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-1- BURIED CONTACT DEVICES FOR NITRIDE-BASED FILMS AND
MANUFACTURE THEREOF TECHNICAL FIELD [0001 ] The invention
relates to semiconductor devices and in particular to semiconductor 5
devices formed from GaN-based semiconductor material films. [ 0002 ]
The invention has been developed primarily for use as a GaN and/or
InGaN and/or AlGaN based semicogdlugtor device containing embedded
conductive (eg. metal) contacts and will be described hereinafter with

reference toghj \eatior FBW&%{ ' .li\bﬁﬁ%ﬂt i ctgéqg%the
invention is not mﬁﬂ%ﬂ to tPTlts'partlcu asrhfti% of use. ]3‘%%% UND OF
THE INVENTION [ 0003spNriM discEssionrsf Theegrorart throughout the

specification should in no way be considered as an admission that such
PREFEEAS Wildly known or forms part of the common general knowledge

[ ield. [.0004 ] Gallium nitride is a material widely used in the .
LS etk TSt LIEh BT RIS Bt i T gt
destves faumedviofetddtdeterscanebhigbipowearinliBlwwave transistor

ices. [.0005 ] Because of the actual and potential uses of gallium
DT TR Rttt et Y5t GG ESO B AcIed LGP
ddean bawitl ecrarigdiofoagplicationsinihe revis:dded tointerest jrx gatliglincontacts and

Ritfide dims20:48006.] Remate.plasmasenhansad, cheoucal yapay: cppreciatcd
%agﬁgltlon RPECVD, which may be used interchangeably with RPCVD)
[

Yy
tHEPYFSWIRFhetHES thibt 68 dsd 1 Bfowing films of Group (11
petalpitide s here the filn to be grown is gallium nitride, the RPECVD

technique enables the use of a growth temperature of about 500C to

Qlbois BOAES; oisabduid HOOE tocabauhv@Ramwiiehjscitasidenaliy [DWer way be
hanhe orouh Sepsratire,of 10 2e QKD BESSS 3 ARG EAARIEH I mmon
reduction of equipment costs. Ahother advantgge of the RPECVD
groeesietldsadnfisedigire sensitive substrate materials more closely

lattice -.m ed to GaN, such as zinc oxide, can be used. 07 ].While, ..
FRBE Ve A s PUER AR AN T SR AR o DR R v
dighstratEings dindwsty Hetidvst €rpes-adernigudaserayeidshith prrRagucrowave
fransispegias«generated in the 30 plasma, the inventors have found that

films grown by this method can suffer severe damage even from relatively
loWPEnergipspicie diersteransorpenta wioblemBivhthisifrdcdsspaviietar of low
energy consumpiion devices suitable for use in a wide range of applications, there is great

interest in gallium nitride films.

[ 0006 ] Remote plasma enhanced chemical vapour deposition (RPECVD, which may be used
interchangeably with RPCVD) is another growth method that can be used for growing films of
Group (IIf) metal nitrides. Where the film to be grown is galitum wnitride, the RPECVD
technique enabies the use of a growth temperature of about 500°C to about 800°C, or about
500°C to about 700°C, which is considerably lower than the growth temperature of the
MOCVD process and enables the reduction of equipment costs. Another advantage of the
RPECVD process is that temperature sensitive substrate materials more closely latiice matched

to GaN, such as zinc oxide, can be used.,

[ 00077 While RPECVD, by virtue of the remoteness of the plasma source from the subsirate,
18 widely believed to be a technique that avoids film damage from species generated in the
plasma, the inventors have found that films grown by this method can suffer severe damage

even from relatively low energy species. To overcome the problems of this process particular
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-2 to GaN films and alloys thereof, the Applicant's have disclosed

methods and apparatus for growth of GaN films by the REPCVD process

a further reduction of the energy of the active neutral nitrogen species

that reach the substrate in Patent Co-operation Treaty publication number
WO/2006/034540 entitled Method and apparatus for growing a group (l11)
metal s nitride film and a group (Ill) metal nitride film, the contents of

which are wholly incorporated herein by cross-reference. The process
ol &@BeYifeokian W Q260634540 Atetipnovideviorigrdadh nefiadinmofagpdiams for
S, vatrainihg e QE?&%MQQQMem&@HHArBM&'%J iszhe active

minimised and new heater designs capable of withstanding the
A atiig €t tehctishtdre N BT RPEETD S?&thﬁ%%t“é’i%‘ﬁs@ﬁ’%‘i‘m
o NG Oneiad Niteties el DR &N ifstther techihiouesder grawing iWetakial

,m;mé% %@M@%ﬁ%}/%m % has Reenconsidarahl %ﬁaﬁg%lsxruamed

growth of metal nitride semicon ductor devices with structures other
&ﬁalﬁ B P AR st s T O HiEr Rt b LAY R G hrstapAtidg &or srowth
deviteschgaliiisedisieh asccaposiierzen condsictiven SICanalasenlifidof film is

A LOWRVEL IngSE Meods areyal3e PIRRISMANCHS S VEY AP IR Fons

and device yields using laser lift-off methods are very is low due to”

%ﬁ%@@%&‘@%@ﬁﬁ@ &‘é\‘ii’g’e SR BE HIPTERY RS B hical lift-off
%agi: s ql{?%ls?fr%e ec% ni?%’fv J;rgé%g‘&g%%g{%gvﬁ%th%d&\égg %‘091@\%(1 there has

er layer and chemical” etc ing to remove this buffer layer
%ﬁ%rcgpémﬁlz&eélf\’/émé%amp%etﬁéow% of EHfehitiF Rt Wk adsifen ith
ﬁMﬁﬁFe@MﬁEﬂﬁhHﬁﬂﬁR af, dakl Rhoieaicoiechnalegy daitexsns 008 23 devices
enf2i ks Ghemical steh, 5%&%%‘9}&:% JOWEYRr, ALeRISQ.RIAL t‘lee%a“&hoas arc
ofue to the extré) evice %8 processi S |ﬁtroduces for examp et
Hecorr el prend ity Ha s PrapEcHing %wea yaekly vainsaleprati- ﬁféﬂf&tﬁﬁ’é‘fmfé very

I@ﬁhﬂ@l@gﬁ@g& is stitl being dovestigatedfos EraNadeyioes:nidite tt-gfiotdiniques

aI nitride I%\(elr emoves the eed forfurthe hle{’n al etchlng .
%‘FO% SeGSSI r(])am r exa Y growiig 4 sacri e layer and chemical

owever, t & Current met%“%soor manu?acturlng
SEhifle ShERRG B RIS AR el dER toTiRTaTI R A bR, BenTeigy niride
gmﬂtp@tsufmramakuaga%e@tnﬁam@rrm e dendae SEcieameLas) p.i7s-
?{?ﬁsfecrgble t me tqlcghtrlde f|I s, Therefore, the eta[ ni c[‘l}%e de%wce

aver,” are 10 10 Sf.r d
ave been Iimited to- me uaf“;ﬁ“typews%fructffljrreé1 St f F to that of FI%]UI‘E i evice

WRETEREtHET disoHtIId & sraubstiate =l bufrtdtasiet wa%lﬁrgieléyérwch is an
eith ekan-i:0f P-dyperde pashsespicaadi ciar matgmﬂle@u@wﬁim?amgmme% aDirect
%%% nd 'a &rk:P Ol semiconductor material apnositaly doped 1o, efg%%esmg

fayer ( |e - or n- dopedj, and contacts 12 and 14 respectlvely |n C%
iéogféﬁﬁicéﬁd@e&sﬂ Fﬁ@@f@f&@f&ﬁ%@%@@ OB REiNas EohariEeanhpaded (or

ﬁﬁ&hh&@@S@d H&l@ﬁ%ﬁdﬂ@@ﬂ@lﬂ@@@%hﬁ&mtﬁﬁﬁi& thehsemiconeidatarare not
grans&arabT bnqt%kdéodhls aHNEe et Ilr’?e% 1{1h gee(ggﬁtéél %agflesgggig Emited to
mesa type structures similar to that of Figare 1, wherein there is included a substrate 2, a buffer
layer 4, a first layer of either n- or p-type doped semiconductor material 6, a Junction region 8, a
second layer 18 of semiconductor material oppositely doped to the first layer (ie. p- or n-
doped), and contacts 12 and 14 respectively in contact o semiconductor layers 10 and 6, where
the contacts 12 and 14 are each exposed to enable meking electrical contact to the
semiconductor device. The drawback to this arrangement is that the effective distance between
the contacts 12 and 14 may be in the order of a fow tens of micrometers up to as much as many

hundreds of micrometers. This large distance between contacts 12 and 14 consequently results
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the contacts 12 and 14 may be in the order of a few tens of micrometers

up to as much as many hundreds of micrometers. This large distance
between contacts 12 and 14 consequently results -3- in a large series
resistance between the contacts that must be overcome prior to operation

of the device and thus has detrimental consequences in the form of

device efficiency and unwanted heat.generation in the device structure
(refer to Chakraborty et al. IEEE Transactions of Electron. Devices 2007,
194 (Rhfaehdsther discwssiRpnof SeHiRa KeBISANSSIN GANLSEMIGANIHGIALDof the

e.vicensf;. mWitp e tt}leddet contacts in thethdelyice sieriJctureﬁth,e effec iv§lwante d

seélﬁearaa ion befveen the ¢on gec%‘émﬁ%%sy%e %igorﬁﬁcoan (ff/}?% uced wifh cfear
hseingfitgaiayardify ey devicecseridsrasistaheabmty operlatiBhBl Bffichsheys of

H19QQ8. IpEhe.diffioutysof manuiasturing embedded copiact Siroelltesiconductor
rise irw e cas dof metal nitride emiconductot{1 de¥ices due to. th%

evices.), th & =d contacts in the device stﬁj:ture e efiective sr(%)aralllon etween the
inability of hetal contacts to survive the aggressive chemica
eniiromne htsiamiteidreinded e MO CvBItr iV RER Y Myditery ague Fesistance
phase-sril@akgrawth of gallium nitride. In particular, the presence of
ammonia and/or halogen based gases at the relatively high temperatures
topeedllyldmeidielly efisuredittatimostberidial ccontactsiwaeidabesd antbagete of
REQr faihe deposison.ofRGaNdayel. fefuher, COMplcationisthe survive the
diffusion of metal from the contact Iag\Er into the Gal%lj a problem wt&ic is
SEETRIEh FEAURE B AR GO WIR St TOWRT IR IS NAGreR. T o6 bF (hydnide vapous
vhesorgitgly, theve isfagabadfortndetalnirdecsemibe eestore dévicesgrin and/or

Rasticia.shgss BQVM@%%F?@I %&ﬁb@?&ﬁlﬁesh??% f%@%@,dé%ﬂ%%at most
e m

contacts, and processes for t anufacture of such devices. [ 00111 ‘
THE (PR EompHSing HEaeE HKfell HEa P M0 oMo pHACIARS; bat ABEeT
QinpeessarityesbiélybnFintrerniore fheasiation sof the wer@donpprigingihich is

SHeDAgic RIISEARA 2{GOMPIEGRMAKe correspondingly varied
meanings. S MMARY OF THE INVENTION [ 0012 ] It is an object of the

mélsfeht jqcmerdinmytoﬂwe,jﬁsomeedrfanmﬁi@l_raieiéd leastontecof t_dta@ices, in particular
gisadyaniages-cHIRe NLOR AL LR RIgvide. guspibLalietnatye p?o%eés%%ﬁr the

] Throughout the specification, the terms embedded or embed can be
BeryRshtS Ay Ea% with the terms buried and bury. [ 0014 ] According

E%@ first ﬂ]%p?e%h‘ecrc%ﬁrﬁ{%” ded AgemICANdNGler dRViGR SO MRISIRG, But not
substrate: a first contact;
necessarity solely”. Furthermore, variations of the word “comprising”, such as “comprise” and

“comprises”, have correspondingly varied meanings.

SUMMARY OF THE ENVENTION

[0012] Ti1s an object of the present invention to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful aliernative.

[0013] Throughout the specification, the terms embedded or embed can be used

interchangeabty with the terms buried and bury.

[ 0014 ] According to a first aspect there is provided a semiconductor device comprising:
a substrate;
a first contact;
a first layer of doped semiconductor material deposited on the subsirate;

a semiconductor junction region deposited on the first layer,
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substrate; a semiconductor junction region deposited on the first layer; -4-

a second layer of doped semiconductor material deposited on the junction
region, the second layer having opposite semiconductor doping polarity to
that of the first layer; and a second contact; wherein the second contact is
in electrical communication with the second layer and s the first contact is
embedded within the semiconductor device between the substrate and the
junctionreginn and ks mé%@gmnggmm&ﬁi%ﬁwmé% fikstlayr rifien, the
first contagltamay be in direct or indirect ele tricaltc%rrgnﬁglic titoln with the
FFSP AP, LSRR EHR SXBY PR B i T8 S &P B MR ShiEstiBh with thE

first layer.via-a copducting buffer layer. [ 0015 ] In a particular

arrangement there is provided a semiconductor device comprising: 10 a
substratehaddirshdousried comtact;s anfilstiayér afidopedisemitonedvatard layer and

inagerial dengsited anthe. substate, a. SemicenAuCor JUNCHAN-redi90 e and the

deposited on or adjacent to the first layer; a second layer of doped
TEBTHREIREOR I i dtahs e o sRa SRR iR ATFEEGh, the feiweassgmay be
iiayeedn avﬁmgiwapﬁsiﬁ@;slemﬁmmﬂuﬁqm dapithg ﬁdalﬁpyﬂo]?hgﬁaft ttmtﬁi:r:smay be in
JvgE A0S a8ean CARACtMNSIEINING SREAAMLGARIASLS In electrical

communication with the second layer and the first contact is buried within
the1semigandirigi-device-hetweenithecsidastiatenrottither jinttionreg it
and is in electrical communication with the first layer. The first contact may
be 20 iniditegtk indirect electrical communication with the first layer. The

first contatct r’rgﬁé/ Qe in_electrical communication with the first layer via a
g Iirst 1e

conductlnglr“bu er Igcf/net??tf 0016 ] According to a second aspect there is

provided, gsamicopdysietdevica farmed i sRmiconduciaLpittde
materials comprising: a substrate; 25 at least one first contact on the
substrate sarfirsidemi porductoginiticedaybomheri@methe firsticottaat is
embedded in the first layer and in electrical communication with the first
layer; a fubfcaBhI a5 AHpsESHTiR frss BRIEh ATRATICR R P el gEgh & eiom: the
semic odtictanniifide tayeiadigcentdbigngnationy klayes; of the first layer; and

a second contact;

wherein the second contact is in electrical communication with the second layer and
the first contact is buried within the semiconductor device between the substrate and the
junction region and is in electrical communication with the first layer. The first contact may be
in direct or indirect electrical communication with the first layer. The first contact may be in

electrical communication with the first layer via a conducting buffer iayer.

[ 0016] According to a second aspect there is provided a semiconductor device formed from

semiconductor nitride materials comprising:
a substrate;
at least one first contact on the substrate,

a first semiconductor nitride layer wherein the first coniact is embedded in the first

laver and in electrical communication with the first layer;
a junction layer adjacent the first semiconductor layer;

a second semiconductor nitride layer adjacent the junction layer;
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-5- a second contact adjacent to the second semiconductor layer and in
electrical communication with the second layer; wherein the first and
second contacts are electrically interconnected through the junction layer.
The first and second contacts may be electrically interconnected via the
junction 5 layer. [ 0017 ] According to an arrangement of the second
aspect there is provided a semicondugtor device formed from
semiconductor nitride materials comprising: a substrate; at least one first

gontact 9@4&&? %%ﬁ&t%}%f gt %%”H&%H&j L&%Ma&iﬁ&@%ﬂ QXEJrV\é_B@rﬁi”eﬂ@&ncal
first contact is buried in the first layer and in electrical communicationwith

FEHPEFTEPR Y (1R &HSR94YEF deposited on or adjacent to the first
semiConGuEIOr RY el 3,3 CON SEMICARAHCIGERIIAS IANGLAIBLENLIBGH the

junction layer; a second contact adjacent to the second semiconductor
RSB HIEE Ehe LN te AP BRS R SeebhrasrdwRdhajmcton
lther first and second contacts are electrically interconnected through the
gunction layer. By "electrically interconnected through the junction layer", it
i8hehnt aidine [FirsEaRtRsBEu] Eomtserd ArerrlttRcaniPIer dorimiRtyclor
ddadhejuactiom layetdatihesthanibeingidirectlyrzagnected to one another.

20 [ 0018 ] According to a third aspect there is provided a semiconductor
nitride deW#e&*¥®Bmprising: a substrate; a first metal nitride layer deposited

on the su stratecé'j ?t Ieas%a atfirs%\g%qjts g&ttgprmed on the first metal nitride

film; 25 & S8Eond mEtaitriae aygr eposited on the first metal nitride

layer engapsulatingalcdeastapauiomeidthafirsteontact anaricondUGtOlayer
junction region deposited on tr}\e geg?ng metal nitride layer; -6- a third
?ﬂ‘é{%ﬂ?ﬁﬁt?%l f%?%?%‘écﬁgg ‘é'lg‘hc;net j&'jlirEtion region, the third metal nitride
layer haying.apposite;sammice B uCiar.AoR IR YRR Jhake)- pgfirst and

second metal nitride layers; and
a second semiconductor nitride laver adjacent the junction layer;

a second contact adjacent to the second semiconductor laver and in elecirical

communication with the second layer;

wherein the first and second contacts are elecirically interconnected through the

junciion layer. By “clectrically intercomnected through the junction layer”, it is meant that the

_first and second contacts are electrically interconnected via the junction layer rather than being

directly connected to one another.

[0018] According to a third aspect there is provided a semiconductor nitride device

comprising:
a substrate;
a first metal nitride layer deposited on the substrate;
at least a first contact formed on the first metal nitride film;

a second metal nitride layer deposited on the first metal nitride layer encapsulating at

least a portion of the first contact;

a semiconductor junction region deposited on the second metal nitride layer;
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a second contact in electrical communication with the third metal.. nitride
layer. s [ 0019 ] According to an arrangement of the third aspect, there is
provided According to a third aspect there is provided a semiconductor
nitride device comprising: a substrate; a first metal nitride layer deposited

on the substrate; at least a first contact formed on the first metal nitride

film; in a second metal nitride layer deposited on the first metal nitride

layer encapsulating at least a portion of the first contact; a semiconductor
junction,region, depasitedian 0L ANAGEBh tadheseGO R BICIAL NitFd G clay Sfiride
a third metal nitride layer depasited on the junction region, the third metal .
YRR FRFRF ST OO RBR REIL QOB i o 6 e B e
ltherdirsiand second metal nitride layers; and a second contact in

electrical communication with the third metal njtride layer. [ 0020 | T

h
metal NI yEPE OB AR RS AP AR St g &g }éﬁgfrom
gfp]oG% ta'A%%g;%%ﬁg%migoa clormaterialfgn example Gal, AlGaNaInGal: «

. IN, InNAIN"or 20 cmbinations therof for example InGaN/AlGaN,
s ARres AN GENT RSN B ARG RS HRY AIRRS EIRE AIGaN/AlinGaN
among oth%raagg,_ would be appreciated by the skilled addressee. [ 0021 ]

In each of the dévices of the first to the third aspects, the first contact may

he on or, adiacentthaisubst@ipsdaliemativelyenay be on, adjacent,
embedded or buried within a 25 conducting buffer layer, wherein the

conductindgdsufférsipaiaph fyrval on bt Adjaveat tHedsibstrate. The

encapsulating of at Jeast a portion of the first contact may comprise .
forming ARSI BRI E MBE AR EH P18 rﬁ%ﬂﬁb‘ﬁ}ﬁgedﬁ%%ﬁ%%‘%wmmg *
06822 jdnieaghiefilecdawites of the first to the third aspects, each of the

first and the second contacts may be conducting contacts, and may be .
metal cohiSBIE PHRIESIRIEERAEFEBIRONS) 90 PG HEVE Glhb SrSaUfy R ivide
Isysauch less than that of the metal nitride semiconductor material, -7- for
example the resistivity of the contact(s) may he one, two, three, four, five,
six, sevenERymeEr Hibe Brdeeroeiragrithad esetss thelie Sdhang ey niride
therpetaknifidesamicontustatornaterialicf R0R3 pimedch afithecdévieasnitride
gy%?s‘?gzi{?t to the third aspects, the photoluminescence of the

a second contact in electrical communication with the third metal nitride layer.

[0020] The metal nitide layers of each of the first fo third aspects may be formed from a
metal pitride sericonductor material for example GaN, AlGaN, InGaN, InGaAIN, InAIN or
c¢mbinations therof for example InGaN/AlGaN, InGaN/GaN, GaN/AlGaN, GaN/AlInGaN,
InGaN/AlInGaN, AlGaN/AllmGaN among others as would be appreciated by the skilled

addressee.

[0021] In each of the devices of the first to the third aspects, the first contact may be on or
adjacent the substrate, or alternatively may be on, adjacent, embedded or buried within a
conducting buffer layer, wherein the conducting buffer layer may be on or adjacent the
substrate. The encapsulating of at least a portion of the first contact may comprise forming at

least a partly embedded or at least partly buried contact.

10022 Ineach of the devices of the first to the third aspects, each of the first and the second
contacts may be conducting contacts, and may be metal contacts, The conducting contact(s)

may have a resistivity that is much less than that of the metal nitride semiconductor material,
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s device at or about the wavelength corresponding to the intrinsic band
gap(s) (either direct or indirect band-gap(s)) of materials used inthe
device may exceed the photo luminescence of the device at other
wavelengths. The other wavelengths may correspond to
photoluminescence from defects within the device. For example, for a
metal nitride semiconductor (e.g. GaN ar similar semiconductor material
as described herein) the wavelength corresponding to the band in gap

fonay-helntbecsange of akawhB0QsienshBam,owaltbraativelyfiabhoit, 306:1tceight

200494 2P e 18- R #af) 1-20idAR 1A, A% QiAR0. SRR ductor
450, 360 to 420, 360 to 400 nm and may be about 300, 310, 320, 330,

maARed50, 360, 370, 380, 390, 400, 410, 420, 430, 440, or about 450 urn
it ex%()*%%%ﬁ'e%%‘ﬂég%%%@scg é@%ﬂé‘\{ﬁé%ﬁ%ﬁ 2 s,etﬁé%%%ﬁ RAXINUTY e

intensity ect-related photoluminescence in the wavelength range

1B 3tIP U BTt BOY R EHec PSS HRENENS BtHsHRBES BFRthestererbst tsct or
ihaingt Gapi wanSlestgiatsaly exdaesththrintensity-atthehphoto uminaseenee the
aihar 459 delselarelatet wavelenaia Ry fladarlAeesh 0 G hidence
2 of more. 8_824 T‘%\c_cor ing to a fourth aspect there s provided a )
iptcddecbrTahmily desimidondaeiie deviteral Nl dhipairaadreohtagteN or
SOmpEsiHigie-siepsefal20 fesming fisst at deastane gortackmdnge to the band-
substrate; masking the fir ntact.to expose at least i on:
B B Rl A SR as0

180 &nmiped théfitdt éantactivithihitetirdtd 4y érOrarning R jdrittor bueraemay
sirshlayeon25 foaringsa, seconth|ayer vaes the Jometions forAing:30seannd about
£aniact o tﬁfe‘eh%%i%%’né?éé%&%ﬁ‘gg{se%‘éifé%&?%@%%é&% RPose e slsiy o
contacts on the substrate Inarepon not corres ondlng to ﬂlne evice
fesgisirst-TebOPo hreleBraReptscalt i arryslneth smgteofolint 4spéettiieraishe
proMle ot P pRcRE: Alc3ehierming 1aar paicanciiaion deyicrcbavingiuiiad of the
GoniAgts.compriyin %‘%%F%%feé%fée‘i%{@” Jinst 8 16ast one contacton a; 15, o
B strate; 8 masking the first contact to expose at least one device
PEI®M: forming a first layer over the first contact in the vicinity of the

f0aT r%\%'c%?(%%?é LY the st cqpiac within the st 1aye s I08mInd i conductor
nction over Irst layer;
device having embedded contacts comprising the sieps of:

forming first at ieast one contact on a substrate;

masking the first contact to expese at least one device region;

forming a first layer over the first contact in the vicinity of the device region to

embed the first contact within the first layer;
forming a junction over the first layer;
forming a second layer over the junction;
forming a second contact on the second layer; and

removing the mask to expose the first confacts on the substrate in a region not

corresponding to the device regions.

f0025] According to an arrangement of the fourth aspect there is provided a process of

forming a semiconductor device having buried contacts comprising the steps oft

forming first at least one contact on a substrate;
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the second layer; and removing the mask to expose the first contacts on

the substrate in a region not corresponding to the device regions. [ 0026 ]
According to a further arrangement of the fourth aspect there is provided a
process of io forming a semiconductor device having embedded or buried
contacts comprising the steps of: prowiding a substrate comprising at

least one first conducting contact; masking the first contact to expose at
least oneadevioberégicnnfammmingpasfirsidayenovaithedirst contact in the
vicinity of the device region to embed or bury the first contact within the

first Iayé??%ﬂﬁ)i‘rﬁfﬁ‘gl%(%ﬁﬁidhe&Vﬁf%@aﬁ‘@’t Fg%’tc,mfﬁ’rﬁﬁﬂ’@ ﬁe%&é?ﬁilofh%l?ury
taventhenjunction farmindg.gesecond conducting contact on the second

layer; and removing the masks to expose the first contacts on the
substraferipizg redisHAC EdhPdEpoaifig to the device regions. 20 [ 0027 ]
The firstfand second f)néac‘tjgs)mma%ct%eﬂ }{espectively first and second
conductl?lrémé%%tsgé?fg, and m%yeb’e relspéctively first and second metal
contact(@}mlhe flkst.conauctipgseantast(Byanghthe second conducting
contact may be metal contacts. [ 0028 ] According to a fifth aspect there is
providedearpriogess ofzfbrmingpast embaddethtcontactisembsoridunterregion not
JAitrde, deyice GOMRIISAG:the steps of: 25 providing a substrate comprising

at least one first contact; masking a first portion of the first contact to

[@Xpo6ge atleastone deticanagemesorfifrsingtiasspeotidrportionidddherficsts of
£ORIALCE 2 105 ARG .St Semiconsluator PUTG& Yl QUEHINRISE AR bs of:
portion of the first contact in thé device region thereby to embedthe first
contact wihidirihe diestriay esminsming 1eajy oot drseveddtia ficshlayer; forming

a second semiconductor nitride layer over the junction; s forming a

second BBfltEEBhitHEceBEEE 1Ay Al Temolangatieitiask thereby
exposing the first portion of the first contacts- | 0029, L Acoarding o an. o,
arrangerr?reﬂrlftn%fathésﬁ Waspect%here is prowde a process of forming
poppddContabe Serrieadctbmigidetdewice comprising the steps of.

forming a junction over the first laver;
forming a second layer over the junction;
forming a second conducting contact on the second layer; and

removing the mask to expose the first contacts on the substrate in a region not

corresponding to the device regions.

[00271 The first and second contact(s) may be respectively first and second conducting
contact(s), and may be respectively first and second metal contact(s). The first conducting

contact(s) and the second conducting contact may be metal contacts.

[00281 According to a fifth aspect there is provided a process of forming an embedded

contact semiconductor nitride device comprising the steps of!
providing & substrate compnising at least one first contact;

masking a first portion of the first contact to expose at least one device region

comprising a second portion of the first confact;
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forming first at least one conducting contact on a substrate; 10 masking a
first portion of the first contact to expose at least one device region
comprising a second portion of the first contact; forming a first
semiconductor nitride layer over the second portion of the first contact in
the device region thereby to bury the first contact within the first layer;
forming a junction over the first layer;d; forming a second semiconductor
nitride layer over the junction; forming a second conducting contact on
the secémohilayefiranchriemdving thedmiagk theralysexpdsing dhelfinstirst contact
PRTRR QLR ESLEANAGH-4 8R30J AseidingiinrmArapgement of the
fifth aspect there is provided a process of forming an embedded or buried
contact feenmgondiuaiar sitride devieexcomprising the steps of. 20 providing
a substrate comprising at least one conducting contact; masking a first
portion BTEHBLH SECEHEABIEP SIGTIE AT IdBST 6HE theviEsi¥gion comprising
a secon% ortion of eczofi{sttcg tact: fo‘rirﬁlineq_%gi st semiconductor nitride

t
He a second contact o sebpn Tol . .
layer over & 8econ por?lcon of the first contact in the device region

thereby tg,embad-orhu 108 fisshaantastwithinihe.finst layeknekidorming
a junction over the first layer; forming a second semiconductor nitride
[l8g2sr lovardbrdijgnttien; afenmingra setontiftonshactitigreontactvoledhve process of

B6FA0AIRURL 20648 %BY&B&&%JH@%&@@E@@&%@%@Qléféﬁesﬂ;@ﬁ: portion of
the first contacts. -10- 0031 ] The first and second contact(s) may be

respectiftetyifir strandisscondcondirctingtcontactiyrratnad may be
respectively first and second metal contact(s). The first conducting )
contact(&f e the b dsHiPeohdbc it ConettmasPBe Meldrtontaltyicp region

Qa32 fAccardinptouasiXth-aspechtiere is provided a process of forming
an embedded s contact semiconductor nitride device comprising the

steps of {ErEUiAE R SRIsSRAEESHPISYE AN e Akt BRORSdghefubtifig contact
wandaetiforming tBefinst wentcon dustanpitideiayae awelthe first contact
thereby to embed the first contact within the first layer; forming a junction
over thelfirsiaydmeboforrsinbe arselsspid semiconductor nitride layer over

the junci;[ion;.and forming a second qondyctingvcotgtact n the second
Iayer orming a second semiconductor nitride layer over the junctior;

forming a second conducting contact on the second layer; and
removing the mask thereby exposing the first portion of the first contacts.

[0030] According to an arrangement of the fifth aspect there is provided a process of

forming an embedded or buried contact semiconductor nitride device comprising the steps of:
providing a substrate comprising at least one conducting contact;

masking a first portion of the first contact to expose at least one device region

comprising a second portion of the first contact;

forming a first semiconductor nitride layer over the second portion of the first contact

in the device region thereby to embed or bury the first contact within the first layer;
forming a junction over the first layer;
forming a second semiconductor nitride laver over the junction;
forming a second conducting contact on the second layer; and

removing the mask thereby exposing the first portion of the first contacts.
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[ 0033 ] According to an arrangement of the sixth aspect there is provided
a process of forming an buried contact semiconductor nitride device
comprising the steps of: forming first at least one conducting contact on a
substrate; 15 forming a first semiconductor nitride layer over the first
contact thereby to bury the first contact within the first layer; forming a
junction over the first layer; forming-a gecond semiconductor nitride layer
over the junction; and forming a second conducting contact on the
[ sexondTay s @rd0@84n{l Acwoetingrty dn arsprigere fitwiakessiothl aspésting
hersds pravided.a pracassofrirning.amemeaddad e buried ¢entaGlucting

semiconductor nitride device comprising the steps of: providing a

COAPATALSSAYIAG RIS SR RrE SRRTRING &S tact; forming a first
g@@gai ondugigry i%éiqesi%xegsgléé% e Usheantack H?gg%g%fqﬁgmgqrpéﬁnbedded

ury the first contact within the first layer; 25 forming a junction over the

GﬂFé‘iné?@if_’%ﬁ’PﬁFﬁbngfgé’égﬁﬁ%@ﬁf&ﬁﬁ@&?ﬁeﬁ&ﬁéie layer over the junction;
and oI008 SeaRnd.eondueling soniactonhe saqand layal,. 11 0035

A proce%gvo ‘the invention o any one of ourth to the sixths aspects

may bergarnied it suebothatiheisemicpndusitid sy ahihadenieecmsy the

e Qre_g%reqt%at %t mﬁerature not exceeding about 800C or in other
1rst contact withun the 1ixst laver .
arrangements, not grea}fef than at a temperature exceeding about 700C.

The semigandugtekiyersahihesdeyice may be prepared at one or 5 more
temperature(s) within the range of about 500C to about 800C or

alternatifeetyitip 2hecorsirgmiofaibdgut SO0E o aboett7TORE:{E086 | The metal
nitride layers of each of the fourth to sixth aspects may be formed from a

metal nitPRAE S TeORRIBI PRESARFTOP SO 51, AIGaN, InGaN,

IN, InAIN or cmbinati or: | N/ a process o
e T

(ATEANTA NS RO RIHO i RIIERS it d s Rt e b e Skilled
addressee 037 LIn.epall ebie devisescbine [Ruit o siih aspects,
each of the first and t esecondd contacts may econdﬁ]cting contacts,

and maydhgimeial-contastsaide fisideandychingieontact(s)Amdthe to bury the

Iggoor;% cpnl%gm ,1?35‘%619 may be metal contacts. The conducting

con aca(cs1) S may have %rfesistivity that is much less than that of the
metal nitddesemisendustor materialer;

forming & second semiconductor nitride layer over the junction; and
forming a second conducting contact on the second layer.

[0034] According to an arrangement of the sixth aspect there is provided a process of

forming an embedded or buried contact semiconductor nitride device comprising the steps of:
providing a substrate comprising at least one first conducting contact;

forming a first semiconductor nitride layer over the first contact thereby to embed or

bury the first contact within the first layer;
forming a junction over the first layer,
forming a second semiconductor nitride layer over the junction; and

forming a second conducting contact on the second layer.
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for example the resistivity of the contact(s) may be one, two, three, four,
five, six, seven, eight or more orders of magnitude less than the resistivity
of the metal nitride semiconductor material. [ 0038 ] Each of the

processes of the fourth to sixth aspects may comprise forming the first 20
and second semiconductor nitride layers at a temperature in the range of
approximately 500 to 800 degrees Cglsius, or about 500C to 700C. Each
process may optionally comprise the step of depositing a buffer layer _
(whish maybe githemannsulating davfiae layercooawapachitinr a@y&lﬁ may be
The (%)ed P%ﬁ?'ﬁae er 4 b%relltheersr of%g%}evac% n¥ Tl}g erélge erature
may be ep05| & substrate prior to ormlng bt feast one fmg
%%F@é%@@%é?@fﬁ the frstths eentgesaire t@tn&é%h {18 Buffetcrapapure
ckbedirgte0mtactmayrhe ameleatiealicantaat tkhe-litst negriagtdpaydferihe or
an o mlc con ith t ne first laye t contact form. an ohmic
R e pihe Hebol ol SR IR, B AT T e
rapes thebbirfdPlayeebray®fm an ohmic contact with the first Iayer The

com unlc t| n may be.in the ofa ohmlc cont
[bdgfgllI IayheerHrn‘lrﬁ?}a?yIhm%eefil %Ilte% eaChth{(tﬁéué to S]ff r e Tormim esf&mﬁ jipma
At asridn ecfirsordedtr coritaet, fhmetaetﬁlth@aﬂfsﬁé‘éﬁthété}% Teﬁiﬁetébtdeta‘ﬂN or

aettthtauthe pistar rlayshnihie buffer layen may:he @ seriesrasistancRN/AlnGaN,
usiing puler et The-buffer ayer may, be A AElve, Semieanglelor aes

erlayer an may be an-ac Ve Semiconductor nltrldepgﬁgr
Jdgrspsasay be formed from ZnO or other suitable materlals In each of the

first to the Xth aspec nctlon Ia eris |n
ATt Botratte Brst A i e U TS o ety econd

thé se 1ayers
06891 Tive |bwe:nu@matsocmmgtaesnd dwidee obtéhabiedy a ﬂnecfese @‘chetmg

VBRI An ANROs A @&hﬁ&ﬁ%&%ﬁ&%ﬁ&ﬂ@@&tﬁ@&e%’% formeshpYAact(s)
process of the invention. s | 0 flrstélayer mayb a first

%‘@P‘rt'i‘é%‘?ﬁﬁ%?ﬁ&?‘tﬁ%’/élt%ﬁdl?ﬁ at’i‘r et nttttabméem. SondU “Ct‘t%mé‘te“al
Tohexfingtleribtabnistricle s‘éﬁm@ntmfétbmtay@r mmaybe @Iﬁ@efqttttﬁye @mpsetypee.lght

Theunction neay-hensdeuble heterastuchgunctionymlibe geubleemiconductor
heterostructure junction may be formed from InGaN and or AlGaN metal

MeE8s. The junction may be a single or multi-quantum well junction or

$OMe ]Ot'tgtmatefﬁeétye%@%%tﬂm%%ﬂl he L0 SemiconduCtRLaYese first
may be formed%%@ia remote E}Iasma fabrication technique under mtrc;ég

& %f§ﬁ’?f5et‘émf PR S a%a%é%t%a&%%%%%%&% 6%&%“ o
6bthlessemicondy otoibdevite Oroif0aity dhehafrtheprosessesadf thenfouettbe step

i 8BNiASP e HiSID & JUNGHOR BYLLMAY DS AIMDEHAN butfer layer or a doped buffer
layer. The doped buffer layer may be either n-type or p-type. The buffer layer may be
deposited on the substrate prior to forming the at least one first metal contact, wherein the first
contacts are formed on the buffer layer. The first contact may be an electrical contact. The first
contact may form an olunic contact with the first layer. The first contact may form an chmic
contact with a conducting buffer layer. The combination of the first contact and the buffer layer
may form an ohmic contact with the first layer. The electrical communication may be in the
form of an ohmic contact. The buffer layer may be deposited on the substrate after the forming
of the at least one first metal contact, wherein the first contacts are embedded within the bufier
tayer. The buffer layer may be a series resistance lowering buffer layer. The buffer layer may
be an active semiconductor buffer laver and may be an active semiconductor nitride layer. The

buffer layer may be formed from ZnO or other suitable materials. In cach of the first to the
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_region in either the first or second semiconductor layers. Similarly, one or

both the first and 1s second semiconductor layers may independently or
each be defined by regions of doping in a suitable semiconductor

material. [ 0042 ] A semiconductor device of the invention may be

prepared such that the semiconductor layers of the device may be formed
at a temperature not exceeding about 800C or in other arrangements, not
greater than at a temperature exceeding about 700C. It may be 20
PLEPRFEH:AhONR BHMEFE (e HRREAMEE(SIMITIN1Be yanue R RIRUELEO0E fQond
about;&O&: 1[ 0043 ] In an arrangement of each of the first to third aspects
BY TR SRi&8Hductor device or in any one of the processes of the fourth

fQath %@%ﬁl&nﬁ&?ﬁféﬂ'%ﬂﬁtﬁ%@i&kf% GRRMABIONE O LAY GRMNIRALAN Also
of two_or more features; [ Q04 flrst ontact ma %t?e embedded

WHRHES BORER Ty P HICH YAAS 55 EORAORAG <28 Fuorars

rlayer.’In other

Pébﬁﬂ?e'ﬂ?e”ﬁ%?f y@p Iﬁmg(&nﬂl&lp@ﬁl%ﬁﬁt&h %Jéﬁsirﬁpﬁ%cﬁﬂaﬂrﬁ%cwl nitride

situated on top of the huffer layer. In further arranglements still, the first
%ﬁfaemayweﬂ%&?eﬁﬁw {H}Hftﬁf‘esﬁ%‘t“?&‘?&?t NP R GRS o P
the: seThicondictonagevice dalylc domprisecansuffertayerihtednubitiatdethgructure

ﬁk&@é&%@%g the firstlayelshaefirst coriact may beiem b?ﬁdﬁm&may be a

he buffer’layer or the first Iayer The first contact may be an_electrical 30

BPEL THE BHEREE L PA B ESHIE Copftetdt Wﬁ?ﬁ%ﬁfﬁ%ﬂfﬁ&?&?ﬂ
Ihedirghcontactsmay fofmmar dhrmiercontaeswithta conductmgrouffeicr nitrogen
gq%gg Jhe combination of the first contact and the buffer layer may form

an ohmlc contact with the first layer. The electrical communication -13-
@y be im ﬁﬂaﬁaﬁ@m&amﬂmm@mma@t td hereaspeyshe tnorenthanione device or

RIS SRYSHIOLEXAMDIG: AR MAY BEAUQIOLER, (UL O GO DL, junction

ayers. er layer may be an active semlconductor uffer
W@naﬁeswfa%@%h%ﬁw%éﬁ%w%&é% Pt THYRrYT A bhﬁf@ﬁ%?eﬁm and
maynb edoiumadtre myZnRGhat heibufierlayer saely helefisedids resistasosping in a

Ig)ﬁg\{a rf'n }éff&{%@é/e&a%[ 045 ] The first layer may be an n-type
semiconductor layer and the second layer a p-type semiconductor layer.

Inoother ayrasgriamsmitnadiiss Iaye&may@mﬁm type semiegaddctariayern the
Pttt R A S
layers may eaé% Fg or th ey may each be heavily do
@m@roéwaﬁg@ﬁw%swetf%@ﬁy@ﬁwy BE G - aﬁiﬁé@wwe@g 6‘on5ca may be
Iaypnaay he hearly-gopadeakenmativeln he fistdaysr-mayheinooec.
heavily- doped and the second layer may be lightly-doped. Either the first
drigétondnlayersngrayerirt aerd sfappEdior Jradisntaegichs sméopigior device or

Vﬁhﬁi’? shedapipschanoesiramdightiykdopgstty theautydoped:ag apply alone or

vice-versa. The n e layer may be a gallium-rich nitride layer and ma
big any com mat}on Oftx’PO or IXOI"G%&XH’GSI g y y

[ 0044 1 The first contact may be embedded within a buffer layer, which may be a conducting
buffer layer. In other arrangements of the semiconductor device, the first contact may be
situatéd on top of the buffer layer. In further arrangements still, the first contact may be
embedded within the first layer. In other arrangements, the semiconductor device may
comprise a buffer layer intermediate the substrate and the first Jayer. The first contact may be
embedded within the buffer layer or the first layer. The first contact may be an electrical
contact. The first contact may form an ohmic contact with the first layer. The first contact may
form an ohmic contact with a conducting buffer layer. The combination of the first contact and

the buffer layer may form an ohmic contact with the first layer. The electrical communication
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nitride layer doped with silicon. The p-type layer may be a nitride layer
doped with magnesium, and may be a gallium nitride layer doped with
magnesium. Alternatively the p- is type layer may be a nitride layer doped
with beryllium, or zinc. [ 0046 ] The first and/or second layers may have a
doping concentration of between | x 1018 em -3 to | x 1019 cm-", or the
doping concentration may be in the rgage of I x 1016 cm'3 to 1 x 1021
cm3, 1 x 1017 cm'3to 1 x 1020 cm 3, 5 x 1017 cm'3 to | x 1020 CM-3, 1 x
Q12 GMeRote: boed ORiceradx] OtBematotxiat demasdbrhfecnyatabxialimple
tﬁ%g’%él% ?v%g] Egrég, ou:ll"c()):rl.'%(\:fre] oz%éfe%u%fé aog:'%. %@ E‘P rﬁ%zé%or%% %&lcvkﬁ?' active
e oyplng concentration may be apprOX|ma¥eli I'x 161_8
semsesstq@%m%em@vw@;sgaew@mg ?8%1‘6’3}92/‘&!&‘3‘, Rgedeier3, 3ka bafertyer
maPXe formed from ZnO. The buffer layer may be a series resistance lowering buffer layer.
1018ciri3,4x1018cm3,5x10'8cm3,6x1018cm3,7x10t8cm3,8x1018cm3,9xlo
[IPe#A3, Thel@solai 8121 b PO IO EPAIPIcTT G e gerssd T SN 188y aLpxiype

;4020 M3er Thedirst dave nmayeheniaresheaxily Sopac adjaeashibefitsibvr layer
C(antgact. 25 [00471;| The semiconductar deviqf may be a mef{a}l nitride
an H . e first an

e second-laver an.n- semiconductor laver, Secomngd lavers, may each be
semiconductor éewce. her?lirst an segond ayers may be for ednflr m a

lighvy stapiie ondhat tornvate fhalephiyfiereindsederaraegrargingy betflsseiarey be
ﬁg&f@@@@@h@ Hfé@@eo-ﬁhh @;@ﬁ?@dﬂ%@ﬁ%ﬂ%ﬂ&}@cﬁﬁﬂi%ﬁaﬁi@iﬂ &fl(ﬁ%N}ﬁydxnmay be
other arrangements the first and seco er rmed o
R AT N AT S i IR B, TSaiN Bl e mav
inpitide snreige TTedies] the e i iaa coee|HipeterBe phanepelfammiebtfrdaped to
AN AN GaNAGa. AR AN, GAN AN G e e meybe
n aNi, , Ga nGaN, InGa nGaN, . .
AN R SRA AP L cortinBins HHERGRE ek S et ™
mRghtislentayedmalcbealed at s jaretidrreducih BegrSEN gbipmghyely the p-
nglﬁ,y@{m%sa sandwiched hatween-aimorAlaaN barriers. The -14-
semiconductor device may form a semiconductor transistor for example a
bigétar jUetios drdisistondieldreffecttransidtomavongmtny dthersThe 107
éﬁﬁlitsqn% y@;ﬂowei\épﬁlﬂmi@rf@a@eﬁgmc%m?% gﬁeﬁ%%lﬁ% %?]@m phes aioht 1 x
emitting diode, a laser devige xample alaser e {ej n _
Lo 15 b0 o B Lo SLhTabd i Iy Ve 0™
ondohel 8 btheritype BF laser dinde) and mdyxfth esaimple Be am™ to 1 x 107 e’
*n@esll\y@@tgc@seé @li{gdg*ﬁ I?g.lgqm @g%&&gn%@yaﬁgﬁaxﬁfemﬂ%mmmp Bx 10
wayelength range of gbout, : . The light emitting device may.; .
B8 1 GARY RS LED. S N é‘s@dﬁbﬁlﬁg Eéggj ] Batad Blua By o -3
didtien Oriax GRNCIlE el dinde, THE ‘sarmicondiCtor d8vidé Tray ol g em”,
'igbkﬂeégﬁtj@gg (}i@m&g'{of qu}e, & phetediode ) RhetoHaNSIBIO MK layer may be
charge-coupled de,vice,r%cglgr cells or solar-blind in detector among many

BN FRENGRT HAtERINY HEVic¥ Ry detect light in the wavelength

[0047] The semiconductor device may be a metal nitride semiconductor device. The first
and second layers may be formed from a HI-V semiconductor material. The first and second
layers may be formed from a metal nitride. The metal nitride may be Gallium Nifride (GaN).
In other arrangements the first and second layers may be formed of Aluminiuom GaN (AlGalN),
Indinm GaN (InGaN), InGaAIN, or InAIN. In further arrangements, the first and second layers
may be formed from different semiconductor materials for example InGaN/AlGaN,
InGaN/GaN, GaN/AlGaN, GaN/AlinGaN, nGaN/AlnGaN, AlGaN/AlInGaN, or other
combinations thereof, In further arrangements multiple layers may be used at the junction, such

as InGaN guanium wells, or layers, sandwiched between GaN or AlGaN barriers. The
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range of about 350 to 700 nm. [ 0048 | The first contact may be an n-type
contact and the second contact may be a p-type contact. In other
arrangements the first contact may be a p-type contact and the second
contact may be an n-type contact. 15 [ 0049 ] The distance between the
first and second contact may be in the range of approximately 10 urn to
10,000 nm. Alternatively the distance;hetween the first and second

contact may 10 nm to 5, 000 nm, 10 to 1,000, 10 to 900, 10 to 800, 10 to
sé0fkob Bt @0vidD 40y 59 J0stenAafiuk@tar3biktd0fe S0hpld 10o0r Johction

0, 10 19,100, 10 t0 50, 50 to 10,000, 50 19 5,000, 50 t0

R o p e BT T BT S B, 3y o e
11&3@%]@%%@%@%@%@% m@}m@o@ ad@ﬁetéwm ﬁEG?@G@% lygyp diode
(EAE:108 5he L00tHR o 3005 4198kter 28MicA 010,200l DNathE0as2DOASEL, or some

000, 200,10 5,000, 200 to 1,000, 200 tq 750, 05

S P 585 DG Gb D 50 ST se a0, TN s e e g
THIH0D d206 t@%,@@@,liﬁbb%htf{ @0@%%@@&@ 7%?4?@@13@1*6%@, 1§04 g mBOoJ e light
ét@i@at@ 450::1:008 4@ G 80 L EBOOCGHNT:50Q, 51u0 0810 e&;ﬁmaas@eﬁtamaser diode

CF 50(9&N1 Qeo 1%1%&2 9 %Osgztlcg'igdgc r geVSdQ 9110 2§0t0 1 Otgodé%ctm d 103 for
stance between e first an secong contact I'T'I%ly ﬁromma GR/ f6

PHHTRIE 50 PROOUIPED, PBtOIPBESI8D0IBEE: %91645@\%0 Ssso ®ho @ 5eplar-biind

3&&1&@3&@%&@%i§1¥r90@h& 00 420000 2500, Bd001e3:5(8 4 ARWswavelength

1%&%%%? t%sg 0% 7,000, 8,000, 9,000, or 10,000 ran. [ 0050 ] The

es resistance in the layer adjacent the first contact (i.e. the buried

p@@t@@t me&‘gsb@&htmtmg 1218 thy@ﬁ)@@&ttgwatm%) sﬁtaydb%d%ﬁrtﬁméa p-type
rtgstap may be in th%rt 1 r%) a}kt)a%ltjt 29 0001 to 5 ohms AI grnaét%/g%/mw

05 A O SRR IR B R ASh B 0T b B YRS, OOt 182 0 5

2P 18001 1619.4901;0001 to 0.01, 0.0001 to 0.001, 0.001 to 5, O 001 to 2

0001to:|1 0.001t00.1,0.001t00.01,0.01to 5, 00“0%%

b7 o 659, Y5465 BT 9° ot R - 850K chﬁ&yBén% &0 fang"' of

@re0eEnA:H01) 60002, QI00310.00kr(008y 6:006:0B0%0:008:01009nd second

Qo%ct%? 19-03:00408:00.19-06; 0.7, P:0ed)-0Ps%Kds a0, Atho®Bo, 10 to

0,6,0.7,0.8,0.9, 12, ra éaly50 § 0051 Tesggstrate0 .
% Rdetl e S R s B Sl e I oB s sy 50 o
Zo@isiiicencditbideiosiliddn Ortothér Stitable.substate 10052 PTthe 00 to 5,000,

S@@‘J&QW@UCE@G Wz&@e iz %@m@aﬁ%%q%qe%ddmeﬁd@smw@ﬁ 100 to
mbedded in the device an d spaced from the first contact

SO iBriachor teliceimay Atainatt By E8Mprise™a ?aﬁ%(? 5 LN 750
P81 o BCIatmBBHAO I 56 JEUTEEI0PoE00 1o 330, 200 to 300, 200 0 250, 400 0

10,000, 400 1o 5,000, 400 to 1,000, 400 to 750, 400 to 600, 400 to 500, 400 1o 450, 1,000 to
10,000, 1,000 to 7,500, 1,000 to 5,000, 1,000 to 2,500, 1,000 to 2,000, 2,500 to 10,000, or 5,000
to 10,000 nm and the distance between the first and second comtact may be approximately 10
nm, or 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 860, 900,
1,000, 1,500, 2,000, 2,500, 3,000, 3,500, 4,000, 4,500, 5,000, 6,000, 7.000, 8,000, 9,000, or
10,000 nm.

00507 The series resistance in the layer adjacent the first contact (i.e. the buried contact, in
both n-type or p-type configurations) may be less than 5 obhms and may be in the range of about
0.00001 to 5 ohms. Alternatively the series resistance may be in the range of about 0.0001 to 2,
0.0001 to 1, 0.0001 to 0.1, 0.0001 to 0.01, 0.000! to 0.001, 0.001 o 5, ¢.001 to 2, 0.001 1o I,
(.001t0 0.1,0.001 t00.01,0.01 05,001 02,001 t0 1,001 10 0.1, 0.1 t0 5, 0.1 t0 2, 0.1 10 1,
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spacing between a first contact and an adjacent additional first contact
may be within the range 10 of approximately 50 m to 1,000 urn, or
alternatively may be within the range of approximately 50 to 750, 50 to
500, 50 to 450, 50 to 400, 50 to 350, 50 to 300, 50 to 250, 50 to 200, 50 to
150, 50 to 100, 100 to 1,000, 100 to 750, 100 to 500, 100 to 450, 100 to
400, 100 to 350, 100 to 300, 100 to 230, 100 to 200, 100 to 150, 250 to
500, 250 to 450, 250 to 400, 250 to 350, or 250 to 300 .tm and the

aﬁggﬂygemaﬁmthﬁoa@gmgmtmé@@fmolglﬁ,,,G@%m,J@gbs,loa.ﬁongéﬁma?@o%@@,oo9,
: , ) . , , O 1,
s I At et b Lol i Vs B B 12
mgmmopumetiding okmin  other arrangements the junction region may be a

d ubse hetergstructure junction, a single quantum Weli,junctio, ora
ir%%ﬁﬁi-quli a‘%sﬁféﬁ RIBCHHPRHE | %Stif?f FABTIH R CoTip B a2 glass, quartz,
Aniltsbumrvtabiwellijan otiohavithigh] SsubsEsi6, 7, 8, 9, 10 or more quantum
wells contained 20 therein. There may be more than one junction region,

87 Exantfe SRS D RNIGS tHitte BB fivE S SsaPEn WigAtehife! gPmect
d¢eheOdahdreijeidetion sedjipas:dTherjuhction region. Maly: compride@région may
%e‘emgi@&g ice.aving &.A8RISHPREREIRN OFURASWAKIARS aPRIEGAIED The

y the skilled addreSsee and may comprise one -, two -, or three - eight
BRI TSRS WRhiRCHAE DG OTcRs HFS A HRRA dif8rsoia) By Seiaiiun frorres
aneperxroreof (o e miCorduat oF h@ryﬁratameiabz% withiflehsemieaidpigtotmately

63 RUTIer Ry (013 Cnualing Rulter Iaxen oG frameis, a1 8 so10 150

ayers of the semiconductor device and/or the junction region may be a

g
doipedthedivi 640 séihiedatUSibIerktell B Atay WP tlry tpitg to 300,
the wsemicondivcion, matesiaswithoadapansofer examplebydiffision f theso 1o

ant intg the semiconductor material.or.qther suitabl et .
B B e T e 2% 250, 75
30 alteraativiely #elfdpmedlbgideishitiiig o formiity pme or more
semiconductor layers on the semiconductor material and/or the doped ,
S con SIS HIRERA 8. 608 B SR iMtEr O REEEE Y BEh g™ ™
imhelectaicahcomniunigation asidesoribed aatovéecomprisesithejfirsicand single
SEE00 ConiagisReing &%1@%&%&'@% ical Gantagk via e, MGy hrise a

of the device as opposed to eing in direct electrical contact with each ~ |
BYHEH B | PHES AT cBItatt nay eRtend-beydhtl RS aMtERdtbFovteined
texvdce tOhtaciitatédonmingad anr elecivicatgontdot chenelwitherd hey be two, three,

SHPSHA NG RUMTELIAYEL. OF.ING TSLIGYE(,Q%:dn GOMPNAYN IREFSOT IRV may

extend beyond the semiconductor device to support the extended first ™
EORREEE. FEr HstaMe Y FoPfioRcot (e S ESRALHF B o Rt B by
éxpaiied i0denatbelendclegtricaboentact-tovhe-madedheretd, @mtie layers within the

QEUQ@,Q%%Q{‘EP@fﬁ?grézgg%ts@éc?e@@mi?@n@g{ %fl)e of a semiconductor layer, a metal
nitride semiconductor layer, a buffer ayer, or a conducting buffer layer. One or more of the
layers of the semiconductor device and/or the junciion region may be a doped region of a
semiconductor material or may be formed by doping the semiconductor material with a dopant
for example by diffusion of the dopant into the semiconductor material or other suitabie
methods as would be appreciated by the skilled addressee.  The junction region may
alternatively be formed by depositing or forming one or more semiconductor layers on the

semicenductor material and/or the doped semiconductor material.
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may extend beyond the layer within which it is embedded or buried to

enable electrical contact io to be made thereto. BRIEF DESCRIPTION

OF THE DRAWINGS [ 0056 ] A preferred embodiment of the present

invention will now be described, by way of an example only, with

reference to the accompanying drawings wherein: [ 0057 ] Figure 1 is an

example of a prior art mesa structure ggmiconductor device having is

external contacts; [ 0058 | Figure 2 is a first arrangement of a buried

[awstact sRatitandustacsevicel, [HAS&:hEiguradiss seapnthiasiangementibed
B@ebéjo”ﬁ?%%rg grs?m' gonductor device; 1L OQQOIJdFe%%”“r‘ 4 15 th{ﬁ%m gia the

arrange ment Uried contact semicon evice,; r(% |gure

Rgtiradrs Rt gl SP%PﬁGﬁ%B%Wta@f%ﬁ%ﬁ‘iﬁdﬁé?cﬁ@ gachglfer.

@%@ i JI% |saf| harra ment a buried conta tsen‘yc? qulé%totl’
be on ‘3 se CONLE ‘i()l‘ SVICS ACILE ormmg
evic [ ure art eplc INg a first arrangemen

m@@é@%r%ﬁ%@@eﬁﬁﬁed%nﬁa’@ﬂ@ﬁn%n@ﬁi@bﬂﬂé&n@é fho0B4: [laver or a

&J@uﬁa&iﬁaﬁem@lmaﬁmgﬁm hSaeRbchaktangement pr@d?f(ﬂiée@&ef@'éd first

Q'”g r‘?n“r'ed Contact SeImucons “8&” deg{%:n%d%% 0 n%J “r%sse?m enable
%A a?e respec |ve]| Yy 10p p an views o a se ICOI‘]

@leqﬁméidaqmqq th@dninds proeessinthstaieddsf thicoprod éantast Figh p@msnp thereot)

QQ@@}&@%@W}Q}%@@G: 198: il andcd 2Bsanereapestivait Crossse CliRiRk] contact
n vn? ?}of a semiconductor device during the initial processing stages

res‘i:ore}"}‘éi y?aoken alonglinesB-B, C-C, D-D andE - E of Figures 9A,

BRAx bLAcandhdAreaperiival:and -17- 0067 ] Figure 13 is a graph of
the photoluminescence from a double heterostructure junction formed

ROETHing toethecprovestnpithe ihvention. DETAHED BESCRIRTIGNIQRay of
I RREGFRREDRMRORMEN TR .AA68 IRiscloggd-herein are metal

nitride semiconductor devices and apparatus having s embeddediburied
comactsFignesddisantagerpfcsuCh eevieesmnel udecsigniicantljuedutsdte having
seres, gg@a%ttance between the electrical contacts of the device thereby
providing enhanced operational efficiency and reduced heating of the
fevicg. Austhenradyaniagesweimenmbedeeatcontactsciicmetaldidbdes:;
semiconductor devices include; if a portion of the buried contacts can be
kEpttee igﬁﬁe—bﬁaﬁa@tﬁéﬁ#}ﬁémr@éafﬁablﬁﬁéﬂnﬁagﬁaﬁwﬂamﬁé;

E%gb di}/lce an bg liminated. 0 ma%k C e used.to ellcrimnate

HI‘E 1S 4 1IEd arrapgcine af BI'I.B 01 ac SCIEL ODdUCYOI CVICE,
eposition nacon ac surface. he abrication of wider aré

[ 0061 ] Figure 5 is a fourth arrangement of a buried contact semiconductor device;
[ 0062 ] Figure 6 is a fifth arrangement of a buried contact semiconductor device;

[0063] Figure 7 is a flow chart depicting a first arrangement of a process for forming a

buried contact semiconductor device;

[0064] TFigure 8 is a flow chart depicting a second arrangement of a process for forming a

buried contact semiconductor device;

[0065] Figures 94, 10A, 11A and 12A are respectively top plan views of a semiconductor

device during the mitial processing stages of the process of Ficure 7;

[0066] Figures 9B, 10B, 11B and 12B are respectively cross-sectional plan views of a
semiconductor device during the initial processing stages respectively taken along lines B - B,

C-C D-Dand E - E of Figures 9A, 10A, 11 A and 12A respeciively; and
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devices might be possible, depending upon other operational constraints,
such as current, voltage and heat dissipation. [ 0069 ] Referring to the
Figure 2 of the drawings, there is provided a metal nitride semiconductor
device 100 shown in a three-dimensional view and in Figure 3 in cross- Is
sectional view along dotted line A-A of Figure 2. The semiconductor

device comprises a substrate 102, first contacts 104, a conducting buffer
layer 106, a first layer 108 of doped semiconductor material deposited on
[t buffErdenrel 3 06 2azsarhicbritku clovtglinetiorrreggionrtl 0 Hupbsiteidrentructure
jineifirstlaverd0RiRseaulavesiiiiatslaped semiconductor material
deposited on the junction region 1.10, the second layer 112 having
IppositelysnrioomciuctongdimrigE pRiadty RO wneNat of the first layer 108;

and a second contact 114, wherein the second contact 114 is in electrical
[ORSrhuATEEkGR it th s SBBiAN THYEF FED T RETfif St Eoh G LARSA Fehavine
ehbidddiediavithimthe $emidondtigcto devibs t@0ihtivedtmifiersiybsthatel series

+082.and:the junglion regie 90%9@ Iy dhepart Qhﬁ%?%%@@%g@maﬁl}%ﬁe&ﬁml

first contacts are embedded within the buffer layer alt
Hearnge fshtedurd firefes it %E%a@%ﬁ%uﬁ&‘&%@‘&%ﬁ %6 ﬁ%‘f%do&?fﬁarm n
tayemiod: dmRmiactherdariangements stilbrtbhe stbondicdnrtactcmayn e kept free

SrBheddes NNiD e HebRYE SR EORAURtoL ARl A0 LOTR uca. »

The first layer 106 may be an n-type semiconductor layer and the second

ﬁ%@%rcmealsifit%@@%&é)%a%qaﬁe?OIiﬁ%tﬁgfaa?ra feisre e ipdger area
dayiers102:may hessinlp-tigpendamiponduictoriayaicanddthetséconahday@r current,

v M%&e&g&&&nductor layer. The first and 3o second layers may
each be lightly-doped or they may each be heavily doped. In other

pooangemenisnheadfitst Iayerrmayolgaﬂtghzﬁlmicg@g@armdﬁhﬁrae@md layes nitride
&%%o&%uc? Vt!ilé(nccjg Hﬁg Iterngtwl? %?}(%&%%rjgy%ew %dez%rﬁ }IQIS in cross-

the second ayer may be li oped. Either the first or
%f‘é%??él s e tagatRdudhs éte‘bﬁé&@fﬁ@fra?dmﬂ%@ré@f@?@l@f%;ﬂﬁ@%ﬁ%ﬂm a
thiesird 8- dopihg: changes from &tglaﬂyhdgpﬁe’fete laeavilisdoped o vicCHY @fSpad

(DQLShew)- Ta*@e%ga I'sLIAYen hay Qﬁfg}q beayily s%%%gﬁ%cﬁﬁ& @'J%'ﬁ 119

contact The first yer may have a dop hbg concentration of between 1

JePpEEfn (8 Kt iy it BFERe Eupiht &6 ﬁeé?ﬂrﬁﬂ&??%ﬁavofs@ﬁﬁertﬂéiepomed
rangeeixiieom i dxlotemBtxink Gmi3iodlellemahxlitdematad xdarity

gboﬁ\%t orp%blélg §§;\§&3{831X%9 %ngrﬁ %B&?'ﬁ%t %Xﬂe%%%@é’&b%'%un‘mtﬂdt is in

cm3,2x1 -3to1x 1019 em-3 1018 cm3tol1x1

W%éﬁ&@ﬁw@a&% 8@%&% SFFOfaly 158 é%}p%%%ﬁ%ﬁt/ fseeetd %ﬁrs,ewdded
106G ﬁmscnimmicm&%rcmws W4 04k emBe SiksTkt 702 MhBthd juxdich 8138, In

I}]%;(Xp LG 3 XA UAERIN 2t RO LGP o X AR Sl -Ri A HEG T 102

SCcm
although arrangements, the first contacts 164 may be situated on top of the buffer layer 102. In

further arrangements still, the second contact may be embedded within the first layer of

semiconducior material 106.

[0070F The first layer 186 may be an n-type semiconductor layer and the second layer 112 a
p»-tjfpe semiconductor layer. In other arrangements the first layer 102 may be an p-type
semiconductor layer and the second laver 112 an n-type semiconductor layer. The first and
second layers may each be Lightly-doped or they may each be heavily doped. In other
arrangements the first layer may be lightly-doped and the second layer may be heavily-doped or
alternatively the first layer may be heavily- doped and the seconé layer may be lightiv-doped.

Either the first or second layers may include stepped or gradient regions of doping where the
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3,8 xloll Cru3,9x 1018 Cm', 1 x 1019 cm3, | x 1019 cm3, 2 x 1019 cm3,
5x 1019 cm3 orlx 10 1020 Cm 3. [ 00711 The semiconductor device 100
may be a metal nitride semiconductor device. The first and second layers
108 and 112 are formed from a IlI-V metal nitride semiconductor material
such as Gallium Nitride (GaN). In other arrangements the first and second
layers 108 and 112 are formed of Alygminium GaN (AlGaN), Indium GaN
(InGaN), InGaAlIN, or InAIN. is In further arrangements, the first and
dspia@nrhiaye mi0kandddil2 areioimeshiriosn different (e shicomndUdtofirst layer
Tf&ah /r'l\l?]llosl’éari?e\%(lafe g&e&nzgj%%ﬁa\l‘[%‘?‘ %’Sl%@&MGaME %@S’t\l éf‘leg %Hy have a dOleg

IAlInGaN, AlGaN/AlInGaN or other combinations
Cﬂﬁé?@f?ﬁ*‘flmﬁ’?ﬁ}"?ﬁé jdirdtiord 10 bF Iifb uF8s 205 doaies G%Tﬁ?ﬂ%“% g2y be in
teloubie heterostiuetine junctiorncomprisingnafirst junetiemfayer Witeof an

i oS cemlandior melers uch s or R ipmE BURL s o
, an mtermea)lat er 118 for example of InGaN, and a second
Cfﬂnc%éﬁ‘la;?é’r 120 6f18p§63|t§rc?dbiﬁg BBiality 6.8 pebr-nthfsieping concentration
mespegipeinntethatofithedfiss jurttiom layen ity ascosdancémithscondmaon, |
zﬁl‘;@@girgct%egjunctlon%m othe;ggmanggmgagtw%& s%r‘glﬁpn%@tq 10'8 o
evice may, be a smgie or muft; squantum vqgll device. F’Lgure; 4 (Wh%re like
‘efemiéhtsmredridiate with ke fdterdriceonuferaid) ¥hots an’elanfife o1 *

affaagement of a metal 25 nitride semiconductor device with embedded
contacts, wherein the junction region 210 comprises a 2-quantum well
[HpiEfurd by hesgigredisirhdeterel 9B sk anaso g il teigondyaien devie. The
ﬂﬁé{%ﬁi%@é{)ﬁ@d@% 8Yahe f@ﬁ%ﬁﬂfﬁi@rﬁﬁde.ﬁh@r AMNY ahPatygeidopeadiconductor
rrrﬁ@ate ﬂlfﬁra@?ﬁi 1nGa I@‘?ﬁ r"X%?Qn'“etr%E Q'a%er ae)(%rsseg 9'1%%% 108
ormlng arrie he' stru ures elng ormed from, for

@ﬂmwem@%@mnim@éarwwwmr{iﬁﬁﬂliﬁ)sbia%%?ﬁ InAIN.
well sl ethres mbhe, inemmediatedayers 40,184 Zranth 2 kd mayddasend different
Sselélkg)tn tiall ally S|m|IaraE)an0 gap,to thaat olfn LQ%}@&Q{;UO I@g@GlgG 0'61711 AN,

require or the' ap may |fferent provided tﬁat itis suff|C|ent

rm@/éﬁwm@%a%a@@%w@wa Irégv@IsBWhpameeﬂQ&@’ﬂhﬁﬁ%her

ents, the iconductor deyice ay
R Vi LT LR SRS 1oD7T TRE Pt ot i
ertypsicpntdcttantttie secomtbodrimet ﬂ@ﬁayb@racmy%@r ceritset. Smh 2 fo
%m@&@@@%@m&m%@&%&&%@tﬁﬁrm& @r@i&ﬁw&@ﬁ@ﬁt &ﬂﬂaﬁt@omd junctlon

5 contact 114 t tact [ 0074 } tan
TR TS0 ZoF RS GUO 8 RN ey B PHFR P B

Spproximateiptd writhteX0Bo0ohdisorsrHativakithe du&fta@ﬁb@“ BetwesreRFe the
first QneSeEUice may be a single or multi-quantum well device. Figure 4 (where like

rst Junct] on

elements are indicated with like reference numerals) shows an example arrangement of a metal
nitride semiconductor device with embedded contacts, whergin the jusction region 210
comprises a 2-quantum well structure. The junction buffer layers 202 and 208 and the quantum
well layers 204 and 206 may be formed from either an n- or p-type doped material formed from
mGaN or AlGaN, with intermediate tayers 219, 212 and 214 forming the barriers of the well
structures being formed from, for example GaN or AlGaN, in accordance with common multi-
quantum well structures. The intermediate layers 210, 212 and 214 may have a substaniially
similar band gap to that of either junction layer 106 or 112 as required, or the band gap may be '

different, provided that it is sufficiently larger than the band gap of the well layers 204 and 206.
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contact may 10 nm to 5, 000 nm, | Onto to 1,000 rim, 10 nm to 900 rim, 10
rim to 800 rim, 10 rim to 700 rim, 10 rim to 600 nm,. 10 rim to 500 rim, 10
nm to 400 rim, 10 rim to 350 rim, 10 rimto to 300 rim, 10 rim to 250 rim,

10 mn to 200 rim, 10 rim to 150 ran, 10 ran to 100 rim, 10 nm to 50 rim,

50 rim to 10,000 nm, 50 rim to 5,000 nm, 50 nm to 1,000 rim, 50 rim to

750 nm, 50 rim to 500 rim, 50 rim t6!330 rim, 100 rim to 10,000 rim, 100

nm to 5,000 rim, 100 urn to 1,000 rim, 100 rim to 750 um, 100 rim to 600
Ipipthe1 euepeRtter SOB R IFOTAP 4SO FRY, OB Tah 10300 era i toD fh fgers
23R@uikas. 100 nm to 300 rim, 100 rim to 250 ran, 100 rim to 200 rim, 100

rim to 15 150 rim, 1,000 ran to 10,000 rim, 1,000 rim to 7,500 rim, 1,000
[fT30 SIbedmrmmotaond ¢mes b2 BUD LA cI2BODRdRNSE OB oRIFCL EHBYTHC 2
/30088 FINy Bfhey Q%{g%mta%gﬁﬁtrmawtms@@taﬁﬁeca@twaﬁm #esecond
first a J;j second contac may be approximately 10 ran, or 50, 100, 150,
"%6"’ 5383 480" AGH" 450, 500, 550, 600, 650, 700, 750, 800, 900,

[b@@‘? I; ﬁ@@st@m@@@cﬁ%ﬁgp@ie:}f Q008 RUAAHRP1 4 2R 19939%)@ 19% range of

7,000, 8, 9,000, OOO rim. 20 5] .The semiconduc
aﬁt’é‘i}%&% ri o LR i |8a§°r%? gmﬁla ‘llrcsl,o czén act et m’(}l‘aﬁe(}kl ﬁSt %lev%%%’“d

canidespar &6l from ftf‘@ﬂmmtam.lm@ lspat@ngnbem@em,th@ewsp 80 tast! 0 nm

@ﬁéb%@ﬁ%@oé | ttaécﬁr%tlqurataﬁttmaw he: wtthtahtlae;ers]@agﬁ njfam@xmtetw §It9 o
m to or at rnati ay pe Wit ther pI’OX ate
B, e s B b B oA S0 U8 S o0 D 0

B0 Phatot@50 19 50, Bfhrto go@qgﬁprs,osam@ozsmmns’@ za N7 i6 xg@osbmn t0

£0 R 19 AR0P1e 20, pmetgnmpz@mbom AR R 0QQ R Ml Qe 10 7860 nm,

100 pm to 500 um, #80 m to 450 p g 00 p to 400 10(1)Onm to 00
B0 0588 BB e Er R B LG g
10,150 1w, 250 hrmtd B0opr, F0upni 16 450 ,aﬁa @50 @ﬂmitom@@()pm YEOnm to
180t Q390 B2 RO0BMNGLA, 3R iMANG theERACINGNNaY ke BRPHIXIMEIeN, to
50 75 100, 125, 150 175, 20%8225 250 75 300, 30?5 350, 375 400,

250, "5n 55 o 708° 88b 2066 781 £, 600 BAT Bo7E P AL e Sy miR ehd the
Eigure Rrverfitst Tohtmctsct@4 esatntiryeyondritexbuffdy |8y em1 06 3ando, 150,

ibe §§@any@t%@l%@e§@we§§ol@@ot@o@@@ fagilitate farmingoan: soo, 2,000,
electrical contact -20- therewith, Tte) fwséﬂ%o cts 104 ma in other
epi

208 EPentd b D b i ex i pe Hat deq ?n"%?gi?fré &0 RBre like
F&@%qnt%r%&%a%@aoww%@ referenae-Rumerals). He formedwitin conwact

either the first layer, and may comprise a region of heavier doped
SBPREH BBt BHATES6 TPt AR B thd TERaLIS O Brotirggoniact

atthande @lgdiricaboactact Withvithie tevicee Eh@ﬁ@uiasttatéethe touff®n pm, or
Iatyer or the fir. tlager%racom ination t ereof m kgg)ﬁon% (? m, 50

€ range o TOXAITIA1Ee
semlcon&'uctgr deV|ce to Surfport e extende fﬁ’St contact as require

gepictet imFigure & 400 pm, 50 um to 350 pm, 50 um to 300 pm, 30 um to 250 pm, 50
um to 200 um, 50 pm to 150 pm, 50 um to 100 pm, 100 pm o 1,000 um, 100 pm to 750 pm,
100 wm o 300 pra, 100 pm to 450 pm, 100 um to 400 pm, 100 pum to 350 wm, 100 pm to 300
prm, 100 pm to 250 pm, 100 pm to 200 um, 100 um to 150 pm, 250 pm to 500 um, 250 um to
4530 um, 250 pm to 400 um, 250 pm to 350 pm, or 250 pm fo 300 pm and the spacing may be
approximately 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 450,
500, 600, 700, 800, 906, or 1,000 um.

[0076] As depicted in Figure 2, the first contacts 164 extend beyond the buffer layer 106

and the semiconductor device layers 108 to 112 to facilitate forming an electrical contact
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[ 0077 ] A further arrangement of a metal nitride semiconductor device

with embedded/buried contacts is depicted in Figure 6 comprising a
substrate 402, a first metal nitride layer 404 deposited on the substrate, at
least a first contact 406 formed on the first metal nitride film 404, io a
second metal nitride layer 408 deposited on the first metal nitride layer

404 encapsulating at least a portiongf the first contact 406, a
semiconductor junction region 410 deposited on the second metal nitride
tﬁamitéog?a thirdometal Tidridey|ayerhdi 2depositetson thequnctioh: tbaidepicted

i?gmm.% t(l&!ﬁgrm&%a&&k‘i@ﬁ? elpey %ﬁ%&t@dh@)\ﬂmg(éj R@é}é}&% ﬁ%ﬁ% %%ed within
oplng E@Iarlty to that of the first and second metal nitride layers 402 and

CHVElEE SHEBRY ESRELS: U 1AAH 56 R ATRICeBRAR AR 02
mvmla tzlitaqt{"ylm metahtdis doday erodi2 . cAfordgunded, deigemenbtishe épictedihe
seéséagoHl%'%u%%}%gzatrgmeﬁmﬁ%ﬁowman%mdwfeﬁ@@okarx%; 416,058k the

or p-type semiconductor material such as for example either AlGaN, an

fatdcTagelo APBoTO e PP SIS STeRRSa co AP i toRieure 2
Bgfth 1120 alpRnosite. oRA.ROIANY e B O R ESPORHMEIRL G atica

first junction yer n accordance with common heterostructure 2
Frrtibisdairelghbees fiGersrRe et dHss Fotdstal; Hiﬁﬁfﬂé}fﬂl 404
Rpangemenisub oS I The: setias sesistenceafthenseaiicondutttrdevine 464,
asggélg' ! rnelgtﬁ/ %Ign%squbeq(%b <9 %%svyégwm:? {H? ?%g%%&‘ g@d%qgglcﬁﬁégcapsulatmg at

signiti icantly smalle an mesa structure semiconductor devices such as
IgggsengEpediin %&Pé‘tiﬁlﬁﬁékéﬁﬁtﬂ%ﬁ%‘th%é’é fomeretedrretistaet te
d&&ﬁﬂ)ﬁﬁiﬂﬂ@m@ﬂ@:ﬁddeﬁﬁfﬁhﬁﬁEﬁtz{nﬁﬁadst]‘mmﬂi@dﬁﬁﬂstﬁﬂﬂﬁ Rnofidheegion

{% Bh Q%ﬂle% enEt'r?d IveQr Q¥22h ngp d IgLP t-'é)& n((gi;dllcQQZi%}JnW Sl tolﬁla’[ of

reS|st|V|ty oft n type is the spreadlng length of the
Heldys e s m%ﬁé’é%é%éﬁ% @&ﬁﬁﬁ%ﬁéﬁfh@ﬁ%%@ﬁd@f&?@ 4l4in

m&a&ﬂa@nmmm ajtﬁqntaﬂﬁrm@salsﬁmmwﬁjamga,rsymﬁaigtamﬁgme 6 is
etp aﬁ efg% Iﬁee&l%eafg 81'11& f%gic %%%mxpég k23 Lrs Q{ 8\{Ig§9r Ky g: Qiaéﬂ‘ ?ibgf: té( -type

ransactions o ctron evices v. 54 2007) 3
typicen s taRrE B BThas fGuticpe d’é%e%%bbr%kﬁ?fé’i’@ﬁfhf@ éﬁ"r‘ﬁs‘”l?\ for
@ﬁﬂp@rdﬁqmmr ABirueibie uhers the-nsmootaphisitheeiy:helamtthie:tp or n-
%%@éagéﬁ&g\&ce Hiyalent. rﬁrsﬁh%%sﬁbc of the t u“% wag%%e}ngm&g%m

Similar to that deplct Figure 2) would

a@@ﬂe@émﬁlﬁé‘wh spher J%@m a(fﬁbt%@{égfe%%g@ﬁ@#@ﬂﬂ Wﬁ@@%ﬁ“?@ﬁfpe
E%?) ]/ alcga %%%%’ & nce q hurgcgnAucgroé) Q/%EP gg gures as d%%crl &d, Qbove with

ohm eret ore advantages of a buried contact nitride
@@W@é%ﬁﬁ%g%% Q@sﬂ@ﬁ;@éﬂﬁv smaller than mesa structure semiconductor devices

such as those depicted in Figure 1. For example, for the case where the n-contact is only along

one side of the LED mesa structure the resistance R of the n-spreading layer is given by
R=pg* Ly +M/L (1)

[ 00797 where py, 15 the sheet resistivity of the n-type layer, L, is the spreading length of the
n-layer, A is the distance between the n-contact and the mesa structure, and L is the width of a
square mesa structure. Taking typical values for the variables in equation (1) {for example,
those provided in Chaksaborty ¢t al. JEEE Transactions of Electron Devices v. 54, No. 5 2007}
the typical resistance of a mesa structure device is approximately 13 ohms. In comparison, for
a structure where the n- contact is directly below the top p-contact, the equivalent resistance Ry

of the buried contact device (for example a device similar to that depicted in Figure 2) would

be approximately:
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5 efficiency based on the series resistance improvements alone is clear to
appreciate. Note that it will be appreciated by the skilled addressee that
the actual series resistance of a particular device is highly dependent
upon the factors such as the area of the contact and the thickness and
resistivty of the layers used. It also depends on the junction layers used,
for instance the presence of AlGaN.gan add considerably to the series
resistance. Therefore, the actual series 10 resistance of any fabricated
buried dantact hitrigle somicenduigtdritieiies can-yaryasiynificendld(for
example within. ttae range of 0.0001 to 5 ochms), however, it will be
appreciated that %Ry HnproveMEREH the“acd *&Bes resistance from
existing device 51@15 ignificant advantageous effect on the wall-plug
and overall eff|C|ency of the device. [ 0081 ] According to a further aspect,
tb@’@?] is pleR rovidedanpacaess lantaroing enikblsemiconduaiaidevicedevice

13{5?1 @%t%l nlt{hde Iaééers. Sz‘;}nd buried metal ¢ gntacts, | 'kgur §e&att% 9N§J3%t ¢

% Ance, IPprovenenis a ne is ¢ R
xam € Process steps 1or rormin a semiconductor eVIC aving

\@ﬁwbe@@wc&smatmél@f skHsdorfrePrighteds 1676 W@éclﬁsea%@etwé a particular
&HQ@H@E&WM@@Q@M%Qﬁﬁﬁ&sfﬁfcﬁ)&aﬂwl@eahﬂﬁﬁsHlﬁﬂtﬁ pidsiicaigkass, and

Quartz, Z Egﬁ%'e!'%?” carbide, %5" on.of cipelh'ﬁ%n% may, bednitialy, ance the
cean d N Sual manner, 10r xampe usli rogen peI’OXI e or

mmmmﬂﬁmlﬁgﬂarew.@édzwrrmeéaéﬂrbfccgﬂzegeaq%yﬁemencTﬁﬁeéﬁ¥6rtEfe%?ﬁiﬂgﬂef1BS
Rfisiicens Hﬁsfﬁﬁtﬁﬁlﬁm @&Hﬁ@&r@&&&ﬂb@ﬁé&ﬁ&&@dﬁ[ﬁﬁl@ﬁf}@yﬂ{ Gxig ignificantly
ers; or usu hos ean fo hire. rates; or

Sl I L R E R SRR PR S8 v o
W@%n@%@&% srcelEpEiRes ftﬁ@reoﬁu{scbswWéﬁﬁﬁﬁﬁ@lﬁdaamﬂous
semispnduciondevise Ravingrnorialnitrideilayers (specifically GaN 25
layers) and buried metal contacts described herein are fabricated using a
téfsate nitrogéne plasniarérhasmsst divemicallyapsuiddéposmisers for forming a
£51P§%Q%§M§@@Y1H3Wﬁ||¥1ﬁ%§@£§&@%@bﬁﬂ@&@ﬂ%ﬂi galiten. iNf@sres 7 1o 9

tmos here of nltro 1th n|tro en eé%‘t:led s]p(eglgghggl\élvngitlg am. 1; O%Qaects of
R ’881%8 ARy \SmPr% fﬁ 5 Torm GaN at temperatares in the

tfangenoba bt 60D 11800 d@@re@s @eleib%.rﬂlmremws taRitie uBasfofor example
%@%@%b&lfﬁ%ﬁ@@%&%ﬂ@%ﬂ@&m%@a @M&ﬁﬁoﬂ%rﬁ@i@@ﬁéﬂnay be initially

8echnlqu WhIC ?}r/] |call}1 oceur a ttengl%r tures of ab ut 1000

200, sroxid
SHELL CEditHE PR SighhEATPRGVANTGE OFthe crroexéen remo é“% astma

fabm:épm@me@hmqﬁ@snwmﬁ@rf@@%@E@Bé&qwmﬁe%@éﬁ@ﬁleat@@ substrate to

aﬁ%iQ@ti@9&&@1/1%4%0%3/9&@@aq}mghgazjcaczrelﬁu&oe@f@m%&ms or as

contents éIOfng qw oII enclose h{tearteelrrln Q (%rlosssgeg%re&e %F%;sthc%% dor
RET SRS et con $'do not decomp o eoperatan P

emparatiranof 500 to 800 degrees (metal contacts may evaporate or

form liquid pools, at temperatures above 1000 degr
[ 0082 ? Thg forming e(t?a s%mlconductor device h av?ng m%teﬁ miride layers (specifically GaN

layers) and buried metal contacts described herein are fabricated using a remote nitrogen
plasma enhanced chemical vapour deposition (RPECVD} source by thermally decomposing
trimethy] gallium in an atmosphere of nitrogen, with nitroger excited species downstream of
the plasma combining with the galiium to form GaN at temperatares in the range of about 500
to 800 degrees Celsius. Previous techniques for fabricating buried contact semiconductor
devices use MOCVD technigues which typically oceur at temperatures of about 1000 — 1100
degrees Celsius. The significant advantage of the present remote plasma fabrication techniques,

which are described in more detail in patent applications PCT/AU2003/000398 and
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Celsius) and that the fabrication is performed under an atmosphere of
nitrogen rather than s ammonia (which may etch and degrade the
embedded metal contacts during subsequent fabrication steps).With this
RPECVD method, a nitrogen plasma remotely located from the reaction
chamber is formed and metastable active neutral nitrogen species formed
in the plasma are transported to be incident on the substrate, thereby to
interact with one or more precursors to form a group-lll metal nitride film
PO /a8 abstiEt el e hibckinetioseiergylofthehabiiivvedpediesds b qehtadbmwat, are
AR hsrmal encrgies Lalyiwhersas.the. Rotentiakensray_f oo 1 800

active species can range between 6 and 12 eV. The potential energél of

e SRR R TR Bl RS EORRAS B PR B LRy 000 desrees
((isiedi carth eiran all e td)ivatien ithpesetidsudiactato formsptive: grovipdikrmetat than
Diirde. Themeiastaple adiveReutial nigaen. sReGeS MavPemBIaaRIR e

species of molecular nitrogen [N2*]. The transference of the active neutral

TR S5etiddts B ﬂésﬁg‘i% Bbthiled 4 IE METREHTHR S dPSF RMBHE e
renargycihabthe hitnegendspacieblatiains fromatherqgasmaicT fierastivghe plasma
NEYIALNILEALH.SREEIGS MY haveRoeelial eperaies hat e RrRiBLaiRors

the range of between about 6 eV to about 9 eV, this being the potential | .

8Ty P MEREARHIE SR Bl AP len SPELIHY. PREARLVE HaUfEeces
qitroigerspagiesmaymelcewith thiygrbepathtiegonetal geecues drotacformpacies
roup.Uhmeial pitrigle semispndigion materiakon he.suhsuale. The4becies is

atomic nitrogen may react with the group-111 metal organic precursor

paEied 1 1ok AGROUpRTICnTRTETBr Ghie ittt SR SHRItGIPTRats P e
aadtheisidbstiate {0088 Thenittage mfrogewhichicthaplasmatistable species of

Rrefgrably formed from-Righ, purity NITegEN, Jie. Wémmﬂyggynlgyﬁké?q% l5§§ca11y

than about [0ppb (W/w, v/v or mole/mole), or less than about 9, 8, 7, v,

oprngt 1ia0hs, BURPUT DI O BBl Fhb At eEaitfiFSgER™ Tom e
slaesie STikatcisy2 bdorheidipetheitrogen plasmeacmialychayeatimean saergyy in
Igss.than:qr.greraximaiely saualie e Jaond energy.of aalium; Nitide:ctsabie

There may be more than one type of active neutral nitrogen species
iRl PesRtvEcEUt MtFEORH EP TS B IRSHIE TR th&apetiad misgrdree
excitee:cmaleculannitpogerilandinhajirhe semetastablenmolet ulathafubgere. The

SRESIESAxsuiiable actlvated Hiltogs %&%‘5%34& N2AAIEDMRIENHRS Aloup-

energy of about’6 eV. Other suitable active 30 nitrogen spéecies include

RD=Es Ogfan B NS it g AR A EVE LA §iRE Brkbout 7.5 eV and 8.5
;}{oé%ﬁpeﬁ%iyﬁ;(o 9@&9%&5@9}% pf.these reactive neyialspesies jadhahivogen

hey have relati e%/ ow kinetic energy and thus affect the surface off e
SEOEHRIBRAEHETE D Stdri A1eaaeatibPBREYSY: YAtREPIERBYHEREE Tipahat 2
thereforedcausingdess. sufacend amageaf. thefimribeinggioitneed 3p00B4hat s

g\tto%f)azj &ggéf&qsgcgspﬂgga melasiable.andds.oftanformed in e RIAS Gl to the

bond energy of gallium nitride. There may be more than one type of active neufral nitrogen
species formed. The active neutral nitrogen species, or one of the species, may be excited
molecular nitrogen and may be a metastable molecular nitrogen species. A suitable activated
nitrogen species is Ny (A’S,D), which has an energy of about 6 ¢V. Other suitable active
nitrogen species include Ny (B*I1,) and N (a’TT,) which have energies of about 7.5 ¢V and 8.5
¢V respectively. One advantage of these reactive neuiral species is that they have relatively low
kinetic energy and thus affect the surface of the substrate via their potential excitation energy

rather than by kinetic impact therefore causing less surface damage of the film being grown.



20

5

30

usually in small amounts), and has an energy level of about 11.5eV. The
atomic nitrogen species are preferably avoided as they tend to have
higher potential energy and when converted to other energies (i.e. when
reacting to form GaN) that excess energy can be converted to s kinetic
energy and can cause damage to the substrate and the semiconductor
film being grown. The process of thepresent invention is preferable to
MBE (molecular beam epitaxy) is that in the latter process it is difficult to
[ regulatestheipradugtions alighersehergydspecies duetd thahysplagfia (although
WLGAAUVE NI REGRR e B CANIFAsk N PresaRt rOSeSSHANESyic nitropen

pressures %commony about 0.1 to abut 5 Tort) are used, enabllng better
SesHHT ST o ATgHPSN TR Se ey Tﬁﬁ%‘ﬂ%&”&f@@%l’é@%‘?ﬁ FIIBhTaG pD e e
tS ethicendpietof grodes lt-nratal nitfide deticemomxmetahoantasthbmaynieted o

kﬂ{a @ng A WipRle SUbSHAIeS (89, 5aRRNIE FlaSS: QLA LI USING S,

method. The metal contact may be chosen from one or more of
TF?&R@C% PO RIARSSEPARMG TGSty ifbdBtiT A S §PEranySIRE
iy 1anererofdhea: abdivi-thetaleubiteahy mtliecBuitaileimetadr ihshatngugoothe use

o?l%%{il&éﬂi %’Q{j&%@é’lﬂ% I%‘S(rg(ﬁﬁ%&t {9 t‘iﬁ’be %getf'ig ﬁgggg I%%'%?&gHQStQEommonly

material and a melting point greater than the growth temperature (i.e.

BB 6H0C S 70D I FoF deSERpR RISIHE 5%71%% Weey forrvatprefore
leartactamadich is an alloy of nickel and chromium having good electrical
conductivity compared that of GaN (or other group-lll metal nitride

[SWAsidorgtecontraserErey Hhardn aiify dovisRhetdrthightiempar A peyym on 2

sﬁm@le@tﬁme&gmgmwugm agiieh ram&aﬁgwﬁommﬂ&%dmck&l metal

congc%]i%/g Chro ]IHSrtpl] h@s a 5%§|%¥V|t Of bn?c 5 X496 I\{I\llhltunfflael or

many orders 0? magnltu € more conductlve rom um % %8
@@8@?3%@@)@8%&&@1&&%@%Pﬁéﬁﬂ%t%ﬁméeﬁ”é?@#&jlﬁ’ﬁ@ﬂb ﬁ@@vfeéﬂmawﬁal
heigr et alkearsuibstrateam prisi Rgrevet e aretaanthde tigicaitkats{Shaterial

etal contact formed or 25 mple from. nichrom h
g OMgOtNehery,
%U|tatr)’fe Meta) or metal [? 1$ ﬁe gr?émrﬁg 0d. 'OI' e conductlng . For

by the
TomEet ey HEp Bé%ﬁ?ﬁé@eg nthdbsuBstithteBySuitdbre depbsisn fhetitbelsand

“nemitnin#ezarand-oras campisathe siepeafipateRiNg dheistilpsitptel metal
P Er(%i;ets(,)ergne 19 ﬁyto pl%&t%@]%i% an(%i glgg&%thg tv‘?r‘l (gx(san(? hﬁo ”ﬁ:‘ {rp Ei) zggrgs.atellxe electrical
con |gure met cl)contact I contacts. A con UC'[II’](;d ? F ayer ma

ppesrEly BearBiies b ETBAERENY coRtatins) deambigrmiya has a TGSIS‘EWIW of

appraciated hy* 30nthenskilledragidiesseas [QOBA first metatmitrigdedeg. GaN
gallim nitride GaN) may be grown at a temperature in the range of about
o (98 %c out 700C for a time of between about 0.5 hours to about 24

P@(Héré antgl?é;g %9%&9@&%‘& I%%Jﬁ@%é&ﬁﬁﬂ&%@%cmﬂy be grown on a

alternatlvely be inthe range of 500 to
subsirate comprising one or tore conducting contact(s) (e.g. a metal contact formed for

example from nichrome or other suitable metal or metal alloy) by the following method. The
conducting contact(s) may be formed on the subsirate by suitabie deposition methods known in
the art and may comprise the step of patterning the subsirate prior to deposition of the
conducting contact(s) to form appropriately configured metal contact or contacts. A conducting

buffer layer may optionally be formed on the conducting contact(s) as would be appreciated by
the skilled addressee.

[ 00871 A first metal nitride (eg. gailim nitride GaN) may be grown at a temperature in the
range of about 500°C to about 700°C for a time of between about 0.5 hours to about 24 hours on

the conducting contact. The reactor temperature may alternatively be in the range of 500 to
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-24- 650, 500 to 600, 500 to 580, 500 to 560, 500 to 540, 520 to 700, 520
to 650, 520 to 600, 520 to 580, 530 to 560, 535 to 555, 540 to 550 or 540
to 545 and may be about 535, 538, 540, 541, 542, 543, 544, 545, 546,
547, 548, 549, 550, 553, 555, 560, 570, 58, 590, 600, 625, 650, 675 or
about 700C. The growth time for the first layer may alternatively be in the
range of about 0.5 s to 18, 0.5 to 120,10 10, 0.5t0 8. 0.5t0 7,0.5t0 6,0.5
to5,0.5t04,0.51t013,0.5t02.5,0.5t0 2,0.5t01,21t0 24,2 to 18,2 to
64@ 2tacléh®, S0 En 650D to 023w 4 2410 ﬂoadd(m 326 to64® 500 B.80th Qto

5?@%@% f”‘”a%d“?% b AROWE 2, %3 Br 348114 ’sﬁs s Tﬁ or akQuEs h.%‘ér%zu} 1,

dépending on the desired thickness of the la iS Ia er formed on t
ST SHH0U OF DRSSt s T Tt B 625 630 675 o
2BEMTOOT UTHe Itayer kimayhe gfiewhsier nittogemactegdnditidnsaikd tfnter 0.5

(Sheh nifp 3a tgq(p(argit(g|gr§5 t900‘/" %\éec £ May,negd tg bg kendae s o5 w

mlnlmlse mage to'the film b %:] Yy energetlc nltrogen active speC|es

2vfhich irnéyﬁr%%alfqﬁ%w%h%ob%lﬁi foididhmetty: EObSe e Hetal” © 4
onitride dayerraybesiternan 0-iyRe or. p-4yps. layes (thedolloing depending on

ﬂg etglsrgéotﬂzgﬂ%sssgy [?g 1@9@“ t¥R§ @9’?%‘%&”&@ tYl"J‘SJ%JQe(tH@M%Me&'Eﬁ‘y the

p-type layer, the 1s following description also applies mutatis mutandis g?nz
10115,

cyRiact sAkin s B E PATER SFEIRBF RISy Sr A HE PR ERhE°B
hkk ﬁ@nrﬁﬂ@éimmoaﬁemtmlyxammc&m teed, t0 B:lt4ieB foQudilniee damage

1%\ Otllm b]]-i glgqui %n%r SIC ;11{9)‘53[9 H]ctpe%é%&egom%nc% :!1]!19’ ?esghlnxqo:!v xgtgnoen film

%EM'[OZ [to1.5,0.5t02,0.5t01.8,0.5t01.6,0.5t01.5,0.5t01.4,0.5t01.3,0.5

5to 05101, 0.7t0 7101.6, 0.7 t0 1,5, 0 1
it o B0 3T S Mo a1t s T gk e
discpsgion 81¥ba§§3f,n9 a8 fotIpe loyes %mauah ohgtge 50 el B %)19%61?6’? the

i@lﬁ'&%& SsS:8110h kido QpBites Tadtals @b ds) 0. 9HO rdadind BetBuls 110 dr@ytd ofdthis
015 110,14, 1to tol rlto

e
T S u S B A T T P Y B o s
.08 14 D &P alsouP Terp: T G099 § Freitrietal r‘l‘i’tﬁo‘élpt%&éd?’ fofthi ﬁr§t1 > 1
1ayer aay la@zdelwer@mtptm suhstrate by 256, fiowingsnitrogemthrough3thies to

Pgbﬁ%@; I[ mpfeopf%cngyﬁ may be; frimethyigalliyrg ﬂM@ Mgrpwtﬁv o

riméthylalumini MAI) for growth of AIN! trimethylindium
(TMIR R Grbioth O, bf Cotifbinatioh b o Grbith of Giifer 1. 08 1o 1

@@%qcmd@qm patertalsssuchasAnGaN, InGal 130 andar AthiGaN.l 1o 1.8, 1
Pgr al %"gj REECLISOIS P [sp be yseq ag,would be appreciated by s o6,

eda resse
07 08 09 1.0,1.1,1.2,1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or about 2 Torr.

(00891 The metal nitride precursor for the first layer may be delivered to the substrate by

flowing nitrogen through the precursor. Example precursors may be:
trimethylgaliium (TMG) for growth of GaN;
trimethylaluminium (TMAI) for growth of AIN;
trimethylindium (TMIn)for growth of InN;

or combinations of these for growth of other semiconductor materials such as AiGaN, InGaN

and/or AllnGaN. Other gallium precursors may also be used as would be appreciated by the
skilled addressee,
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25 [ 0090 ] The precursor may be held at a desirable operating
temperature during the growth, which is typically between the melting and
boiling points of the "liquid" sources i.e. for TMG, the temperature may be
in the range of about -15.8C to 55.7C; and for TMAI, the temperature may
be in the range of about 15.4C to 126C. For "solid" sources such as TMIn
and Cp2Mg, 5 these may be used atxgperating temperatures as high as
their melting point i.e. for TMIn, the temperature may be up to 88C
[ (@Igh Gughanparentypicathybwittih dhe dange obaboit0SteaboutivbOC thingewth,
AR dalpd Ballable IR BALIA0OR) (P GREME(5ef,

for Magnesium doping of the metal nitride films as a p-t pe do ggﬁfup to
R ETPEIBES TV RiotePRBRaaIRf dhthin'the talfige: SEaBENED Byl
n@theriprecusgrsofitdyualso4be usked’as ﬂbawmuld’bﬁnap@ramlamd[‘w:ﬂaﬁd Cp:Mg,
Hled.addressee,Radic é’xﬁ%’}%ﬁ&?%@&%@%mﬁéﬁ'rﬂé}ﬁ%ﬁﬂm ngor TMin, the

oxXygen precursors amon ers ther precursor material S may
T SR DR e %?‘é%ﬂ%ﬂéya“%‘é"&%‘?ﬁbe BPgse RtAl it éb"‘“
SEMicendupter maysibe achieved:iibincorporatingmagresivdon fpie (used for

Vighetialh J0g.MAcesium REGEHTSEN Ay PG APRING oM A&PEME (or more

precursor. Other precursor is material(s) may alternatively be used as

| *YBHG’I%H”F’GG@?‘?"’EI‘?@W@%r%&r(‘@)aﬁ’i’éy el VRIS RS UBSHatPbyEd 25

Wow! b gasdhsedgh thekprecukBorsckqraekampiethéogas tnaydoe dtndr dieneg.
&?@eﬂ%?%%?@s%%&%ﬂ&g now rate to obtain a desired concentration of

précursor at the substrate for growth of the particular film. The gas flow
[ramezmago{ner rprdhﬁsbamgﬁ:ﬁilabﬁwaﬁméﬁﬁcsmﬁmdwﬁmm p-type doping

imety. U r 5 210,400, 510 350, 510 300, .
R R S e R

BESith 4D BB S B A b ied Tt f@@f‘@@%‘@ﬁifl@%r giyeursor
ARd@I9,19 tbiloiooRd:dd:40 to 30, 10 to 20, 10 to 15, 15 to
20, 20 to 90, 20 to 80, 20 to 70, 20 to 60, 20 to 50, 20 to 40, 20 to 30, and
g2 Be abobtesurenrs) goay, ypdaivencd tp3the] aubskaty dy 1w flow, qfogpGhmpgh the
ﬁgclgs%.r Ziiop?ﬁaﬁ@lse‘%ﬁh 24,848,609z 8&@&%@3@@@1‘5@@@&&@ 2BiRCCNIEaRNEes obtain
es1re %Irggc!r?t?a%os I tggii’féow 8 su gu'[lr% Qﬁga"%lf_ﬁcalel\é\{ll EE:]I‘ y]Lm The gas
deposmon area, t er ore the larger the dep ition area, t e greater the
lﬂ@\v\/fﬁéﬁ@lﬁé@eu%&feé@@ fioaPrate Bk etREs Ot BeethcBPig reateiap paninute),

seapiives forsa, @epqsﬁjenoafﬁ@ ,wiimﬁiametmpﬁ about 60 1 em3.<f 90093 Joldes o

te,pl cto ro a .
f[?c?aegﬁ rgrl\%é}y I’ES\%%? fhrou%?ﬁ the sma tu%t[ %?he tﬁé@c&?ﬁo 20, 1o
Pealitar & §19c“ﬁ @ﬂ&mé@e Yoadho G Li’@t ithie gonteistration BRAcive 90, 20 w0

geutal nitrooekERecies presen, ab the sudasepbdhssubsirate, in 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 40,5 0,6 0,70 .80 90 or 100 scom in
accordance with requirements i.e. the flow rates required generally scale with the deposition
area, therefore the larger the deposition area, the greater the flow rate required (eg. a flow rate

of about 500 sccm or greater may be required for a deposition area with diameter of about 60

cm}.

[0093] The remoie plasma of the RPECVD reactor may be a nitrogen plasma, Nitrogen may
be flowed through the plasma tube of the RPECVD reactor at such a flow rate so as to adjust
the concentration of active neufral nifrogen species present at the surface of the substrate in
accordance with requirements. The flow raie of the nitrogen through the plasma tube may be in

the range of approximately 300 to 1000 sccm, or about 400 to 800, 400 to 700, 400 1o 600, 400
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accordance with requirements. The flow rate of the nitrogen through the

plasma tube may be in the range of approximately 300 to 1000 sccm, or

about 400 to 800, 400 to 700, 400 to 600, 400 -26- to 500, 450 to 700, 450

to 650, 450 to 600, 450 to 550, 450 to 500, 500 to 700, 500 to 650, 500 to

600, or 500 to 550 sccm, and may be about 300, 400, 450, 500, 550, 600,

650, 700, 800, 900 or 1000 seem in-gecordance with requirements.

Again, the flow rates required typically scale up in accordance with the
tele@osition areastheresorestlawaates o3 to460 gréadefahan7s8q 500 to 650, 500
B 5%899 2REMN, 89 {81 AHERR5IIB0 R HIATBE 50800, 900

about 60 cm. 94 ] A second, thinner, n-type metal nitride layer maY be
of AR EcEm thakPsiaasar R HRIVIERRST I ay I BePHraif ABURADOMmG!Y scale
upemigonductortatieiakieg A Gadl, oerkitaNoameng odilyers or Tdreater than 30
SREORAIRYEE MK, 0O Bha MGl IRTRREAIR. R disfistiayer

e reactor temperature during growth of the second layer may be in the
rmange ofappraximiately ROGetads) albal 111006y ok maredypidallfrupater. This
S PRIATER AN, CO0GLIRE A EUBRLRERGHNSYSIERY, SMGAERNAn

mperature may alternatively be in the range of about 20 to 700, 20 to
§8ee). Jec6o0! ROCEBBHS 201H F400 06 TR0 BP0 15 iy 1 Bhotyactor
1kehp R 00ta o/ 0000t 00Q:L0Rse 2RO LEQR it Datfye LOAHE B0 RAPQAL to

00, 650, 250 to 600, 250 to 600, 250.t9 5 .52
08 T80 1 Sape Foc Rasr IR0 00 Sk g e kv
STEENGHE 19°6%90 VOO EHEUD 50T 55D, F00ESHOES, BOBOH 238 784.6 80 650,
30,6043 t0.5250 010 5 Sutn KRG ANdimay2berabost ©Q0 15660, 508 608, 100 to
012 4 6,.017..D1 2 2 .
NI 0 S0 IS 10 PR P i 2
Péridt of btwae i 28BUE0sE D AR A I 3 HElré Briafetrtiaryof, 500 to
iNLLe to Shousio kanminuteda 2 hawrs, heninute to L3houn b E3@G1S to 525 or
inutes, .5, minutes.to 3 houyrs, inute 0 hauts, 5-mji :
TEHE, 2 D2 A SR L I STESiy by
909, $00t6215 FAn s BhdoRTay Fe B0tk 0B, SH0E - 3The segndsiagergnaybe grown
dr 4 3eddh ékﬁ)ﬂﬂ:@@ﬂlboﬁf&m&c&ﬁs 253030; #0000 6mInUias pmaimmﬂ) B.bours,
2,2:2,:0,3 hours as required. { 0090 ] The reactor pressure diring growii, . -
of'the seponaﬁayer may be hlg_ﬁér t?want at as for the %Lrst layer and may
broth fhieipaieg éoof HpProiMAtEI D £ Toir 6 B o Brlaietiadfely os5=: 10 i
00010tR 4500d:ie 3:0-81te2KQ1.10 1.,0.0116.6,5, 0.2, tm 5, 1012 tos 41 .15 106, 17,
: 1,011t005 1-5 1t04,1103,1102, 1 .5,0.5t0 2,
R LS e
Bikd,13. 512 8ie3r2Tanandumay ey alaul2s@eoud 16y2:8udyDSiah 3. hadBat as for

.3,.3.4, 3.5, 3,7, 3.8, 4.0, 4.5 or about 5 TO ‘&Q% Thereactor .. .
e e Beh AR REFCHEE BRI brow o

0.01t04,001103,001t02,001t01,001t0501t5,01t04,01t03,0.1i02,0.1101,
0.1t00.5,1-5, 1104, 1103, Ito2,1t01.5,05t02,2t05 21045, 2t04,2%3.5 2103,
25104,2.5103.5,25103,2.8,-3.5, 28t 3.2 Torr and may be about 2, 2.5, 2.7, 2.8,2.9,3.0,

©3.1,3.2,33,3.4,3.5,3.7, 3.8, 4.0, 4.5 or about 5 Torr.

100961 The reactor temperature may be decreased (or increased between the growth of the
first and the second lavers (or between any subsequent layers as required). In this temperature
reduction phase, a fiow of nitrogen may be maintained through the plasma tube of the remote
nitrogen plasma source, but with no plasma present. The nitrogen flow through the plasma tube

during this phase may be in the range of about 400 to 650 scem or alternatively 450 to 600 or
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30 first and the second-layers (or between any subsequent layers as
required). In this temperature reduction phase, a flow of nitrogen may be
maintained through the plasma tube of the remote nitrogen plasma
source, but with no plasma present. The nitrogen flow through the plasma
tube during this phase may be in the range of about 400 to 650 seem or
alternatively 450 to 600 or -27- 500 to 550 sccm, and may be about 450,
500, 550, 600 or 650 sccm. The rea“Cl?Jr"pressure may be increased (or
ernatjvely decreased) during this ph required for.growth of the
U B Sr e Givce g o R L SRl e mev
W sctosdhfcaelivttively depositdrinrea, thisapbier estivurigteSogyp o the next
greatentban 30, Lies{minuie« 300,566y 80D faur depostioniateavith the
e 0 ] A Sl BB LN VB scom e
BoSited Bh 1E N type 1aYer fayer at atemperature in the range o
Eppréspirintely 000 thaabbur7000 f6cartime of between about 0.5
minutes to_about 3 hours . The third layer may be a further compound
o HatAFT B g CORTETE B A AP foamsrore
ferthp enaguvé aprayxatte ehaliVely b etiont @Y anige 156 0t ¥ G BSGeBGR pinutes to

600 30Q.1Q 588, %QEH%;@@%?QQ 100y %M%%&Qc%%&@ﬁ]t%d may
535, 510 to 530, 515t 525 or 515 to 520C an m%/iggyg%out 500, 505

SOBPS6S, PR, Y 5 187 BTA OB FEPEHRITE Y BYE 0537 g 0f U0 to
523,5824; BR5;BP8, B8N B36 TOSHOC THe 18hiperdth® maytbds to 535, 510 to
approxpately thes sametempaiatue Rz fondha seqrnshiayer, Fe 513, 514, 515,
pressure may be apgroxmately,the_game as t(ge_ #res%é@ fa ﬁh{? seﬁcotrL]ld

RYfer T third 135/er thayr be grovih 18 ovéha Shortefpetiod thih FBPEHETe may
$secandiayerantimaynbedmitretrange OF approximatelye? tolhS mehsutespay be

%ﬁﬁ%m&weﬁé %atrgelé’ tﬁetgrmul% 19:6n3 g&(ﬁlﬁat&;OTﬂet%erﬁﬂwt%}aﬂg ZIOWI
may be about 2, 3,4,5,6,7,8,9, 10, 1§ or about 15 minutes. [ 00 §e

) 8 r 9
OV RO ITREEFBUP HOEesrsHEEL A %33%1&%8%&1% %Bpﬁ%ﬁn%n&r%em b
finstypestypattayaivemder similar oAditiorisas woulll, Becdppretiated mythe about

skilled addresseeda o, 20 Alterative junction types for example, single
quantum well device, or multi-quantum well devices in the junction region.

Imgj@hcmﬂ.ﬁ%wﬁrmﬁ@omm{a[isﬁr@g rfaptes pray Repopeiypofampion the first p-
JHRCIQN, QbR QIRSL AARGSMENES, HieUAGHRIRGION MAY HEASNGR: 1o form

quantum well junction or a multi-quantum well junction. The junction

rlGOA al ERTp S al thu Tt RRIEN A IEIPTURCHSH Withe2, %, BoB-geptg well
memwﬁmrﬁwwmweﬂmmm@mwcmm may2ébe monen-p or n-
than;anedinglion [Reion. IAEEXAMRIE INRIGMAYRE MO, SBree;ifauryfi¥m well

six, Seven, eight, nine, or ten or more junction regions. [ 0099 1 A seic_ond
BYBAYEn QYA P B G R Wr R Rrst -8 PRy 6P OP e Yeatgy s¢ @ multi-quantum
well junction with 2. 3, 4, 5, 6, 7. 8, 9, 10 or more quantum wells contained therein. There may

be more than one junction region, for example there may be two, three, four, five six, seven,

eight, nine, or {en or more junction regions.

[00991 A second p-type layer may be grown in the first p-type layer. The reactor
temperature may be in the range of approximately 500°C to about 700°C, 500 to 650, 500 to
600, 500 to 580, 500 to 560, 500 to 540, 505 to 535, 510 to 530, 515 to 525 or 515 10 520°C and
may be about 500, 505, 508, 509,, 510, 512, 513, 514, 515, 516, 517, 518, 519, 520 521, 522,
323, 524, 525, 528, 530, 535 or 540°C. The reactor pressure may be in the range of
approximately 0.01 Torr to 5, or alternatively about 0.01 to 4, 0.01 t0 3, 0.01 t0 2, 0.01 to 1,
001100501105 01104, 0. t03,01t02,01tc 1,01t05 1-51t04,1103,11w02,1
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temperature may be in the range of approximately 500C to about 700C,
500 to 650, 500 to 600, 500 to 580, 500 to 560, 500 to 540, 505 to 535,
510 to 530, 515 to 525 or 515 to 520C and 30 may be about 500, 505,
508, 509,, 510, 512, 513, 514, 515, 516, 517, 518, 519, 520 521, 522,
523, 524, 525, 528, 530, 535 or 540C. The reactor pressure may be in the
range of approximately 0.01 Torr te B8 er alternatively about 0.01 to 4,

0.01t03,0.01t02,0.01to 1, 0.0lﬂto 0.5,0.1t05,0.1t04,0.1t0 3,0.1to
tcz}@ﬁiztg)f;@_@&@,g’tf_g,’ it@i’,il?‘ec?@i‘it’@%;it%-z's 103.5,25t03,2.8,-35, 281632

Tt@t5n2tm5y2i@4354210a,2tm3 3,2103,2.5104, 2 SEBDIANG3 783-8,8,2.8 1addbut
T’P{)@ra% acog?ﬁ“fzgerzmﬁ c gl%bﬁ‘l gﬂ@z’ § p%hgd f%gnw%e?i a%o%t SQ’O%BgoZdS o

4.0, 4. 5 or a 5Ton he second p-type layer may be grown over

aﬁ“ﬁé?l%%f BetivEBH EhouP Sy S igeTto’ aﬁeﬂ% B RGAPSS oA At ©
3ninite:t053ais 13t es iRukewsy, dotrinsiteiiotds foukohtps503 minutes or

aﬂkﬁl‘é{%}y@ W'?yt?%t%’o?’s%%sq G J&T‘kréui%sc 952 ﬂ%% ?ﬂ&”ﬁ%ﬁnﬁﬂ% Qﬂ%ay be

5to 30 minutes or altérnativély 5 to 25 5 10to 3
a8t kPid-2p 316 to &5 niirutds éhdméy Bﬁe %ﬁaé@fﬂd 5181 i9 %, &Sé%“% B, 60
BinlBs drlabde, 18,214,5453 A6rd 45 2Gyildd, 20he 25¢c30 pAPp SRy EOniN iERSVObver

gi;%é Rl AN | dﬁe%ﬁ'l%%%si D S %gh’drﬁ‘éyn%) Lhe seqond.- %P%{L%g)‘?%g%% BE same

wh over approximately the same time as the secon e layer an
%eaéﬁ]ﬁri?ﬁﬂ?fa‘?éﬁpfﬁéy%me 10 thlckness as the second n- type layer.

?ﬂ Tﬁm Enfﬁ llla ez: N Iyma%l%ﬁ p té{ﬁ niir % ) nltng(?wlna J 2 t%enod
grow over a per?zod app oximately 1 mlnutes to , 15 minu

FOBPHOUFEICLS TS o WbABiErS S I8N Eihgte 93 lﬁda@tqseqﬁl AtiEsitd 2
HPMES 145 MiRUESHaReND, 940 StauEs, 0. BHanbn 8.6 Bhd@, 8 5003 X5 ©

19208 o Bidio 5104 1403 Yo 2 210 Ghours 3t§i%%§5§o 450015

urs, an may be grown over about minu es 05 %%65 o
%«ﬁmﬁésl}mwelé@wm Gresy, %261@99%,022.5,<1§ IB@H@EM)S (B0 BB A 65
Rewrs). The seacter iemperaiire By Bsoudigher: ihanetﬁ@c[&&@fﬁ}i’eramru may be

temperature for th second eIa er, and e in.the ran
e B S B, B W B abo,
FPPIFEEEH B0 16 860, 7@@&@@&!@115‘2‘@1@03@@@ 9%%@{365@0(529% 680, 500 to
520 10058 H2AGI0B60L0,15 850131806 580, 5BOHG &He0r O H0°645m 536 53,

- 535 an be,about 0,525, 530,53 4,939,
oo 3 o o e s Bl S
BY0 62530650, 675 ofablub 7H0E: PHLGTY Other deviee Stracturés ¥ g2
singhe 0srnapdtirquetatum well junction or some other type of semiconductor
junction device) may be grown as would be appreciated by the skilled 25
bedreksédhbydpitsdifications of-the Haiss naftsgrepsuthecky pedimer priypether
gheackiaySHalh8: junction device) may be grown as would be appreciated by the skilled
addressee by modification of the number of layers, the type (u- or p-type) of each layer, the

growth time for each tayer, the precursor(s) and/or dopant(s) for ¢ach layer ete.

[ 0102 ] Figure 7 depicts the process for a semiconductor device where the first metal
contacts are to be embedded into the buffer layer as depicted in Figure 3. The first metal
contacts 104 (for example n-type GaN ohmic metals contacts) are deposited onto the substrate
702 (as depicted in Figure 9A and 9B) and annealed 704 if required. Optionally, a2 masking
layer (707 of Figures 10A to 11B), for example a mechanical “shadow-type” mask, is then
applied 706 to mask the first metal contacts during further processing. The masl is used to

define a plurality of regions (709 of Figure 10A) on the substrate where a corresponding
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growth time for each layer, the precursor(s) and/or dopant(s) for each
layer etc. [0102] Figure 7 depicts the process for a semiconductor device
where the first metal contacts are to be embedded into the buffer layer as
depicted in Figure 3. The first metal contacts 104 (for example n-type
CraN ohmic metals contacts) are deposited onto the substrate so 702 (as
depicted in Figure 9A and 9B) and. apmealed 704 if required. Optionally, a
masking layer (707 of Figures I0A to 11B), for example a mechanical
pishiidovistypetndask iy itveareap phdoimeé tochmbsk wheofihstreneitall dontaofshe.
SHIRY FRLPIOSESSING: b &PRSK ihusad Q. Fefing: & RUrNLQf the first
regjons (709 of F;gure 10A) on the fubsErate there a,corieﬁgon%i{wﬁ&
TSI AR 6 e SR AL S A 1D 158 781 B LR At e AT aie
theguiretl Yafferkof 96 (Srastummeiane-bekn tepasited orytiveistisstiatesitie
asieaYhe emeueddo exagsadhs finsh.matal contagts (@sdepictat ins te
Figure 2) to allow electrical connectjons to be readily made thereto. A
PRHE B8 (5P ENAmBRIZHES HHANIISE e GBI R HE EaegHed wnder
alepositbdrs o 08roymrith&dirsiavietal icortacts (asrdtpictaddn Figutas tklAvered
al-zl'ﬁ)f M@@CQQMMIQMe Q}%@i&l@fﬁﬁé’ formagsif Je RS0 remain
enerally, the annealing step (which must be performed under an
R SBhERE BT B RN B RECRS ISV IPEL WHERE fhi b PaER o=
arendebitid tovidren rbY -atkayerohtieltievice sfoicebamiptecwhrsretsare required
BeHionaftheambsdded.conagisHIAIGMAINR UL cONRIER IQNLRIGLHIC Bhilar 1o
contacting (as depicted. in Figure 2) or for the top p-layer contact (eg. 10
e SR 1T g (PR S B SUE D A Bt A ST %i’é&ﬂ‘é@‘ POl
copthitsangrsquireditochelhnpealed) abdthectémpdratyres atraphichermal
sSkbsegurRtlayses.ofdhe device e laidissimianioithahob e laygkay 200

metal annealing temperatures, and the subsequent layer growth alsp act
féﬂgﬁﬁ%faﬁﬁsl%maag.@ﬁﬂ@&%%%a?ﬁﬂlb%%egggmﬁ%% BrictrEdhia
heidaiagidtihe nmallisneallingprobe ssiwhprecthel davicetis2fapidiyesdigedatty
1bg.2oReRliRtiRnREFAAIHRICAIN AN 1» - BPQ QU ERS G BISINS AVEI: Rt

period of 1 to_10.seconds (typically about 2 to 5 seconds% and ,maintain%dbl
HERE O HE e VAR FE Y B HFRE H BYISE bt A5TIP S t8 B R RE S 2 le0le
{typitakypaisouatd tp hOskilwdtesybefore being rapidly cooled, at least
initially, over a period of tens of seconds, aItho‘u% this may vag_
bSEndetaBEepmaRRy e ai e dauipfrent baidt &4 ifbe
apipreciatettiyitihe sKillddhaddiessee 20:{ 104 0317 (fer firshpdmichiaticiyer,
i%@f\l?@a& 'Eﬁﬂ?@u%@ﬂ%ﬂ off Jng‘%éV&ram&rF\H@iﬁra@@f "[fﬁ’élQéé/&Ql péﬁqiconductor
deposition 712 of the active Iaﬁ(s) of the device (for example an InGaN
[y MriehRY EaN LT A USh RO "GP SR RS GUamEh SRR JErsy ™R -
seedidsemiconrditctaralayerjd2dsé The ndeposiieds@bdodertthéjunotidhe
ﬁa@%}%&%‘a"ﬂ@ﬁ%@hﬁ@@t%ﬁﬁé1gxm4&r&f blocking layer, for example an AlGaN
p-type layer, may be deposited 718 intermediate steps 712 and 714 so as to stop electrons from
passing through the junction region of the device and recombining outside the junction region,
thereby causing a double emission effect to be observed. The electron blocking layer is
generally a material having a higher bandgap than the adjacent junction region and a doped (i.e.
n- or p-type) semiconductor layer, for example, an electron biocking layer between a junction
region and a p-typs semmconductor layver would comprise an additional p-type layer (eg. p-

AlGaN) intermediate the junction region and the p-type semiconductor layer.
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type GaN ohmic metals contacts) deposited 71.6 on the second
semiconductor layer and the 25 metals annealed 71.8 if required.
Optionally, an electron blocking layer, for example an AlGaly p-type layer,
may be deposited 718 intermediate steps 712 and 714 so as to stop
electrons from passing through the junction region of the device and
recombining outside the junction regign, thereby causing a double

emission effect to be observed. The electron blocking layer is generally a

[W]’iah{ﬂ@-ﬂ@ﬁ @ihiﬁla?fs bRAdgAR-than a%h%'@giﬁ)@@ﬂiej Bﬂ@ﬂ%&ﬁ@ﬂim afEk@ures
1%3 eg 5@)/(3%}% Eo vyguerzea rrglgm ﬁc(tﬁ) er fore e anlﬁlectron

etveen ajun fion reglo K thetTf/pe mlconduc or
smsnemwm g ide @m&d@m&qaﬁm?ﬁellﬁyeﬁd(élj SHOSApG AN 720 to for a
JrisredRiRhRINNcian (@QiONRALNRP LRSI ORUUCIOrHRYRY, td0rst
% 8104%:The ask ftusedP |s th n remove E%atg%%nng Xpose thee ];Jorrsg eration of
Ata ?s rﬁ gfj‘?reese K&Q;IL’?E hich'are now buried ( P
@n@e@e@i&cmhwme plurality of mesa-like semiconductor devices 100

formed on the substrate 102, an he su strate diced 720 to for lyrality
[ %dbp%@ﬁ?%%f’é’%%c%@ﬁ 168 BE RS iRl urelf&lil e

1ednlaihg, sthe dirstubtaridvsee efta ﬁrrﬁeiaii@macis mrcheiedteibaitynetshpradteld readily

451 e Rermal mannenies epsratian.ef. th%esa'tﬁ@agugme%es\{égemst be
[0105] Where the optional step of mask| first me EA tacts Is . no

%%Fﬁ%eta emaefé%im?ﬁb%%wocﬁaﬁﬁw AP IR G g 5ot

mthmv@th@mmtamummﬂsmema}@eﬂcpm@d@ﬁ steatpicdictor device to
SoRReskions Egrmtr%agﬁlﬁ@%r@mm@%@@qlﬁeﬂ@i REQCESSBLERE WSk ey

io performed tg enable electrical or ohmic contac t[ss to.the w

RGN P EORERTE TS UAC SRR Bratesds I %\3@%3 ﬁ% jgges for lifiing
emfam@mdoimgharﬁerfabmeaitemtsermcedddrct@ededmedtbﬁegnmmesmlstnay
&Qﬁ@%cﬁﬁlﬁmgpﬁlﬁl@{?}% {ﬂgy !ﬁ%%@quiv\ﬁggdfr@@ éﬁ@lﬁ}ébg@é%c@@gf a sapphire

directly contacting to the first contacts from the exposed underside of the
SO T COhGEE 5 PHTEING e PHb nti HUTe T gk B
maicindlude Jaser. inducsdtifficipiedtiniguese Gibnrayonbtindhifce Zeenmigquesy be

§Qﬁé‘df£%9 %@r@ﬁ? %QZMU%M%@&E%&M%@&H@ eeseeha exposing
sagghlre substrate, a ZnO layer may be initially formed on the substrate

ToPPSB RIS GF orEsS8FAFCSRAERR8r device, and on completion of the
d6Yies faRrication.dhe-nilial 400 fyesmay AR HIchRd AMaYeHREk ice with

releasing the fabricated device from the sapphire substrate and exPosmg
e ¥§‘t"%i%cl§ffdcﬁﬁfé%t§*fﬁff%é@ﬁ%ﬁ?&&ﬁf%ﬁ&ﬁ?gﬁpﬁﬁc[ﬁ“fﬁé?’

adirantagentnenmeadkingtheroontastsranihfogming ammu@nersmtablc
devicewith wholly embedded contactin s mannssaiedhat, A Wilken of 2

appreciated by the skilled addressee, masks can he difficult to work with
|W%§?ﬂﬁﬁ%ﬂﬁﬁ%§f§téﬁf%wﬂ%f%hl tayjask and causing the edges of the mask

region to be unclear. Thus, it may be advantageous to remove masking steps where possible.

[0107] Figure 8 depicts a process similar to that of Figure 7 for forming a semiconductor
device with the first metal contacts formed within the doped semiconductor layer as depicted in
Figure 6, where like steps with respect to the process of Figure 7 are depicted with iike
reference numerals. The buffer layer deposited in step 724 may alternately be a buffer layer as
per step 708 of Figure 7 (eg a ZnO layer - either insulating or doped n- or p-type), or may be a
metal nitride layer as depicted in Figure 6. Alternately still, the buffer layer deposition step
724 may be omitted completely such that the first metal contacts are deposited directly on to the

substrate and the {irst doped semiconducter layer (i.e. a metal nitride layer as previously
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care, can cause a number of problems such as shadowing of exposed
region, and diffusion of a subsequently grown layer occurring underneath
the mask and causing the edges of the mask 25 region to be unclear.
Thus, it may be advantageous to remove masking steps where possible.
[01071 Figure 8 depicts a process similar to that of Figure 7 for forming a
semiconductor device with the firstymetal contacts formed within the
doped semiconductor layer as depicted in Figure 6, where like steps with
deswhedt depthisegrote 8w of Figirev?r dre Hapienedtivitistike cxiRdding e first
Hmerals. Hae Ruffemlayer deposited in step 724 may alternately be a
buffer layer as 30 per step 708 of Figure 7 (eg a ZnO layer - either
[idlatikgaanmoped n, or p-type), or may be a metal nitride layer as
depicted in Figure 6. Alternately still, the buffer layer deposition step 724
{mzfﬁ be bitta Bt HTERS SUEHAHEY BrRs TSRt CBRHAT Y SFE e e
RHEEBIY oatiodthescsbisstbate. dndthextingtl dapkdidemicosduotorilayeryidevie
cmsga-i_ il HAS over 38 RIeVigH%ed Lrndesarbed) dgsm%ﬁ%qagmget@@mw
subs

Ibstrate over the first contacts, thereby embedding the first contacts in
thistriiad serROHUTE RS Sy Er O TS BN ST O8] Batitifafais © bemne
pﬂ:kev&?msmmmfemﬂmemeMcovma@msapmﬂr@wbéﬂl’raié&mnhgmh@nswiﬁl
kﬁgh?@&%Bamss@aach%ﬁ&gp%hﬁ%%ﬂ%@%g%%ﬁé@m@r&ouble
heterostructurejunction device comprising 5 layers has been
idenegnstiategpd: helfday'm:ewwgs)grmmmm ﬁasﬁpplﬁressmbﬁinabermwaiblgdngda
600 @&g‘hgggg%mqh;% 4P é@&qo@@oﬂeﬁe%%%&eag ﬂg@rwﬁmﬁ#ﬁ%&r{g%e

g placed in the RPECVD growth chamber. Nichroime is an alloy o
ERE o3 O RTGBRER HI TS APl e e e At aBy 4 e o 20
Anith siand i ghbtemp@m&u&q&r_ﬂrﬁ)n[@a; 10fikapantypeiGaN fayeswiasgrowmbt of
HeReEdoniULRoNSON NG NIShIME Jayer,2keh (RACIOT RIS QlaPQHbies
1.3 Ton. The precursor for the n-'g}gg GaN layer was delivered to the

SAEERE DY OIS Mitfo Ger YHPoo G #AGHIRY RIEIRE A RRIESPI8IA G &I o Bt
ROt haxrataafl 20 dseers {siandardsen bicdentineyesijper minutey. of nitrogen
/ ig H%Pe%’%f!ﬂ%gytﬁﬁgwéﬂ%ﬂ%%&wbe of the RPECVD reactor

with a plasma presént at a rate of 600 seem to form active neutral
spagies 1k efmitlagenomhichxeachwilbthasTMGriadamagal ipsonitidearv

the nichrome layer. T r of TMG an 0 [
e R LM e ACh e e 0.
Tvengt i yRbeSBf100SER HPY OFPPY foTREvIS mMpBaifsreBr Rl e akgspe tbe but

ehambeswapmext raudeed:.over A perochdEaboui-deemiusiessatwhen there is no
t(fm erature of about 524C and theﬁcha bg{ pressure irb%r%la&%gt gg)gut
TNISE DITODEN © t ; -
PRl S SN P S
TS| }qcﬂt@tiﬁp&s MEEfigBE PR REe in the reactor chamber is reduced o allow the growth of

1nGaN. The InGaN layer generally needs a lower growth femperature than the GaN as the

indium component dissociates very readily and may not otherwise incorporate in t he film.

10112] An n-type AlGaN layer was then deposited over 10 minutes on the n-type GaN layer
at a temperature of 517°C and pressure of 3 Torr, TMG and trimethylaluminium (TMA1)
precursors were used with a flow rate of 16 scem and 15 scem respectively. The TMG is again
heid at a temperature of -10°C and the TMAL is held at a temperature of 25°C. The nitrogen

flow rate through the plasma tabe (with plasma) was 500 sccm,

[0113 ] The third layer was a p-type InGaN layer grown at a temperature of 518°C and

pressure of 3 Torr over 5 mimites. The precursors used were TMG and trimethylindium
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with no plasma present. The advantage of maintaining the nitrogen flow
even when there is no plasma is to minimise nitrogen evaporation from
the film which'may occur under certain vacuum conditions. The
temperature in the reactor chamber is reduced to allow the growth of
InGaN. The InGaN layer generally needs a lower growth temperature than
the GaN as the 25 indium compone_nggi_ssociates very readily and may
not otherwise incorporate in t he film.”70112] An n-type AlGaN layer was

d it I in - e
e T R
et e A G HAEBT TS B GP T L biueh the plasa
s peciiylna) hesHNGdsagain held at a temperature of -10C and the
TMAI is held at a temperature of 25C. The nitrogen 30 flow rate through
AL hlashha Rem &pRithD FRIHE) NEE 5By EEMT [ 11SIPTHBH P EY e ras
@epsiype ricaNJayer giana dtha fenperaisd obkIB@nd TVRSSUie@fBig
SAEQYEL gm'.E‘}iﬁeeéoJaHE RieEFqr Used vere, IMGand rimethylindiym
-32- (TMIn); each at a rate of 10 sccm. The p-type dopant was

%%@WN@W%WM@W&%%W%%@%M a flow rate of
C@% Ik O’grhl S %ﬁ%‘zﬁ%{@%’s"e&%ﬁ %%%99 tﬂng'éz?z@%‘ééab% with, é%g%rﬁ:‘?a re of

: sccm. e nextlayer was a p-type aN layer grown at a
téfriperaturesge SPOC AT S preYsurl o PTG Ve 15 i ihte 8/t e Mg used
RFEELKEOFS e edpael e TMGoandsddAhaviths £ p2Mge dised . famtherMgprtyp eite

opant, at.rates of 16 scem, 15 sccm and 40 sccm respectively. The
%lt@d%ﬁé]rl}e é%rr}aa@ﬁﬁ %lttjhg%ﬂt?ﬂ%a Yaaé"?n%;o flibe (with plasma) was 500 sccm. |
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isostill myeh dehats i the diteratire ARQULINE R XACL NAME: Afchrome tayer and the

top layer of the device and the device was found to be electrically conductive and emitted light

from the junction.

[0119] It will be appreciated that the semiconductor devices and processes for their
manufacture described and/or illustrated above at least substantially provide a metal niiride

semiconductor device having embedded/buried contacts.

[01207 The semiconductor devices and processes for their manufacture described herein,
and/or shown in the drawings, are presented by way of exampie only and are not limiting as to
the scope of the invention. Unless otherwise specifically stated, individual aspecis and
components of the semiconductor devices and processes for their manufacture may be

modified, or may have been substituted therefore known eguivalents, or as et unknown



20 this contamination, By growing the device in an environment that
minimises these possible contaminations, the defect contamination can
be advantageously minimised. [0118] Electrical connections were also
made between the embedded nichrome layer and the top layer of the
device and the device was found to be electrically conductive and emitted
light from the junction. 25 [0119] It will be appreciated that the
semiconductor devices and processe?f()r their manufacture described

s%&q{{a[eﬂ'%%HQ&%%?Q@X&Q&L%@% B QE@Q&(&? 39\(}1‘291)% F‘Sﬁﬁ"«% Qcﬁepmble

semiconductor device having embedded/buried contacts

WhHiREH ARt HEvIdas SR proEdesky i %Héi?‘ﬁ‘fé%ﬁ‘ﬁﬁé‘&rtﬁ}‘érd‘é’@(éfﬂﬁéﬁe may
dersimodifidddb:shamiatirothept taningshids epresentedbyhyayopd examples the
cqueﬁ%é%m 'é Hing ¢ %%dgql 83% R%E asf%?@a‘ilgﬁst&%% NenUon, YNISSiended tat

otherwise specmca y sta aspects a components of the

Be RifSEH ARG HeRnE A8 ViTe Prbeiestsess 10T taTmipmmtratt bre dnrighlsdo many
smadifiedioar. may have been substituted therefore known equivalents, or
as yet unknown -33- substitutes such as may be developed in the future
or such as may be found to be acceptable substitutes in the future. The
semiconductor devices and processes for their manufacture may also be
modified for a variety of applications while remaining within the scope and
spirit of the claimed invention, since the range of potential applications is
great, and since it is intended that 5 the present semiconductor devices
and processes for their manufacture be adaptable to many such
variations. -34- THE CLAIMS DEFINING THE INVENTION ARE AS
FOLLOWS: 1. A semiconductor device comprising: a substrate; a first
contact; 5 a first layer of doped semiconductor material deposited on the
substrate; a semiconductor junction region deposited on the first layer; a
second layer of doped semiconductor material deposited on the junction
region, the second layer having opposite semiconductor doping polarity to
that of the first layer; and a second contact; io wherein the second contact
is in electrical communication. with the second layer and the first contact

is embedded within the semiconductor device between the substrate and
the
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junction region and is in electrical communication with the first layer. 2. A
device according to claim 1 wherein the first and second layers of
semiconductor material are semiconductor nitride layers. 3. A device
according to claim 2 wherein the semiconductor nitride layers are selected
15 from GaN, AnGaN and InGaN semiconductor nitrides. 4. A device
according to claim 1 wherein the firstagontact is embedded within the first
semiconductor layer. 5. A device according to claim 1 further comprising a
ThafariapaEriarmedican Beran seibhstretelantkthe first semiconductor
layer, wherein the first contact is embedded within the buffer layer. 6. A

L device atCUrARIYIET RS BAWREER the buffer layer is a series resistance
lowering buffer layer. 7. A device according to claim 5 or claim 6 wherein
the buffer layer is selected from the 25 group of an insulating buffer layer
or an aciifretseriepnductor buffer layer. 8. A device according to any one
of claims 5 to 7 wherein the active semiconductor buffer layer comprises
either anfsypeoi 49y paniemiegrdueidia gepdedier Bredrdifig to claim
8 wherein the agtive semiconductory buffer layer .comprises a nitride
semicoRdORtE S8 I R geviee & ordclnanto ¢ldim 8 Wherein the
insulatingbuffer.layer is formed fameanQatckh ApsRbedded eRAAGkgion, the

semicondyctor device formed %rom emiconductor nitride mate ials
EEpHERY 4 6 BB S Ut 1A B8 HPErESTE L BR e ™S H%‘t!%?f%r;’ Dfirst
semicondugcipg nitride layer wherein the first contact is embedded in the

first layer and in electrical communication with the first layer; a junction
region adjacentihe:first semicdndudtoriayermsecend: serhitenduetblzyer and

pitdde layer adiacent the Junction. L80ion:ing seqend.contagtadiacent 10; me

the second semiconductor layer and in electrical communication with the
HBEURdIEpR A RS tHEtP SR A SRS BORAGIS 8- electrically
.’ime rCOgnfﬁﬁ%geda(t:gglo{ﬁlz%ht{gu?aim 1 wherein the first and second layers of semiconductor

material are semiconductor nitride layers.

“t

3. A gevice according to claim 2 wherein the semiconductor nitride lavers are selected

from GaN, AlGaN and InGaN semiconductor nitrides.

4. A device according to claim 1 wherein the first contact is embedded within the first

semiconductor layer.

5. A device according to claim 1 further comprising a buffer layer ntermediate the
subsirate and the first semiconductor layer, wherein the first contact is embedded within the

buffer layer.

6. A device according to claim 5 wherein the buffer layer is a series resistance lowering

buffer layer.

7. A device according to claim 5 or claim 6 wherein the buffer layer is selected from the

group of an insulating buffer laver or an active semiconductor buffer layer.

8. A device according to any one of claims 5 to 7 wherein the active semiconductor

buffer layer comprises either an n-type or a p-type semiconductor.

9. A device according to ¢laim 8 wherein the active semiconductor buffer layer

comprises a nifride semiconductor.
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25

junction region. 12. An embedded contact metal nitride semiconductor
device comprising: 1s a substrate; a first metal nitride layer deposited on
the substrate; at least a first contact formed on the first metal nitride film; a

- second metal nitride layer deposited on the first metal nitride layer

encapsulating at least a portion of the first contact; 20 a semiconductor
junction region deposited on the second metal nitride layer; a third metal
nitride layer deposited on the junctiori region, the third metal nitride layer

iaving,oppasite semicongucterdeRingRAakt:Le thatabibedifsthandom zno.

second metal nitride Tayers; and a second contact in electrical

laommuiii eafbeddvditiartaes thingtmétabniside ayerd 2o 3ehhendevicaioidny
rgggﬁ%%@%ilnhq 12 wherein the substrate is borosilicate glass, silica
glass, sapphire; quartz, ZnO, silicon carbide or silicon. 14. The device of
any onexQfiglaies 1 to I2wherein the device is a (IYaN blue LED, GaN-
based blue LED, GaN blue laser diode or GaN based blue laser diode.
-36- 15.angrbeesETgioaTheg B wiibe¥ded contact semiconductor nitride

device comprising, e stepe.of providing & subsirate compriging at least
one first'cORtAct Masking a ﬁrst. BoTtion of the first COntact to expose at
lrvastohe devite! egionnBasompitisthyfasséeend portion of the first contact;

forming a first semiconductor pitride layer over the second portion of the

first confalPoHP A RRVITE TR IS THeTEb S T sATH & The first contact within
the first layer; fQuming, & eiionQvar the, first t@é’ﬁﬁbﬂ(ﬁmgﬁr@ second

semiconductor nitride layer over the junction; 10 forming a second
contact anstbensecand: layptanc rémaovingdhemasktiiercdbyeepdsing:thrgical

ﬂ{éﬁ&%{&i&{an%M‘%ﬁé@t&?&%‘é}?- 16. A process of forming an embedded

contact semiconductor nitride device comprising the steps of: providing a
substrate/gemprisingsatidensicone fusheontactidbitammingadiigicted through the

semiconductor nitride layer over the first contact thereby to embed the
gunction reglon.

12, An embedded contact metal nitride semiconductor device comprising:
a substrate;
a first metal nitride Yayer deposited on the substrate;
at least a first contact formed on the first metal nitride Gimg

a second metal nitride layer deposited on the first metal nitride layer encapsulating at

least 2 poartion of the first contact;
a semiconductor junction region deposited on the second metal nitride layer;

a third metal nitride layer deposited on the junction region, the third metal nitride
tayer having opposite semiconductor doping polarity to that of the first and second metal nitride

layers; and
a second contact in electrical communication with the third metal nitride layer.

13. The device of any one of claims I to 12 wherein the substrate is borosilicate glass,

silica glass, sapphire, quartz, ZnO, silicon carbide or silicon.

14. The device of any one of ¢laims 1 to 12wherein the device is a GaN blue LED, GaN
based blue LED, GaN blue laser diode or GaN based blue laser diode.
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first contact within the first layer; forming a junction over the first layer;
-forming a second semiconductor nitride layer over the junction; and

forming a second contact on the second layer. 20 17. A process according
to either claim I5or claim 16 wherein the first and second semiconductor -
nitride layers are selected from GaN, AlGaN and InGaN semiconductor
nitrides. 18. A process according to galm 17 wherein either the first
semiconductor nitride layer is an n-type semiconductor nitride layer and
e Seﬁ%&&%%!f*@&%ﬁ;%ﬂ%ﬁ%@&*&d%ﬁ{&ﬂ%ﬁ&ﬂﬁ/&&%ﬁ‘ﬁm{%&@%@%ﬂﬁm
layer, or the first semiconductor nitride layer is a p-type semiconductor 25
s ?5yer and the second semiconductor nitride layers is an n-type
semicoplieinl, A I2YG,} 9 PIARESR. aRCAIdlAg (o any one of dlaims
15 to 18 wherein the first and second semiconductor nitride layers are
formed ataitemperatyseish the dange:ofapptr aximately H06:t0 080@cvice region
cglec][,leﬁlems %%lc%h'c?' a%n%?dm% @Irsgggagcﬁccordlng to any one of claims 15 to
18'\Wherein the semiconductor layers " are formed by a remote plasma
fabricatigmigehnigy esndesRitogeiatmasphene s2dond RROGESS BECAiNGact
.to.any one of claims 15 to 17 further comprisi tpe te%[i) of forming a

: 1 Lh .

R e b O Eo S S B et comeact

such tha§,sithe firskeantastis farimed-on the buffer layer. 22. A process
according to any one of claims 15 to 17 further comprising the step of
forming farbisffer seoped emibendutstratredafeaeformitg thietatleast one first
contact such that the first contact is embedded within the buffer layer. 23.

A proceSEERE 4TS BITEP LIS O EEIAS2 wherein the buffer layer
is eitherréfﬁoé%i@]%%&m&w% eﬁ@%&ﬁ@g&%&tﬂ%{é%%&&é

process according to claim 2 rein the doped buffer layer is either an
1wtype Qhachsiypeosemicandietaedayetac? briicprocassnatde fding toamysing
t%ng[eofS %@ims 22 to 24 wherein the buffer layer is fored from a material
which reduces the series resistance of the semiconductor nitride device.

1s 26. ARfacRss aacataingriprany ane-ef glaimms «dder25 wherein the
buffer layer is formed from ZnO. 27. An embedded contact semiconductor
device sigbstanti ﬁngi sahlerdindentnlscdvgigyer the first contact thereby to embed the

first contact within the first layer;
forming a junction over the first layer;
forming a second semiconductor nitride layer over the junction; aﬁd
forming a second contact on the second layer.

17. A process according to either claim 1507 claim 16 wherein the first and second

semiconductor nitride layers are selected from GaN, AlGaN and InGaN semiconductor nitrides.

18 A process according fo claim 17 wherein either the first semiconductor nitride layer is
an n-type semiconductor nitride layer and the second semiconductor nitride layers is a p-type
semiconductor nitride layer, or the first semiconductor nifride layer is & p-type semiconducior
nitride layer and the second semiconductor nitride layers is an n-type semiconductor nitride

layer.

19. A process according to any one of claims 15 to 18 wherein the first and second
semiconductor nitride layers are formed at a temperature in the range of approximately 500 to

300 degrees Celsius.
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reference to any one of the embodiments of the invention illustrated in the
accompanying drawings and/or examples. 20 28. A process for forming
an embedded contact semiconductor device substantially as herein
described with reference to any one of the embodiments of the invention
illustrated in the accompanying drawings and/or examples.

3T
20. A process according to any one of claims 15 to 18 wherein the semiconductor layers

are formed by a remote plasma fabrication technique under nitrogen atmosphere.

21 A process according to any one of claims 15 to 17 further comprising the step of

formihg a buffer layer on the substrate prior to forming the at least one first contact such that

the first contact is formed on the buffer layer.

22. A process according fo any one of claims 15 to 17 further comprising the step of
forming a buffer layer on the substrate afier forming the at least one first contact such that the

first contact 1s embedded within the buffer layer.

23. A process according to either claim 20 or claim 22 wherein the buffer layer 15 either an

msuiating buffer layer or a doped buffer layer.

24, A process according to claim 23 wherein the doped buffer layer is either an n-type or &

p-type semiconductor layer.

25, A process according to any one of clatms 22 to 24 wherein the buffer layer is formed

from a material which raduces the series resistance of the semiconductor nitride device.

26. A process according to any one of claims 22 to 25 wherein the buffer layer is formed
from ZnO.
27. An embedded contact semiconductor device substantially as herein described with

reference to any one of the embodiments of the invention illustrated in the accompanying

drawings and/or examples.

28, A process for forming an embedded contact semiconductor device substantially as
herein described with reference to any one of the embodiments of the invention illustrated in

the accompanying drawings and/or examples.



