OHM C CONTACTS FOR SEM CONDUCTOR STRUCTURES PRI ORI TY APPLI CATI ON

This patent application clains priority benefit fromU. S. Application No.
512/ 787, 200 2bilesds?5 May 2010 which is incorporated herecmusgomnedmience.
BACKGROUND Seni conduct or devices are found in nearly every piece of
consuner and comerci al electronics nade today. Their w de-spanni ng uses

i ncl ude single 10di screte devices such as di odes and transistors, as well
as integrated circuits which can include many mllions of sem conductor
devi ces interconnected on a single sem conductor substrate. The di scovery
of new materials for use in sem conductor device manufacturing, as well as
t he devel opnent of new sem conductor device manufacturing nethods,

cont i nues o1 TP QyIBEARTNCIY RIRKEIICHRPBCIVN SRS | 35 t0

expand the alread range of elr practical application. Light
emtting diodes (LEDs) are one exanple of a sem conductor device w dely
used in consuner and comrerci al applications. LEDs contain several

sem conductor materials, incluBRIQREIYAPPDEGATEONConductor material, an 20

n- doped sem conduct.gr. terial,.and.a junction.bet he two . materials.
A ina normal o ot Gupy ahiter s biigh FRRA FIRES AR N . %15

t he n-si de, 5 or 1728 holdeijled2 Map PO liOnvHittes ireveossddicrerchy @fererien a vol tage is
applied with the correct polarity to the sem conductor structure, the
junction is forward-biased, and the charge-carriers, electrons and hol es,
flow into the junction. Wen an 2BAEK&EROUNDEets a hole as it noves out

of the n-doped region and into the junction, it falls to a | ower energy

level, and rel easess@nesmictbitichRes fOfdm@tn REHY bRy pib@f colsifemanel engt h of
the light emtted, and therefore its color, depends on the band gap energy

of the nateri af¥M P Hertioniss Padciofidn. Thes vads-tpaanipgiesehinclidelsipelgioped

sem con g uc :1@ I gREEE I icGRkcH AGhdidadMitahiiRbR, dsaY8IrS iRgraled EifLRAOT
sem conauct or
which can include many millions of semiconductor devices interconnected on a

single semiconductor substrate. The discovery of new materials for use in
semiconductor device manufacturing, as well as the development of new
semiconductor device manufacturing methods, continues to improve the

15  efficiency of these devices, as well as to expand the already broad range of their
practical application.

Light emitting diodes (LLEDs) are one example of a semiconductor device
widely used in consumer and commercial applications. LEDs contain several
semiconductor materials, including a p-doped semiconductor material, an

20  n-doped semiconductor material, and a junction between the two materials. As
in a normal diode, current flows easily from the p-side, or anode, to the n-side, or
cathode, but not in the reverse direction. When a voltage is applied with the
correct polarity to the semiconductor structure, the junction is forward-biased,
and the charge-carriers, electrons and holes, flow into the junction. When an

25  electron meets a hole as it moves out of the n-doped region and into the junction,
it falls to a lower energy level, and releases energy in the form of emitted light.
The wavelength of the light emitted, and therefore its color, depends on the band
gap energy of the materials forming the junction. Sometimes the n- and p-doped
semiconductor material can include multiple layers of different semiconductor

30  materials. Sometimes an active layer is sandwiched between the n-doped



30 materials. Sonetimes an active |ayer is sandw ched between the n-doped
sem conductor material and the p-doped sem conductor material, allow ng
further cwotzwoliseser bot h the wavel engt h of the phot onsPemiuSk@d/0§™47.
color) and the nunber of photons emtted (e.g. brightness) when el ectrons
nmove t hrough the junction. Active |layers can thensel ves include several

| ayers of various 5sem conductor nmaterials, and sonetines can contain

several |ight emitdddidod AMES and—tﬁ@%—d%édkeﬁﬁéoh&&tdr@ﬁ/a@é’rﬁl,ﬁﬁmhi]gSi ng nmore than
one light emtting |layer are commonly called either multi-well gNNV LEDs or

mul tipl'e quant (thgrtontrelvopy bodEhs way ¢eneghelragpholanEpgitisd ¢ agolesindgl e | ght
em tting |ayer g.n,tB& AghbYR éni%bf@d(e%.r i I Rlh¥n e@@g rél%qw/é mfaé%goubl e

heterostructure (DH) LEDs, or 10 single quantum we . In
order to utili thejenciem adidlryrecasthemed v énchslesewatlayendlizarors devi ce,

el ectricitys ”“%ni?cﬁldﬁ%ﬁ&t&iﬁse,%nc% §6n§e'a‘r’n§§Ea[n%%htllﬂneséve‘?algil-ght AMfinTiRkDE able to

apply a voltage across e structure. Since electrical” potential and
correspondi ng EEBewithedivedapersentnprisingenerthin gnetlighinsfigmg dayet &re ough a

metal | ic mediu S nection. b WGSH Hﬁg talli jum and the
sem conduct or g%?%%% F%%pglﬁ%gggéggé to éhasf%%Pﬁgﬂ%éﬁﬁﬁgﬁ?g%n of voltage
to the struct utMQWIdHIaC s catmsty Fgbonyingfa stngdeliphc andltixgtlayer gt theict ur e t hat

have been prepared.to act as con tion tween the senj duct or
crructare bnd’ Rieie FE bR BT e R AR R ST AT e, ¢ hat
are stabl el@t viagle Qustine WpR(SOWH esDever 20tine, and al so that are stable

when subjected to gﬁri us electrical conditions over.tingégre critical for
the performance andPPEIS KHytice § SERCAUHFIRLHHGRIG adepicericlopfifidse. desi rabl e

properties i nckidelBcismed Be stlé foageo T Phrleg¥.q., 5hébe bBaRyiagpyrd ng, hi gh
production yield, good corrosion resistance, and good adhesion to
seni conduct or sYOIR8C pdessithec e dtet Sings clipristiparhtig and ¢arepranelide nance 250f t he

sem conduct or - §ibEH&d Yifont FBARIAY, dhdterrkd thRAsh 2 flctuiesédtance and delivers
the required current with no voltage drop between the sem conduct or

structure &nd eeEctHEPAPiweamte alckdlicraehimgnd hascpinenduelPetilusHENF p bet ween t he
vol tage appl i egedQaliNG o COMAChppREHiohIEVAMLE BThe RRAFAI GG ddie structure

is perfectly linear.” In practice, a contact generally nust have sone
resi stance, butegmon phecqegnqqné_mct(pﬂrsgv(itt@]@ that have been prepared to act as

connections between the semiconductor structure and a metallic medium.
Contacts that have low resistance, that are stable at various temperatures over

20  time, and also that are stable when subjected to various electrical conditions over
time, are critical for the performance and reliability of semiconductor devices.
Other desirable properties include smooth surface morphology, simple
manufacturing, high production yield, good corrosion resistance, and good
adhesion to semiconductors. An ideal contact has no effect on the performance

25  of the semiconductor structure, meaning that it has zero resistance and delivers
the required current with no voltage drop between the semiconductor structure
and the metal, and also meaning that the relationship between the voltage applied
to the contact and the current generated in the structure is perfectly linear. In
practice, a contact generally must have some resistance, but contacts that provide

30  an approximately linear voltage-current relationship and that exhibit low
resistance are desirable. These are referred to as ochmic contacts.

When two solids are placed in contact with one another, unless each solid

has the same electrochemical potential, also called the work function, electrons

will flow from one solid to the other until equilibrium is reached, forming a

I,



30an approximately |inear voltage-current relationship and that exhibit |ow
resi stance are desirable. These are referred to as ohm c contacts.

When two wol2odsiserse pl aced in contact with one anot her, pomluseai1®amdh7 sol i d
has the sanme el ectrochem cal potential, also called the work function,
electrons will flow fromone solid to the other until equilibriumis
reached, formng a potential between the two solids, called the contact

potential. A cphtafal bdRtNhd @lo SAM, G118 tHeRSHhatpoRdi AN ARShtakGRichRalt he
connecti on between the two solids, and is the underlying cause of phenonena

such as rectif FReiYORSYIHINGPEWERICS PHBC cWALcAer bpveemipy Bro widsesd bhe
vol tage- curr enfyehGhahtRNSNeR bRBReALRch hBAfcaddHin ldSs. 1R cBf@anect i on

between the two solids departs fromideal ohmc contact properties. In
general , to crpeewiabéaypas tecorpltage giright tlatiprshipdoks pon-keepias padhibesthand with t he
nost |inearcan PR LL . aLi Qhshi jals wth a
wor k functi%n goelglg totb'%[h%eﬁv/\gll%‘g(?ﬁj?\@? ?%)%R%)?&?lﬁ(zetalpartngrft%{mléﬁ%ug%nductor

mat eri al on whincgenetak tiohedtcolpnntamgacty with e bevesoreseancas endswitigthe .

10Tr adi ti onal f fabri.cating ohm ntact n,.sepi conduct or
structures, i noptdneg S8 URRHE AL R SR RAE W PRI £00R Ve

deposi ti on of 6meti@rneanweharaork dustiomdiahe pdrgcudar sttheostuctoctnategal cwuch t hat t he

one or nore materjals . onl ouch a ecific rt of the seni conduct or
structure. Gengggfkﬂgf,mf“ﬁ%‘yor‘?&f%?it%li’esﬁ)ggedcf'é%?)oélg ed on the seniconductor do
not yet fonm an ohnTmadilibedpietotls oflfeaRHSE dhaliatintshinBefRbu@eort he wor k
function of each material.is such tbhat undesir e.copvtaﬁct otentials are

formed. Ther ef SFENUEHhRCding SiryquyRs Bitdge fodegqgpq N9 VERCRERNEAP ng process

to chemically ahd@mdrbeariat ghicahis on WRisGheicRNueRaesPORDmgy alter their
wor k functions. Duri ngbjt he anneal, diffusion of the atons _of the deposited
| ayers and t heM@GHEF §UHFICParPicHis R3ft of His seRiPRBI L BRI 0Seetitur e occur s,

causi ng the mat@midlista® dfoXiddbnBE ¥ ndeI6&RTot {3 88 R dn@hhiYc Maki ng the
deposited | ayers part of the sem conductor structure while still allow ng
them to retai ncamgst.beesaed i€lappRpBIPdaIWesh HisevorBiungliongiicad) mHeral & sgett i on of

atoms, anneal i pg, GlRLlER cbﬁtﬁctpr{eﬂi%é 20 (e CMENET GRleRB6A %%W th

different properties than the originally deposited |ayers or the contiguous
portion of thefdBwed beruanacalimggrqeessite eleblisally @ler thesmptarizlyevhadnvday f or med

portion of t helc e@%&nlﬁglg}%aﬁt%’{ th3ir %ﬁ(tﬁiﬁcﬁioﬂévﬂ)%ét?e:‘?n% %i?&iﬁgsi&h(gﬁtﬁe contact

properties. W ing 1s generally esse ormation of an
ohm ¢ cont act, athinghf the dpresiatdinyess apdrthd qontigaue portibreoiithd sededamdtgon nt o t he

S e”? Conduc?g r gMcyu% SSies la%gggi; g nga?erlrellqug J%Illl)y & V%}cyfinegc e%reiesr] egsgr?tialilgs ul'ting
sem conductor evi ce, SUC(f’l asS™ poor
making the deposited layers part of the semiconductor structure while still
allowing them to retain their basic physical shape. By allowing the relocation of
atoms, annealing enables the formation of new chemical species with different
properties than the originally deposited layers or the contiguous portion of the
25  structure, and preferably results in the newly formed portion of the
semiconductor structure having the desired ohmic contact properties. While
annealing is generally essential for formation of an ohmic contact, high
temperatures can introduce thermal defects into the semiconductor structure,
leading to negative effects in the resulting semiconductor device, such as poor
30  performance and poor operating lifespan. Additionally, high temperatures can
cause undesirable changes in the surface characteristics (surface morphology) of
the contact, such as beading and mottling, tending to make an electrical
connection to the ohmic contact more difficult and less efficient. The negative

effects of high temperature are compounded by a longer exposure to those

S



30 performance and poor operating |ifespan. Additionally, high tenperatures
can cause undesirable changes in the surface characteristics (surface

nmor phol ogyd 20f1/t5hs9cont act, such as beadi ng and nottl i n@CTiUSaailog798D make
an electrical connection to the ohmc contact nore difficult and | ess
efficient. The negative effects of high tenperature are conpounded by a

| onger exposure to those tenperatures. Therefore, conpositions and net hods

for formation Qi RANIG. ARBERREE, SoRPosHRML GRNHMEIRToSbIkEoHbEShhiBat can handl e
shorter anneals and that don't require high tenperature anneal s are sought.

For exanpl e, aCUWitHon sSBiFPRBISHN sesturersBy cpmhangy sberr apridliepdthabdevi ces, and

in other sem cgyauetfe d&v&ﬁgéamfesang@ajlg MRkt ride (G&N), frequently found
as | ayers of n-dope doped materiall 1 n the sem conduct or

structure. An ohm CFQ.i,“Gmfmd@’ alO@Hl(lﬁOméﬁwm@hltor pegd heLEBsemigonducier a specific

layer of Gal, {j&ﬂee@’%ﬂﬁ'ﬂl nd<AQREH g@%&}&ag}é\% allidn RfcAR (%aﬁ}‘?tfﬁe' é?ltl N system

is inperative for the ac |everrent ntal ning se
devi ces, 10 i nélundanigydri=oisn-d@od nadiors-dapde niaieridis p dwi seinpgnduictoani um (T| )

foll OWEd. by alé Cpquxy An ol)lmlgr(]:oﬁtac? 1S (%{nn%@aﬂyt%tb% t r UCI uk&: atrlelat he,nost

popul ar in n- corit'ai ni ng sem ¢ evi Ces mf? However ,
the Ti/ Al -bi | ageN, ®ystaempld rsdmmGayI (pmma Aostabbnuentti- GgNts@stmwundem rabl e
hi gh-resi stance conta t aftEr thernp %? at . an |E}§rnediate
tenperature 15"PRAYET Gfr‘il’i‘e ¢ hHe ‘HQ& tC8 RUZSERIERPTUSIT 8IS al um num
oxi de (Al 20@) oiohiiing IADs. k]eﬁtdctmglaﬂ@b;a(ﬂkpbmﬂigaslﬁummm h&los@abact resi stance.
Thi s change ca i i iumnitride (TiN during

be du he formation of titan
t he anneal i ng BIP &1 &19(?‘7“)1&?0 F?twcggﬁﬂ%%é‘}?ﬁtﬂ%ﬂ]\%‘ﬁt to an ohmc

contact and exhichiNtcoata$R@CichiiG@nauidralicéasi/al-Binsen! Makvetannbe about
10-5-10-6 SI cn2 when anneal ed at higher 20 tenperatures. However,

anneal i ng at hilyh-Pidypewstintesbupropaisanvraiftdg an pedesitabls enri conduct or

devi ce perfor MRREScsRhcs &nkRPitler Hﬁérrﬁeﬁ(é%b‘éﬁng“tlt al Bfterthelial (Rpdritd poi nt (- 660
degrees C) and tends to ball up during annealing. Thus, the surface

mor phol ogy 1of 98¢ iy ggulddeq dap é the dyradtieoeitaaciugnipgn guirle eAl@uigh thel n
addi tion, appl \gatdaR (9hn AbYRelLIRLbALY KistAcd N SERhGARFUE LRI oSt ruct ure

i ntroduces 25t hernal “def ects, which also can cause degradation in the
per f or mance of theenzEa ploienion oitridedliMeduriBRIERN DESCRYPTSENIIGE THE DRAW NGS

In the draw ”%t/A}é‘ﬁ'la&Qr s‘% ’l% c&{%ﬁ?ﬁéﬁ{bﬂ&ﬁcg&ﬁw (ﬁ] e R lpeél ke nuneral s

30can descri be su ntl a y sim conponent's roughou e sever al
views. The contact resistance that can be about 10°~10"° Q cm” when annealed at higher

20  temperatures. However, annealing at high temperatures can cause degradation in
semiconductor device performance and reliability because Al has a low melting
point (~660 degrees C) and tends to ball up during annealing. Thus, the surface
morphology of most Ti/Al-bilayer based contacts is quite rough. In addition,
application of high temperature to the semiconductor structure introduces

25  thermal defects, which also can cause degradation in the performance of the

semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale, like numerals
30  can describe substantially similar components throughout the several views. The
figures illustrate generally, by way of example, but not by way of limitation,

various embodiments and examples discussed in the present document.



figures illustrate generally, by way of exanple, but not by way of
limtation, various enbodi nents and exanpl es di scussed in the present

docunent .w02011/1500881 G 1 illustrates a two-di nensi onal @®0@ASRONM08T4DT a
sem conductor structure 100 that is to becone nultiple LED sem conduct or
devi ces. FIG 2 illustrates a three-di nensional view of a

sem conduct or structure 100 that is to beconme multiple LED sem conduct or

devices. SFIG 3 iligst iakefesa L ERAiITRNSIANR i bOSRIkRnYhEW of a
sem conductor structure 100 that is to becone nmultiple LED sem conduct or

devi ces. FI G #yefyre, 50 thatdstodgeome nipltiple d &3 segriqopdugsbisledicesi agr am
FIG 5 illustrates ﬁd@hﬁ@dat&’sf Mbrefﬁuﬁ&s%almi»}f&s%ﬁﬁ&%u&& sBud&@ conduct or

structure using a Ti nmateri al | owed by an Al material, foll owed 10by
anneal i ng. 100 taptcs tOG)GPCPIhftJ@tllelﬁésEDisestp@mdﬁqt@fd@ﬁlb@@dl ment of the pr esent

i nvention, a coMpOSyk ?ﬂlﬁﬂ?ﬂeﬁ?&&%%&@k@&@&@%Qz{éwo 'E‘s‘é fcgﬁiéug% yO” a

sen conductor structure conprisin mat eri a
anneal i ng. FI Gstrugturd | @sthatas @é)ea)lmmclnplecLE@mmﬁomémor@lbvmm pr esent

i nvention, a 15 conl?[%smﬁu%atgs %;b %HOPII f‘sefdoﬁ%f%] ohm ¢ contact on a

seni conduct or structure Usin ovied by anneal i ng.
FIG 8 illustrates HGsﬁ)dmsifmtes embxbod nfefntrmog aft bilenipcesanbninvention, a

conposition and nmet hod of formn m ontact on a se nd ctor
trueture st e R Eat g sRRE TR s sl EATATN | oved by
20anneal i ng0 FbyzannQalidgl ust rates a speci fic enbodi nent of the present

i nvention, a conposjti and net hod of form ng an ohm.c contact on a
sem conduct or struc‘%@ gnlﬂl'ﬁ e aaSp??lﬂ‘i ‘é‘?th?thF@Fqs T BYPrath Al materi al ,

fol l owed by anpgapdsition ardmbiadd\d: EImBaSeRIRTd &dtact on a semiconductor

structure comprising a TiAl,Ny material followed by annealing.
FIG. 7 illustrates a specific embodiment of the present invention, a
15  composition and method for forming an ohmic contact on a semiconductor
structure using a TiAl; material followed by annealing.

FIG. 8 illustrates a specific embodiment of the present invention, a
composition and method of forming an ohmic contact on a semiconductor
structure using a TiAlNy material followed by an Al material, followed by

20  annealing.

FIG. 9 illustrates a specific embodiment of the present invention, a
composition and method of forming an ohmic contact on a semiconductor
structure using a TiAl; material followed by an Al material, followed by
annealing.

25
DETAILED DESCRIPTION

The present invention provides a composition for formation of an ohmic
contact on a semiconductor structure. The composition includes a TiAINy
material. The TiAl,Ny material is at least partially contiguous with the

30  semiconductor structure. The semiconductor structure includes at least one
semiconductor material. The variables x and y do not simultaneously equal zero.

When the variable y equals zero, x does not equal one.



The present invention provides a conposition for formation of an ohmc
contact on a sem conductor structure. The conposition includes a Ti Al"Ny
mat er i al .wOhe11Tis#89Ny nmaterial is at |east partially comrCirgisous/osionh the
30sem conductor structure. The sem conductor structure includes at |east
one sem conductor material. The variables x and y do not sinultaneously
equal zero. When the variable y equals zero, x does not equal one.

The present inventipR REONIifRSGh pBiNQt Hi&hod RF MRhh@Hh @fndAmRhN ¢ cont act
on a sem conductor structure. The nethod includes providing a sem conduct or

structure. TheCdéts ebhtmt@lugerietuice Thagiclhgdnciilenoayged <GaN mat eri al .
The method al sg..4;afaHgESuHERRS b Q&m@onﬁhﬁ%&}%ﬁcﬂg%i?&h@s an MARpd] AANNY

Smaterial is deposited contiguous to at |east | of the n-doped GaN
mat eri al . The magrigiNgherateghod also inslugdppdapesingg 2TWI20MmateaiaR (0@ TAAESY r ons

thick. The yarjahlas, éep%@%él)é\?%%uglgﬁttoai fé’gﬁg éa@fpgﬂH@LQﬁ(&%‘&L@N El’(?{?ﬁal. When t he

vari able y equals zero, e X S not eq one. e nethod al so
i ncl udes anneallha§iAliNg nsegriat Brbprotiortedt 20000 A0 angsiranksehiTh AleNy mat eri al .

The annealing tak | ace 100r. | ess, than pLaxi natel.y 660 to 880
degrees C. Thewgﬁﬁga ﬁﬁ%yggﬁggﬂﬁﬂgggM?gfqgﬂa%?ayﬁggﬂ%p%g%g; %?ﬁ%tely 30 to
60 seconds. zero, tHhearipble selots nanv@nt oen The ovcildd alsa imbtdhoghnbding filer mat i on of

an ohm c contact .on .a sem conduct.or,. ctur.e. .The nmethod i ncl udes
o ovi i g o s oS ST RS HRCr Rk NS R, o8 St B BB B et udes
an n- doped 16aNodibsxahardpptoxinldiy 6@ b Gd0 dagtdddesItdapasilihg tagesgplabe Abrx Ny

material. The ThAlx frrater.ial i%rde osited contiguous to at |east part of
the n-doped GaRdWAYEGIapProximately A W) SR i al i s approximately 50 to 200

angstrons thick. Thenetése@bheation Goddy Lgeth@d fos fdimhdanganshyicequal zero.
When the vari abl e equal s zero, the variable x does not equal one. The

met hod al so i nEIREESD HEPHIUpeigl sEHcwty- dhemeRuhinetitdet Pravidingde al uni num

nmaterial is dep@sidRfdoEnhb@ROUSe t@niddndu@BSruP@fdinQhiddsRE nHopbddiy mat eri al .
The alum num material is deposited such that the TiAlx material is between

the al uni nditn niveisrirla|Tha g thod énchudgorirpasitane it ShindcriafhEhealiddNaum nmat er i al
IS appr oxi mat el 10q04giaeia"8 uEmEH t@_‘{i_,t 1e%£19 arF@FtHQQ-,dg;ILe%mdN‘ﬁhteﬂﬁ.s gnneal i ng

t he seniconductpr structure an e Ti Al x mat eri a 25and.the al um num
mat eri al . The anddimaigrial sleppropinzacady 3 togd00aagssromb gncka pibe oriiabdgsel y 660

degrees C. Theammdtggnuﬁt%%ﬁslg\% aneerrmergfﬁg%ﬂia%% ﬁéqruﬁﬂ%r&xﬁq tely 30 to

60 seconds. resent | tron provides 1 n‘various enbodi nents a
conposi ti on andarmblichabbes wot cfiov med. i 1w nefthadhtsognawies dertositiogam sem conduct or

structure.%gn 0 various . dinments, the.co osi%ion.inclu s Ti Al xNy
e L R
sem conduct or pirt ofaha/ TN eatckiaAl Ridyal@sinuib enaldriAli3 depkRgedconiptai the on can

1) e ol um i T8 A GBSO ALl Bl PR (e
sen conduct or Sh¢ AlGi e, maeen] PRippedinhdia) UEESangstroms thick. The method
also includes annealing the semiconductor structure and the TiAlNy material
25  and the aluminum material. The annealing takes place at or less than
approximately 660 degrees C. The annealing takes place for a duration of
approximately 30 to 60 seconds.
The present invention provides in various embodiments a composition
and method for formation of ohmic contacts on a semiconductor structure. In
30  various embodiments, the composition includes TiAl,Ny material. The TiAI(Ny
material is at least partially contiguous with the semiconductor structure. The
TiAINy can be TiAls. The composition can include aluminum. The aluminum
can be contiguous to at least part of the TiAlNy, such that the TiAINy is

between the aluminum and the semiconductor structure. The method includes
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anneal i ng the conposition to forman ohm c contact on the sem conduct or
structure. The invention relates to a conposition and nethod for

f or mat i orwof20amsedsai ¢ contact on a sem conduct or struct Bce/USY¥ien3™esCri bi ng

t he conposition 5and the method, the follow ng terns have the foll ow ng
neanings, unl ess ot herw se indi cated. As used herein, the term
"contiguity" refers to an area of physical touching or contacting.

As used her ei Nandeligholi®s BImMPeRNbh GUOHS an 618Hi6 Conth@ oR ESEBRbANCcIoPUCHhIi Nng or i n
10contact with, to any degree. As used herein, the term"ohmc

contact™ refer§ﬂF8ma contact that provides an approxi mtely |inear
vol tage-current relfldiNa0bPrid Q@&mﬁ&éﬂﬂoi?'ahémhtﬂ% fo‘%%&rﬁ{aé&f?@f anAn ohm ¢

contact can be used for connecti ng an el ectrical pOt ential to a
sem conduct or shmigepnipe opp sgpgprdyadnsrughurg eV heredesgppingthe eonapositiaet can be

15consi der ed tgncﬂﬁe ngth@? %ﬁé‘?oﬁ&%g?%r&'é hke" tH&foHB@m qi&éésugf? 5sal S0 be

considered to a semc uctor structu herein, the
tern1"senlcondmbmwm&ﬁmﬁumﬂl refers to a senlconductor structure that is

ready for its int enzgs useﬁﬁgreln tltllgp I‘I%S‘COI%%I(:}%)E” rgfrersL{g gn g‘%a ﬁ‘g%hﬁm Clt ronics

conponent, and al so suc T 20in an
i ntegrated C|r¢mmnmgmh&nman@1can refer to, but |s not Ilnlted to, a state
of manufacturing whgrel n. all gZers‘of sem,c eQ% Jecessary for

duc t
Che Tt eaded oper at KoreBhaeiehE RS atisieh, Fads oSttty b T have

been annealed aﬁnﬁfaﬂﬁsaayym@ﬁﬁessary passi vati on has been perforned and
t he necessary conta en fQéﬁgd on the senlconduckor ucture to

ve b
enabl e 25t he appllc§§W% ﬂ?m’t88§@r @F@@Pglgéﬁsﬁﬁi%ﬁF?ﬁiméﬁ?@ S the

structure. Thead gpidx@ditely linear voltage-current relationship and that exhibits low
resistance. An ohmic contact can be used for connecting an electrical potential
to a semiconductor structure or semiconductor device. An ohmic contact can be
15  considered to be on a semiconductor structure, and it can also be considered to
be part of a semiconductor structure.

As used herein, the term “semiconductor device” refers to a
semiconductor structure that is ready for its intended use, such as ready for use
as an electronics component, and also such as ready to function as a component

20  in an integrated circuit. The term can refer to, but is not limited to, a state of
manufacturing wherein all layers of semiconductor material necessary for the
intended operation of the semiconductor device are in place and have been
annealed as necessary, necessary passivation has been performed, and the
necessary contacts have been formed on the semiconductor structure to enable

25  the application of a desired electrical potential across the structure. The term can
refer to multiple semiconductor devices, and to multiple semiconductor
structures ready for their intended use.

As used herein, the term “semiconductor material” refers to a material
that includes but need not be exclusively a chemical compound or chemical

30  compounds, said chemical compound or compounds when pure having an
electrical conductivity between that of a conductor and an insulator.
Semiconductor materials can be undoped, n-doped, or p-doped, and include but
are not limited to, in their pre- or post-doped state, at least one of: GaN, InGaN,

AlGaN, AlGalnN, InN, GaAs, AlGaAs, AlGaAs, GaAsP, AlGalnP, GaP, AlGaP,

7



refer to nultiple sem conductor devices, and to nultiple sem conductor
structures ready for their intended use. As used herein, the term

"senm condwotory/iseiseri al " refers to a material that incl edeashati/osmed not be
exclusively a chem cal conpound or chem cal 30 conpounds, said chem cal
conpound or conpounds when pure having an electrical conductivity between
that of a conductor and an insulator. Sem conductor materials can be

undoped, n-dopggse, 8IC, 81, AR, mdAm\nMgmﬁgl@%oaml@gtsltlmtn@sis e, i n their
pre- or post-doped state, at |east one of: Al GaN, Al Gal nN, I nN,

GaAs, Al GaAs, HPEaASS SEASHSD. AlEaINE, BRaPs, ﬁP@alﬁle Zh§é], AsileGagp,  di anond,
BN, M\, MyO Si Zno,

i e oot SRS gt s A et A Rieb G, I nGhear 2as.

I nGass, | nzGal Aicé‘aSAspl ﬂ%&%p és\hd}m IIf&JA@§b1nA<ﬁ@ﬁ$ I\GaAAJAQ@FGaA@SﬁQP I nAsSb,
| nGasb, AsN, 1nGaAsN,” TnAl AsN, GaAl AsN, GaAsSbN,

5 GaInNAsSb5 oﬁﬂéﬁﬁﬁﬂ$$bﬁahﬁ§sb%ed herein, the term "seni conduct or
structure” refers tgQ {’s‘é& Bér@mnt% e ”kén%g el sulu@tlﬂr':et’ ??E'ﬁté AU nRf

sem conduct or mat er’i can a o) re er to nu l'ayers of
seni conduct or tatted jozk leastlwa@ layer o sersicendngobmeatena, tait szemlmnﬁutpt or devi ce.

The state of b?ncgfc&e Ny 3% &:ﬁ&?u%&)tr%teggl IngFis SEhke %6 Bl Q once a

manuf act uri ng pr 5875957¢o sem con or structure" can
also refer to amﬁanmuanmkwsenTmnwduoﬁMmOME&msamwamhmmmdﬂn@mﬂmdumme st age of
nanufacturg The t fan re r@pg imted ({ tatla er, or |ayers
of semi condict 8‘?“%‘%’%‘ 8““{‘%8%00?%“ CPm£ eéet Ao IR PTST S Fﬁ conduct or
devi ces. The t emmlalsior ®ume pasEesmiosductét HeMi@s ar anSihtetitddiniesadelbdit s or are

to becone a 15sem conductor devic n.the str re or, structures include
L Leaor one R B R Thtnh GibE G M son it Sl Sl gier o of

sem conduct or gantiedridadtor aekidl Bt Blof Betslb&ofe nElldpiEicili@mdadi&Qeliogd. ude | ayers
of other materials contiguous with at |east one | ayer of senlconductor

material for thBS5ER A EAEMPRSFIARITUSHICHT SERFIgRHihAL lﬁgliﬁf%_& CCABAs used
herein, theschemicldudOr dica whdh deXMNcturt 6f &fustut iRWdelableR®bne layer

of semiconductor material, or multiple layers of semiconductor material, and the
structure or structures also include layers of other materials contiguous with at
least one layer of semiconductor material for the purpose of formation of an
ohmic contact.

20 As used herein, the chemical formula “TiAlN;” refers to but is not
limited to a compound or compounds with a molar ratio of titanium (1) to
aluminum (Al to nitrogen (N) of 1:x:y, where x and y can each independently
equal zero. The chemical formula can also additionally or alternatively refer to,
but is not limited to, a mixture of the elements titanium, aluminum, and nitrogen

25  with a molar ratio of Ti to Al to N of 1:x:y, wherein the atoms of titanium,
aluminum, and nitrogen are not bonded together as a compound or compounds
with a chemical formula of TiAI Ny, but rather exist as a homogenous,
semi-homogenous, or heterogenous mixture; in this case, the atoms of titanium,
aluminum, and/or nitrogen can be but are not necessarily chemically bonded

30  together as a compound or compounds, the compound or compounds of which
are not necessarily the same, the compound or compounds of which can but do
not necessarily contain all three of these elements in the same proportions, the

compound or compounds of which can be but are not necessarily intentionally



limted to a conpound or conpounds with a nolar ratio of titanium (Ti) to
alum num (Al) to nitrogen (N) of 1:x:y, where x and y can each

i ndependewOl2g1ieidomb zero. The chemi cal fornula can al sopaadiStéionmaioky or
alternatively refer to, but is not limted to, a mxture of the elenents
titanium alum num and nitrogen 25w th a nolar ratio of Ti to Al to N of
1:x:y, wherein the atons of titanium alum num and nitrogen are not bonded
together as a gHRABOUAL HRoHANIRNAWRESHMuh & vHAEMTak Bl doHoMMcass@fily T Al XNy, but
rat her exist as a honpgenous, sem -honbgenous, or heterogenous mxture; in
this case, the®Hstdpragsieqtior apmmansnt drghem Jasoaneneidinenty sgaéh can be but are
not necessari| yuflRieal e Gol A9RLAGYERSa. ATRAUAHOr compounds,

the conpound or conpounds of whith are not necessarily"the sane, the
conpound or cohpdufdeatatal. whivs hingeme pubodgpeninin sparedeeasipnd of theolindMNa al | t hree

of these el emepts kN eldeohaTGcRbAPR L AATZN hﬂ{%riﬁll?ngWﬂl e g%gggounds of

whi ch can be but are not necessarily intentiona or ne t he conpound
or conpounds ofhawhll ghthgamnges ratito thho thaveecbes Bl dry exexi. dh sfioe  t r ansi ent  or

per manent durati Qo | : I ents, X an di tional.l [

Bt ernat i vel y Bk RETRRTRE SRS e f HEbnaiRbt o piog xny

mat eri al . Thus potionlysmneneasiee dinh@ditsnts ivhers ane ylacocansigaglyatudl heth®i Al X Ny

S5material versus ather |ocations of t i Al X material,.x or y can have
vt ues that -t ateegied Fie TGPy Svebal iR S PR S Hetigtenf o eace 1
sonme enboditrentviert tiie valile @ x WA BRSagef toxaboiit (e peafispetidiaete t he

speci fication of val ue t only enconpasses enbodi nents where x or y are
consi stently efft3fosiigne @eébg%gwmﬂaﬂ é*ﬁg@ﬁpﬂWB Bluts cAUht eri al , but al so

enconpasses enoeféspBittisely AnhabRlih&es foahrh @fspoeifr payt cRvaL&gesx il ypbout t he
specified values as the conposition of the TiAlxNy material is sanpled
t hr oughout i t s&&AePIddeR, ?még;flmé%tbaﬁdlph@r'v@dep i Whish et RNl h a

specific pair @f r¥Bldd&spdisr iud\@nYbe dhid Wb AdanN, aERed, BRHEear e not
forbi dden in which sanp?es of TIALxXNy with the forbidden pair of values can

be found wil? hi AmBodinggisaly opitiepidden fopurhich atlhekNg Baertiddr edesiddee onl y
forbi dden for ﬁ%f S athed TloANY y E@&@hb&lthmaeﬁﬁ%oﬁs@s&%F19ﬂmoﬁ@oMi£h pf values for

x and y throughout the material consistently, or f ich a Ti Al xNy
mat eri al has t heAlfNoribitelehd hasghé fortuddopghu e vadfies wf apdl y asayergeraess ofal ues of x

and y as the Cg%@ihé&@@ﬁﬁos&i‘aﬁo{ﬁh@ﬁ% %Iﬁﬁ%tglﬁegﬁ% sa%nﬁleﬁ%t%%%%@uﬁiﬁm“ghom Its

entirety. 20Reference w now be nade” certarn enbodi nents of
t he invention, eeietppl es of which are illustrated in the acconpanying

structures,and formylas. Wil e the inventiaon wll be described in
conjunctio%gmﬁth tﬁ%j%ﬁﬁﬁéwnggiﬁf%¥%%fﬁ%?ﬂﬁf¥ﬁm %g%ﬁ%%?g %gﬁzthat they are
not intended t mvkntivngexhmgles nfehith am illetrhtbhdmahchbmpanyldg stri@ureomtdr ary, t he

invention is ipten edW%» over all 2balternpatives, nodifications, and
cquval ont s whitEean et ieodap G kbR PRL e DR h R hvont i on as
defi ned by thec@h@rai® cliRek gt @NCRsundérsiob@thapae 4rk aatihtomictl @ limneheenbodi ment , "
"an enbodi nent," . , . L
invention to those claims. On the contrary, the invention is intended to cover all
25  alternatives, modifications, and equivalents, which can be included within the
scope of the invention as defined by the claims.

20 Ce

References in the specification to “one embodiment,” “an embodiment,”
“an example embodiment,” etc., indicate that the embodiment described can
include a particular feature, structure, or characteristic, but every embodiment

30  can not necessarily include the particular feature, structure, or characteristic.
Moreover, such phrases are not necessarily referring to the same embodiment.
Further, when a particular feature, structure, or characteristic is described in

connection with an embodiment, it is submitted that it is within the knowledge of



"an exanpl e enbodi ment,"” etc., indicate that the enbodi ment described can
include a particular feature, structure, or characteristic, but every
enbodi merwo 280/156089not necessarily include the parti cul CTfuSat1/087947
structure, or characteristic. Mreover, such phrases are not necessarily
referring to the sanme enbodi nent. Further, when a particular feature,
structure, or characteristic is described in connection with an ermbodi nent,
it is submttednddalediif thbar ' dftchsueh RaliRQWr&AgE, RthPNgerdké Il ed in the art
to affect such feature, structure, or characteristic in connection with

ot her enbodi meftEcsieHGONsE crbediagps Phetherpr gaicapligibadescribed. | n some

embodi ment s the pr egephe LAKGHALANHRLAMLAR oAid IR LB Aorfief Ll on of
an ohm c contact on a sem conduct or structure onprising Ti Al XNy 5materi al
at | east parti &ngtianoritap gh@w§omta@twntawem§emd1@t@ﬂ@tu@m¢, cempugrdFid\LNvher ei n x
and y do nog Sb%hhaa@f‘e%@'aﬁﬁaﬂf&'&'u &6 Yith P R é&%&gﬁﬁ&uﬁfwﬁe%nw esent

i nvention can be sem conducto Fuctures t i nclude at 1east one

semni conduct or ﬁmi)eqlqmtsmmoeﬂb@@ahmn@SSQIIﬁettrtrt@dpn@mftthelm%@m| on can be
sem conduct or str. ures t 0 re sem conduct or

devi ces 10f or ﬁ%gRF%C%I&“mn?&maxﬁﬂSgﬂgués&Eaﬁau%?gép%fE%U|ts and for any
application fOMmmamﬂmnmﬂndumﬂOSmﬂeanEmn@ms@hﬂ@mﬁﬁhﬂﬂ%ﬂﬁﬂhswﬂﬁ:the pr esent

invention, the t enico duc devi ces whi ch t.he cl ai med

s conduct o - sebRH TR BRbEE Bt STarthiet s eI G bur are
not ||n1tedotoﬂxammnmﬁan&nﬁﬂamngﬁn@ﬁﬂﬂ&m&hﬁgSmrmcqug@gamﬁﬁﬁﬁxs (meta

oxi de sem conduct.or fle ct 15transisto i ce, any diode

ef f n
(a device whi ¢ FEmiFgRdyelpregexice. 9WEHW8QE?EB8E$FBH?I¥ngﬁgmd ?8@??on)

including all bypescoliuddE@syvicdshiRgl @t SlinidisetichfluCl NirtuksiZe@ el ectronic
circuits containing multiple sem conductor devices), mcroprocessors, and
menory i ncl udi RYFORARIC(UHE A6 8¢ Hs bde s §0f ligyiad ROMY(F8oBM v nenor y)

menory. 20In 5Qﬁﬁlsﬁi@ﬁ@hﬁﬁgmﬁmfmﬁetﬁf%%mﬁd&ﬁ&[&dr%@ld dri@ Ti Al xNy ~and
alternatively or additionally the senm conductor structure can contain some

chemi cal i Apur FYMSEDEOYS)SWHVIQEQ?W?% aph@ed @Hpder YAk 40 generafionlyx Ny can or can
not contain Sopg(GReRLEAl in®né Hﬁ&rtlén)tlﬁaﬁdlﬂé 81 @Bés oFiLEDA 1nte§1rate|a|101r@lﬁg the

sem conductor structure can or can not contarn some chenical elenents that
are not 25sem tuindueizot cledosicicatyls canidiningendliplabonisendnétopdeaent ) can or can

not contain 50 crgdlgé&s%?sl aoc#lﬁgqﬁ&&%nctlm AR Ao 'aUé&%%{E@g%Jgg? dese

enbodi nent s, esence e |npur| i es need not ied in order
to refer to thBOF[ﬁhﬁN@b@mmnmyim@msenlconductor material that is at |east

part of the,sem co n“s8rtn°r tc{u‘i‘lgrtlt%ﬁhé’{)rege%t}n%nu%'n%ﬂé*i‘%rf‘h? shaPresent). In

t hese enbodinents, the
alternatively or addltlonally the semiconductor structure can contain some
chemical impurities, such that in those embodiments the TiAl,Ny can or can not
contain some chemical elements that are not Ti, Al, or N, and the semiconductor
structure can or can not contain some chemical elements that are not

25  semiconductor materials, and the aluminum (if present) can or can not contain
some chemical elements that are not aluminum. In these embodiments, the
presence of the impurities need not be specified in order to refer to the TiAINy
or to the semiconductor material that is at least part of the semiconductor
structure or to the aluminum (if present). In these embodiments, the level of

30  impurities present is not sufficient to prevent the intended formation of an ohmic
contact or contacts, nor is it sufficient to prevent the operation of the
semiconductor device or devices into which the semiconductor structure is to be

formed. In some embodiments, the presence of certain compounds in the

semiconductor material that can be called chemical impurities is intended and
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30inpurities present is not sufficient to prevent the intended formation of
an ohm c contact or contacts, nor is it sufficient to prevent the operation
of the sewDcondiseiser devi ce or devices into which the segraseadaosmda?
structure is to be fornmed. In sone enbodi nents, the presence of certain
conpounds in the sem conductor material that can be called chem cal
inpurities is intended and - 10 - sonetinmes can cause the sem conduct or

material to besdapgts cAdatdtl (fhsHASRAASNRL A Y BNRp&I, GSERERcREs 1 Mpurities
enabl es the intended operation of the sem conductor device. Sone

enbodi nent s of 2¢NsEly thequesenqepf Enpurisigs ¢nables the iMendedpeersipn of thei ted to 5
conposi tions agg,relibagdsitee the formation of nmultiple contacts, and are
not restricted to conpositions and nethods for the formation of one contact
or for the formati o¥pnesfenghodingantitcd¢he pagserf invepeon iMhlude but aregnoelbied] went s of
the presentzin IR0nd NGl Hee {m,g)' i net f formati on of
mul tiple co?]t ag(%gédsglﬁag eglg‘ I tlogr%g I yesﬂg%%%?r?gﬁltqlsﬁgef&? gts’pa(rﬁgggnqlt%ti nventi on
enconpass 10 coxnpiosilte amgpoaitidnsratl neteds o teerniationat ¢rorvonkctmkari pl e

Pont acts at Onﬁletfér%%tion of pne cglgcctlg t?Iglfll.n:Elpl}S s%];neteh%o@llfn%ﬁt%%% thie DY ! ON .

i ncl udes conpositions an et nods for the formation of one 6r more ohnic
contacts that exteiodistudosempositens enhdetbddriosthe trgtatian, of whiltidie can t hen,

after annealin and sonet i after oth st eps, be.cut or chopped or
broken or sl i cEeRY BRHSAYORTR sPpdmeal ST ihe SRR B ML ETRES of

sem conductor cdawposiidns dnd thdtfeds fok theXorradiidn 3f ARiphowacta as@ritiaenduct or
structure 100 which, after manué cturing}gi S. conpleted, is to he multiple

LED seni conduct or d8¥ CRROdimenL ol pressmihversion dic et CHREPOFERTAEd by t hese

figures is simikinbie@i thtMEHRALEDE BE of B¥telbhhii@cdlack @i kb ackds hhe thi ckness
or shapes of the materials and structure in an actual enbodi nent which
20are not depi taagPndpcten sagetute. ghickegy then, afieABneRlipgydnd PHRHSIO ABST cut away of

the sem conduch@tr ssdpk Welcdf & ch@Ped 61 Gokeh TRENA ifto it &epdiaiEnsi onal vi ew of
the sem conductor structure 100, and FIG 3 shows a three-di nensi onal

cl ose-up ofl5t heengerndegaripe®res 8t yegueaneectargigyicesn Ip KIS dpbénd B ¢renbodi nent ,

the sem conducypf,nSiLMebHiRdrRE A S0@wHich f#s! QPR g s éo%ngyletécfﬂ | oned by a
m nor 25122, a sapphire 120, and a buffer 118. On bufféer 118 is n-doped GaN

112, foll owed byo bemulgledd senignndpcetoifsaigesGaliie sogicordudtor sfglictmie t i N oxi de

(1 TO 106. At I.a ' ' t | - structure
100, specifi caP(Iepéé %q[ &ﬁiel%]g t% glﬁ%? ,‘[Ps %gfl ¢lg}é§’gt§%r|wg%%%est%uﬁﬁqrﬁgﬂﬁiééﬁhf 12, is

Ti A13 116. At [hedkstsspashapes df yheooaenajprmd strwdterh inTanABialldgbddsment wiichum 114. At

least part b@ H ¥re B30 éeip%'tle%l’llﬁ Fi%st q—3. FIG. 1 shows a two dimensional cutaway of the

semiconductor structure 100, FIG. 2 shows a three-dimensional view of the
semiconductor structure 100, and FIG. 3 shows a three-dimensional close-up of
the semiconductor structure 100. In this specific embodiment, the
semiconductor structure includes a diffusion barrier 124, followed by a mirror

25 122, a sapphire 120, and a buffer 118. On buffer 118 is n-doped GaN 112,
followed by active area 110, p-doped GaN 108, and indium tin oxide (ITO) 106.
At least partially contiguous with the semiconductor structure 100, specifically at
least partially contiguous with the n-GaN 112, is TiAlz 116. At least partially
contiguous with TiAl; 116 is aluminum 114. At least partially contiguous with

30  the semiconductor structure 100, specifically at least partially contiguous with
ITO 106, is TiAl; 104. At least partially contiguous with the TiAl; is aluminum
102. Visible in FIG. 2 is TiAls 117, at least partially contiguous with
semiconductor structure 100, specifically at least partially contiguous with

n-GaN 112. At least partially contiguous with TiAl; 117 is Al 115. After

—11 =



30t he sem conductor structure 100, specifically at |east partially
contiguous with ITO 106, is Ti Al3 104. At least partially contiguous with
t he Ti AL3wD=0dalmsaum 102. Visible in FIG 2 is Ti A13 1PCI/ustolheamu7
partially contiguous with sem conductor structure 100, specifically at

| east partially contiguous wth n-GaN 112. At |east partially contiguous
with Ti A13 117 is Al 115. After - 11 - annealing, which changes the

chem cal conmpogidehiy, Rhich BEanPBLBE éRhSoal EdMEH BRI 6PMEHEBhIsShe uct ure 100 can
then include three separate broad ohm c contacts in the | ocations where the

Al and Ti A13 hgdnigdacipioeatier, 108 sarihen talupy thicpseppie iprd orgig and 104, and
114 and 116, apthcagh Hfé'l&'&ti%&ew&l% thé f%'i‘%ncPﬁAi Halaﬁéé}t 108%619&e8ﬁ8a1§/' S0 be

chemcally nodified by the anneal. After annealing, and sonetinmes after

ot her steps, thE adriiléoifdaed &4, snd Uidtand é16.00d insluting theqortians ot hopped or
broken or slLiced,i ~ ERAY e I u I devi ces,
for exanpl egsi ﬁgﬂ%ﬁ’@ﬁ%%@ eatl:%tﬂ ggﬁfgﬂloglﬁﬁg%gta}l%}d{é %%%ag&g%?ﬁ’ acts. Sone
enbodi nent s of andremetimseaiter ptheetdps.che encomgager sangtugdd éghafculOcont i guity
bet ween the sem conduct qr ructure and the Ti Al X ihel uding contiguity
of only a 1w Sgne ghaERRtIBE) M REhllRs fi il HLHEEDP 00T of

sem conduct or semcuts,tfmr@ca@pt&_stﬂgelafEdAlE?mg/eaclSommmn@oﬂltgpkarrtlmméorﬂtdc&s. present
B e L
sem conductor &sikhiucChdiven tRoRBi@IatirRBMsSe ahd thBaipes artudingvent i on
additionally or alternatj ve%%(, encorrgass cont.i gui t.%/. be%ﬁeen the Ti Al xNy and
mul tiple speci FIRUEPBT ¢1io8Rst 151 A @ ‘f?&ﬂ%‘{lgr‘)f TRHPTHY © _ Sﬁuﬁ@?sa?f | east part
of the sem c?n@&?&&fdua_tnrm&tgfe@.nd %@iﬁmgdsmém&fdirﬁm SfVEHY &gegm Is a
conposition for formation of an 20 ohm ¢ contact on a sem conduct or
structure, conPVFHEiORGNEPMAA SeRjeuR it ishetvgen thegld flapid operspeclignt i guous wit h

the sem conduch@iosbif Uafdbh&uctoMeli@iaNhd iddedt shet JTe ssish&Rpgousl y equal
zero. In sonme enbodi ments, when y equals zero, x does not equal one. In

sone enbodilfrenttEicturg;some pmpeslimenss pldhsuparent eenfipmpddigonstly F i al and t he

senm conduct or : i - at ) i i i.th 25
o oped Gan 1 IEHEVHY Epc Bty hERTLn REIIARY GRTRIGH kXl ! N

mat eri al and t hertisesmf sondotsiuotor wptendithat é 4t rebtpde of die s¢aigendupar t i al
contiguity Wth. e
One embodiment of the invention is a composition for formation of an
20 ohmic contact on a semiconductor structure, comprising a TiAlINy material at
least partially contiguous with the semiconductor structure, wherein x and y do
not simultaneously equal zero. In some embodiments, when y equals zero, x
does not equal one. In some embodiments, the contiguity between the TiAlNy
material and the semiconductor structure includes at least partial contiguity with
25  n-doped GaN. In some embodiments, the contiguity between the TiAL Ny
material and the semiconductor structure includes at least partial contiguity with
a p-doped GaN. In some embodiments, the contiguity between the TiAINy
material and the semiconductor structure includes at least partial contiguity with
at least one portion of the semiconductor structure. In some embodiments of the
30  present invention, the contiguity between the TiAlNy material and the
semiconductor structure includes at least partial contiguity with more than one
portion of the semiconductor structure.
An embodiment of the invention is a composition for formation of an

ohmic contact on a semiconductor structure, comprising a TiAl,Ny material at
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a p-doped GaN. In sonme enbodi nents, the contiguity between the Ti Al xNy

mat eri al and the sem conductor structure includes at |east partial

cont i gui twowntihseisol east one portion of the sem conduct @cTAiSeaasme? | n
some enbodi nents of the 30 present invention, the contiguity between the
Ti Al xNy material and the sem conductor structure includes at |east parti al
contiguity with nore than one portion of the sem conductor structure.

An embodi ment bRl PMARELRE with (% CARAGIdrQRudat, \{/&Eé{ﬁlﬁﬂeon of an ohnic
contact on a sem conductor structure, conprising a Ti Al xNy material at - 12

- least parti &MiguisohRtyepudesTidil Ny natraiab e eoHUONSIC G SHIGEr e, wherei n t he
contiguity bet }?{%Rﬁeée{?‘f‘ea&%}tfﬁ\bfonﬂg&l?f dzlﬁl at@é!@t otnB SoRBNLEQRAUEQN oSt ruct ure

i ncludes at |east partial contigUity w | east one portion of

semni conduct or mateelﬂll vatichyindbh ug@peqb@ dﬂ@é@[@éa dOPP-dde@réln tgrundopiglped, wher ei n
t he undopeds 5 r. both its
pre- or post dggg ggng? nﬂ%‘?@ﬁn&(}'ﬁ%& lltla h&aﬁ%&g@%\l& %Al%éﬁgﬁﬂoml nN, 1 nN,
GaAs, Al GaAs, tht@aﬂsast GacAd POrald [@ahNPAIGEANPAIMIGIAPNZG &8s, &HG@%S Si, dianond,

A s, ne A B O Al Y, ZBSSsic 8 Ganddf NN D)0

| nGaP, Al |l nAs, Mk, 810, 78D, LQ&Q@NJCAE@&FAS NAGIRP, C,1As Sitje, AﬂﬂEaSMS Al GaASP,

Gal nagsop. P R BRE Bt oF ot Ehen o 6T MBABosi £1 on for

formation ¢f aRuAHNEACRNARGD, RGP, FATSE ARAMH QﬁGa%ﬁIsﬁ)U&fIh'A@ conpri sing

Ti Al xNy material at 15l east partially contiguous wth the sem conduct or
structure. | n 3§pEAbEHATRININAIAIaNIASN Ny AsibRr GalnNAsStapr | east partial ly
contiguous wth, fnﬁ em conduct or structure prior to or during at |east
part of an annealing process. |In sone enbodinents, the Ti AlxNy material is
added usi ng at | easfnaime embommentfqﬁlthedmﬁmgon iatenmpodityndpr iepasntof on,

phsical vapor  SSRRELM 80od P Bl PSRBT PRt B AER, (OO

formati on of afeaﬂlpantlallﬁcnmtigmus Mhahmmmmdxmtsmuctm‘er Ircdouree, conprising a

Ti Al xNy nmateri al contl ous th.the sem conduct or
structure, F@P%?eq%%%&fﬁg %S]LR at:sle iM CORURYRPS ‘E’@met'ﬁout zero. In
anot her 25 erfbmﬂmfmﬂhctoﬁdﬁﬁctﬁtefﬁcﬁr toedr@ttind atll@shﬁh\weﬂﬂarﬁﬁﬁlh@@r@misﬁ y 5 and
4000 angstrons_thick. In anothe he Ti Al mat er i s between
approxi mat el y Boonssbegise tﬁgtg‘f &bﬁ;@trﬁq@i@l isjagf %tnﬁé‘ éﬁ’iﬁ%?d@%t the Ti Al3
material is betowg@mgappmXhyertigdoyitioh), pAnsca? 040 ag@sikib® BV IHNbICK. In anot her

enbodi ment, the Ti A13 material i s between approximately 100 and 1000
angst r ons {2 fi cghenjigpl vapor deposition (CVD).

In one embodiment, the present invention provides a composition for
formation of an ohmic contact on a semiconductor structure, comprising a
TiAlNy material at least partially contiguous with the semiconductor structure,
wherein x is equal to about 3 and y is equal to about zero. In another
25  embodiment, the TiAls material is between approximately 5 and 4000 angstroms
thick. In another embodiment, the TiAl; material is between approximately 50
and 4000 angstroms thick. In another embodiment, the TiAl; material is
between approximately 50 and 2000 angstroms thick. In another embodiment,
the TiAl; material is between approximately 100 and 1000 angstroms thick. In
30  another embodiment, the TiAl; is material approximately 200 angstroms thick.
In another embodiment, the TiAl; material is approximately 150 angstroms thick.
In another embodiment, the TiAl; material is approximately 100 angstroms thick.
In one embodiment, the present invention provides a composition for

formation of an ohmic contact on a semiconductor structure, comprising TiAINy
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30 anot her enbodinent, the Ti A13 is material approximtely 200 angstrons
thick. In another enbodi nent, the Ti A13 material is approxinmately 150

angst r omswORpnokisodsa anot her enbodi nent, the Ti AL3 mat er Pall/tisg01approoxi nat el y
100 angstrons thick. I n one enbodi ment, the present invention

provi des a conposition for formation of an ohm c contact on a sem conduct or
structure, conprising TiAlxNy - 13- naterial at |east partially contiguous

with the sem coRUHELtQlcaihMaLIVESi IS MBihNhd REGAIRGSIstrbQief Widdigr 1 ncl udes
an alum num nmaterial, wherein the alum nummaterial is contiguous to at

| east part of theompoyitiqufuither Eciugps an gurginps|napiestpl. svsesén thealuminuge Ti Al xNy i s

between the sem,cARdUEsRLuGE YGIHE AW HePEARR] HTleRYMM L RuigRpt her rel at ed
embodi ment, the alum numis added using at |east one of the follow ng:

atom ¢ |ayer depbsiimerrihe piyisV,dabetvepdhe gaposiledtorupeyppnd e cheri cal vapor
deposi tion (CVR) il ARMNEE » I?E@Erﬁgocﬁrﬂgﬁqhg@lﬂltnfnu g a@dﬁggkd@%gﬁ lt'ez%t bet ween

about 5 and 40 angstrons thi n another relate nt, the
al um num i s betwednhefobowin@ 5o day20dpoangs phos! vapdrdepoditmonl@Vanot her

rel ated enbodi nent.. .the al un num e e 750 .an 250 angstrons
thick. In anot ﬂrecrhel}néclaa‘faggr%je %tgolnr{:acﬁltﬁ ﬁl\ﬁ%noa eﬁ?ﬁ?a%drﬁ@so d%%ep%é%(el matel y 1000
angstrons t hi ckluminum is bétwesmsteuehbadiOng atgs rothethpike $emtothenvedned on provi des a

conposition for formtion of an .ohm c caont on sem conduct structure,
combrisi ng i ARy ASiper PR Pl 3R ER R0 BFRIEE0 R ©he

sem conductl@r sidtheg ki€l enbvdiing thd@untinAinX\yetwadnebbal 750 andetseeen about 5
and 4000 angstrons thick. In ﬁgother eq?ﬁdinea%, the Ti AlxNy material is
bet ween appr ox APy hEs- Ihgromspeslal fren. e AUMIpEM S IPHINMAK o di ment |
the Ti Al xNy i siduetaneernapreiexi mately 50 and 2000 angstronms thick. In

anot her enbodi nent, the Ti AlxNy material is 20 between approxi mately 100
and 1000 angstrons PAPER empelingijs K PreseR) FHCREMPIOdS aFPRPIWP 8 eri al i s

approxi mately ZRRa@attah OARictdBh&d onlaRc@RBANRIOr SRRANE, WBMbrisihd e ATINY XNy
material is approximately 150 angstrons thick. In another enbodi rent, the

Ti Al xNy nat2ri BRLCTigl a4 sayl pRIUGRY eyisu@e Vagat seore ik rugtyrst Werciembodi ment
of the present th!e!’[Y&Q%ﬁ&teﬂélqyﬁéméenaab&ﬁmﬂé b Pl RimsaBLL! hb@e, of an ohm ¢

contact on a sem conductor structure, conprising a
embodiment, the TiAlyNy material is between approximately 50 and 4000

angstroms thick. In another embodiment, the TiAl Ny is between approximately
50 and 2000 angstroms thick. In another embodiment, the TiAl,Ny material is
20 between approximately 100 and 1000 angstroms thick. In another embodiment,
the TiAlNy material is approximately 200 angstroms thick. In another
embodiment, the TiAl,N, material is approximately 150 angstroms thick. In
another embodiment, the TiAlyNy material is approximately 100 angstroms thick.
Another embodiment of the present invention provides a composition for
25  formation of an ochmic contact on a semiconductor structure, comprising a
TiAINy material at least partially contiguous with the semiconductor structure,
wherein x is between about zero and 10. In another embodiment, x is between
about 1 and 10. In another embodiment, x is between about zero and 5. In
another embodiment, x is between about zero and 1. In another embodiment, x
30  is between zero and 0.5.
In some embodiments the present invention provides a composition for
formation of an ohmic contact on a semiconductor structure, comprising a
TiAlNy material at least partially contiguous with the semiconductor structure,

wherein y is between about zero and 10. In another embodiment, y is between
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Ti Al xNy material at |least partially contiguous with the sem conductor
structure, wherein x i s between about zero and 10. |In another enbodi nent, x
i s bet weawoabowmso®9and 10. I n anot her enbodi nent, X i s PETWSM1ARMYT zero
and 5. In another enbodinent, x is between about zero and 1. |n another
embodi nrent, x 30is between zero and 0. 5. I n some enbodi nents the
present invention provides a conposition for formation of an ohm c cont act

on a sem condugddf 28 EHCS. Uh @nothQERIbLEREL, § ishelehMbsREL & Al 1.21n | east
partially contiguous with the sem conductor structure, wherein y is between

about zero andaidher prbehgeHey isdrtsan mavt 7organdd-bet ween - 14 - about zero
and 5. In another eshoidEM of He béseﬂ?itngglgleréﬂﬁﬁfdga%%ﬁ%dg&qo%aﬁbﬂ%)ﬁ?ﬁt her

enbodi ment, y is between about zero and O. - odi ments o e
present i nvent pophiiachniehs om a sespihondlu¢tor stfugtura ooprisofe thrsterhefiaonesdng act on a

sem conduct gr E%&gﬁ&sg{?%for%%%ﬁ %)Pgl i SR H 2 2MNERLAG suﬁctﬁreF?gOSi tion

for formation o c contact on a sem conductor structure,

conposi ti on cotherpmpesificn chinptisinga IatleY,imdterad afl lems parpalytcoatidupucwith i guous

with the sem conductor, structure.. In : di,nen h m, conduct or
structure can gsglﬁnlﬁg%qugﬁr éalﬁlcél ¢ elﬁﬁ%?lgg %?%CE%%R ’é%esse{“ﬁdgﬂél}gg)ﬁt ecél%nges Cto
1500 degrees Crandte ansgbedtaharnpboute MUEE than S06A0zras @l @dS0Clegates @pout 800

degrees C, at |less tha ut degrees, C at less th about 500
dogrees ¢ - wRRuR Rt dB0ER B REEChEpaRD afied TRk et hod o
formati on of ambcahedOcdeg@Bd @Cdr a0RsAthS&E RoGOIVde oEs St ruct ure, conprising the
step of annealing conposition for formati on of an ohm c contacf on a
sem conduct or struﬁrﬂli’%?m‘frﬁ%‘)fég‘?’rﬂ&emW&W“%Hﬁﬁdgf‘ﬁﬁ’t@g%r&??woﬂﬁ{ erial at

| east partial | yn gt icGMdSn Whdicdhluhier SRITIESD BotSsa e (B §tefCoflinfealih) SOME
enbodi nents, the sem conductor structure can be anneal ed for approximtely

0.001 to 10 ni AGRBROSIOBFOr{Amagen AEhNIGCRIEc on ichiieWEUCPIGHUGRIS oxi mat el y 1

to 5 mnutes; ﬁl@rcoﬁﬁ&ﬁt@ﬁicﬁﬁllbﬁéiﬁg A TR Baterd 4P 1@@945%411@;%@@&0%&19 60
seconds; or for approximately 0.001 to 1 mnute. In some enbodi nents the
present i n¥ent hercpicerRdudes staichss: HB dome pmb@limeinae sshicondugipr sHyaEe cont act  on

a sem conduct o, elafilathaGor HBRRIMRLPE.0DNR FhERGES or PpRYIMHIAYS T

sen conduct or structure, vvher.el n the sem conduct or structure’ | ncl udes an
n- doped GaN nat@mimics; ideprpsixiinpglyd @idAhirpgs; hertappioaimagednt ingardgort o at | east

nd. anneal i ng o 2gnosRa TSy FId KRRuRBy RUOOUFRAG Y ) 27" ol ot o
enbodi ment, x is egmabmtembdxbutnt3thapcsynt iverigugirovtides aloatod for
20  formation of an ohmic contact on a semiconductor structure, comprising the
steps of: providing a semiconductor structure, wherein the semiconductor
structure includes an n-doped GaN material; depositing a TiAl,Ny material
contiguous to at least part of the n-doped GaN, wherein x and y do not
simultaneously equal zero; and, annealing the semiconductor structure and the
25  TiAlN,. In arelated embodiment, x is equal to about 3 and y is equal to about
zero. In another related embodiment, the TiAliNy material is about 200-2000
angstroms thick. In another related embodiment, the TiAl,Ny material is about
200 angstroms thick. In another related embodiment, the annealing process
takes place at about 800 degrees C. In another related embodiment, the
30  annealing process takes place at less than 660 degrees C. In another related
embodiment, the annealing process takes place for approximately 0.1 to 10
minutes. In another related embodiment, the annealing process takes place for

approximately 30 to 60 seconds.
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zero. In another related enbodi ment, the Ti Al xNy material is about 200-2000
angstrons thick. In another related enbodi nent, the Ti Al xNy material is
about 200werngst1serss t hi ck. I n another rel ated enbodi nenPCTiuseo1ansm™at i ng
process takes place at about 800 degrees C. In another rel ated enbodi nent,
t he 30anneal i ng process takes place at | ess than 660 degrees C. In another
rel ated enbodi nent, the annealing process takes place for approximately 0.1

to 10 mnutes. In aRRiReEmbediAktRb AthRdtMBMentidifoRBNCAhRG fBF OCess t akes
pl ace for approximately 30 to 60 seconds. - 15- Another enbodi nment of the

present i nvent fHEIG2H8MEE CRBEHEH afSeMICPRIUGHL PHITIES. cCamPBHRE Becontact on a

sem conduct or §EEUGT MERding QURACSAARGoF HRicREERReR]r thPidMEHaido@ Sem conduct or
structure, wherein the sem conductor structure iIncludes an n-doped GaN

mat eri al , depostiuciuigyingludgsAnondoppcteNinziterBl, deppsitige o TsAkNy metetidast part of

t he n-doped: GapN, .. i i I | zero,

deposi ting ?AI g&onrgl fg{ig%% l%gﬁgigt #é%g}[ tgcrl?ag?&]%(ﬂ%ﬁ$%§\{j¥l€§fw§uch that the

Ti Al xNy i s bet vieeharteheslydquahatrd, Hepositidg pé dorGghyusamal leasnsad aftlee t he

sem conduct or rugct ur . i Al X i nd, th terial. In a
rel ated enbodi ?f}e‘%%k,?y’ ilucﬁéh%gglﬁﬁ%%yfg%%t%e nﬁ%’t?\%ay tlhgn'élaé% ﬁiag out 10 zero.
I n anot her r el atredirerbognrientiyctériseudindlaxdkhe MaARN] mhtefid aadh dgtA150- 200
angstrons thick an he Al terial is about 100Q angstro thick. In
Anather el at ot BRBLdr Reted TS hfinear fgtbbotedd PIREETREMU T st ¢ han
660 degrees)C. zdro. RNAbMEr refaeldah®ddigrio the TEALIN, fberinngali 3192(or ocess t akes
pl ace for approximtely 0.1 to 10 m putes. anot her rel ated enbodi nent,
t he anneal i ng i@ﬁ?%%@g‘ktaa‘ig@ %I%eélap ‘Sﬁg%ﬁb@ﬁnﬁﬂfoémvhlﬁb n8H°Seconds.
Various enbodi ppddenfodinhia, Picemaedlink PrRE: itks PlaVdt d8s thamebh@dref C.

manuf acturi ng an LED conprising: use of a conposition for formation of an

ohmi ¢ contact Bngthseivatcdsabetigiens thegaraitag Prohth ke Rigredormi Al xNy mat eri al

at least parti gldrdxi@@ehkioueud nihbs. TR EnSBPQARALGQlimSdt HE btk AingWher ei n- x
and y do 20 not simultaneously equal zero; or conprising a nethod for

formati on 6f apostsiakecRipeder 2paroxEnddPe srifeewds-st ruct ure, conprising the

step of annealing ayGQRPeRbddiAPntd OF thl Pefil in0fhRh pRRiRAM G &I act on a
sem conductor structure, conprising a Ti Al xNy matperl al at least partially

conti guous wi t hmandfectereng aaddduetmrisagr wevin eompulsision ifer fxrnztidn 9f ado not
si mul t aneousl yol%ﬂi‘d%l)ntécq bR4a s&hiconductor structure, comprising a TiAl{Ny material at
least partially contiguous with the semiconductor structure, wherein x and y do
20  not simultaneously equal zero; or comprising a method for formation of an
ohmic contact on a semiconductor structure, comprising the step of annealing a
composition for formation of an ohmic contact on a semiconductor structure,
comprising a TiAl,Ny material at least partially contiguous with the
semiconductor structure, wherein x and y do not simultaneously equal zero; or
25  comprising a method for formation of an ochmic contact on a semiconductor
structure, comprising the steps of providing a semiconductor structure, wherein
the semiconductor structure includes an n-doped GaN material, depositing a
TiAlNy material contiguous to at least part of the n-doped GaN, wherein x and y
do not simultaneously equal zero, and annealing the semiconductor structure and
30 TiAlNymaterial; or comprising a method for formation of an ohmic contact on a
semiconductor structure comprising the steps of providing a semiconductor
structure, wherein the semiconductor structure includes an n-doped GaN
material, depositing a TiAlNy material contiguous to at least part of the n-doped

GaN, wherein x and y do not simultaneously equal zero; depositing aluminum
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25 comprising a nethod for formation of an ohm c contact on a sem conduct or
structure, conprising the steps of providing a sem conductor structure,
wher ei n twe 28amiseasaduct or structure includes an n- dopedPGaNSe@i®879aT ,
depositing a Ti Al xNy material contiguous to at |east part of the n-doped
GaN, wherein x and y do not sinultaneously equal zero, and annealing the
sem conduct or structure and 30 Ti Al xNy material; or conprising a nethod for

formation of ap.RRA GnEARLAGr RAst Par® 6IHE PNAUG! gfchsﬁart HEUWAENGRNPri sing the
steps of providing a sem conductor structure, wherein the seni conduct or

structure incl befeeendhe puprsatncan ihdensd CaN; anfle pansplineihe snisoniyayr mat eri al
contiguous to ét}uchﬁ@a{dtﬂéﬂm Iﬁda&lamaﬂﬂﬂeeguﬁﬁmmlﬂmgﬁﬁl n x and y do not

si nul t aneousl y equal zero; depositing alumnum- 16 - naterial contiguous
to at |east part ofVarpas WM@(NyntS Qﬁ}bhpllewat Iny¢sioTpAIvicki comppetione®n t he

al um num a wl%%lgcttg(%lﬁlg?ban rﬁ%‘ijt R 'c&r}g%ﬁsn% ﬁ{é@%i??&% Et ructure

and the Ti um num eria ari ous e od| ment s of
t he present |nvﬁemtqhmncm’rwt@teasznummpmgmtsm;crtumrC@lgmsmgmﬁtstdpoﬁned by any one

Of the met hOdS C%Qiprla COII}%OSI?OH%E PO?I%&‘%% ofa r(‘)ﬂi%ltClC 1[11‘2218 1’1% eI?lng‘lllCﬁlC&)?nt act on a

sem conduct or STTUC ure, “conprisin of "anneal| a corrp05|t|on for
formati on of asrechm, «:ompmmm TMIXN; nsaefrnatamehscpaumllstcomcgmummltmmerprl sing a
Ti Al xNy material .at | east artlg ‘é glguousﬁnytth tre m conduct or

i

structure, wher@NHRUGHTYHE: HBE SOLETY GRS ot 10
conpri si ngla medd@ i doQrmdtasdat fodfat@ih ofan Ollilﬁic@oﬁlﬁmbaﬁfserﬁi&o@uS@m conduct or
structure, rrgq_%m ng t he .sttgg of proyj.din ﬁm conduct or  structure,
wherein the se Ro Pl foyms " Iﬁ?roépf%’ g nﬁ‘ﬁ)n U EEC NS R i all
deposi ting a TinAlsshitoRREBF itlcnBORtugison $- do@ecaGaNm%napaéﬁosﬁhgtahe n- doped
GaN material, wherein x and y do not si rrultaneousl%pﬁ zero and

anneal i ng t he T%%%%ﬁéﬁﬁé‘?@ﬂu@{sﬁ%@tlﬁﬁs@aﬁrﬂfﬂ%eﬁédoﬂe %rial; or

conprising a myhhes QB y fdérnmﬂngﬁar@&us%éﬁﬂ%fb mna@ghngﬂqea seni conduct or
structure conprising thé steps of provi a sem conductor structure,

wher ei n t héd seffindgtduepioirugtre @t dfreeT iNhEl @a@gala@r wnREpeg 2 eglofdtrer i al |
deposi ting Ti AtiifsUHah GHARS oh@c@h al s8RARbnRRIk s@fcdrEorfrARett &l wher ei n

x and y do not sinultaneously equal zero; 20 depositi ng an aI um num
mat eri al conti guwogding agemicerkittopsiructugd, Wthhl@uflthwemgondsmltstmﬁate the Ti Al xNy

i s between the, al yni A QQGgﬁ%#en%?%Egosﬁ%g‘ @glﬁ co%ggl%ﬁ lela?t

sem conductor structure and t um mat eri al .
Vari ous enbodi nithe s-dopedt e, prhesant andrw@"ntqt&muqhawuﬂﬁecaml LeED corrprl sing: a
conposi ti OQOfor faormatign of an ohm c cont

25structuré, Cge OIsl 1S ?"ln B um]flu% mmrlal C(%ntllgu UISEE ?t l?asta%atrt o%ﬁeffﬁ%?ﬁ; S(lll(é)hnt I guous
with the sem cmaduhetFMI LS LB blmvemﬁhe whaiminnand taddyped GraNObinds amhm@neousl y
equal zero; an LED pre Eﬁ of th E}ho S. co rising: a
method for f or BECPBROsReRR tpfredudhy St Rmueriar EbR alumin Bedul oy o,
conprising the stepvaiouabmnbalimtgs af thOpRast invelioh pfovidenAmiEDon of an ohm ¢
contact on a sem conduct or
comprising: a composition for formation of an ochmic contact on a semiconductor
25  structure, comprising a TiAl,N, material at least partially contiguous with the
semiconductor structure, wherein x and y do not simultaneously equal zero; or
an LED prepared by any one of the methods comprising: a method for formation
of an ohmic contact on a semiconductor structure, comprising the step of
annealing a composition for formation of an ohmic contact on a semiconductor
30  structure, comprising a TiAl,Ny material at least partially contiguous with the
semiconductor structure, wherein x and y do not simultaneously equal zero; or
comprising a method for formation of an ochmic contact on a semiconductor

structure, comprising the steps of providing a semiconductor structure, wherein

the semiconductor structure includes an n-doped GaN material, depositing a

- 17 -



30structure, conprising a TiAlxNy material at |least partially contiguous
with the sem conductor structure, wherein x and y do not simultaneously
equal zerwg 20r1/5008pri sing a nmethod for formati on of an @®OFUS2@0MB™ET on a
sem conductor structure, conprising the steps of providing a sem conduct or
structure, wherein the sem conductor structure includes an n-doped GaN
material, depositing a - 17- Ti Al xNy material contiguous to at |east part

of the n-dopedrGal, WieiLitshi¥udRd yt199&Mof$ndmh%@@qpu8lvﬁer@iﬂ%hd;er0, and
anneal i ng the sem conductor structure and the Ti material; or

conprising a né¢ ﬁ%lmléﬁaquyﬁlbfﬁﬂlﬂaéﬁerafanéﬁn@ﬁmgcth%ﬁﬁrw1%1du%ﬁr HusEmid@dnduct or
structure CO”D{He%hA'gNt N8eRH SR oRbrHRALY lngﬂha&l ff f&ﬁml&rp&%%ﬁﬁc Qfatuct ure,

wherein the sem con UCtOI’ StI‘UCt ure 1ncludes an n- ope GaN materlal
deposi ting a TPARsdwicordreri diucerrromggos thesteas of rsadding asemigpndugier n- doped

GaN rmat eri ak, Mﬁ[u?&% Yiref e Xen‘fl?on’&ﬁ&oxs%tﬂt‘ﬂuie%ﬂﬁ&&&' ?ﬁg&ﬂﬁﬁ;&y deposi ting

an alum num materi al contiguous to at |east part o , such that
the Ti Al xNy i sniaetlm]eé@pomheg awmhmtmcwmumd@géwswofm -degpadeal i ng t he
10 sem conduct § U the, Ti Al x r| al I m num

mat eri al . %ﬁlﬁé%ten‘f hg]feﬁi %ndayt %0 r%:oct)Frlf)nostfl e|Olc1)n e%{la%jz Al dg%gltl% "t or i ng
ohm ¢ cont act s alufiGs méteSalicbhtigadusad et Isppepirf ofche AN, Nl thaothe t he pr esent

i mensi onal out Sye: et ¢ Pt e R R A PaNGuB Y Bl e vl evant

junctions m@t wasiticsmab@or sadustureaind tmnAILSIpﬁiatehelpfneﬁ&rhuurmhﬁnamérraet y of the

sem conduct or mater he full struct t.hus. t he ter| als could be
di fferent shapes oﬁ@% zéegﬂfuﬁtratt‘?'n‘éor?ﬂfflslluo’ést qﬁl}oélsf) H''/E @ﬁéﬁ%@a&r si zes as

they are shownrass. 6w ifthdaDte spedfic embodin¥htLofANPresehf inPentlbs adviah@geous met hod
of form ng ohm c contacts on n-doped GaN (n-GN) sem conductor structures
which is not al? lEbBEiHEREoGR alziow%e“}ﬁrtlé@é‘H’Benﬁlﬁ(}féﬁt‘ﬁaHﬁysl SBO¥RBWN in FIG 5,

and incl udes f pfambigone Menfed olsBOL HDEBIAL jufiéiiond fe FBRT Batbi¥Ad, 8hdcad00
angstrons thick on a senm conductor structure conprising an n-GaN 506

materi al , 9l | Boldepreppnt theertigrnat the sergeondreins mumiahin Ge fal sumopreadys oxi mat el y
1000 angSt [ OB 1 %a@éﬁaﬁtcohlﬁ%é hlfﬂ:ﬂ{nrt 'sk@abltsyor%f%@st in YHOUE st\MJuHe Hﬁﬁ tﬁe' tani um

material 504. Note that 1n FIG 5, kew se in
shapes or sizes as they are shown as 1n FIGS 5-9.

An example of a disadvantageous method of forming ohmic contacts on

n-doped GaN (n-GaN) semiconductor structures which is not an embodiment of

20  the present invention is shown in FIG. 5, and includes formation of a titanium
material 504 approximately 200 angstroms thick on a semiconductor structure
comprising an n-GaN 506 material, followed by the formation of aluminum
material 502 approximately 1000 angstroms thick at least partially contiguous
with the titanium material 504. Note that in FIG. 5, and likewise in FIGS. 6-9,

25  the n-GaN material depicted can be a cutaway of a larger n-GaN material, not
shown. The structure is then annealed for 1 minute at 800 degrees C, which is
adequate time and temperature to permit formation of an ochmic contact 514. In
the ohmic contact 514, the materials have undergone some chemical changes,
resulting from atoms diffusing through the materials and generating new

30  compounds. Thus, in the ohmic contact 514, the aluminum material 508 can
include other compounds not originally present in material 502, the titanium
material 510 can include other compounds not originally present in material 504,
and the n-GaN material 512 near to titanium material 510 can include other

compounds not originally present in material 506. During the annealing process,
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25 the n-GaN material depicted can be a cutaway of a | arger n-GaN materi al,
not shown. The structure is then annealed for 1 mnute at 800 degrees C,
whi ch i s ws0equatseospi ne and tenperature to permt fornatiPOR/USRO1A03ATI C
contact 514. In the ohmc contact 514, the materials have undergone sone
chem cal changes, resulting fromatons diffusing through the materials and
generating new 30 conpounds. Thus, in the ohm c contact 514, the al um num

material 508 cam b HEBuR LRGN aCVMRBBSwWeeH R LGN RlaleMalB08 88Mthei N Mt eri al
502, the titanium material 510 can include other compounds not originally

present in mat @PMEUIEOACTiE RH2 threAlimiCHN drbetcPdlo BifgsedavehBe tit ani um
material 510 Cﬁﬁnfuﬁl%é’cgl‘?al%bﬁ)rreé%ﬂrﬂ%%fl}gﬁ_sﬁ&g%:g,oagl'o%ﬂ%%é YrfRAMt in material

506. During the annealing process, - . to the titanium material 504
bei ng bet ween ¢hvaiep! ReRicpriaegan glvesipoeoandt itsiibmad prapaites dubfueipn Birougd2, t he

al um num at ons t ' 1 tapl 1m. lal 504 to reach

t he n- GaN sgrf%gleé‘l%gigllr?%%e%é&?ﬁghp%gﬁggﬁgﬁg éscaﬂglﬁ‘l&ﬂg%(fmfslgé%i es that can give
t he contact it slteomtively proopextended anndalingugneon Atdadveghngb af thstresthaall requi res

hi gher anneal i ng, t erature nd._addi ti.gnal I. r rnatively nore

ext ended anneafnlglrﬁl(f;lgstqlR ?rlésgolflhlg itegnaptf\r/aglﬁrg ’a‘xé%alo%ntl tlrogu(r?e %{o& p?eg%ﬁYsulaéés t he use of
hi gh t enper at uthe semicbixhucoastrichire. atincler tibedvaathgddftes tethon i@ ludhethe

sem conduct or strucfure. Another disadvanta of this neth i ncl udes the
e oo o Rl iRy N en) SRE AP bR Se LI ot o'y 660
10degrees @ ( se&rdk G (séb) FIGNBamiciting thadtit mtltskih g thdbidhngmpdigufei gh t enperature
anneal i ng process,. . which cags sit to be(zd and nmottl e, which causes

& [

undesi rabl e sufTREEPSREPSSHoBY CBIicLhE 't‘ﬂdtrfl?fae’d’fﬂlﬁhcdaﬁﬁﬁf”é Tab%hot her

di sadvant age ofurfabé mofpBbeF oM e lrdtdRise bh@icaaRUnt Aebihti digadtdigaganeal i ng
process requires, which multiplies the negative effects of high heat on the

seni conduct or SiyHethert idcludgidherameyat ofi tapehe ynncpiiiedsecsss eHdrehayith ve ef fects

of high heat opuRI,RRERE AeaddMTTOMRY high Beat OB telsBlicBRthcRe aflichge, am@Me
enbodi nents of the present invention provide advantages over known

conposi ti ohd ardflitavpiomsrepss themegatipe Ao high hepfrfine lesesntah el miny,

sem conduct or §LryGhKE &R behdlfgd Udi Ng sem conductor structures that are to
beconme 20 LED sém conduct or devi ces. Advantages can include, but are not
limted to, the useSwicdngwdimdnesatt tibunrésagf inveatiemprealle adyapirgsese, the use of

a shorter anne%};}d;\xg‘%o g%&‘iﬁé&’ané‘ﬂgthtoﬁseforﬁl% S alTBY & dndliS e e%@% (ﬁ%r € nore

resilient to a tenperature anneal 1ng process. An ment of the
present i nvent sancislughonctureskhdBidige sehiigimductor structures that are to become

20  LED semiconductor devices. Advantages can include, but are not limited to, the
use of lower heat during the annealing process, the use of a shorter annealing
process, and the use of materials that are more resilient to a high temperature
annealing process.

An embodiment of the present invention is shown in FIG. 6 which

25  provides a composition for formation of ohmic contacts on a semiconductor
structure, the composition comprising a TiAlLNy material 602 at least partially
contiguous with the semiconductor structure, comprising a n-GaN material 604.
After an annealing process, an ohmic contact 612 is formed. In the ohmic
contact 612, the materials have undergone some chemical changes, resulting

30  from atoms diffusing through the materials and generating new compounds.
Thus, in the ohmic contact 612, the TiAl,Ny material 608 can include other
compounds not originally present in material 602, and the n-GaN material 610
near to TiAl,Ny material 608 can include other compounds not originally present

in material 604. Some compositions of TiAlxNy can have melting points greater
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25 provides a conposition for formation of ohmc contacts on a

sem conduct or structure, the conposition conprising a Ti AlxNy material 602
at | east weanoviialshosocont i guous with the sem conduct or st POTUSLE,1/08TAPT i Si Ng
a n-GN material 604. After an annealing process, an ohmc contact 612 is
formed. In the ohm c contact 612, the materials have undergone sone

chem cal changes, resulting 30 fromatons diffusing through the naterials

and gener at i NgHARROERIRRAY 0 See FIOUStor h&nlinh Bn@bAp1es MRERE bqakerdhne Ti Al xNy
material 608 can include other conpounds not ori a:ﬂnal I(é present in materi al
gre

602, and the nTanomatheseacoBRIOORE BICUEGCTiDARRNGCHat #10idgprog 08 “etdprti ncl ude
ot her Comound%e@%ﬁdﬁhilagéi: ﬁﬁlslr&_a%eﬁérﬁﬁ‘?or'f&hiﬁ%ﬁéﬂ B ol cone@iBhaf OTPOSI ti ons

of Ti Al xNy can have ne g points greater - 19 - than 800 degrees C (see
FIG 4 for nonlichs atithpepnaseding leawewhoe thusagpeving e w)faceTherpkdlogyeof t he

sem conduct 9r r : ~ B t the

di sadvant agge) O@%aéséﬁ%{g ghlgr%gc[& g?ﬁggﬁmp gtr%p? %Iru?rfgtatth ?gﬁalg}?&{tﬁ(g%% ﬁﬂ‘e{gcéﬂé&ggt act that
nelts at the ammeml.iHygs ¢replanat of G ptebans invapronambe adventageofiade toror phol ogy

of 5the resultjn hm.c gcont act,,. t.h i Pr.OVi L of. .t he
resul ting ohm @G%Sﬁfggﬁct}/ 9&1% tgﬁéﬁﬁ%taﬁ%éﬁ%?m? @A%%g’s@%%%lﬁg%rwlfhon can be
advant ageous dte sticoicoombiegali 0¥ (of5al), vatichrallatvs elonirainnatoigs & um num

Ti A xNy, naterial 602) with th i t ial 604 (n-GaN), which
a1 ove 3 um nufti Bt bk rrtde! BBV RBOPRER AR bibvabaul hont havi ng

to di ffusel1thr eughalapathany pémibhequidkter fpobest dfahd onpenndstnbddagd f@ui cker
formati on of the conpounds needed for formatjon of the ohm ¢ contact,

al l owi ng for afqarﬂﬁ?qné}f%?rﬂi’@’é cqnfgep 2 W%iﬁprd‘éh‘?réeéé’é‘éea Hee 3dabi ity of
thermal def ect geda@kdyghd gobadity Bf théiehab@ITeEOMEHACIHEedS h EHeGEMIcBndutidr addi t i onal
advantage of the proximty of the alum numcontaining Ti AlxNy material 602

to the n-GaN neifWHra) Abedliiaak advantaesof thepraiminpldas ARRINUNSCOPRANAE | ess heat

can be requi red; Au] MdedNB0ARNEAN-GR SEHRI 86£in e pAasILRehroMMe: iSONt act
whi ch al so decreases the probability of thermal defects being fornmed in the

seni conductdr Serlgethariean inpunerd drpsdicharal Grecpdiaic fiegsermd obiient i on i s
shown in FI G &My GlhidH 86! 6 3asds &Q?Ebfrﬁgﬁiﬁﬂy% tHeRhal dBfelRHEAR (Rhe@HT C

contacts on a sem conductor 20struc tthe conposition Conprising a Ti Al3
mat eri al 702 athelsgasondyatot staiciuye.cont i guous wi th t he seni conduct or

structure, conprisi ngotﬁé?%m’B()(gi;ﬁllf\:lntr@tﬂ%rﬂr@slentzl(?v%ntion is shown in FIG. 7 which

provides a composition for formation of ohmic contacts on a semiconductor

20 structure, the composition comprising a TiAl; material 702 at least partially
contiguous with the semiconductor structure, comprising the n-GaN material 704.
After an annealing process, an ohmic contact 712 is formed. In the ohmic
contact 712, the materials have undergone some chemical changes, resulting
from atoms diffusing through the materials and generating new compounds.

25  Thus, in the ohmic contact 712, the TiAl; material 708 can include other
compounds not originally present in material 702, and the n-GaN material 710
near to TiAl; material 708 can include other compounds not originally present in
material 704. The melting point of TiAls is approximately 1370 degrees C (FIG.
4). Therefore, the semiconductor structure can be annealed at 800 degrees C

30  without the disadvantage using a material for formation of the ohmic contact that
melts at the annealing temperature, thus improving the surface morphology of
the resulting ohmic contact, thus improving the quality of the resulting ohmic
contact. This embodiment of the present invention can also be advantageous due

to the contiguity of a material containing aluminum (TiAls, material 702) with
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After an annealing process, an ohmc contact 712 is forned. In the ohmc
contact 712, the materials have undergone sone chem cal changes, resulting
from at omsodnfif1ssisag t hrough the material s and generati RgTAS1CORPIUNIS.
25Thus, in the ohmic contact 712, the Ti A13 material 708 can include other
conpounds not originally present in material 702, and the n-GaN materi al
710 near to Ti Al3 material 708 can include other conmpounds not originally

present in mat giisghicdRhciof RBelBI hidasr, RRieRL ©k), Tinfth3bes ABRIRX] mately 1370
degrees C (FIG 4). Therefore, the sem conductor structure can be anneal ed

at 800 degr ees@M3@ diftsontherrnEalmyavbittagboudianige & dliterthareh or for mation
of the ohm c conjactnallat pﬁ:gl{lt%lgy BlifiliBe ARMORAKIPAGSEIME! @nHofndst hus

i mproving the surface norp y of the resulting ohmc contact, thus
i nprovi ng t he oeeded foy faymatidneof teosahinii¢ peptash pllewipe frachorteTAnrpakbitho di ment  of

the presentsi ”%ﬁf&hidQé}fa%é’s’lhé‘h]l%?%X%f'éﬁ@ﬂﬁaﬁ‘ﬁ&‘é{:{%eg%efo\%\rﬁﬁ]ﬁ?hecO”ti guity of a

mat eri al containing alumnu materi a 20 - the

seni conduct or  raatieridadtorseu@ald, Ameddéitiond] ad0dage whihe hroalnhipve abimingmum at ons
to diffuse to gﬁﬁhnﬁl%}}' 1%{1) Ly A WM EDPHE DY DGk grlnt)(];&f%g &frough

anot her material, pof‘en%la Y permtttrllng gui cker formation o e conpounds
needed for f or ratlkesrheafcat hereghinddoluciontheahneatihd proeasgtof eneratesivor t er anneal

time, 5 which decreases the bability of thermal defects being formed in
the serm conduclOreCaTTR Euee T St 49kl AT BT SET PRENr o i 1y of

al um num ( Td Al3efedrBibertid falmetOiad thet semidogduetdsaticime.eri al 704 in this particul ar
enbodi nent is that |ess heat can he required durjing the eal | hg process
to generate the de |?‘E]EFISH’%?@HIE‘&W?&&W‘%T@}“WHP%Séﬁ% 185@?'2%@ Dihe

probabi ity of plohesmbondRe@be e Sorati ol difiebntdistoR@ ssRFos@REWCT Or
structure. Another enbodi nent of the present invention is shown in FIG 8
whi ch provi desSEICEEMIRSGOMPEHUTOONREF iRg £ TdMJf makTilS0¢ apprere ateynl 09

sem conduct or  gldsiGhihexk at R8st pPATRRSEIntiORHUS MR alsShidn Rt Aluchiye, mat eri al 804
approximately 100 angstrons thick at |east partially contiguous with a

senmi conductdr StRRIENgragGas magmgl §US; #yl Terther campriteetni dmigys magid] f ur t her
conpri sing an %?@M%ﬂ@i?%@@inﬁ%s@ﬂi@k%t 8t Rhy pAHIR RRESIKLOWRR L i ck that
is at least partially contiguous wth the Ti AlxNy material“804. After an
anneal i ng pr octsdiARN, bipiiad 38bnhHertan@nrpealing proeaypdn ohmictdeataghdit és cont act

814, the mater -fo%lngd.hﬁl\ﬁﬁe %ﬂ?%@{?@ﬁ;g{?ﬂ% RS GAVe ﬁﬁlﬁgb%ﬁ(gsoxﬁee&gﬂnkiaﬂg from

atons diffusing throug s and generatin new conpounds.
Thus, in the obmingescomnilang fr@l4tonts Hghmingrimugh theeterials aB0Sne@anng ncl ude ot her

corrp_ounds 98t ﬁév!/ (i)nqa})luln S, %ss?n%heioﬂmﬁ:‘%[oe{ai:taémgtggal ;[npn%m-rrinpfler)fall}l%f)gmt erial 810
can includé other ¢C ounds riot “originally presenP In materral 804, and the
n- GaN mat eri al célidcladarthdr oonhpdindNyot e bi@sillyapreB8h0in e@ueriang2 e ToAlREy conpounds

not originall ymB{e%%eél ciarp ingflilgiee 5th?i| (:or%([))glind-srrr}!)tsoriegHlte)lﬁ)(/:I i)rrg:‘saerr]l% inor}clat;[:r?a? 304,
and the n-GaN material 812 near to TiAlyNy material 810 can include other
compounds not originally present in material 806. This embodiment of the

25  present invention can be advantageous due to the contiguity of a material
containing aluminum (TiAlNy, material 804) to the semiconductor material
(n-GaN, material 806), which allows aluminum atoms to diffuse to the n-GaN
material 806 without having to diffuse through another material, potentially
permitting quicker formation of the compounds needed for formation of the

30  ohmic contact, allowing for a shorter anneal time, which decreases the
probability of thermal defects being formed in the semiconductor structure. An
additional advantage of the proximity of aluminum (TiAlNy, material 804) to
the n-GaN material 806 in this particular embodiment is that less heat can be

required during the anneal to generate the desired ohmic contact, which also
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25present invention can be advantageous due to the contiguity of a material
contai ning alum num (Ti Al xNy, material 804) to the sem conductor materi al
(n- GaN, maiDenialso®@96), which allows al um num atons to dipCToseoto39he n- GaN
material 806 w thout having to diffuse through another material,
potentially permtting quicker formation of the conmpounds needed for
formation of the 30ohm c contact, allowing for a shorter anneal tinme, which

decreases the pihakichd gry¥va®flic) behomlal deé@ctsndretng if HeredicoRade e
sem conductor structure. An additional advantage of the proximty of

al um num (Ti Al XN¢l¢rat erial 804) to the n-GaN material 806 in this
particul ar enbodi ”E&ﬁotfae? ehBBdimkRIF ¢ ep%és&%?fgvﬁﬁﬁ?ﬂ iQQI&U\r&ZIﬁiﬁ F4rd Weick he anneal

to generate the desired ohmc contact, h al'so - - decreases the
probabi | i ty of prohidenm¢ongwpiion fr herimagor ofrahatc ¢antackiengspinsondig®r or struct ure.

Anot her enbgdi Efﬁ{}[ur&fthetJTAﬁlpl}%i&&l%ﬁnﬂﬁQi‘ﬁg?tﬂi&f; Iﬂa&rﬁmpéﬂaxiﬁ{a%ly Pogphi ch
provi des a conposition for formation ohm ¢ contacts on a 'sem conduct or
5structure, thengsormmpotidkiablrast papalls¢onggeoud ivilh ShermmmaondlctddQducappr oxi mat el y

100 angstrons thick.at t jal 1y cont Lguous, \W he sem conduct or
structure,  conpia e OB ReRE oo RROLA S RER M Dub PG B s
al um num mat er P@l appBRimapEy dROhatgettomskBOD adlngs paroatly dohiiglouatith dast partial ly

contiguous with the TiA erial 904. After ap anneal ing.process, an
ohmi o cont act - S paly P GRhGnAnga: BhteE s oRp R B1 1 B of i al s
have under gonels@eehiGio @0hteald 14, hiangassials B6d ihdaignt kane eeaiidl chahfdssi ng
through the materials and geperati ew conpounds. Thus, in the ohmc
contact 914, tf?émﬁ’l‘%ﬁ?rﬁﬁfﬂ“?g‘?é{‘] ‘fsil%ltﬂlg@g1 gﬁﬁlafeﬁ‘f,‘]lsﬁﬁ‘ig‘?f‘ﬁﬁé‘?g EBhpounds not
originally presgfifounds. MaLEih gl 0B8R2, cohfaer 9T AbSaltRiRN @hteP00gadm | ncl ude
ot her conpounds not originally present in material 904, 15and the n-&GN
material 912 niglude gthyy Rimpoprdk apy gjeingily Peeagnt inapterird 98¢ e Tiddnpounds not

originally preggntial910Rt Bt o@9RompbiRis RFRAZIHARNbreQint fBaBE L5
i nvention can be advant ageous due to the conti gw ty of a materi al

cont ai ni nglal umdibenCrNABerBPE: per o Gokmatgial R sincemlpdesther i al 906, whi ch
al I'ows al um nup At RS 1P odkihdINS Rt ih ReRaGRY ThE CRibBhingAG Mt hout having

to 20diffuse through another raterial, potentially permtting quicker
formati on of t hesadmpeniedsamecalsehtigspusdyenathc gpntighity piea whpiid cont act ,

br obabi 11 1y of (kL s (iR, BhuA B TR RBR TR v et ure.
An addi ti onal athwasregeuofatontseo pifioxd toithen-GRN ahamriahi6 WithouThaaid@,to mat er i al
904) tot hEO n- Mserrt%%o%rgtil grllothgeg %a.{e?lalt, rﬂ(i)tgntially permitting quicker formation of the
compounds needed for formation of the ohmic contact, potentially allowing for a
shorter anneal time, which decreases the probability of thermal defects being
formed in the semiconductor structure. An additional advantage of the
proximity of aluminum (in TiAls, material 904) to the n-GaN material 906 in this
25  particular embodiment is that less heat can be required during the anneal to
generate the desired ohmic contact, which also decreases the probability of
thermal defects being formed in the semiconductor structure. Another advantage
of less heat being required during the annealing process is avoiding melting the
aluminum material 902, which improves the surface morphology of the resulting
30  ohmic contact 914 and improves the quality of the resulting ochmic contact 914.
All publications, patents, and patent applications are incorporated herein
by reference. While in the foregoing specification this disclosed subject matter
has been described in relation to certain preferred embodiments thereof, and

many details have been set forth for purposes of illustration, it will be apparent
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25particul ar enbodinment is that |ess heat can be required during the anneal
to generate the desired ohm c contact, which also decreases the probability
of ther mewoaefigisoesobei ng formed in the sem conduct or st PATIUSL@E.1/037991 her
advant age of |ess heat being required during the annealing process is
avoiding nelting the alum num material 902, which inproves the surface

nor phol ogy of the resulting 30 ohm c contact 914 and inproves the quality

of the resul ti pan@RAkiBeEMNhEGE thBlifle disclosed Sl HRldirGalUsQPEbIc AL ENt's, and
patent applications are incorporated herein by reference. Wiile in the

f oregoi ng speciqditagl @ppodipentsgind g1apeas@ingiphectetailpdescabeddgrineaRedescri bed in
refation to cerl o @bl GRIMOAHIEHom hORLRrinBRd RO dELA | s have
been set forth for purposes of illustration, 1t wll be apparent - 22 - to
t hose skilled bubjacheatgart that the di scl osed subject matter is susceptible
to additional enbodinments and that certain of the details described herein
can be varied considerably w thout departing fromthe basic principles of

t he di scl osed subject matter. - 23 - CLAIMS What is clainmed is: 1. A
conposition for formation of an ohmi c contact on a sem conductor structure,
conprising: 5a TiAl"Ny material at |least partially contiguous with the

sem conduct or structure; wherein the sem conductor structure conprises at

| east one sem conductor material;
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wherein x and y do not sinultaneously equal zero; 10wherein when y equals
zero, x does not equal one. 2. The conposition of claim1, wherein the
cont i gui twohketnvisersot he Ti Al XNy material and the sem con®aTtuse01gi0819¢1 ur e
conprises at least partial contiguity with an n-doped GaN naterial. 15 3.
The conposition of claim1, wherein the contiguity between the Ti Al xNy

mat eri al and the sem conductor structure conprises at |east partial
contiguity with at | east one sem conqycipsmaterial. 20 4. The conposition
of claim1, wherein the contiguity between the Ti AlxNy material and the
sem conduct or §iLUSLINEeGeNPri ses at | east partial contiguity with at | east
one sem conductor material which can be undoped, n-doped, or p-doped,
wherein the U“@'.Ope%cs'mp&%‘ﬂ’fo%m%%%?%.&ﬁﬂib@&ﬂ&%‘?ﬁ%anﬁ@&ﬁﬁét conpri ses
in either or both its pre- or post-doped state at |east one of: GaN, 25

| nGaN, Al GaN, #AhGarraRempmde: GaAs, Al GaAs, Al GaAs, GaAsP, Al Gal nP, GaP,

Al GaP, ZnSe; Si C, § . Adi . . j . I 1 C, Ce,

InAs, In At> InP, C i q’il\ggag%fal %}%ﬁwﬁ%%ﬁ%&%‘é&q@ﬁ%ﬁ@éﬁ nSh, AlzGal
zAs, InG&As, |nz@&1l gasurd;nGP, AlinAs, A InSb, GaAsN, Al GP, Al GaP,

| NAsSb, I nGaSbhb, Al GaAsP, Al I nAsP N, 1 nGAsN, |InAl AsN, 30 GaAl AsN,
GaAsSbN, Gal nNAsSh, PPl B R ot SR TR st iRs peT L2011/ 087947

5. The conposition of sedliaindudor mhaiagi N t he Ti Al xNy material is at | east
partially contiguous wi.th the sem conductor structure prior to or during at
| east part of an ah%@%?Pﬁﬁn€V888@§yn BOSHSY COH6E Ot i on of claim 1, wherein
the sem congluct or s¥kdi€ih shen i Squial RS @ @Besaot éq@hAtorem tting di ode (LED)

sem conduct or devi ce.
2. The composition of claim 1, wherein the contiguity between the TiAlNy
material and the semiconductor structure comprises at least partial contiguity

with an n-doped GaN material.

15
3. The composition of claim 1, wherein the contiguity between the TiAlNy
material and the semiconductor structure comprises at least partial contiguity
with at least one semiconductor material.

20 4. The composition of claim 1, wherein the contiguity between the TiAlNy

material and the semiconductor structure comprises at least partial contiguity
with at least one semiconductor material which can be undoped, n-doped, or
p-doped, wherein the undoped, n-doped, or p-doped semiconductor material
comprises in either or both its pre- or post-doped state at least one of: GaN,

25 InGaN, AlGaN, AlGalnN, InN, GaAs, AlGaAs, AlGaAs, GaAsP, AlGalnP, GaP,
AlGaP, ZnSe, SiC, Si, diamond, BN, AIN, MgO, SiO, ZnO, LiAlO,, SiC, Ge,
InAs, InAt, InP, C, Ge, SiGe, AlSb, AlAs, AP, BP, BAs, GaSb, InSb,
AlZGal_ZAs, InGaAs, InZGal_ZAs, InGaP, AllnAs, AlInSb, GaAsN, AlGaP,

AlGaP, InAsSb, InGaSb, AlGaAsP, AllnAsP, AlGaAsN, InGaAsN, InAlAsN,
30 GaAlAsN, GaAsSbN, GalInNAsSb, or GalnAsSbP.
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7. The conposition of claim1, wherein the Ti Al xNy material is added using
at |least one of the followi ng: atom c | ayer deposition, physical vapor
deposi ti omOR01BMBY, or chem cal vapor deposition (CVD) PCTRIS20ih®37947
conposition of claiml1l, wherein the TiAlxNy material is approximtely 50 to
2000 angstrons thick. 159. The conposition of claim1l, wherein the Ti Al xNy
material is approximtely 200 angstrons thick. 10. The conposition of
claim1, wherekn X iR @apdditidorRRAHY, 3hafd ik Tidl,8YuAlerhOs abemt zero. 20 11.
The conposition of claim1, wherein the conposition further conprises: an
al um num mat er PHfallYgoatigions Vik theservcARvC IRt BICTUAS PIY (e Bituigasusast o at | east
part of the Ti Ml xM,mBE&lih@brocgowherein the Ti AlxNy material is between the
sem conductor structure and the alum num material . 12. The conposition of
claim1l, wherein the aluminummaterial is added using at | east one of the
follow ng: atopic | jtd an. p L: Lti.on (PVD), or
chem cal vagorg?depogtl}éﬁogﬁgs?%fl.&%gfQ%ﬁé@%@é@%ﬁ% ?%gorgﬁcglﬁglgsnggll, wher ei n
t he al um num ni¢cenmeallighsenpgingdade additseicndbct@@oviengst rons t hi ck. WO
2011/ 150089PCT/ US2011/ 037947 14. The conposition of claim 11, wherein the
alum nummaterial is approxi mtely 1000 angstrons thick. 15. The
conposi ti on of 7cl ai Thekbmpwdiesresfrldid, Whokkix My Tial, &% naleriakis bédedmeing Sabout 25
and 300 angstro t hi ck, . .The canposition.of claim 11l  wherein the
Ti Al xNy materi 5‘1%2}%0‘56%?18%%1?&“{1%-%%?%5% Py RiRsig! vapor deposition

10 (PVD), or chemical vapor deposition (CVD).

8. The composition of claim 1, wherein the TiAl,Ny material is

approximately 50 to 2000 angstroms thick.

15 9. The composition of claim 1, wherein the TiAl,Ny material is

approximately 200 angstroms thick.

10. The composition of claim 1, wherein x is equal to about 3 and y is equal

to about zero.

20
11. The composition of claim 1, wherein the composition further comprises:
an aluminum material;
wherein the aluminum material is contiguous to at least part of the
TiAl Ny material;
25 wherein the TiAl,N, material is between the semiconductor structure and

the aluminum material.
12. The composition of claim 11, wherein the aluminum material is added
using at least one of the following: atomic layer deposition, physical vapor

30  deposition (PVD), or chemical vapor deposition (CVD).

13. The composition of claim 11, wherein the aluminum material is between

about 5 and 4000 angstroms thick.
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1017. The conposition of claim1l, wherein x is between approximately 0 and
10. 18. The conposition of claiml1l, whereiny is between about 0 and 10.
1519. A newbadifisoosbor mat i on of an ohm c contact on a seRCTAIsAdUeITI47
structure, conprising a process of annealing the conmposition of claim1l.
20. The nethod of claim 19, wherein the process of annealing takes place at
or less than | ess than approximately 500 to 1500 degrees C. 20 21. The
nmet hod of cl ai m 19, THMSHBLRLSIE RiRAESShRdin RAGANKNE nfa)igsis Pl ace at or | ess
t han approxi mately 800 degrees C. 22. The nethod of claim 19, wherein the
process of ann@iﬁlf?%a@éﬂéé)go preseens Gickp5appr oxi mately 0.001 to 200 mi nutes.
23. The nethod of claim 19, wherein the process of annealing takes place
for approximately 30 to 60 seconds. 30 24. A nethod for formation of an
ohmi ¢ contact &h a Bwronpaduet drclagmllicvhgran thediphNsinagritlhebdveqns of :

provi di ng assem ¢enduct-ah aﬁ%s'ErUffl P{l& wherein the sem conductor structure
conpri ses an n-cfoped N nmaterial;

16. The composition of claim 11, wherein the TiAl,N, material is

approximately 100 angstroms thick.

10 17. The composition of claim 1, wherein X is between approximately 0 and
10.
18. The composition of claim 1, wherein y is between about 0 and 10.

15 19. A method for formation of an ohmic contact on a semiconductor

structure, comprising a process of annealing the composition of claim 1.

20. The method of claim 19, wherein the process of annealing takes place at
or less than less than approximately 500 to 1500 degrees C.

20
21. The method of claim 19, wherein the process of annealing takes place at

or less than approximately 800 degrees C.

22. The method of claim 19, wherein the process of annealing takes place for

25  approximately 0.001 to 200 minutes.

23. The method of claim 19, wherein the process of annealing takes place for

approximately 30 to 60 seconds.

30 24. A method for formation of an ohmic contact on a semiconductor
structure, comprising the steps of:
providing a semiconductor structure;
wherein the semiconductor structure comprises an n-doped GaN

material;

_26—



depositing a Ti Al xNy material contiguous to at |east part of the n-doped
GaN material; wherein the TiAlxNy material is approximtely 200 to 2000
angst r omswohitkiso@gher ein x and y do not sinultaneous!yPeguskoia®sm47 wher ei n
when y equals zero, x does not equal one; and, annealing the sem conductor
structure and the Ti AlxNy material; wherein the annealing takes place at or
| ess than approximately 660 to 800 degrees C, for a duration of

approxi mately 30 t oif6sidfdSLEANAS matial AnBIIAO dt WasffakMRIHQupEd an ohm ¢
contact on a sem conductor structure, conprising the steps of:
provi di ng a seni condtgl¥ertegiskuct ure, wherein the seniconductor 15structure

conprises an n-doped GaNygkiefkaiil ﬁ&ﬁ&éﬂia}lii%pﬂ)xiﬂla%&w%ﬁ%%i al contiguous
to at |east part of the n-doped GaN material; wherein the Ti Al xNy nateri al

is approximately 50 to 200gsmgstthioks t hi ck; 20wherein x and y do not
si mul t aneousl y equal zerg; i - X does not equal
§! [hrerdNEh & )Pd?"{ﬁbg glrﬁ{}ltgﬂééﬁh? eé.ﬁg?er?,

one; depositing an alum num nmateria uous” t east part of the
Ti Al xNy material, such twiateint waenly @juxiNyenoat drcs abt dgsallpeeweeén t he al um num

material and the n-dopg %Nsegﬁltog I{C%%gtg,%ﬁ}’%@SﬁcﬁhQT}Aﬁﬁ\g@}L&E@ﬁaﬁ‘;‘Jm material is

approxi mately 1000 %ngslt Fomns
wherein the annealing takes place at or less than approximately
660 to 800 degrees C, for a duration of approximately 30 to 60

10 seconds.

25. A method for formation of an ohmic contact on a semiconductor
structure, comprising the steps of:
providing a semiconductor structure, wherein the semiconductor
15 structure comprises an n-doped GaN material;
depositing a TiAl{Ny material contiguous to at least part of the n-doped
GaN material;
wherein the TiAl,Ny material is approximately 50 to 200
angstroms thick;
20 wherein x and y do not simultaneously equal zero;
wherein when y equals zero, x does not equal one;
depositing an aluminum material contiguous to at least part of the
TiAl Ny material, such that the TiAl,Ny material is between the
aluminum material and the n-doped GaN material;
25 wherein the aluminum material is approximately 1000 angstroms
thick; and,
annealing the semiconductor structure and the TiAlNy material and the
aluminum material;
wherein the annealing takes place at or less than approximately

30 660 degrees C, for a duration of approximately 30 to 60 seconds.

26. A composition or product formed at least in part by a method that

comprises the method of any of claims 19, 24, or 25.
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anneal i ng the sem conductor structure and the Ti Al xNy material and the

al um num materi al; wherein the annealing takes place at or |ess than

appr oxi newel291138639 degrees C, for a duration of approxiPeRitske118879%4D 60
seconds. 26. A conposition or product formed at least in part by a nethod
that conprises the nethod of any of clainms 19, 24, or 25. - 27 - WO
2011/ 150089PCT/ US2011/ 037947 27. An LED conprising the conposition of claim
1 or prepared af, Ie&ﬂEDr&oﬁ@ﬁ&QO@mﬁﬁésmqotfbﬁfm@@fq%pai&satwtl@f t he

met hods of clains 19, 24, or .
part by a method that compnses any of the methods of claims 19, 24, or 25.

_28—



