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1 A Method O Forming A Metal Contact And Passivation
O A Sem conductor Feature 5 FIELD OF | NVENTI ON The
present invention relates broadly to a nmethod of
form ng a netal contact and passivation of a
sem conductor feature, and to a sem conductor devi ce.
10 BACKGROUND The netal conflacts of seni conduct or
devices to the ridge or mesa structures of the
devices are typically forned by creating a via hole
| DA Meth6d OPRETIAY AVIERIPContdRt Al Bdivatidd OF A
via hole 1s defined™y aligning a mask during a
“‘phot ol'i t hogr aphy [BemdésondictBe Fmataref the tol erance
limt of the Iithography process, the width of this
via hole normally is significantly smaller than the
wi dth of the area of the sem conductor where the
nmetal contact is to be created. This results in snmall
FIEEDAF NVENTIOMNr eas and uneven distribution of the
current in the nmesa area, which in turn will result in
a high device driving voltage. This problemis
par tlihewreseny inveptiorceglatey pragdl toasegthwel\af dersniag gdeeteheontact
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relatively low carrier nobil Ity and a | ow active
carrier concentration. Accordingly, p-type nitride
BACRGROUWNBtor material normally shows a relatively
high-resistivity. Hence, it is beneficial for the
ohm c contact to p-type nitride material to cover as

- MUCIThS WidtAaRnREBf IEMROAGIJMralevidds td theSidak 9P nissa structures of
cont aGt

0 BBl B R e o B Rt By e R tver. The

positiclgef this vensdi®R deifed hhalyningRnfmadiloduridly a photolithography process.
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disgribaitiors ef fhea¢url@n’euh thechmﬂ agy, Weiskrin Hmd wnm rmltpataeh!gh device
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Sil vat | 0 n Sem Cco n
typﬁmﬂé% pemichrdustod avedgrial bss amlamlyd@wr\r@dteh apbéatyrﬂnm loviodctive

calﬁbﬁ%\é@ﬁﬂ'a?igﬁsﬁ\cc%rdlﬁ Ip%%é‘ﬂtrfd@%@m%ﬁﬂ@ct&rnﬁétgﬁél nognaily shows
oxi dation i s used g nperatures are require
a rgigtivehy high resistivity. Hence, |t is benef cial for the ohmic contact to p-type nitride

material to cover as much surface area as possible.
It is also a challenge to make metal contacts to small feature sized
semiconductor devices, e.g. with a ‘mesa or ridge dimension less than 1ym. Normal

photolithography reaches its limitation at this range.

Due to the above. mentioned -disadvantages of photolithography processes for

. making metal contacts to semiconductor devices, a number self-aligned technologies

have been proposed. In one such self-aligned technology described in US patent no.
6210997, sidewall oxidation is utilised to form the passivation layer of the semiconductor

. device. However, the sidewall oxidation method has a number of disadvantages,




may adversely effect the sem conductor device and is

al so believed to be effective only for high alum nium
content materials. On the other hand, if anodic
oxidation is used, a current is needed to assist the
oxi dation process, which is not typically acceptable
in 5 semiconductor fabricatd on processes. |In another
sel f-aligned techni que described in US patent

inBIU@hd %ﬁt'm@ﬁr@ﬁ*fermg{ocg@aggﬁ%lﬁg h%hnféﬁﬁleragtg&t, ard réq@%&f which

is used as _nesa or ridge etch |ng

- mAndERehypiegl g ReaRonBHcte davicRGNg s Alse &’P%e"ﬁétto be ﬁﬁ@ctlve only
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GE ased seni conduct or . devi ces

C%ifﬁat ﬁef?eegsﬁi ﬁo aFSr'%j v Of"é'e‘i‘ﬂﬂ BfgESTe dEI U 4Ot wpvaachmable in

semidndoétbi fabridation pdd@4£9218648, dielectric etch back is
utilised to make the self-aligned netal contact,
utilising a multi-step dielectric plasna etching

- pr ode sanotiieni selﬁﬁighea‘li tlaeh?t\ldt.hae dk&:riﬁiedaldvaﬁt agent publication no.
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can cause sem con

- methed hgs tHeeilqada@'mgeemfomhugg off metals roit beieg ttompatibimtoes haiber of
' Seg.Pbscr | %&fop r?%%ﬁé‘ogéﬁh n@’ra‘?% %%%6%88 on gﬁn@r&%?g i s

utilised 20 to formthe paSS|vat|on | ayer of the

Sem!r‘?%ﬂ'@roéelpﬁphgf eJI’ﬁ'i q%emétagtq’i@eﬁ G Ulg,e pahent publication .I.‘IO o

di sadvant age t mer can

200403 L3648 fielestiigi «tehh ag@q @rutwﬁqyb@sg@ge gfq §$If-airgned metal contact,

utiRSs | & ahiifte Ferele%mnglagmarrﬁmlng Btdceyd. NIThR FriRiHB@Ras the
ohm ¢ cont ac ased sem conductor devices

disaghaniags gssoeigiedrwth perfasmingr aplasmagichiog erocegsp pdhichypasy gause

damagBOtoY el sdrais@iuBRs SuMadd @0rihd e plla%n1én§i¢hﬁ1§b<bfethe25:electrlc
hand, |ight extraction in sem conductor

maf?qrbarﬁf’"éorﬂ‘fqlih%%o“&e&vﬁ@és is one of the inportant

factors in enhancing the device efficiency. A though

pi IIar truct surf.a xt.ure
P11 hpacdhdn i i EdbseRigip L astunte” adiao o soflow is uied
to-dewn dlee ebédiatiendyyer - oft the%m:cdsmiubtengjewce nokie rodthdd has the

‘ dlsge\%n?ac e th& tﬁe ﬁ&lg)ngrr ga% I‘fjnetV 'uéh be%nll :‘Wrg s%mlc%ngg%\grlrpk%csﬁgges after

sem con e1sT
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semonmcﬁcaev éas rgaefgu@ h{,.ﬂ;@ sr}wn@%imgto?'soe%d do@@s{,mge a

However, exi st ues typically sprea
DOWWebGWQX&SQIV@DBﬁﬂwr§ Ltl;lawfa@tﬁe W t hout a passivation
| ayer on the sidewall of the etched pattern.

On the other hand, light extraction in semiconductor light emitting devices is one
of the important factors in enhancing the device efficiency. Although pillar-structured
surface textures or pillar-structured L.LED arrays were found to enhance device efficiency,
it is a challenge to make ohmic contact to a pillared device structure. Sidewall
passivation in a semi.conductor-device is required to prevent current leakage and short

circuits and also to protect the device from environmental conditions. However, existing

. technigues typically spread a metal layer over the entire surface without a passivation

layer on the sidewall of the etched pattern.
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3 A need therefore exists to provide a self-aligned
metal contact formation techni que which seeks to
address at | east one of the above nentioned problens.
5 SUMMARY | n accordance wth a first aspect of the
present invention there is provided a nethod of
forming a netal contact and3passivation of a

sem conductor feature, the nethod conprising the

st eps r@edfﬁbmféig &gl %eﬁo(nb& SO MGhed SR C QMM BFmation

10 substrate utilisin tol i thography processes;
te@t%qﬂeﬂﬂtftweg%t%d&rﬁfe@t Astang f F‘&tE’@OV%W@H"'QW‘?QPTW%r

nore features are formed underneath respective

portions of the dielectric mask; depositing a

passi vation | ayer on the substrate with, the
SuMmARYric mask in place above the features;:

subj ecting the substrate to an etchant such that t he

~di el ctrl mask. t.,ched at hi gher. rate t t he

pacdf b AT & RHaEEs 4P GiOhs S Eere i Frovided a
methed iof &irming & anyestal chebaxd iahd passivativn ofi £ bedicohdudtarsicature the

u t n

%at’hB& %nﬂJ {Shng subs{epgtogf *la’?t@ d|§nd'&ggtere'?erggg"4 re%a&rqqﬁé'%ucmr

supatg@teuﬁmla@ phgtpbhhogwa@hg)pgms{qu @tqhtmgq&tecsfenmh@tductor substrate

--SuEﬁ"’lﬁé’trc?rﬁe o Hrregsarga%rnh@/ En&érﬁ%& ﬁ'%g?é@’n% r[])%thlons of the

hosen SUC ur| n rate

dl@%{l%ma@@ F'@PQSNE“Qe@ maﬁvatiqmtaygroﬂm |ttm1§ul@strat¢wewth the dielectric

mé’ékeih Qftddd SbdiRKe Ef@éttﬁn%s""bﬁﬁéctm@rtﬁé s‘%sﬂ*aﬁ@ t&; %ﬁté{&?‘a%t such that

remain on the substrate, such
the giplactric; magk fn etohed & highes Lﬁsstttﬁ%rt Ele Wﬁém’flaiéﬂas@ﬁe\yhereby

poftfonk ¥ the phsbiRSioR 18ed Riep8SIRSEsh thfeoclueleéthe\hhéi:lkr&e lifted off from
[ soLatl on b;_tvveen the features having the different

theyiSyPEate8NerifePetilng & Mata! HAYRS %éh%éﬂtv%ataue%ﬂmg over the

red gy Riseivatiolaydednd @ obedpuriots of Be féanred
underneath the respective portions of dielectric mask
may conprise formng an undercut under the respective

por Therfeatafest iney diavk adifférent wilths whedeabsuch thatltbrisyf when the
o) LI & I 2Bt S i GRRE S o

oneh ef ftiea feateres meynaire ohrtee sﬁbsmateheuq:taﬁmtwatammel augedl layer is

.de@%%l%gnér??lle %ggﬁaagéﬁ {rv'iaa%tr t&teth%F%?lLJrQ% r—% %n—&%osed for

and ase
prayidirgisotatien befwesn rth@te@éuraaynataeg thevdiffergntuvidthst he
passivation |layer after the step of subjectlng the

substrate to the
The step of etching the semiconductor substrate such that the features are

formed underneath the respective portions of dielectric mask may comprise forming
an undercut under the respective portions of the dielectric mask whereby a width of

the features is smaller than a width of the respective portions of the dielectric mask.

Top surfaces of the features may be free from the passivation layer after the

. step of subjecting the substrate to the etchant.
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etchant. 5 The step of formng the dielectric mask on
the sem conduct or substrate utilising
phot ol i t hogr aphy processes may conprise depositing a
dielectric mask layer on the substrate; depositing a
sacrificial dielectric |ayer on the dielectric mask;
and formng a double |ayerdd hard mask conprising the
respective portions of the dielectric mask and
~.cor rmibn%@%r bh&NSf Qhe tfsaufe%Cékéép@Itﬁé tgb &fiPBEEd Gnay be
10 The t hod may conprise etch portions
%ngafr@ﬁ%@tr@%to the
etsiearitconduct or substrate such that the features are
formed, such that undercuts are forned underneath the
respective correspondi ng portions of the sacrificial
di elTet step bfajemingattib. Hmcsrioema&f( tﬁiem@éigehﬁg:)rtdbetor substrate

B3 bRl B R e BarTORAY 9P oL FaeliBa ieBaac mesk layer

-orathecsbstrate; demspmgta wacrificthé dsitcsic Mher érothenditeotriofmasdie and
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sur
digjaetse mﬂsk @nd ICQV§$PCB?'ﬁmrPQIWSSQprE sanifiohl deletictavey t he
substrate to the etchant. The sacrificial dielectric

layer may conprise the sane material as the
pasJingdteibad | rage compese aichingdhe aeelions efhthg diledrigl mask after
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sem conduct or - devi ce conpri Sing one or nore

¢ sugh that yRAeICHISare &medandefiesth th@dﬁ%%ﬁtqt'é%i ceiFREReAdipRRrtians of
- théiEa@@achh&e@ErMQyé}Saﬁ@fHerﬁdp bf‘déﬂ&éltfnlgrtﬁé {)Qwﬁéﬁon 1N on the

S 15

evice ma e a ridge wave i cal device.
S”gﬁt’aﬁ% & 86%? that %8%‘?’&“9 éayér $ 6‘580%5\5*'85&3&6’35 the
redp@stVe urderdits. devi ce may conprise an LED structure,
the LED structure conprising a plurality of pillars as
t he sem conductor features, wherein each pillar
c onfThe Serszgion o ithe onmdkrchte n'na\yalyee bom'tfollad fsucls &had @Psyicted width

off guﬁa%ggg? g-éeot?ﬁhﬁca%b E{ﬁ?iﬁ gﬁge rom eopgssslvea ion erl]ydellj'cﬁ‘ter the step

er o
of subjectmg the substrate to the etchant.

The sacrificial dielectric layer may comprise the same material as the

passivation layer.

In accordance with a second aspect of the present invention there is provided
a semiconductor device comprising one or more semiconductor features metal
contacted and passivated using the method as defined in the first aspect.

- The device may comprise a ridge waveguide optical device.

The optical device may comprise a ridge waveguide laser.
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different fromthe first type, whereby extraction of
light trapped in the sem conductor |ayer of the
second type is facilitated through an enhanced
photonic crystal effect. BRI EF DESCRI PTION OF THE
DRAW NGS 10 Enbodi nents of the invention will be
better understood and readi by apparent to one of

ordinary skill in the art fromthe following witten
des eeRid R m9¥ c%ﬁrlg an QER B R1@8! V\%ﬂe L @trb&ure compnsmg a
draw n 5 Fl gures

nj unction w
P“ifelagy af piltys asHbS seEteangtcter %ﬁ%@@swb@re@haaciupww AgpEprises a

_ semaémwriewarafaﬁ;gwﬂgt gpanke sel f-aligned netal
nauct or

contact to a sem co devi ce, including
formati on of passivation |ayer formation. Figure 2

showach: pﬁl%%ﬁW@(t@h@ﬁtd& @nsdmeémmya;(e‘s% s4R88 dbadt type
str te after. the

te
* aifarart M b Pe inerebh rsacian oPligiigpeea foie seiegictor
~ layemaf theafecand typhgds Bictlittéditheowdh &1 etifemcpd phe&ﬁlcﬁ'ﬁﬂal@?fect

Figure 1(g). Figure 4 shows a. graph of
characteristics of a ridge wavegui de | aser fabricated

' BRIEFIRESGRIRTHONCAF FHEFDBAMINGE a) to (g). Figures 5(a)

and (b) show schematic cross-sectional draw ngs
illustrating 25 formation of electrical isolation in
the Elmqqldmer@ﬁ oFthguineentid(ayill be keffpr uikierstoed abd ayadily sppprent

“to %@?%g Hﬁ;ﬂ&u o Frf%saﬁ%H {’ollgf/ﬁu WiGRer] HELSbERT ' 5)Oway of

e se all% ontact to
exg@medmd@@fiém cergynatien withdhe dravgnosdiswhight i on | ayer
formation. Figure 7 shows an SEMinage of a-ridge

structure after the process step of 30 Figure 6(d).
Fi gfifeaires dfvie @) StRenethematicoyesseeatiopplarirawings | Ysteating a

: mé!hdﬂ:t |th MBS éélﬂéltgneamqéial RENEAEY tCa SdrfiBbndilckdiCddVi®, including

Fi 9 shows schemati c cross-sectional draw ng of

for PF\@F pﬁﬁ"@ﬁ?@!ﬂﬁﬁ?“é??’hct ure. 6 Figure 10 shows a
f1 orjues ©2 shdwis tar 8¢dnnthglelBlr&rd hidfostayT SEMR inBd&lof a ridge

' stru&ureaf%ncated on InP substrate after the process step of Figure 1(f).

Figure 3 shows an SEM image of a ridge structure after the process step of
Figure 1(g). '

Figure 4 shows a graph of characteristics of a ridge waveguide laser
fabricated using the method of Figures 1(a) to (g).

Figures 5(a) and (b) show schematic cross-sectional drawings illustrating
formation of electrical isolation in the method of Figures 1(a) to (g).

Figures G(a) to (&) show schematic cross-sectional drawings illustrating a
method to make self-aligned metal contact to a semiconductor device, including
passivation layer formation.

Figure 7 shows an SEM image of a ridge structure after the process step of
Figure 6(d).

Figure 8 shows a schematic cross-sectional drawing of a pillared light
emitting device (LED) structure.

Figure 9 shows a schematic cross-sectional drawing of another pillared LED

structure.
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and passivation of a sem conductor feature in an
exanpl e enbodi nent. DETAI LED DESCRI PTION 5 The
descri bed net hods provide a technique to form
self-aligned netal contact |ayers and passivation
| ayers onto sem conductor devices, especially

sem conductor devices in sBall features. Devices
fabricated usi ng the nmethods are al so descri bed. 10

Fi gLFri las?hom 4 ﬁc}wé@?ﬁ’\{u %%%ﬂ&ta' r‘ﬁeﬁfb gﬁg%ﬁ?ﬁdag r?‘r‘fi'étaf contact -

ravvl ustra

: afwimaérswemn el SQf@C‘aan@tﬁl’é%ﬁifd@dﬂ @n eerémp!.eeem bo@meat

sem conductor ridge wavegui de structure. In Figure
1(a a_layer of silicon dioxide 100 is deposited on a

DE GeFBIPTIRNer 102. Next, a photoresist 104 is
deposited and patterned using a standard

phot ol i aphy process, as jillustrated i n
1( b)tr?1 lﬂ‘eﬁ E’rﬂ’ﬁ ogst ProMide esteginiqueste @f%)ﬁeﬁ'é"&@% petal contact

R -iaﬁeﬁﬁﬁn@@fafsﬂﬁaﬁbd Ibﬁérﬂ%ﬁ:t&@eﬁb@ncﬁjc{drmlcﬁé Oé’dpﬁaapﬁééinﬂaﬁdﬁctor
shown Ln Fi gqur r e .
- delpTpsh e BRGetaRbFe ki bined el Rk e dhorbed.

etching (RIE) using CHF3 and Ar plasma. Next, a dry or .
cont AP O3B Rarlrnal 265wt FRe s lugigaing a method

- to puake wif-alifGed -astat lvomact 1 &isgonicendaiyr. ddvie, exargpbamiconductor -

' 'ndgé‘%l&%dﬁ}’c%' QP tlﬁ? (gfj“ea‘?‘(?gh(l%yﬁég)of &ﬁk%ﬁﬂx i1!?)§é%%?%/s%azon a

- sefpipgaductasiwaferotD2 sNe»s,eaj pheaipresise 10k is dapobitargaraf patieMedTising a

0 en. k S f e
stepSiOBRoofily grdckSoHe IESRAER 10 Tidfe 1R, BB Hlfing of the
siligerygiodide 1906 then drrfomeechigr definadie sii@nbgioxidmbardotiasi Wb, as
shéwitBEFi dét@@hg;) aBosdiaWple, & éllfboE it 11-)()%% bé\lgﬁhed BY FaCHR ion

nitrij or titani’umoxide) 1s deposited using
eteping, (Rlﬁi@ﬁinaé% Fa@ap60Plag8Bosi ti on such as plasna

enhanced chem cal vapour deposition (PECVD), as shown

in Figure 1(f). The geonetrical shape of the undercut

108NB e\?eﬂ‘iysoro\”etg F’@Ht"pypm?@sr isRREENeG do gighotte; pespiceductor
matdal 902 it6 aiefiRé tar Hag: ddMioblMdB! ab sholWarid rn@&ls %8P For Th@mple;

*incpivfi Pyt Bl R SR ol bS0n e hshtqib o

While iHC1W; PO, Basedd dobtibn ishesedifbr the mved eteking @1 D TAB @hbtoessist 104

is e Rl bnBcror sommpE” AREE ebd 3n€ oPRiceR el oA Rghed o

creatmealﬁnrm‘brauaﬂ% iodlow e tsard mask 100(b), iatid mb]jﬂ" ed Tidge 106b, as shown -

in gigﬂrglﬁ&g_ss of silicon nitride 110 is designed

Next, silicon nitride 110 (or titanium oxide) is deposited using e.g. chemical
vapour deposition such as plasma enhanced chemical vapour deposition (PECVD), as
shown in Figure 1(f). The geometrical shape of the undercut 108 prevents or greatly
reduces the deposition of the silicon nitride 110 under the hard mask 100b.

The silicon nitride 110 on top of the ridge 106b is lifted off in buffered hydroflucric
acid. The hydrofluoric acid will etch both the silicon dioxide100b and the silicon nitride
110. However, the etch rate of the silicon dioxide 100b is about seven times faster than
the etch rate of the silicon nitride 110. The thickness of silicon nitride 110 is designed
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7 such that after the silicon dioxide |ayer 100b is
etched away, there is still enough silicon nitride
.110bl ayer left on the other parts of the

sem conductor 102, as shown in Figure 1(g). Wen the
sacrificial silicon di oxi del0OOb above the

sem conductor is etched away and the silicon nitride
| ayer above the silicon dioxide 100b is thus

sut:h ftr’faﬁE dnfthe EHiQUR. Jl&@de'sla%ﬁ%ﬁ lt’sr @cchéchﬁ:va%ﬁ HefO Eds'ﬁmerféugh silicon

e top area I S exposed e, he si

a n'tﬁii% 31%'%&@% omimaoﬁh@r B¥1S of the S?W@O%M%rﬁoan%ﬁ shown in Figure
“1(§). dealths s&fnfl&lblesdrcbﬂ@%X@QQQOB%O\V& {hk s@ﬁﬁcoﬁautﬁor is etched away

he nmetal |ayers formt

.. 88|vat|on
arfidha sgom Plide Jer sl BB gee? é'ﬂ’x'd§s10§’ﬁd§\ﬁhlﬂ%"ﬁqﬂrfg*hff‘ém the

strill_(:ttbbe, ttl;l]'@%ell‘ﬂi&bﬁdjl.aci&f‘ﬂdye| itoinHei O’Ibﬁ ik rex@ligﬁi ri\ﬂé?ealkrvhﬂ@ﬁhélféillcon
Wt xposed ri 0 a and_conp) et e
it By oL SEoh (s Pt Hhe siceyBliSet g ol Todtom fl et as o
bsivatiad éayen the whol e contact area of nesa or rid e .
past\lir' turyre s, benef | for ials. g .
AL UGS il €1y takt 2l Seitedl
ow DoAY §1 kot LE hSlaliont ol bEh Bhdie St S
Figunead éh) oTheametadgM walvmrgwbelm slectticdl worta2i0@itht thatexhasedgitye top

arelaS1 {ﬂr%u&%ﬁ'i%'l&y%S i‘?g h@;{ﬁgp a1|120% con%ngcan tBus be made

passivati o rocess

- to yilet Whale Centectcasea of ﬁuegaj pesdge( at)ucttme% fyhichhis beaefidiat fagasterials

' 'ha@rﬁ&W&cﬂlHﬁ&lv%y sba?%out N- 1sem conduct or ridge-
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stfucture 20 pmw de at the top 202,
which is reduced fromthe about 2 mw de mask pattern

as sRER 5 gmwst efHESQMQhQéé‘ gt & Hdg \%éaard@ stastsre z%@‘ihat%%s gone

%U@e 3 shows an plcture of a’ridge waveg ui d
thr@lﬂs ¢ §elbaligned mett%rcontﬁﬁttar@fpﬁswaﬂovmeé ormatiag nmqsrs éescnbed

. abbRY Rfth t&Te@NES & Figikest AB) &H(Ff. 248 c%ﬂ%eoéeéhh@orﬁ iFSife 304he final

The sidewal |l and other areas of the ridge structure

- serisaneycior sigge Piadrtyy 200 S RRowt 't w@e@@é\e 9 PP@gehich is reduced

froMﬁH@%Bb&{ez liASAlle Widsk pattdrh 39 &elh Gbih HRE F8PHhgidg glcg'ﬂap@ﬁxask

been successfully denonstrated 25 using the net
204iescri bed. The characteristic of |ight power versus

injection current is shown in Figure 4. The ridge

wavegui de | aser diode was nounted on a heat sink and

t est@HesheawsA $EM inturg b rgos wayeavster stiugiues 300,after lift-off of
the dMkoR Altadd hpdr t4 @RpB4hé &@Mﬁhbé/@d)z/ef thé tidgs 3oy4% rme sidewall and

. othglgrage&csmft }p}g?n&%ﬁ%{r@qﬁr@hg@? g%pevqrggﬁ)p{%aumtnde 3606 A ridge

waveguide laser with a ridge width of about 1.2 pm has been successfully demonstrated
using the method described. The characteristic of light power versus injection current is

shown in Figure 4. The ridge waveguide laser diode was mounted on a heat sink and

~ tested under different heat sink temperatures, as indicated for 400-404 respectively.

It is very difficult to make such a small ridge waveguide laser using normal

photolithographic technology.

In semiconductor wafer fabrication, the devices fabricated on the same wafer

need to be electrically -isolated. Instead of taking another photolithography step, the

- described method can be used to make simultanecus electrical isolation between

- different devices formed on the same wafer in one step. The time taken for the “lift-off’ to




10 -

30 In sem conductor wafer fabrication, the devices
fabricated on the sane wafer need to be electrically
i sol ated. Instead of taking another photolithography
step, the described nethod can be used to nake

simul taneous el ectrical isolation between different
devices forned on the sane ®afer in one step. The tine
taken for the "lift-off"to 8 occur (conpare Figure

: -ocg;&rf (};om érg)F)igi_dr 1(#)89@?)45%;)%&% b Didin Bf kR W?(_F lq%‘fhre Lift-off

struct roma narrower ri g
franya nafrowerdidop miihkefapletiban Fema wign isolatige ridgen Thisgrensely cgn be

exﬁ%ﬁecbﬁ) crR¥%R! 1Ré §RehiibiP hefuRah % d. hr?dl\hét.%ll AlsbRn Frg;%léé/@(%? iEstthtes a

I ndi vidual |asers. Figure 5(a) [ustrates

: S'tg?tﬂﬂaﬁ'h%ﬁ theiieall seocepTed T amrowebwgee’épt)r %wﬁéeﬁ hand side,

buﬂ ﬁ(ﬁtrf@ﬁﬁé wh de‘iI ﬁ&gé@ SHtht Rght HhY siﬂl@nﬂftéi'tlﬁj@met%l @@H is '&@bosned on
om a w der e 502 on the rig

th¢ FEGHEp ahe STPleas BpESPY &t ) ryfreuers 2sic e, the meta

-coRBBPWA reMmainBEths e@rroweOridyebsdd Biitesk ledr of buthel widackidhe 502,

T BRSPSl B PSR

providing electrical isolation between.the individual

shon ey PRl BB b medty PRRHbEEaghBlypybtence

. to Fighmselfa)do (9)o Aagrrad silidgradioxide 6@ andia legpeof siicos nitridedid2 are
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= degééégt)ég?c?l g%Qubé’ch‘ﬂe ok aye %haﬁ%g-l4"|=|g§gé“ g@&%ﬂ@ﬁ; g%aofé%sk 806 is

on a substr

- creges) using & stapdatd rhotliteoGoB rrecess rangt driol alghimg and followed by

etcﬂr@@ﬂ’fé’s%@t‘?é@'eb& W&fﬁ?%f&&%ﬁe&?g@e%éz&% | if@:re 8. The

e subst
silicpredigdge E@gth'ﬁ vt 6’@'?9'5’ toscrefiean underritfidBdeasn. theT pemigonductor
devite h@aBodiany kitesiREA Ritlide sW2h, £ SHAGA ik PigtfPREE @ '

under cut 608 between t he sem conduct or deV|ce ‘ar ea
606 and the silicon nitride 602b, as shown in Figure

6( CA-nefv 1B df 8¥i€dn ﬁlfﬂdé igh D GPiReh 'dbﬁcbsﬂ@d 6A the WafbN€04. Due to the
d on thhe waf e geonetric

Si t
GoEeR b R dBF SR ey B RO e TGOS Y1 g wi
nofddver the silieye HioRi® 600k, lwhickls BRI expoved fdr Aethet BichiAg, as shown in

e AR Ml e o205 g TS, i Gl ace on

topGii Giipe sikiconeiaxicecs00b iviigbd3kiftedeutid Thén eurdckitd @ of ’m'etdeivrde aea 607 is

xR or (HiSaiatof Ofnd B EGARIRD silbon, pifiae, 'd1bE il et g the
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pasebiatibh lagert, aosh@wrdintFigure 8f@hi ni ng silicon nitri de 610b
will act as the passivation |ayer, as shovvn in Figure

6(e). 25
Figure 7 shows an SEM image of a ridge waveguide structure 700 that has gone

through the process steps described above with reference to Figures 6(a) to (d).

Similar to the method described above with reference to Figure 1(b) to (h),
electrical isolation can be formed by proper design of the width of the different structures

on the wafer and followed by the metal lift off (compare Figures 5(a), {b)).

The described methods are applicable to most semiconductor processes and are
chosen based on different applications. For example, the method described with




Figure 7 shows an SEM i mage of a ridge wavegui de
structure 700 that has gone through the process steps
descri bed above with reference to Figures 6(a) to (d).
Simlar to the nethod descri bed above with reference
to Figure 1(b) to (h), 30 electrical isolation can be
formed by proper design of he width of the different
structures on the wafer and foll owed by the netal
re*elréﬁce % hg(xﬁapg@ﬂe? chh QHrrlt?cﬁ Rl Abtal E&kdct w géﬂﬁ AShE 198 Qurface of
hods are applicable to nost sem conductor processes
th%ﬁt?s%tpe“dg@fﬁw@tﬁf%ased on different applications. For
exanpl e, the rret hod descri bed vvlth 9 reference to
Figure 6(a)- can contr ol nmetal contact w

0V ot Bhising seios fCEDh Stee G0 GRS uEBE e mathods

dekérfel 28bvd tslsn@md RWigee Bl D hesLED shubh@e 800 hhab Hicked-6dN layer

SO oy o P plpsSerlie TP A g g 1A Eiihaegiym vl

-806&2}'16 fa p—&@ﬁ er Epsr)ngerr@n shﬁ@ce&ﬂ‘lO&s q‘»aw@hed &nd processed into

| La p;hj ru te 884 n Ine é;l r b0806Tﬁggopaof the
5%? 8% Bb° SrW f 88 cr"
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prlqaaEtge Bh2 ib emdrqmbgceﬁmeﬂ"ansnaoent angtallldyer 834 rwidkeuthe selegyall and

| the?%%néé?ér?%ggéi\%eﬁ%{% Sléle%pﬁéﬁ%ﬁ'y Pbs qugsp%r r% d g??%%\/rﬁ be-(rali]c%ed to -

IS covere

- the whaols phickness abthalp-Galy daye88a8. Avhigher pillee esg @em nozneffidient in
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ar e

-~ 2pmhi Skneantach pad 1843 @ndEN h-agriact§@g. §R0hirg Henmedi fot agnrectipn to a

culbdif Sbércg?ﬁo?sﬁ%v@r{)c' ent in light extraction. The

dianeter "o pillar e.g. 812 can be in the range of
about 100nmto 2m A p-contact pad 818 and an

N- CRRLALH shAs §%an—ﬁ”LEDf S 59(5 wﬁFP ﬂ'ﬂ-}e&ﬁdrﬁﬁ o goi‘etcned down

current source not shown gure OWs anot

- to aprisa fayer 9de @emtwth@ h'Qhﬁrefeﬁﬁ‘Fthaﬂ@ieé of Gablpmperaslg sapphire,

a 1&Hg¥Bmotift ot Iléht%dp%}d %{smfeQﬂe tHidkEh- GQNtlﬂ%r t?:‘o%ﬁfe 802 in Flgure 8).

refractive In npared to saﬁlre
e

Making ihe Pt §-9- 9&92 ‘?’%e”@r"élﬁﬁ'é%W% gxert 904 wi Eﬁ@ﬂhe@%ﬁqce e ight

. extkaRYi6H. lf ﬁ@nﬂﬁbhear&%tteﬂw bf G stiaPs e g. MBKiaRg ah‘ﬁﬁ_ié@l édc@fdmg to a

en into the n-GN

* ongofl saadasne erdsap PIBr oy BGEIRA frevion Hhpicels o efect

whightid esrip weiak trhshal]cb\b Iemhmge tﬁ furge? eﬂmamlclameatrw;edxte@ﬁ%ﬁ. dinagiliar
t .phot o |arara.1i _
0.0, §0Zne G 38 B SomPRb A O AL 0P diarfiber Ygier .4 D02 can
be \rethe wogH of rabsmhta1 d0ow et 2l .nTss dévied sirddnee SO0hmndee fdbeicated
usJ'\é gﬁHer %%%é o) s%ﬁ ahg-;rrlr']e% &’6('3'3%5 described above. Here the dielectric layer

906 functions as both passivation and electrical isolation.

Existing photonic crystal structures or surface patterning used to enhance the
light extraction, are based on hole-structures, for which metal contacts can be readily

made. However, a pillar- structure like -the ones described above with reference to

- - Figures 8 and 9 is more efficient in helping light extraction. The self-aligned metal

contact and sidewall passivation formation techniques-described-herein-thus-provide e

. fabrication of superior LED structures while addressing the problem. of making metal .

contact and sidewall passivation in a pillar based LED structure.
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e.g. 902 height can be from about 200nmto 4pm The
di anmeter of the pillar e.g. 902 can be in the range
of about 100nmto 2pm The device structure 900 can be
fabricated 25 using either one of the self-aligned
processes descri bed above. Here the dielectric |ayer

- 906 functions as both passivation and el ectrica
i sol ation. Existing photonic crystal structures or
surface patterning used to enhance the |I.i ght
extraction, are based on hol e-structures, for which
met ﬂg%ﬁ@aﬂtoyv%aﬁioweharéé@ppy"usyet!mmaeﬂeﬂh@amfe‘prmlag a metal

“coldct 8hd phbsidiidneofd g&nkaﬁd&@@rsfegﬁl% i Bedxabpcembddiment. At

reference to Figures is nore efficient in

st9R|19PRg 2 ﬂl@lﬂctrexmagbtlﬁowrm%eo% & sengicppfiudionstibgtrate utilising

ph@@iutr@@tapmz%rebé@eal At BRPSTOMEL |ti$é1 sémid@ﬂﬁu&ﬂr b Gtk ke Stched
cri bedher ei n\tﬁﬂts provi.de abri cat bon of super| or

SUE R T LBES IS B Qe T STESHR JBPRRLS PREIPRGY the

- digi@dtAt magRNAtBstEp 4006 S ﬂeywat:onmwekmutem oA the Elisstrate with:

| LED s t i 10 sh f1 owchar t .
GRS G e vt P Ao e e Woiauae o
- subjedtedde anvaithamh soth thas éa dieledinictnoaskfie @tahed dtm lagher rate than

thee ?gg%\l{aﬁigg nggrg Wéﬁ%?ﬁéb é]o se Bf %h%géess‘ti‘va(?"oﬁ l Igfefrrsc%e%agﬁg on the

U ctor su te ut

- dighaitioInashoznealifterl pff dows $he substratee pit 10€p1;,1000ea metal layer is -

deﬁgéﬁeﬁo&qutﬂé OLLatARL FritlidgS ofLC Iﬂ’raedte:rH&hm h@%?s\ql\éé?ioﬂrlayer' and )
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features are forme under nea res
expesad rentionsfof theefeatlires.ect ri ¢ mask. At step 1006, a
passivation |layer is deposited on the substrate with
the dielectric mask in place above the features. At
st ef SubwEcron e nanpJaRga ddges wayedyfidec ey be dalyisatedcyring normal

: ph&HﬂHoérQﬁ{y ;SrB@essge GbRCHE RethE® bf makiRG %Eﬁ-ﬁ!l%{ed andthi0act and

rate than t he aSS|vat|on Iayer wher e portlons
Pagiivalipg as a%‘QYVO dp |F&PfP df@r— fupbisiaed &f&?pﬁ%"g QI &-krant jog other
rﬁplﬁ:léte@nm]dgrédh@ thethiddsl NEadBtidarisslaiis e 9 fofthe P8R Mg IR Process,

&% is deposited on,the substrate |nclud| gy

i.e. “E"Hba I?&P'rﬁrﬂﬂ‘gesﬁé?é’r VA I5Phoxss Egasay therpdictiyfty andyield

of peiskinwoad@tortdegict etridatRm. prddesé\can bayRiatyefianbéd CorfiBRe@with
icat.ed u

rid [ b b I ,
X0 BTERGD aphy B LB T OHC nb SUERBG o R FIgy oo
singlres &l vegy esbfma‘blahppiloattcmsMfmrﬂihlgpdsasnyaialtenmsme sdyoined, such -

-as b%’HFh’%HIa n%—fs@gaeeeg)dfod{ag%n? g@rﬁ Wgwgﬁe%gceﬂ %aggqus e?:sgeia}]@ Q%KIices

sudhsas aptica swidehesbe f or ned during the process, 1i.e.
wi t hout an additional process step. For t he above

reasons, the productivity and yield
The methods described are self-aligning based technology to make metal

contacts and passivation layers. There is no requirement to perform mask alignment and
open contact windows on top of the mesa or ridge structures. The described methods
are thus applicable to very small features, such as those below 1um which are near the
diffraction limitation of the normal photolithography process. The described methods are

. particularly useful for the fabrication of nano-electronic or optoelectronic devices that -

require electrical current injection.
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20 . of the sem conductor device fabrication process

can be greatly enhanced conpared with existing

processes. Furthernore, the fabrication of subnicron

nano range ridge structures is very useful for

appl i cati ons where high-density patterns are required,

such as very small dinensidh | aser diodes and ultra

conmpact optical wavegui des and devices such as

0pt 'T‘E@l metbis I?i@:?cnb%é CEH%HIFJ Bgﬂsthgeﬁglrai Qgﬂaf{rﬁid the d[electrlc

f-al |%n|n based technol o cont

paaﬁuafpasaé Reagarem timayasving W@@Sé stG@SnBIectéqaju&oéa’ﬁ@mamoog dlfferent

- deRRES B IReBAMICaRIHeGRABRMYL RN ShmPRRE sBRRY Rdthd JAEQNS sRP.

top of the nesa or ridge structures. The descri bed
met hods are thus applicable to very small features,

SUC Tha 9_EDh asbcdedetitedPdanY fahrigdtéd 'ﬂ@[ﬁ% the @eé’(ﬁbed self-allgned
ati on of the nornal otolitho

ractlon [
8 gy metheds %{Qs@?‘f%e aredt by stragtyres d’ﬂp‘t beth meta °°nt3°¥s and
paslﬂﬁtioh thyrs.t e f_Ebrstﬂﬁﬁjrﬁl cfi baaaBrictRIChy @Ristingd Eemiconductor

or @Y Tl PGP0 Ao hED it Garteibhy TEaporygrgecton

- effisnhy b cbreadra tr'eointedmtteraaldrdﬂhﬁlodl@indmbmlﬁqaamaéd/atlﬁfam@s are -

o By R G0 565802 S 5 68 ot
Thaedrscabed: Heers atcbetd i ity Iﬁl/lsngctmotdrregrq@ﬂmmanm t#e. photonic

oo R BRI P A B g oot ed usi g he

reb tec nol ogy t hods and have
pilllared LED structures with both. netal contacts and

passhy aFn'e%d% aY&lchibed! NFe ngnﬁétﬁ}éc Liihe$heé akidiRg se |conductor
fabri cat ed sem conductor process too

exl| st ng
- PropResegel9r P?tb% apq I \éﬁ@alce@cmrf abe Qa@sva@@hlaémd@ a ﬁ@ndard

dididcgHet mRidribRGLER s SN i gmyc&yrpat}é@athl Pslyrh&re b bassivation

internalrefl ection condition he etched surfaces are
mefltpd Brotected by the passivation |ayers, which itself

I s Fhe AlcbeiRbi mbbdé @ah e Lapaltld ®XtHeafdbki€ation dihSemiconductor

descri Eed dee ched pill ar LED st ruct ure can greatly
deyicRsa HiR PRea p‘ﬁof’ é"uga'f?ag t dieed celegifieh!  eress é”JFE}I?E‘ and

‘padshalivn, hespbtialk fon tResl. eyt . wilthemBk fdaes degc sinbiegl tBée 1um.

atible wwth the e n em condyctor 15
suff SRRkbRlB e shts oe Bl oo MElr. fos e as for
exgags, vatavoridgeayemicoaduche lasess andirdiffereht abavetengibs, the pillared
rial such as SiN or SiQ2 conpared to polyner based
passSi vati on nethods.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to -

be illustrative and not restrictive.
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The descri bed nethods can be applied to the
fabrication of sem conductor devices wth nesa or
ridge structures that need el ectrical current
injection and 20 passivation, especially for those
devices. with small features, e.g. smaller than | pm
Such sem conduct or devi ces Macl ude both el ectronic and
phot oni ¢ devi ces, such as for exanple, narrow ridge
c@@ﬂgonductor lasers in all different wavel engt hs, the
ared LED, etc. 25 It will be appreciated by a
per slon sk Imeofinof Herming tehametalineantant and | Bessiation of a
se%ﬂé’drﬂucﬁp?Haﬁur@%b%hé@%rﬁﬁnéﬁéj?\l eleddi: present

i nvention as shown in the speci enbodl ment s
wi t KtRInG e BardielRgtrier dﬂ?%‘%eo%plarlgter@iﬁo'%@ﬁ% Substrate  utilising

_ pﬁo{B{m{Hgl,-@‘hyéﬁoéySg@gﬂy descrl bed. The present

enbodi nents are, the ore, to be considered in all

r esFERYRG fhe SB@"%OPP%% stbsjrate, sych dbaty @ag oF (ppreefeatifjes are

-forhi’ed @d@kﬁ&tﬂresﬁemmzcﬁfs dithddiBRchicleasd . contact and

ComiPPETHY presBvaler lver o0, e aTaPahEL e ERREE Bk i
plaa:esaemvemmmatwes substrate utilising 5 - :

oo 183 B0  85 3R ] S 1S AGPLAORE Scnes
defiEaR dr g Bt hsak g%w.r{eavo% Ruld\Gaupplpade wih

ectric nmas ur es;
‘subdepesiting ehaetalbleyerars the anbséta@amlucéuugmwehahetwaining '

t &h&% er rate than the
pagggit?&aﬁleg#m&gbgeﬁere yOfgg?t?ela@jnngf t he passivation
| ayer deposited on the dielectric mask are |ifted off
2. fromg m?etﬁw)ﬁ& Edirfed ANaiEPAMdrbRdné fdBRireh hh@y BiffeRiht widths

the substrate including over the remalning
Ch%'%if‘éb$%tth%trﬁqf'ﬁ9 arhenrfhe ékbﬁﬁ%ﬂ '%WW?%?@%‘PEWE‘“* the portions

of iRt %ic Aask abbhe viddrhatibsass MkeafeRfed RenfdiRion the substrate,
res have different w dths

_ V¥1h rein the featlf
suc at when the metal layer is deposited on the substrate, the wider ones of the

features are un-exposed, for providing isolation between the features having the
different widths.

3. The method as claimed in claims 1 or 2, wherein the step of etching the
semiconductor substrate such that the features are formed underneath the
respective portions of dielectric mask comprises forming an undercut under the
respective portions of the dielectric mask whereby a width of the features is smaller
than a width of the respective portions of the dielectric mask.

4. The method as claimed in claim 3, wherein top surfaces of the features are
free from the passivation layer after the step of subjecting the substrate to the
etchant.
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chosen such that during when the substrate is
subjected to the etchant, the portions of the

di el ectric mask above wi der ones of the features
remain on the substrate, such that when the netal

| ayer is deposited on the substrate, the w der ones of
the 20 features are un-expod&d, for providing

i sol ati on between the features having the different

5.W-difhs, m%ﬁho-ghgs %E'irPQ&j n"fl%lé?rlnall ”ﬁﬂeﬂefh E’d@bvgﬁc%nera Pase of the

wherein t et chi t’he "sem con
featyrmstexaeet tha e %Lwaceﬁ Ree ¢Q§/§f€m\é§h thegoasgivaten lavercafies thenstep
of slBjectiy theSAB LY b PR/dirame Of di el ectric mask
conprises formng an undercut under the respective
portions of the dielectric mask whereby a width of the

- 6.f eatTheeseinod SdBbbRked tMaRings W 6t D, ﬂﬁer‘éﬂﬁtﬂee%ﬁcéﬂ Mﬁ‘mng the

Lelectric ma

t t hod
- d@?étr"'ﬁ&?asékﬁnctf]%ﬁﬁfr@onﬂh%t%wpssraﬁ i Re ARy processes

coﬁﬂﬁn‘ewes are 30 free fromthe passivation |ayer after

the tep.of sublecting the substrate to the etchant.
3" PO fAFRsTIREP NN HecHBR IR, wher ei n
SI delwad)élmgemdataif b‘mi;é[emﬁ:trichayerfoeahel tietecaiconpsk; tahd t op

S ur %@r&?rgg & F:I?utglg Ya% dd r%rthrP] (ﬁ%r&s:’"‘sélg{ge ?gr-p%p:ggyveet %ﬁ'&?ﬂs of the
d!eﬁecﬁrlc Maek aed honjemndinglnmwnsmf tHeasausifidialafiel2ctriotayeei n -

the step of form.ng the dielectric mask on the
seni conduct or substrate utilising phot ol i t hogr aphy

7. pr odbe gnethod @gpelaisuest indelpios Bt icagpssidy elteing ithe pagiens of the

dlé]éefr‘?d' 28k talﬁgr §+éb§t5|'3 f %tchg'ﬁ)ofﬂe' éénﬂgorﬂju%%? rst%;?ét%'such that the

dielectric ayer on ctric nmas
feateyeni 31g farra@@bwm maért@dewataj arg ENmednwidesnenih tthe respective

cofr€SIRRingVSorBéid b Rcrif élﬁ dileBrig9hydrCaf@ e 838 of depositing

correspondi ng portions of the sacrificial dielectric

the parsvation laysponEicenpsiateds &PFF@U"‘F%S%I“&#‘% the pessiyRtis layer is

- disebitiHudgs kBRsP tHd fe@psctht unbiercuy. el ectric mask after the

step of etching the sem conductor substrate such that
‘the 15 features are forned, such that undercuts are

8. f or med mmmﬁf peakaiméd e d&l@ﬁpecww@.rcmérfemmmid?ghe undercuts is

cofifdlist e Bt ol BB whlr iy on Sy e o1 ERUERS (§iasin 7e€ from
thespessivatitrelayer gitsrftios sted of soltjettingtthe Bebgiass to/thtietthanay er
| S

9. The method as claimed in:any one of claims 6 to 8, wherein the sacrificial

rdielectric layer comprises the same material as the passivation layer

10. A semiconductor device comprising one or more semiconductor features
metal contacted and passivated using the method as claimed in any one of the

preceding claims.

11.  The device as claimed in claim 10, wherein the device comprises a ridge

waveguide optical device.
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di sconti nuous across the respective undercuts. 20 8.
The nethod as clainmed in claim?7, wherein the
formati on of the undercuts is controlled such that a
selected wdth of top surfaces of the features renain
free from the passivation Iayer after the step of
subj ecting the substrate tolfhe etchant. 9. The nethod
as clainmed in any one of clains 6 to 8, wherein the
15 acCITHel ddvide a Blafth&d RCERING 1H AWAErRHD Y b5RS! HBACS 3B prises a
terial t he passivation Iayer 10. A sem conduct or
rm@g\)'}'acv@gﬂ'gﬁ%ﬁe& ng one or nore seniconductor features

metal contacted and passivated using the nmethod as

| a d ; f , di. | ai . 30 11.
13 ARG RY oiife@in B, B SR TS BV B qeiRiEes ap LED

strwotmpas i the L. ED strdctere vavgipingle mpdaliyadf plkars es. thédsendi@onductor

: fe;d-tn% \%Kér%ﬁ] Qg‘c e:L Iﬂrrgg%p axgess: Ja %émcg?%gué’{h le I g(%r oftfg‘ﬁ'st?cﬁc}ggﬁfatlype.

Ce conp € wave
devi ce as cI a| med in cI aim 10, wherein the device

14C O SESiA alsEQam%os'irf Lﬂ:?at il ?II’; amgg\%ﬁ%% rSIUES ends into 2

compri sin a p| ur al 9@% e sem con
semicangreler layke phppes dpmntetypa:@ﬁpfanéé@rrathe first type, whereby

exBENIAUTRYEL Pipped)e Eh@éen%c&ﬁ&u%%or%%‘?‘%? tﬁeyéé%ORd é/be id PRilitated

device as. clainmed in claim1 wherel n eac

thr@%?%ﬂﬂ@”h?ﬂcﬁdé)mgé\'ﬁ%%b%ffw | ayer of a'second dopant
~type-di-fferent fromthe first. type, . whereby 10. :
extraction of light trapped in the sem conductor Iayer
of the second type is facilitated through an enhanced
photoni c crystal effect. 15 '




