl ve iﬁ c? 5 % IQ{ ég
Exper i nent&F"ER&RPFE 2T aBHSP e 9 Ri C@“A“El)?efﬁdl 1. fvfc’ ?60‘@’6 &85
Experinmental Exanple 2 Al-2.0 atomic %N 4.3 x 10-13 1.2 x 105Good
Exper i nen?épsﬁiéﬁfyﬁélg APE3 oGt APant 6o PRPPS TS LS 08 3E B L s Godh
Experimental Exanple 4 Al-2.0 atomic %N 5.4 x 1013 1.1 x 10-5 Good
Experi nent&RNEXARPIre SHOgGratAB-1.5 x 10-13 1.3 x 10-5 Good 1 Table 1 shows
that the TFTs according to Experinmental Exanples 1 to 5 have good thin-film
transi stor propezinesisubst amtietdyf Despowdbeiwedn $hloswrofanth mdandmiuge
Sanmpl e 1 (conventional equivalent), regardless of the process of formng
the nitrogen-contlae M teyternicdeese thes ulitts: s tedtwedoy thsl g anine 1
source/drain el ectrodes according to Enbodinment 1, the interdiffusion
bet ween shhbephAouadngi al doh mmmratfittheahateid agde-etweery s A oharnelniamm phous
silicon thin filmand the alum numalloy filmcan be effectively prevented
even W thgut bpwekvhar tbedeebal whayeer ardn@@od ritkirtfifii%®®h between
silicon and aluminum occurred. Specifically, the interface 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 energy 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 interdiffusion 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-state current),
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 um, 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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transi stor properties are realized. Conparative Sanple 2 In this
connection, an attenpt was made to forman ALN |ayer as a |ower |ayer of a
pure alumnumthin filmby the nethod in JP-A No. 2003-273109, but the
alumnumthin filmwas del am nated. Thus, the thin-filmtransistor

properties of this test piece were not determ ned.. The.del am nation of the
1 umi num PRR FERRITSeourihd e BBABIY BeRRusETT M AN PATEF e BT AT only
as a lower |ayer of the alumnumthin film and this causes an intensive
stress onlfhé-althf Mk 2313y BEHE MBI H RS &S &S FEFest

pi eces was prepared by _the procedure of Experinental Exanple 1, except for
varyi ng t HeepondigGeorodsrasnat 13 Vadr ataron tqdve pngf Cha Ot slsmfee fgmiedat i on
process as in Table 2, and the properties of the TFT test pieces were

eval uat edwby defénpdosediuhe ofl Expervinent bie Beairplw Utadfthe abatied Z20Tabl e 2
on the thickness of the nitrogen-containing |layer, the NNSi ratio (nunber

of nitrogen atsmeesaredthshl-fcbn atans)stormpdopbe tdeshaeee edaisiattydof
nitrogen were determ ned by the above-nentioned nethods. Conparative Sanpl e

3 A TFT t@sthpiReetlabnaf COAPEar &t d Ve AT b NBSL ¢ epRIRGRY ddiere Baagedur e of
Experinmental Exanple 1, except that the nitrogen-containing |ayer was not

formed. Nexhs PAréPEndETvAESEs DheGe £41ELWHES G de! Waen cohgachannel
anor phous silicon thin filmand the AI-Ni alloy thin filmwas observed, and
the thin-gLigya7 tLapsi SLEE 1 RMAREL &% M6LE SYBLYRLEd DY ReuRRIedUse Of
electrodes comprising a pure 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", andonehaving an OFF~-state
current higher than this range was evaluated as "NG" (No Good).
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 ON-state current out
of this range was evaluated as "NG".
Results
FIG. Sis across-sectional transmission electronmicrograph
of the test piece according to Experimental Example 1. FIG. 5
demonstrates that a nitrogen-containing layer (nitride layer)

is formed in the vicinity of the interface between the channel

amorphous silicon thin film and the BAR1-Ni alloy thin film for
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Experi me

denonstr
observed
thin fil
bet ween
i nterfac

ntal Exanple 1. FIG 6 is a cross-sectional transition electron

m crograph of the test piece according to Conparative Sanple 3. FIG 6

ates that a lot of voids (indicated by the arrowin FIG 6) are
in the channel anorphous silicon thin filmand the Al-N alloy

f /d | ect Thi dicates th terdiff
PO AGAERRGPST ] TUohP ST equoicy) BREGFPEA tTHE ShEY Faea=THo

e was_analyzed by EDX, and significant interdiffusion between

silicon ahB 5ﬁunﬁnéﬁﬁm@§eéﬂ§é¢@§§d ?HéNbraﬁéﬁpﬁes of the TFT test pieces
g to Experinental Exanple 6 (Sanple Nos. 3 to 9) and Conparative

accordin
Sanmpl e
results

~ c-1r

HHODd

3 (Sanphe iN:erfacs washownml yaedanl BDE. tadbinel phatshesAohs rifhes

of Conparative Sanple 1 in Table 1 (Sanple No. 1). 58 0 .,J 70 z Z
0 0 00 2i6 sPQoBhOwDtiBouH nterdl f{hs T Wetwedn 0L can Gr@l (al@mimllm(-n rl

-1 c-l ci rl ri ¢c-1 ro4~ -WNX XX XXX XXX N.z~1NYV
('~ THH $hid® péstlltkHvOteHabHso cbserved in the test pieces

according to Experimental Examples 2 to 5, while micrographs of
these test pieces are omitted.

The thin-film transistor properties of the test pieces
according tQ Comparative Sample 1 and Experimental Examples 1

to 5 are shown in Table 1.

Table 1
No. Source/drain OFF-state ON-state Evaluation
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 10 1.1 x 107® Good
Experimental Example 2{Al-2.0 atomic % Nil 4.3 x 107 1.2 x 107 Good
Experimental Example 3|A1-2.0 atomic % Ni| 8.2 x 1079 1.2 x 107 Good
Experimental Example 4|Al-2.0 atomic % Ni| 5.4 x 107 1.1 x 107 Good
Experimental Example 5 pure Al 1.5 x 1077 1.3 x 107 Good

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

These results show that, byusing the socurce/drain electrodes
according to Embodiment 1, the interdiffusion between silicon
andaluminumat the interfacebetween the channel amorphous silicon
thin film and the aluminum allcy film can be effectively prevented

even without lower barrier metal layer, and good thin-film
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ransistor propertles are realized.

Comparative Sample 2

In this connection, an attempt was made to form an AIN layer
as a lower layer of a pure aluminum thin film by the methocd in
JP-A No. 2003-273109, but the aluminum thin film was delaminated.
Thus, the thin-film transistor properties of this test piece were
not determined. The delamination of the aluminum thin film
occurred probably because the AIN layer was formed only as a lower
layer of the aluminum thin film, and this causes an intensive
stress on the aluminum alloy.

Experimental Example 6

A series of TFT test pieces was prepared by the procedure
of Experimental Example 1, except for varying the condition (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-centaining 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
nitregen-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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S G 0ro001 CLn NO LOOOOM C) Oa -00-H-H.HH'"'zH "Hz u
zzzzzUapopapapcpap d~ UUUUOUU I aNNNro4d 4J [Urt ro
+ 0000000 4 UNNNNNNN NOU H60 rtl z E In Table 2,
Sanpl es Nos. 4 to 7 and 9 are inventive sanples satisfying the preferred

ondltlon%ra S&h nt rtqv%n%%% ev% a§énp| %ﬁﬁ’Fﬁ§’ a%hye Sampl e

havi ng no ni Seﬁ Bnt |n|ng Iayer are

referenti es %hb Q qot satlsfy the preferred condltions in the
present ﬁi’f? EE‘ al nxamp .

FIG. 6 is a cross-sectional transition electron micrograph
of the test piece according to Comparative Sample 3. FIG. 6
demonstrates that a lot of voids {indicated by the arrow in FIG.
6) are observed in the channel amorphous silicon thin film and
the Al-Ni alloy thin film for source/drain electrcdes. 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 pileces according to
Experimental Example 6 {Sample Nos. 3 to 9) and Comparative Sample
3 (Sample No. 2) are shown in Table 2. Table 2 alsco shows the

results of Comparative Sample 1 in Table 1 (Sample No. 1}.

58



O the inventive sanples,

Sanpl es Nos.

4 to 7 each conprise an

Al -N alloy

| ayer, and Sanple No. 9 conprises a pure alum num |ayer. Table 2 shows that
Sanpl es No. 4 to 7 have thin-filmtransistor properties as good as Sanple
No. 1 (cony Rt - They repared by setting the plasna
i rradiatiof Linme at dbolit |1 nlhute o] i hutes and suitably controlling
the thlcknﬁsﬁ of thg ity gﬁng"qptging g,lgber, the NNSi ratio (the ratio
of the nurb&r of nit|rggen thgﬁggo ot he ﬁyn@ r of silicon atonms), and the
surface densfty of niltrggeh. |In|jcontrast, |Sappl es Nos. 2, 3 and 8 show
deteri orat g2 thin-fil mitrangis propertties. Al though the details of
reasons aremngz cl arli'tif &d} itHe! fef'grnént tal’, $anpl e No. 8 shows poor
thin-film tgam5|stor P opert|ies r obat yﬂnarnly because a | onger plasm
irradiatiorn i cauge$ d‘tﬁickéﬁ‘nFﬂrbgéT-éEntaining | ayer and thereby
causes damggas ibn t hd Shahnél %16?pﬁ¢d% SillT°"¢on thin film and a trace
anount of dont ani nat gd”'pxYa&n Th the |l @S tauses oxidation of silicon on
the surfacg pf @ he chanmel | aer phous |ild4den| thin film Experinental
Exanple 7 Thgn-filmtlrg szggﬁrgiq$ g§§3 esprepared and the thin-film 60
transi stor pﬁoﬁhrtleﬁ et eqf| were deter minel by the procedure of
ExperinentqhuEﬁhnple lo|exceptof aF M?ny mﬂ Lhe nickel content of the A -N
all oy as i %aﬁi Th¢ o] a9ne| ri lt kil da kQnprocess  was conduct ed under the
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5.8 nm a NS ratio of 1.0, and a surface density of nitrogen of 6.8 x 101
cm2. The results are shown in Table 3. Table 3 Source/drain el ectrode
OFF-state current ON-state current Evaluation [A] [A] A -0.1 atomc %N
4.1 x 10-13 1.2 x 10"5 Good AI-0.3 atomc %N 3.2 x 10-13 1.1 x 10"5 Good

Al-0.5 atomic %N _,3.9 0-13 1.1 x 10"5 od -4.0 atom.c %N 5.1 X
013 150 S0 akhe 2 SEnbistiek b P o 3hg SRde LM e R nd et hn
3 shows thaé,t?e,TFT a |l es using Al-Ni_.alloy thin filns havingra varying
ni ckel coRfBRBIVAPHI HRERBTRARGES rSHpﬁl.lflO&tsoﬂrPctb@r PEREERS BTIEBHCMper cent
have good thin-filmtransistor properties. Experinmental Exanple 8 Thin-film
transi st oP 2ERABINS ferTed prEpared 1a%dS # el € BRV-AMd e PLCERIRST 6P P3P es

t hereof were determ ned by the procedure of Experinmental Exanple 1, except
for furthéaYPheorpdr &eMpdeEaNogr Rdaad & eler dederpoRantl Sem@acA Whighat omic
percent NN alloy or A-0.1 atomc percent N alloy and varying the content
of La ordddcdssatiFdbl ehd prefe rpleasomndi tipdatiohhprooessn was veorideot. ed
under the sanme conditions as in Experinental Exanple 1, in which 61 the

pl asma i roédilati omvenbeveasanbiee, nfaupess Mogl. thecag eswWddngomprise an

ni trogen-containing |layer had a thickness of about 5.8 nm a NS ratio of
1.0, and alswifaceodensity,otndi beages &b .698cxnpRliseeMa2purthelu@Suhis are

shown in Table 4.
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-filmtransistor properties. Although thedetailsof reasons
arenotclarified, thereferential sampleNo. 8 showspoor thin-fiim
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
oxidationofsilicononthesurfaceofthe channel amorphoussilicon
thin film.

Experimental Example 7

Thin-film transistor samples were prepared and the thin-film
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Tabl e 4 Source/drain electrode OFF-state ON-state Evaluation current [A]
current [A] AI-2.0 atomc %N -0.1 atomic %La 3.3 x 1013 1.2 x 10-5 Good
Al-2.0 atomc %N -0.3 atomic %La 5.3 x 10-13 1.1 x 10'5 Good Al -2. 0

El.t 05 wbkafs &ﬁé%ﬁog&ﬁgﬁﬁﬂi 2248 %erc]%yaqelf%@%i i b Ei?hggg 5€at omi ¢
1015 15 A IO L Bxermlent e SERF0 T rarehy ik £ S ISkE. ¢e 125810

Good AI-0,.1 atomic %N -0.3 atomc_ % la 4,3X1 013 1.2X10"5 Good Al -0.1
atom c % RF-BhDPACH 21IPY 251X el 1S 3 2Xke s &Rfby DAL IFAL LTbRFECFRI - 0. 1
atom c % Nd 3.0X10-13 1.2X105 Good A -0.1 atomc %N -0.3 atomc % Nd 5. 1X1
013 1. 1X19as cepsiictad yndehiths 2ane NeNL1G ighem € 10 BeP 7t Byxan-aBExanries Good
Table 4 shows that the TFT sanples using Al-N -La alloys containing 0.1

at om c petceimt whni&h Otk gnlissstpericemdisfit ilcn drige tags & husienguiAltiis, Ndndl | oys
containing 0.1 atomc percent to 2.0 atom c percent of Nd have good

t hi n-fil nthe ansisitamgpnaopebtiees conbxperinaebs aé r Bxadrpl €hOcFheas fdfl about
transi stor sanples were prepared and the thin-film transistor properties

t hereof were gef ed M ed Myt idePriocgdunel 0kubrperl Mehisal yExdnmaherdgegxcept
for further incorporating 0.3 atomc percent of any of the el enents shown
in Table §¢(she gl eyentg-2 bel onging to Group X1) as a third conponent to an
Al-2.0 atomic percent Ni alloy. The plasma nitridation process was

conducted 62 yhder, & he sang, congditi onspas) L ny Experinental Exanple 1, in
whi ch

Table 3
' Source/drain electrode| 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
21-0.5 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
Al1-6.0 atomic % Ni 5.3 x 10783 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 0.1
atomic percent to 6 atomic percent have good thin-film transistor
properties.

Experimental Example 8

Thin-filmtransistor 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 A1-0.1 atomic percent Ni alley 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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the plasma irradiation time was three m nutes, and the resulting
nitrogen-containing |ayer had a thickness of about 5.8 nm a NS ratio of
1.0, and a surface density of nitrogen of 6.8 x 1015 cm 2. The results are
shown in Table 5. TabI e 5 Source/drai n el ectrode OFF-state current ON-state
current Evaluatlon Al-2.0 atomic %N -0 3atomc % Ti 1 x 10-13
1.2 x 10" 5hegdtesnp 12‘-’3%? %ﬁﬁ@ Gpifge. 628 tHtiork @ igres 5aRd 1@1%§efuﬂt>%nﬁo 5
Good Al -2.0 atomic %N -0.3 atomc %Zr 7.9 x 10-13 1.1 x 10-5 Good Al -2.0
atom ¢ % Niifgogearemindajyimdslaysr frd 3 thpckness »icabaut & & ngy at dMisd %
Ni-0.3 atomc %M 3.7 x 10-13 1.2 x 10-5 Good Al -2.0 atomc %N -0.3
atoni ¢ % HEt3080% 11.0,13nd 2 surlfacs: GeoditAl o2 10l tatayere of% 6 80c 30at oM G % Ta
3.7 x 1043 1.2 x 10"5 Good Al -2.0 atomic %N -0.3 atomc %W5.6 x 10-13
1.1 x 10-5 Goodhdabksubtshews sthatnt hie TEblsadpl es using A -N -Xl alloys
conprising the elenments belonging to Goup XI have good thin-film

transi st orragr_L@pqrti es. Experi ment al Exarrpl e 10 Thin-filmtransi st or sanpl es

wer e prep BU d.'ﬂu TIIEFLITIII*IITIII*LI—d.II StoT PI OpUFLIESWEIE I
determ ne%j by t ReugsedEadnyrcdectsbdExper i hreEarstEkanp| e A stékee ﬁvalﬂélﬁtlfoart her
incorporafting 1.0 atom c percent of anyctghrqﬂw@éfl eggfgegtsm in Tabje 6
(the el emEﬂT‘s_‘b'E'I'O'rTgTrTg—l‘D—GT —a_ tiTd TPOTTETTE amA—=21 0
atom c perfdentd F\FOIY&FI%OUl'OTFae?tSIF\%PsﬁaIan t 3 dat 1Bn proéesy Was corf®aet e
under the FAE, cPQMh&'%ONx“—O% alth:@(@% rrergt al, f@faﬁm €1l «iswhi chyohe| pl asma
irradiati fH_L e was three mnutes, —anpg—the T_Eb‘CITL |L1) nrtTogen-contal ni ng
| ayer had | &lthiCcRIEES %oNi-ghB Atosig a Nt s 107 1x10 Good

A1-2.0 atomic % Ni-0.1 atomic % Nd | 4.0 x 1077 1.2 x 107 Good

B1-2.0 atomic % Ni-0.3 atamic % Nd 6.7 x 1078 1.2 x 107 Good

Al1-2.0 atomic % Ni-1.0 atomic % Nd | 5.8 x 107° 1.2 x 107 Good

Al-0.1 atomic % Ni-0.1 atomic % La | 2.9x107% 1.2x%107° Good

Al-0.1 atomic % Ni-0.3 atomic % La | 4.3x107"° 1.2%x107° Good-

Al-0.1 atomic % Ni-2.0 atomic % La | 5.4x107" 1.2%107 Good

al-0.1 atomic % Ni~0.1 atomic % Nd | 3.0x107% 1.2%107° Good

Al-0.1 atomic % Ni-0.3 atamic % Nd | 5.1x107% 1.1%107° Good

Al-0.1 atomic % Ni-1.0 atomic % Nd | 7.6%x107" 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 AL1-Ni-Nd alloys containing 0.1 atomic percent to 2.0
atomic percent of Nd have good thin-film transistor properties.

Experimental Example 9

‘Thin—filmtransistorsampleswerepreparedandthethin—film
transistor properties thereof were determined by the procedure
of Experimental Example 1, except for further incorporating 0.3
atomicpercent of anyof the elements shown in Table 5 (the elements
belonging to Group X1) as a third component teo an Al-2.0 atomic

percent Ni alloy. The plasma nitridation process was conducted
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63 ratio of 1.0, and a surface density of nitrogen of 6.8 x 1015 cm2. The
results are shown in Table 6. Table 6 OFF-state ON-state Source/drain

el ectrode Evaluation current [A] current [A] Al-2.0 atomic %N -1.0 atom ¢
%I\/g15x101213x105Good Al-2.0 atomic %N -1.0 atomc %Cr 91x

10-13 1.2 X Good Al atomc 8 Ni-1.0 at % WMh. 7.2 x 10-13.1

10-5 Goodun%@r 5 Eo%%ﬁxlgl?né A4t orft X%eﬁ&mgﬁga% %a%liﬁ )imiUh%chod

A -2.0 atom ¢ %Nl-l O atomc %Rh 6.5 x 1013 1.3 x 10-5 Good Al -2.0 atom c
% N - 1.0 Beomlaumepd rradigtionating was §Hresoainiares, et mecr%»miltane
atomc %Ir 4.1 x 1013 1.2 x 105 Good Al -2.0 atomc %N -1.0 atomc % Pt
5.2 x 10-nBtnedex-qostabaing Alaye hadomithinkxiess ofatomite S008@M8.0N%S510- 13
1.1 x 10-5 Good Al -2.0 atomic %N -1.0 atomc % Tb 1.5 x 10-12 1.3 x 105
Good Al -Rabiatadiilc 0% Aihd B Guatfemiecd8h Dyt $.cX nit@d8eh. df X0 105 ®odmAlL-2.0
atomc %N -1.0 atomc %Y 4.9 x 1013 1.1 x 105 Good A -2.0 atomc %N -1.0
atom c % Co 8.The« ddkulBtd.drx S0 TAIR. . atomc % N -1.0 atomc % Fe
7.3 x 10-13 1.2 x 10-5 Good Table 6 denonstrates that the TFT sanples

pr epar ed @ybyélgg Al -N -X2 alloys containing the el ements bel ongl ng to

G oup X2 rhavegood—thrn=frtmtrangi-stor—properties—Fottowr “5 Expernent al
Exanpl es [11 t oSogcafdraén cdertuedced PFEestaparopigsgtt e sedadivticoohy Efopatibe
formati onf of the nitrogen-containi ng I aygf (gas| pressype, fillmdeposifion
t enper at ureT—and—gas——conpostttonm—gs—fott OWS, —SO-as to—determme

Al-2.0 atomic % Ni-0.3 atomic % Ti 3.1 x 1072 1.2 x 107 Good

Al-2.0 atomic $ Ni-0.3 atomic % V 5.5 x 1078 1.1 x 10 Good

Al-2.0 atomic % Ni-0.3 atomic % Zr 7.9 x 10 1.1 x 107 Good

A1-2.0 atomic % Ni-0.3 atomic $ Nb 6.0 x 107 1.2 x 107 Good

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

A}-2.0 atomic % Ni-0.3 atomic % Hf 9.8 x 107 1.2 x 107 Good

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

Al-2.0 atomic % Ni-0.3 atomic $ W 5.6 x 107 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 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
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how the thin-filmtransistor properties vary depending on the ratio of
surface density of nitrogen (Ni) to the surface density of oxygen (01) of
the nitrogen-containing layer (N1/01). Experinmental Exanple 11 How t he
ratio N1/ Ol varies depending on the pressure varyi ng 64 in the range of 33

to 399 Pa etermg ned.. Specificall o3
nodi fi ed %?28 %gorr’eg gndlsﬁlgfI 0% ngﬁét dégescrl edolﬁngEgnb&gélsneg%
above. The hod for_pre arl n sourcei in_electrodes herein wll be
illustrated in la%ta?ﬁ%g W?ef‘%r ﬁ% ©t8'FIGS. 4A to 4G as in
Enbodinent 1. Initially, an aI umnumalloy thin film (A -2. 0 atom c percent
Nd) 61 ha@?%aﬁ hi ckness of about 200 nm and a nolybdenumthin film 52
(not shown) having a thickness of alout 20 nm.were  sequgntially deposited
on a gl ags subsdurad/@rdia Eypteakly by sputtering |((FIG 4A) . TB&luation
filmdepdsition by sputtering was darFiartoldd] at) reonerteterature. A
pattern dfaud, 88l 5l; §2u0as RLAYGET on thegul till aves Lhin Tl mdayy

phot ol i t fegrapty{H-G—4B8) -t Trayer— I"I_HI_CUTFFJI"I_bI hgﬁ fre—at§im num

al | oy t hilAl-24i0 aRoBlc &riti- 1 Heatrsly Bdarlum % him 11 m|52 Wds 8¥Ehed userd t he
pat t er ned nesiost. 2. 35,21 PSknL0 shpr by forgra date el eghsode 28 (FIG 40

I n thi gprocedure,—thepertphery—gf—the—rmurtitayer tht—frfnris

breferebl Vlet dhewnin 2 it dfestoyha feRugt _a§n9a<néaq)e3 of| _abéut 180 to alfeedt 60 so
as to i NYrQVe . 0@&%&9‘%%@9% Qio;r@c gahe I6{’]§L!J e tlo3bxe151epo I ted,4 hejeon.

Next, a gtrrreconnrtridae—t+m{gatetmstt d.tU'l_)—BTI tavirng—a —thirckness
about 300 4n? Waztcnepddiited @W@&IH by -plxasta D 1.3 x10% Good
A1-2.0 atomic % Ni-1.0 atomic % Ir 4.1 x 1078 .2 x 107 Good
A1-2.0 atomic % Ni-1.0 atomic % Pt 5.2 x 1078 1.1 % 107 Good,
A1-2.0 atomic % Ni-1.0 atomic % Gd 8.9 x 1072 1.1 x 107 Good,
A1-2.0 atomic % Ni-1.0 atomic % Tb 1.5 x 1074 1.3 x 107 Good
Al-2.0 atomic % Ni-1.0 atomic % Dy 5.2 x 1079 1.1 x 107 Good
Al-2.0 atomic % Ni-1.0 atomic % Y 4,9 x 1070 1.1 x 107 Good
Al-2.0 atomic % Ni-1.0 atomic % Co 8.1 x 107% .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 belonging to Group X2
have good thin-film transistor properties.

Following Experimental Examples 11 to 13 were conducted while
varying the conditicns 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
ratio 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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(FIG 4D) . The f il mdeposition by plasma CVD herein was conducted at a
tenperature of about 320C. On the silicon nitride film(gate insulator) 27
were sequentially deposited an undoped hydrogenated anorphous silicon film
(a-Si-H) 55 having a thickness of about 65 200 nm and a phosphor us- doped

n' -type hydrpgenat ed anprphous LI Lcon fil n_.a-Si-H 56 having a
thicknessy%fggﬁoﬁ?ngﬁ R ngchaﬁ?y Bywﬁﬁaggégéebpe he n+-type hydrogenated
anor phous silicon filmwas _deposited by carryin t plaspa. CVD usjng Si H4
and PH3 as matdGatist Carhky £ iTEh SRpOsEE i“%/‘?ﬁetféﬁ%%‘?g?‘gg’é’ Eé‘foéﬁrﬁﬁégmegb?gat
320C. Subsequently, a nitrogen-containing |ayer 60 was forned on the
n+-type hyeFbpgehaRadnaisr pasdediad dsacribpd(in Babsdimengsl abevene ERGnber
of the plasma CVD system used for the deposition of the silicon nitride
film (Fl GraEpodSpetiprenrryngt heunaeéraln gasctsedesonethandepddi Peon of

t he anorphous silicon filmwas evacuated fromthe chanber while the

substr at ei Wass keptednihhdetshanbetowNexitht hefsuehaeetof FIRE .| W LesilSt ance
anor phous silicon film (n -type hydrogenated anorphous silicon film56) was

treated washipl Bsvadimeneong. m nute, which plasma was generated while
feeding nitrogen gas alone as a carrier gas to the chanber. Thus, a

ni trogen- cont afy itk 1 BY £bn &0 uieisHUnPs edy tHirsE PlRgEa - 2t Deat Rt pwasesarri ed
out at a radio-frequency power density of 0.72 WcnR2, a filmdeposition

tenper at ugg) of1 32QGnhhChni Sxhb8s SAMB AL bhe HRPOSLE iPRISMRRMRLUESiAf the
anor phous silicon fil'm The plasma treatnment was carried out at a varying

025 oSSLE AL e BECR0R0L, 330! S TERES, pveELe RS Rt e
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
preoduced on the multilayer thin film by pheotolithography (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 themultilayer
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 CVDhereinwas conducted
at a temperature of about 320°C. On the siliconnitride film {(gate

insulator) 27 were sequentially deposited an undoped hydrogenated

amorphous silicon film (a-Si-H) 55 having a thickness of about
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with plasma at a pressure exceeding 133 Pa were not subjected to the
subsequent steps. Next, an Al-2.0 atomc percent NN alloy film 63 having a
66 thickness of about 300nm was 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 resjst was then

P oduced 540 bt it ROBPABRLS - anaEREA AR ot GO Ao CoFEREER ARETERFOY 111 m
63 was etched using the patterned resist as a mask, to thereby forma
source elettiete DBlmndna atiaih etecizaveed 20 Y cknasy of TRaORE. §pan

hydr ogenat ed anorphous silicon film56 was stripped by dry etching using
the sourcevpibtettyodg pBaamd €WE-drEie mlddrodyRPesnat eh(RIGUAG) . The
above-prepared TFTS were subjected to annealing at 300C for thirty m nutes.
The anneatihiccondiim crashdepbrinas setcasiyitatduigpdachaaClibat $ gy tiéht ment
inafilmdeposition step of a silicon nitride film(protecting film as to
yield a naxd PEnad heearhahyst eriesifs. i mMFiepbsh St espacaonudieng:tait Ras
Experi ment al Exanpl e have not been conpl eted through vari ous

filmdepositi o0 siens. as in actual thin-filmtransistor substrates, but the
TFT sanples after annealing are considered to have properties substantially

reflecting t h%ﬁ%ﬁjéﬂ%?ﬁx}ﬁa AG kBl ent Rl iy QE%E?‘ 86 PAOHIrHLE on

Det erm nati on of thin- m transi stor properties The sw tching behaviors on

Speci 11 ool 19,7 ¢ R e PRttt et R B e he e aerdr R ned,

and the sy tohl g, RENAY 5178 SURLUAL 5% P LR RLOGRIMES oG PAREEL TRt &
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 geherated
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 out at a radio-fregquency 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 to 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 film 63 having a.
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1. The thin-filmtransistor properties of TFT sanples according 67 to
Experinental Exanple 11 are shown in Table 7. As a conparative sanple, a
thin-filmtransi stor was prepared by the procedure of Experinental Exanple
11, except for using source/drain electrodes conprising a pure alum num

thin fil d, ch [ t al rs,and.no n ti.n

T AT RS ARAE HA TP o EL 3, AR Dk SOBAMEL DR RUASTD |
h Tabl 1 ) .0.OOO0OO
000 'onlxllngﬁgl\g%tgﬁplﬁaﬁymgy sttt g b 4 s 2 T eRo8i i r
rlOIOrOOr-lrl O7rl ~Ow mOOLO1O01rVrIrI rl o00000QO0O0O
0 '? WxP¥ sPuttering was gargledipuipgt roquctepreratpree }*p@tmerrnrrﬂfl 01 m

rfONmMm - 01 WNNO(OCO Ol I Or O rl Or-1 NNm z OOOrlr1
r-1 v-1 ra repigt wap ey prdngedhy rhotolithography; and the Al-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).

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-depositicnstepsasinactual thin-filmtransistor substrates,
but the TFT samples after annealing are considered tc 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 vecltage of the
TFT test pieces were determined. Specifically, the OFF-state
current and CON-state current were determined, and the switching
behavior was evaluated by the procedure of Experimental Example
1.

The thin-film transistor properties of TFT samples according
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sample, a thin-film transistor was prepared by the procedure of
Experimental Example 11, except for using source/drainelectrodes
comprising a pure aluminum thin film and chromium barrier metal
layers and not conducting plasma treatment, and the properties

of the TFT were measured. This result is also shown in Table 7

(Sample No. 1).
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denonstrates as follows. Sanples Nos. 6 to 11 which underwent plasna
nitridation at a pressure of 55 to 133 Pa so as to have a ratio N1 /O of
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How the ratio N1/OL varies depending on the plasnma process tenperature
varying in the range of 280C to 340C was determ ned. Specifically, TFT
sanpl es were prepared and thin-filmtransi stor properties thereof were
eval uated by the procedure of Experinmental Exanple 11, except that plasm

nitridation VPfab 0 7%&9:5‘1%@9&1@%5%%%%&&%% of 5 8p Pa<afsk 2 &Ves MiNghi ch

tenperature as own Iin T e thin fllmtran5|stor properties of TFT

sanpl es %gggggwgqu_ P FHRCELERLAL 1 EXAE & 12-8L6,8NEN obD (IA58 Ba 48 2 -

conpar ati ve  “sanp ransi st or was prép are by "t he proc

Experi ment al usin ource/d ectrode
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In contrast, Samples Nos. 3 to 5 which underwent plasma

nitridation at a pressure of 50 Pa or less so as to have a raftio
N1/01 of less than 1.0, and Sample No. 2 which did not undergo
plasma nitridation have poor 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 ratio N1/01 of less 1.0 and thereby becomes
more insulative.

Sample No. 3 whichunderwent 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 interdiffusicn
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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"M M:%dh‘c]r}leéoat a pressure of 67 Pa and a varying temperature as

a' v
shown in Table 8.

The thin-film transistor properties of TFT samples according
to Experimental Example 12 are shown in Table 8. As a comparative
sample, a thin-film transistor was prepared by the procedure of
Experimental Example 12, except for using scurce/drain electrodes
comprising a pure aluminum thin film and chromium barrier metal
layers and not conductling plasma treatment, and the properties
of the TFT were measured. This result is also shown in Table 8

{Sample No. 1).
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nitridation at tenperatures | ower than 300C so as to have a ratio N1/0OL
|l ess than 1.0 have a decreased ON-state current and show poor thin-film
transi stor properties. This is probably because the nitrogen-containing
| ayer having a ratio N1/OlL of less than 1.0 becones nore insulative.

Exper i ment al Ef‘ﬁ)”fées %ﬂ%m'é{%"é’.tgﬁt%ersa&'sofﬁi? sY?‘réagzﬁa eso%g!_ng 1?6‘ él%ﬁjr%s
conposition in plasma nitridation was deterimned.” Specifically, sanpl es
were prepared and thin-film tragnsistor, properties_ther o% eval yated by
the pr ocoRtiier "oRt ERbArTeRt aF LEbipl e 11ECBREBRL TF6r Ghr P9l iy GUt 1 Asmm
nitridation at a tenperature of_ 320C and pressure_of 67 Pa using_.pure N2
gas al oneSP Ahpte I'N%.?e 2 i 5 I /Pl & la%gz%‘fea‘t?%”erﬁﬂﬁt"ﬁr googf tﬁénéﬁa&%% NH3
(Sanple No. 3 in Table 9). The thin-filmtransistor properties of TFT
sanpl es abE®Raifagor ¥ LI iafentas tERBHDL &Y EIUEVE ISHWRC (LR OPEP B SeMPAS a
conparative sanple, a thin-filmtransistor was prepared by the procedure of
Experi nenflal ExasphecedB8venkdieptlf ermpsieng source/drain el ectrodes
conprising a pure alumnumthin filmand chrom umbarrier netal |ayers and
not conducti nglpl @snerast y i Satpbas Bos. t heapdopewhies ud8epwehhepTEImamer e
measured. This result is also shown in Table 9 (Sanple No. 1). 74 Q ro 0O
0 QO O OnifgrxdXtXon 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
nitridaticn 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/drainelectrodes

comprising a pure aluminum thin film and chromium barrier metal

layers and not conducting plasma nitridation, and the properties

13
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of the TFT were measured. This result is also shown in Table 9

(Sample No. 1).
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As is denonstrated in Table 9, the thin-filmtransistor sanples which
underwent @JlasSma nrtrjidatrpnfusing two different gases have good thin-film
transi stor |phoperti eg. Armngjthem Sanmpl e No. 3 which underwent plasna
nitridation 4Qsi ng a gagéogjfo m xture containing a reducing gas (NH3) so as
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of 1.0 or nore has a higher ON-state current than Sanple No. 2 prepared

W t hout using a reducing gas and has excellent thin-film transistor
properties substantially equivalent to those of Sanple No. 1 as a
conparative sanple. This is probably because the reducing gas (NH3) acts to

further prevenisthe gxkdabion:al ter.6em sondue! orsbayeny brascipatal

Exanpl e 14 TFT sanples were prepared 1n which nitrogen-containing | ayer was

prepared in_the sa hanber of . the systemfo epositio f {
e condutPBP IEa,ahTar thacbufet ehpia il Rla (RETNI IR Rt didsrent
tenperature of the sem conductaqr layer, and the thin-filmtransistor
propertiegaﬁ?st%@V?Fgoggnﬁgé _%&#E FEOEMT Ed PTEREE i | ,O?ﬁT%b§Wples
were prepared_by a nodified nethod correspondin% to.the nmethod described in
Experi ment&PPERANPL & WPE ChrN@destiead PR SPrepakthgasotrce? Hrdith %S& Sodes

herein will be illustrated in detail below, with reference to FIGS. 4A to
AG. | nitiBERPUras e iadmigme alnesipainiongs § | (HcAIsDas Fodkant @ TrsrkentV1/Rd) 61
havi ng a thickness of about 200 nm and a nol ybdenumthin film52 (not
shown) having- 8 ¢himkneskasfa dboghe5ONM™ vere 6 seyuditdalIandepdi-t @ on a
gl ass substrate la typically by sputtering (FIG 4A) . The fil mdeposition
by sputtepragawad wicghsuedsdimy atredwamricegperatdihes &k patienn tofina frids st 62
was produced on the multilayer thin filmby photolithography (FIG 4B),
and the nutbthkayebrfgddpotisd supgthheial upidwm-vd eyt tbithodd bmsehpard t he

nol ybdenum thin film 52 was etched using the
No. 1 as a comparative sample. This is probably because the
reducing gas (NHs) acts to further prevent the oxidation of the
semiconductor layer.

Experimental Example 14

TFT samples were prepared in whichnitrogen~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 semiconductor layer, and the
thin-film transistor properties of the TFT samples were
determined.

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

Initially, analuminumalloy thin film (A1-2.0 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

16



patterned resist 62 as a mask to thereby forma gate electrode 26 (FIG 40
. In this procedure, the periphery of the nmultilayer thin filmis
preferably etched in a taper-shape at an angle of about 30 to about 60 so
as to inprove the coverage of a gate insulator 27 to be deposited thereon.

, i de, fil i hi f
X Sk %u%ﬁgﬁ'”gs A PR B B R ©
filmd t h d t t t f
(L aspostLien by PlasIe O hergLn-iag conductd, gyo%f@%%&g%gwe :

sequentially deposited an undoped hy drogenated anor p gus 5|I|con film

(a Si - H) §§rﬁé§fjn8u§ £hi ERﬁ@sEe‘BPe’éBEHF 200 Rt ey & 2d65"6§d
n' -type hydrogenated anorphous silicon fl|ﬁ1&c§ a-Si-H 56 haV|n
t hi cknessP&Pdapsdt oBOL At ey bi tavey Byim| ki @hoﬂféwhq%ﬁ@hwdﬁééjenat ed

anor phous silicon filmwas deposited by carrying out plasma CVD using Si H4
and PH3 a$Bimt endatke mihet flid yarldpdsi cooprienpar Bharel etkin waly $dtinat
320C. Subsequently, the material gas used for the deposition of the

anor phous fiiltlni éanahid whwascéwhceated thriomfiiles Grameer athlidesl tdimsuthst rat e
was kept in the chanber of the plasma CVD system 77 used for the deposition

of the sibhetgarAetr rdeikil AL ANexis méke tsuwHacsh pffdhe 4 gatedisicancele
anor phous silicon film (n+-type hydrogenated anorphous silicon film56) was

treated whh(pt@sne) .f ofnohe fMoRekadual, cih Blrsas, geneiated twhishe r
feeding nitrogen gas alone as a carrier gas to the chamber. Thus, a

ni trogen- Eﬂ%a"fﬂmglhap!%f@aﬂ@§ ferned (K15 c4Rr- sﬂ_é'bé ap&aas({m&ngtlree@tfrrent
was carried out at a radio-frequency power density 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 CVDhereinwas conducted
at a temperature of about 320°C. On the siliconnitride film (gate
insulator) 27 were sequentially deposited an undoped hydrogenated
amorphous silicon film (a-Si-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 PH; 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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0.72 WcnR, a filmdeposition tenperature of 320C which is the sanme as the

deposition tenperature of the anorphous silicon film and a gas pressure of
67 Pa. The surface of the work was anal yzed by RBS and XPS to find that the
ni trogen-containing |layer was forned to a depth of about 4.0 nmfromthe

surf ace. I Lt - | A I r.~~Navyi j ckn f out
4.0 nm vvagg or%r%aa%ﬁét%%g(g%lrfg%%adoﬂp t%t%hgqlig\%/-orneg&?gﬁge%g%ipﬁﬁe}s@’siﬁl%con _
filmby the t hod ordi_n tQ perinmental, Exanple 14. t,,.an A -2.0
at oni c peFEgﬁgcﬁiogﬁﬁgf %Q%%Q§?H%§%Q%fz?m%ﬁﬁ%%ﬁ%ggjﬁﬁgﬁxﬁﬁﬁ%oﬁ%nF S
deposi ted, on the nitrogen-containj | ayer 60 typically, by sputtering (FlIG
a8 The W RFREGEAGER LTSRSt CrP R, WS Toir FRSIEBRREEY W hgip LasT
tenperature. A pattern of  a resist was then produced by photolithography;
and the AfoF @ne gigmte pertehPgsTq Vay qan%%@%@%&ﬁ%@d%? g Eegen
patterned resist as a mask, to thereby forma source electrode 28 and a
drai n el eBF08eCRe @Bl @ C4FFierTigasn'to yihe Mfdmfanat étanoephous silicon
filmb56 was stripped by dry etching using the source electrode 28 and the
drai n el entitodge29cantaimisly (Eyer A@was T®riiwal difdGe- AELparBul STELs oner e
subj ected to annealing at 300C for thirty mnutes. The annealing condition

her ei n wasrsetmesaitnubhat cagr sed howet dati ngdt vedtrrgnency wowet maeposy tkfon
step of a silicon nitride film(protecting filn as to yield a maxi num

thermal hystverwgis?, Ther ilmF G s Ac cemdit third RifS 32BRpeash iemtial theanpl e
have not been conpl eted through various filmdeposition steps as in actual

thin-fil mshhansd $her asyhst £ ab8engtiita thhtes T sarRleenatlses i BNAGRIHiNg, ar e
considered to have
and a gas pressure of 67 Pa.

The surface of the work was analyzed by RBS and XP5S to find
that the nitrogen-containing layer was formed to a depth of about
4.0 nm from the surface. WNamely, a nitrogen-containing layer
having a thickness of about 4.0 nm was formed on the surface of
the low—resistance amorphous silicon filmby the method according
to Experimental Example 14.

Next, an Al-2.0 atomic percent Ni alloy film 63 having a
thickness of about 300 nmwas deposited on 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 Al-2.0
atomic percent Ni alloy film 63 was etched using the patterned
resist as a mask, to thereby form a scurce 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).
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properties substantially reflecting the properties of actual thin-film
transi stor substrates. Evaluation on interdiffusion between silicon and
al umi num On the TFT sanples, the interface between the channel anorphous
silicon thin filmand the AI-Ni alloy thin filmwas observed to detect

whet her or not hgtq§§ugf§§%§%kés Og%%nwéfé'éﬁﬁﬁeé%g%.ﬁ Q¥Hﬂgﬂﬂz_éfﬂér§q%j?

SpeC|f|caIIy ? e I'nter erved magni fication
tinmes, i.nterdiff S|on num at the interface

e ouant ok Bt YgH‘&Py 25 b@’ﬁgnaPaﬁaiﬁeaesgﬁéﬁkopa S
X Ex
Do o e R e he uch's, REGRS gl 8,0 e e N A R ion ekt s on

drain current-gate voltage of the TFT sanple were determ ned. Specifically,
the OFF-sPAL® Shriet Ni&Rd dONE bUAt @TAha@HNUdAdndet orif He 8 L dah dapiaum

swi tchi ng behavior was evaluated by the procedure of Experinental Exanple
11. ResuFhsrpp& hysitergsdsossThecTFénakmplansarssirdangl &et £bAsni crograph

79 of the test piece according to Experinental Exanple 14. FIG 9

denonst r aBepetrhaendani Exaged-ec dtva miotg Hesype rcofuri tatiadle traymrgh viasr farared in
the vicinity of the interface between the channel anorphous silicon thin
filmand ftfhéemAdeNosaltioyn dttdps 44 i mafcama lstduircef dimt naskeetvoded.s thladels ,dense
portions indicated by the arrowin FIG 9 are precipitated AL3Ni grains.
The i nt er bage twas Tamalsyzed ey aER%rt anfnard inkata thediidmne td si8mot h

Wi thout interdiffusion between silicon and alum num This sanple has an
OFF- st at epgdpeent e@f shb@t4nt@al3 Ardfd e@ting the properties of actual
thin~-film transistor substrates.
Evaluation on interdiffusion between silicon and aluminum
On the TFT samples, the interface between the channel
amorphous siliceon 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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ON-state current of 1.2 x 10-5A and shows good thin-filmtransistor
properties substantially equivalent to those of Conparative Sanple 1.
Experimental Exanple 15 In this experinmental exanple, plasma nitridation was
conducted in the same chanber of the systemfor the deposition of the

sem conductor, | ayer,, hy using a gaseous_m xture containin njtr nd the

gas used ‘?%rt}b%g%leﬁq iFoTT 5t aF%&réigﬁigchd%%%Fm?Bg%?.ﬁﬁ‘-%W?%el‘{hi %q?;lnl %}

transi stor properties are after this procedur_eawri\s determ
W

[ n neq.
Speci fi calPYOnaRraRBFphbat i Mt EBRIEITHPDEAYRAR F‘@?Fst@ﬁ&’élgﬁnﬁ?ﬁﬁ&s

silicon filmhaving a thickness of about 80 nm were deposited by the
procedur el f fExped | Henktke Bakpl ey ™ Wedntsrdase dateiean Shewasasiigpended,
and the surface of the |owresistance anorphous silicon |ayer was subjected
to pl asmeanerpasnensilseonefhsncdhdn ahdr 8hs platimakdsvygehepatadmwhrike
keeping feeding the material gas (SiH4) for the deposition of the 80

anor phousssitcebddréihmnelaect hedehanbdracdndeadd poohabhy freddiatged mivt thgen gas
as a carrier gas to the chanber. The plasma nitridation was thus carried
out at a #adbw-inepuency peweprdenpitytedl 20,07 ¥¢epRs.a substrate
tenperature of 320C, and a gas pressure of 67 Pa. The substrate tenperature

herein is the mamenderifiee Fhkmdeppsdd beNEbRMMeratdr enet Hiheiamerpheus
silicon. The surface of the sanple was anal yzed by RBS and XPS to find that

the nitrogensGontiRifidihd Yslt das £ QIdEsh R @ daptd 1ofcabadly 81uThlikom the
surface. Nanmely, a nitrogen-containing |layer having a thickness of about 6

nmwas forned @n; ¢ @%Hﬁﬂref 268 9f &PP-state current of 4.0 x 1073 A and an

ON-state current of 1.2 x 107> A and shows good thin-filmtransistor
propertiessubstantiallyequivalent tothoseofComparative 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, anamorphoussiliconfilm, 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 lcw-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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| owr esi stance anorphous silicon filmby the nmethod according to
Experinental Exanple 15. Next, a thin-filmtransistor was prepared and
subj ected to annealing by the procedure of Experinmental Exanple 14.
Eval uati ons On the prepared sanple, the interface between the channel

anor phous_silicon thin. filmand the Al-Ni_ alloy thin film bserved to
det er m ne>UREPREPS o7 - hbTo% nt oHhi 19 8o TBBEEe R ™ s P LCGHOBRA 18] ARCRUN
occurred. Specifically, the interface was bserved at a_magnjfication of
60x104 tiEsTOAR ¢RE Pﬁt%rB?FFaEFoﬁastPmEgﬁ SPRIEER - ant &I BT at t he
interface was quantitatively analyzed by energy dispersive X-ray .

f1 uor escerﬁiééré‘g@E%@%ﬁ’éédSPus(%l%?Oﬂlﬁ@‘b@é@éﬂd&'ér@ﬂuépﬁéfrﬁw dPnEk Al e
14. The swi tching behaviors on drain current-gate voltage of the TFT sanple
were det epHidndd. WSpaGoi Rindidirathécoprratare etiBROit, aastaONSPEE8SBERT ent
were determ ned, and the sw tching behavior 81 was eval uated by the

pr ocedur eo 6f 6 Exper i v slubEtamile thhperRdsuld hieFleGn 16 itheasemessssebei onal
transm ssion el ectron mcrograph of the sanple according to Experinental
Exanpl e 16i 1kt &epdfit denonshpatesutrbabfathiet aagephoast ainingnl.ay®he (nitride
layer) is fornmed in the vicinity of the interface between the channel

anmor phoussgtfa€@not hite fddnp Bndvd hesrl rMedld ORENIaM S Kip® for figguegetdrain
el ectrodes. Bl ack dense portions indicated by the arrowin FIG 10 are

precipitated AN 8N gL A8t a TREN niﬁ%rréﬁcv@aé’vaﬁ)ﬁﬁ@é s @ép%:ﬂ_xotfoabbgq khat

the interface 1s snooth without interdiffusion between Silicon an
al um num

nm from the 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 interdiffusicn 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 fluorescence spectroscoepy
(EDX)} by the procedure of Experimental Example 14.

The switching behaviors cn drain current-gate voltage of the
TFT sample were determined. Specifically, the OFF-state current

and ON-state current were determined, and the switching behavicr
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This sanple has an OFF-state current of 4.0 x 10-13 A and an ON-state
current of 1 .0 x 10-5A and shows good thin-filmtransistor properties
substantially equivalent to those of Conparative Sanple 1. Experinenta
Exanpl e 16 Experinents were nade so as to verify that good direct-contact

resi st anc%agcggtaiatﬁtateﬁs rsyt gglge@r%’&%&d}%r s E}{'g:?e% lrﬁér%’tiacfrt)&gnpfg)t #4 hed by

usi ng source/drain €elect onprising an
ni t rogen- cont nln Iayer as in the present invention, even when the A -Ni
alloy thin fil ought in direct contact with the transparent picture

el ectrode with e interposit of. a barrjer | la eC|f|caIIy,
sanpl es conprigfﬁ%g P B TERE S der Ll T ST LSt § Jag o L PRAi i T

| TOfilmdeposited on the aluminum alloy thin filmof the source/draln
eIectrodeoﬁeﬁéepﬁéﬂ§#§da@?°ﬁ§2“§aﬁﬁyﬁmfﬁﬁhm%ﬂﬁﬁ gl Yoochlf-an®

at nosphere of argon gas at a pressure of 3 nilorr for 20 mi nutes. The

sour ce/ dr depongltsetesdébake e Nnglapacad coy tpliadmy Aiavsrd dmildr isleodederinder
varying conditions as in Table 10 so as to have, for exanple, different
thicknessieffbhmeditnoghe-vbuiaihyn@f|b@@rinﬂ&mfadé)béﬁWeanxnhHiahamﬁeddium
oxi de and 10 percent by mass of tin oxide. On the above-prepared sanpl es,

t he directmoephact sasdiisbantéin cdimehd e$iesEARCH) Aricyt it ioc dirlmerfes of
hillocks (thermal stability) were determ ned by the foll ow ng nmethods.

Det er m nakbamrcel deanhacl ek esbakkYi ty]l AcKelaHdk patitaohshaviingadea@any atle hol e
size of 10 msquare as shown in FIG 7 was prepared, and a four-term nal
measur eneftkrow in FIG. 10 are precipitated Als;Ni grains.
The interface was analyzed by EDX to find that the interface
is smooth without interdiffusion between silicon and aluminum.

0¥ A and an

This sample has an OFF-state current of 4.0 x 1
ON-state current of 1.0 x 107° A and shows good thin-film transistor
propertiessubstantiallyequivalent tothoseof Comparative Sample
1.

Experimental Example 16

Experiments weremade so as toverify 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 layer.

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 source/drain electrode were prepared by
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was conducted. Specifically, an electrical current was passed through
between an I TO (or 1ZO and the alumnumalloy using two termnals, and the
vol tage drop between the 1 TO (or 1ZO and the aluninun1alloy was neasured
using other two termnals. More specifically, a current was passed

il e 0 e

the direct ¢coO resrstivit of "the contac erm ne

cal cul atiagn accordln e uatd on: (V2 V The_ caont

resistivify aw§§ 5?3F%a9§d §ﬂ§’l qﬁﬁ éhgoﬁng %‘F&PIV|ty
bet ween a chr mthin filmand an 1 TQ fi as the reference al u

10- 4 S2. o BS5T IPEES) Wed o RTSRE es g R qﬁé%m%ldeaﬁéﬁwm%ﬁw}ﬁ 1o or
|l ess than 2 x 10-9 Qcn2 was evaluated as "Good", and one haV|ng a contrast
resi stivi VRr¥dng Fﬁ’élﬁllztlﬁnsl@% 10 3 dfad vl Gt P A9 VaNGTOBE XA MGence
of hillocks (thermal stability) A 10-mline-and-space pattern was produced
on the samplfgsreng vaégﬂmﬁﬁéapft that nEnrogas-contatnédgataysoC fBre tiG ty
m nutes, the surface of the |ine-and-space pattern as interconnection was
obser ved iy 18EMbmanils & b el naimye roxgifdehiahidot R spdvavemy ky dieased €rt irofoxd.de .pm or
nore was counted. A sanple having a hillock density of 1 x 109 or |ess per

square m |l i meperhssbevalpatedred s @'s, thediionethavhbgct Midisacadtensity
exceeding 1 x 109 per square mllinmeter was evaluated as "NG'. The results

are shown (icenfable r&@1isthedehi Rrfd It IRRSIStdice RIOREITIRSOf (e ganpl es
as in Table 2 are also shown in Table 10. The "Overall ratlng" shows the

overal | 1 8tlBa 19k ) NG cGentatiernli®¥cs Wy itk A 110 Ad intediddm ransi st or
properties. In" CNera
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 ITC (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 calculaticn
according totheequation: R= (V,;~Vy)}/I,. Thecontactresistivity
was evaluated as folilows. 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".
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rating",

transi sto
| east one
eval uat ed
O~0 00
(IO NONON0)
C NNH
HOOCcT

a sanple which is good both in contact resistivity and thin-film

r properties was eval uated as "Good", and one which is poor I

n at

of contact resistivity and thin- fiIm transi st or properties was
as "NG'. 84002 zzu | Ti N NNN+ .Hg,.., OOOO

U7<'§écﬂi1':r££!’: iy Ehloé’k EeHY’é’élllt%ﬁ)XXXU N ~-+
, RlNh OB 0 5538 TR Ak Yy

V1
ri H100r| 0

[ o NLGHT eiReReerRc Rm%t%n g produtel &n

a vacuum heat treatment was conducted at 250°C for thirty minutes,

X X X X
the samples,

the surface of the line-and-space pattern as interconnection was

observed by SEM, and the number of hillocks having a diameter

of 0.1 pum or more was counted. A sample having a hillock density

of 1 x 10° or less per square millimeter was evaluated as "Good",
and one having a hillock density exceeding 1 x 10° per square
millimeter was evaluated as "NG".

The results are shown in Table 10. The thin-film transistor
properties of the samples as in Table Z are also shown in Table
10. The "Overall rating" shows the overall rating of the contact
resistivityandthe thin-filmtransistorproperties. 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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preferred conditions in the present invention, Sanple No. 2 is a
conparative sanple having no nitrogen-containing |ayer, Sanples Nos. 3 and
8 are referential sanples which does not satisfy the preferred conditions
in the present invention, and Sanple No. 9 is a referential sanple

conprising pur g es&%@‘i’ﬂ | Safb12% kBs. £9u %eégéaéa&gisgtga&l@f%feg% & k0

shows that Sanp have contact resistiVvi

stabilit ood convent i naI equi vaI T e

ot opar ed” B L RRRHopRATE N Buha’ ir FRGBY For et TR AUt H i e 3§10

m nut es and sui tabl control lin them-gtl ckness of t.he ni 59 en- cont ai ni ng
ayer, t e GGREATaET ¥ SERRLCHAY GRS FHd TRABECBH L LAY SF o HY Fhe
nunber of silicon atons), and the surface den5|t§/X of nitrogen. In contrast

the refer NRfi-aP RGP e SEFsIrEn NG, sampdegnyhioh dpessemewtaitt Hobrthen
these properties, as conpared with Sanple No. 1 (conparative sanple) . O

t hese ref Eréﬁt%ifaﬁdséﬁfpldé§108§rrplne Ehio prg seafpingiend i@rsp@eict iSemple No.
nitrogen-containing |ayer and a conventional pure alum num|ayer has good

t hin-fil nPt Lansistrrenriopkraamsl hwomps ipdoy prreoal antinowsl ay¢wiasy tded
thermal stability. Thus, the direct contact between this sanple and the I TO
film wassbatcegtahlinskédctrdodeeri nental Exanpl e 17 Sanpl es were prepared
and the contact resistivity and thernmal stability thereof were deternm nedby

the procedure oipExXpersn®ns &ha-agmles §6. exseMaforomaryt i@ dike iRiiakel or
| ant hanum content 86 of the AI-N alloy or the Al-Ni-La alloy as in Table
ii- The pLagmehelhbhl dabkan iRROGRS MRS &ORGMeed inder thshwalme &ondi tions
equivalent). They are preparedby setting theplasma 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 gcod 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 were determinedby the procedure of Experimental

Example 16, except for varying the nickel or lanthanum content
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i n Experinmental Exanple 16, in which the plasma irradiation time was three
m nutes, and the resulting nitrogen-containing |ayer had a thickness of
about 5.8 nm a NS ratio of 1.0, and a surface density of nitrogen of 6.8
x 1015 cm 2. The results are shown in Table 11. Table 11 Contact ON-state

o oot g e fﬁ%ta% I §S+f e AVl eﬁ?%}l?ﬁ%&f Tﬁﬁ%‘g ?’iat o Phegheane |
10-13 1. 10-5, 2. NG A| 3 1 1 10-5
1.0 x 10- &X*Efoaa 26558 Brpcass wa?offﬁ%d%fee% YR S e fopan $510.5

Good CGood, 0, atom c YN 10-1 10-5 5.0 x 1 SGoo Good

A 6. Cat o CHRIS BRI AD EFRp LS 4 6105 o it tho-PLeBRA [Tl o L0, %lﬁ‘leom ¢ %
Ni - 0. 35 atomic% 5. 6x10- 13 1.1x10-5 2.0x10-' Good Good La Al-0.3 atomc %

Ni - 0. 35 avdfi ek e FXmaEss 1. and 6 Fepvidinagddredsd - trdm i@ 1aver
denonstrates that the TFT sanples using Al-Ni alloy thin filnms having a
varyi ng nhettél thonkanssvp £ mibouthe . Banye afN o 18.L10ae bl ) pendentsurdageat omi ¢
percent are excellent in contact resist | VI ty. Moreover, Al-N alloy thin

fil ms havilegsatyao§i ngtrogen of 6.8 x 10'° cm?.

The results are shown in Table 11.

Table 11
Contact
Source/drain OFF-state ON-state resistivity Thermo—- | Overall
current
electrode current [A] with ITO stability | rating
(A] (Q ]
Al-0.latomic%Ni| 4.1 x 10™ | 1.2 x 10°| 2.0 x 107 NG NG
Al-0.3atomic%Ni| 3.2 x 10™ | 1.1 x 10| 1.0 x 10™ Good Good
Al-0.5atomic®Ni| 3.9 x 107 | 1.1 x 107 9.0 x 107 Good Good
Al-4.0atomic%Ni| 5.1 x 10 ] 1.1 x 10°] 5.0 x 107 Good Good
Al-6.0atomic%Ni| 5.3 x 107 | 1.2 x 107 | 3.0 x 107 Good Good
21-0.1 atomic %
Ni-0.35 atomics | o0 &¥1077 | 1.1x107 1 2.0x107 Good Good
La
A1-0.3 atomic %
Ni-0.35 atomic% §.2%107" 1.1%x107 1.0%107 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. Morecover, Al-Ni alloy 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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Ni content within the range fromO0.3 atom c percent to 6 atomc percent and
Al-Ni-La alloy thin filns are excellent in thernmal stability. Experinental
Exanple 18 87 Thin-filmtransi stor sanpl es were prepared and the contact
resistivity and thermal stability thereof were determ ned by the procedure

of Experiment ra]%h‘tr:%@g%’iﬁl Qnggzb&gtg@ﬁ d o fel sk P%Eﬁ%ggﬁ‘t‘h%é%%ﬁe@q as a

third conpone m c ercent Ni varying t

content of La _or_Nd as in.Tabl 2. .The pl.asma pitridation process S
Conduct edBRAEEPhGYEsnA ERERRA L FhAR: Lty AR F e R R R PEAEY ihni cn
the plasma_irradiation tine wa hree m.nutes, and the resultin
ni £ 1 ogen- BEAEARRE RQOFay8PeRAMER ot CRABSY Sof. CabSHE 18 F9mE F S ratio of
1.0, and a surface density of nitrogen of 6.8 x 1015 cm 2.  The results are
shown in FBEPEP?P3LiBg Ha @r W4 a5 & fhardocempopeptote ar lod bagomic o H
CtrctTuU CcTcOU 00000000 Ei) 31

percent Ni alloy and varying the content of La or Nd as in Table

12. 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
ratio of 1.0, and a surface density of nitrogen of 6.8 x 10'® cm™,

The results are shown in Table 12.

88



ri

iP O

rl

44 O M ~n
zZ712

ri N NAO co 4)
ONiIi NNN ri r-1 r-lI
MNOONOOHI

r7 NO
$4 44 UCL MO O~ (c)

Hri

N X X X X X X

r~

rl

rl

00000000 U-~

ri

ri

68
(S PoOD »-0T X 0°¢ 0T * 27T | 0T X 87§ [PN ¢ DTUO3R (" T-TN & DTWO3R 0 Z-TY
PCoD PoCcD =0T X 0°T 0T X Z2'T | 0T X L9 PN % QTWo3e £°0~TN % DTWolR °Z-TY
PooD PooD 0T X076 0T X 2°T | 0T x 0°F [PN & DTWOJe T°(Q-IN % OTWo3e §° 2-TY
pocs peoD 0T X 0°¢ 0T X T°T | (0T x "L &1 % DTWOAR §*Z-TN & DTWO3e 0 Z-TH
|Sleter) PooD 0T X 0°T 0T X T7'T | 0T X €79 [Pl § PTUWO3E £°0~IN % DTWo3e 0 g-T¥
pooD pooD 50T X 0°T LO0T X 2'T | 40T x €°¢ [BT % DTwo3e T0-TN & STWOde 0" Z2~TW
[Ju2g5] oL (¥] [¥)
AATTTICORE U3TM AJTATISTISSI JusIIND JuSIIND
putayea TTRISAD Teuxayg, absizli(elg} 231B15-NO 21e3s8-340 BPpOIIDaTS UTRIp/20IN08

NmMCOOOOOO U x x x X XX
m~ov~azzzadsOrorommO a HMO i

C X X X X X X
OOO~OONTi

ri

zz%$ O0Oowalb.00000

£

¢l =219BL



O NUoOOOOO MMM OO0OO0OO0OO0OO0OO0O NNNNNNTFIro-a-a-~a-~a-~a E
Tabl e 12 denonstrates that the TFT sanples using Al-N -La alloys containing
0.1 atomc percent to 2.0 atom c percent of La and those using Al -N -Nd

all oys containing 0.1 atomic percent to 2.0 atom c percent of Nd have good

hermal | Stabi Ty B e Blanel s 15 T n P %ﬁ%@?@shﬁv?&’%ﬁ oS

d and d.th bi | h f
wer & Oet SR hEREn B9 L AL bodedur EShF ek pFPRBnE R sy Aseh2e e bbehEber s,

further Jncor atin : ] er.gent of of t e, el enments sho |n
Tabl o 13 bR bR ORSR 25bBE dagi g 1 &G0 X35 CAYTANEN 1 b oo ERECEE
Al -2.0 atom ¢ ercent Ni allo¥ The plasma nitridatiaon_. process was
conduct edt@ndeP fheMsanReEGRH tPSngdaQavﬁ BRPEr tReRr &L IMEXERHISE SEOT n whi ch
the plasma irradiation time was three mnutes, and the resulting
ni t r ogen-ebprarhliag ﬁaQeﬁrﬁaaoadtthRﬁé§§C§freéb@@ﬂVBtﬁ mnd &hNrgialratio of
1. 0, and a surface density of nitrogen of 6.8 x 1015 cm 2. The results are
shown in FagbeldBy. 90
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
incorporating 0.3 atomic percent of any of the elements shown
inTable 13 (theelementsbelonging toGroupXl) 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/Siratioof 1.0, and a surface densityof nitrogen

of 6.8 x 10*° cm™@.

The results are shown in Table 13.
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transi stor propertles and are good In contact reS|st| ty and

stability, e 20, Thi f|| tran

ot opar ed” SR LRe BB i e TERERL SR T i efr e e TR ﬁé USFSI e
determ“egrgxmsor%gggg% Ce.9f EperLiEnL XA tac%%egég 2RL5 Lo afyrther

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 of any of the elements shown
inTable 14 (theelementsbelonging toGroupX2) as a third component
to an Al-2.0 atomic percent Ni ailloy. 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 density of nitrogen
of 6.8 x 10*° cm™?.

The results are shown in Table 14.
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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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are good in thin-filmtransistor properties, contact resistivity and
thermal stability. The foregoing invention has been described in terns of
preferred enbodi nents. However, those skilled, in the art will recognize
t hat ﬁgn variﬁtLon% of ,such enbodi nents exist. Such variations are

i nt end&d™t 6 &Rt n *the scope of the present invention and the appended
claims. 94 What is clained is: 1. A source/drain electrode for use in a

thin-filmtransistor substrate cogg;ising.a substrate, a thin-film
transilst oA S¥HGEHdTbrelegterodes dif a1 dith %eltdettoideldt &raP ST Anspar ent

picturgyghectrode, trri]?,i g,”rac gl gl egt rt%‘iﬁ-‘f‘l'mr 1 $100% 33 ¢ o :
nltrogen-contalnlng ayer and a thin'filmof pure alumnumor an al um num
al | oy semdkenaiun tblre lageirse/sduaice /elradihr ede cits osie sG orfidg wr ed atnfsaa reinttr ogen  of
the nitrogen-containing |ayer binds to silicon of the thin-filmtransistor

senic@ﬁ&ﬁ@?&reﬁﬁﬁéFPdémd wherein the source/drain electrode is so configured
that the ¢ hdiodBRlx U & AU UMM Qlngdy 1A, A ald O¥oden COnEEt phd 0t he

thin-filmtransistor sem conductor |ayer t e nitrogen- containing
| ayer lazerThadsautbehdfailm elfecinrede lacdoudi ng ta ellambhnlm widrei,n t he

ni trogen-cqntaining layer majply conprises a silicon nitride, 3. The
Sour oo/ dr 1T Get TR C AT AR TR & T THAE. et TP hured that
n'trOQEQI%%%habQ'@&e'%ﬁ%&o@%%P@d%%%f%fﬂg'Q%%@roﬁﬁ%H%r&QﬁsiﬁiéEEeof
source/drai'n el ectrode according to claim 1, wherein the
ni t r ogére- chAanaifnilng trayel shay & esucadecdensiliayeaf, rind ogen
wherein the source/drain electrode is so configured that the
thin film of pure aluminum or aluminum alloy is connected to the

thin-film transistor semiconductor layer through the nitrogen-

containing layer.

2. The source/drain electrode according to claim 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 to claim 1, wherein the
nitrogen-containing layer has a surface density of nitrogen

-2

atoms (N1) of 10 em™ or more and 2 x 10'® cm™® or less.

5. The source/drain electrode of claim 3, wherein the nitrogen-
containing layer has a surface density of nitrogen atoms "N1"
and a surface density of oxygen atoms "Ol", and wherein the

ratio of N1 to 01 (N1/01) is 1.0 or more.

6. The source/drain electrode according to claim 1, wherein the
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atons (N1) of 1014 CM -2 or nore and 2 x 1016 cm2 or less. 5. The
source/drain el ectrode of claim 3, wherein the nitrogen- containing | ayer
has a surface density of nitrogen atoms "N1" and a surface density of
oxygen is 1.0 or

Y IR B n o af AT ol TRT Y, haS . n Bk P alh o SrES S REL FinEBRER e 05

ni trogepmeophabni B baydBhghas @haur taeesdedsicky dehsnithr egenilatens equal to
or higher than the surface density of silicon effective dangling bonds
const PEGEFR§VENEaBEALBENBABESr CPAYEL LUtEINgTRESS §6REELALHICH O8] @lEdde
according to claim1l1, wherein the nitrogen-containing |layer has a thickness
within the range of 0.18 nmor nore and 20 nmor |less. 8. The source/drain
el ect 7ode Taec aloginag Adr adlraiahek; t nadury a*m:dﬂ&wwittd agen-rednt aihd il eyrer has a
nunber of nitrogen atons "N' and a nunbher of silicon atoms "Si", and

wher elhERECREXPREAL PaPPo 18t e R@St 6 téﬂﬂkPﬂFglY1F§1%|Fﬁ@nrﬁﬁ§eréﬁge of 0.5

or nope;gngdnls? BBre'?ﬁﬁ 29- nihersquice/ drain el ectrode according to claim
1, wherein the hin I'm transi stor semi conductor |ayer conprises an

anor phous silicon or a polycrystalline silicon. 10. The source/drain

electrode cordln o claiml, wherein the alum num all oy co rls s 6
St o B perin@ i e s g A Rag T o Bl Hoye A i Fhe

SourCﬁ&@&@g@nehgﬁEéQﬁ@n@CQQ?@knﬁa%oachﬁh%b¥oofwhﬁ%%b%ent%%o%EUWN”UEh@||0y
conpri ses 3 atom c percent or nore and 6 atomc percent or |ess of nickel

(Ni) asnambglkl o elémeen, agnts WHél'ei anchehsoedoeldraimaxémaot rade o 9fso
ConflgHmegothgg"tQﬁ/Si) is within the range of 0.5 or more and 1.5 or

less.

9. The source/drain electrode according tc 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)

as an alloy element.

11. The source/drain electrode according to claim 10, wherein
the aluminum alloy comprises 0.3 atomic percent or more and 6
atomic percent or less of nickel (Ni) as an alloy element, and
wherein the source/drain electrode is so configured that the
thin film of aluminum alloy is further directly connected tc 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

96



thin filmof alumnumalloy is further directly connected to the

transparent picture electrode. 12. The source/drain el ectrode according to
claim 10, wherein the alum numalloy further conprises 0.1 atom c percent
or nore and 1.0 atom c percent or less of at |east one elenent selected 96

from the group consistin f. Ti, V,..Zr,. N, Ta,. and W.as n _all oy
ol omertoms5aehge8ER Bontd stinb g GuY nkor R Ps A 10 Shdl &%  Lhe
al um aumsahbey cfiekicher. conprises 0.1 atomic percent or nore and 2.0 atomic

percent or |less of at |east one elenent selected fromthe group consisting
of Mg, &, M1, Ru, Rh, Pd, Ir, Pt, La, &d, Th, Dy, Nd, Y, Co, and Fe as an
£

our cdrar ATE S s I Al T S AL o MRITR

conpr itdieng 1tume ntufi B fliolymfiuramsirs toainp rd west atle saesdrdipegdemtcla mckd 97
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. A thin-film transistor substrate comprising the source/drain

electrodes according to claim 1.

15. A display device comprising the thin~-film transistor

substrate according to claim 14.
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