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1 A Method Of Forming A Metal Contact And Passivation Of A
Semiconductor Feature 5 FIELD OF INVENTION The present invention
relates broadly to a method of forming a metal contact and passivation of
a semiconductor feature, and to a semiconductor device. 10
BACKGROUND The metal contacts of semiconductor devices to the ridge
or mesa structures of the devices are typically formed by creating a via
hole through the passivation layer. The position of this via hole is defined
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tolerance limit of the lithography process, the width of this via hole

normally is significantly Seas anguRtaifieaRe area of the

semiconductor where the metal contact is to be created. This results in

small metal contact areas and uneven distribution of the current in the

mesa area, which in turn will result in a high device driving voltage. This
Figigblemisuraitigalarly critical for GaN based devices since the p 20 type

nitride semiconductor material has a relatively low carrier mobility and a

low active carrier concentration. Accordingly, p-type nitride semiconductor
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area as possible. 25 It is also a challenge to make metal contacts to small
feature sized semiconductor devices, e.g. with a mesa or ridge dimension
BAESGIREMINIh. Normal photolithography reaches its limitation at this
range. Due to the above mentioned disadvantages of photolithography
metal contacts to semiconductor devices, a
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number S5 aI| R %é F?ﬁ%%ﬁ?é?%gbéjﬁ‘@@ﬁsptﬁ)ﬁ&ﬂﬁg?ﬁbﬁ@%éltfucw’"es of
thesdevigigrasel tedbaibl deyndddoriedtingdS ipdtelet thmu@P 1R% ssiddwnalyer. The
pogﬁm&sv‘igm%?éj@%@fﬁﬂé@? RASTHRHORIEGY @U%é@ﬁ\%‘fﬂ'ﬁ%&ﬁﬁ?@pmce%

Bedevu:e H%W% rathe Idew? G\Ajianon method has a number of
d85avantages 225 ('mg hiS AR E B ICERRFatlBR 14'8Geal Hilhvia hole
nonaaijyerasigeifcanlyesoiisd thhicthenedthdfcteeredfottihessainicanindictahere
thed@utaeANEhis 180 RelivRdqiorR SHEAUVA ORIl metal contact areas and uneven
distribution of the current in the mesa area, which in turn will result in a high device
driving voltage. This problem is particularly critical for GaN based devices since the p-
type nitride semiconductor material has a relatively low carrier mobility and a low active
carrier concentration. Accordingly, p-type nitride semiconductor material normally shows
a refatively high resistivity. Hence, it is beneficial 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 1pm. 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,
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for high aluminium content materials. On the other hand, if anodic
oxidation is used, a current is needed to assist the oxidation process,
which is not typically acceptable in 5 semiconductor fabrication
processes. In another self-aligned technique described in US patent
publication no. 2006/00451555, a metal contact layer is used as mesa or
ridge etching mask. Such a method has the disadvantage of etching of
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I|ke gior nﬁ’ a iaﬁAs based semiconductor devices. In another
LRAIRGREY TEERN éed%§8ﬂ8%‘3%Cl%%aﬁ@ﬂt‘f)&b‘iﬂ:&ﬁl‘fﬂ’ﬁ% fo be effective only
fO'Zb'Gh/@MB@ASI cheleotrivadecialbacknishetitited temaketheisalkditoed used, a

cuﬁ’&ﬁﬁ@ﬂ@lﬁs@d ilising amullizsien Jrlestdc plasma ﬁtﬁh#o BI9CSR2ptable in

SeTrllé%n q tg as the 15 disadvantage associated with performing a
nTasma%J etthin ’%%%Ego‘iﬁﬁ?gﬁ can cause damage to the semiconductor
surface during the plasma etching of the dielectric material on top of the

contaet Aiekeln %?H\@%@;&%@%ﬂﬁ%{]ﬁ&gdﬁ&%ﬂaﬁ?@t B&eﬁtg‘l&]b‘i’gahon no.
OW is utjlise O 10rm tne passivation layer ot tne
2 e LG AL [t GPRE e BReaEh g ThEeRr. Such ¢

maipnghies dae distit iglrtsnadetalting semmtdn dottoringocessaibaftera number of

sePRIHIYAHOR pRRESIAMNE SPRIAl APENLISIMem RBRGEINaGEN GaN
based semiconductor devices typically requires a temperature of 500C -

600C, where a polymer based passivation layer is unsuitable. 25 On the
othetthanethrihselkwrligten itesenticendestdbdidhtrertiftinmevicasisaine no.

20044118 SEROANLEAIOSEIN @maaaqrﬁgsmtgawgﬁeeifﬁ@@@m@k@pmai contact,
util S%ar structﬁiresge surfa] eh'gex EIeS or pill @5 -structured LED arra%s Wereh N
Ut fo BRRANER AOIREHiDBRE? RIRLnBIRGSSE to h¥Re BRRRY has the
diséématﬂ% aSQma@é@dW’teeﬁmagea PidemalleBhipgssiveion which can cause
da@@@BCWqH@@éﬁﬂﬁﬁﬁd@t&?%%@éoﬂrﬁi@@ﬁé’uﬂ'&%k?%l@gﬁga'&g 0 ielectric

ireyi ?O 0:;{1 %o to &rotect the device from environmental conditions.
owever Ris ﬁg? © %ﬁtrﬁﬁfﬁ?es typically spread a metal layer over the
entire surface without a passivation layer on the sidewall of the etched

PattendtRMAeHIBRISMB RIS S SDRIOWIAS 887 aliopedRee RGBS ised
to ff(c)>rm at%e passivation layer of the semiconductor device. This method has the
disadvantage that the polymer can limit high temperature semiconductor processes after
passivation. For example, metal alloying to form an ohmic contact in GaN based
semiconductor devices typically requires a temperature of 500°C - 600°C, where a

polymer based passivation layer is unsuitable.

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 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 semiconductor device is required to prevent current leakage and short
circuits and also to protect the device from environmental conditions, However, existing
techniques typically spread a metal layer over the entire surface without a passivation

layer on the sidewall of the etched pattern.



technique which seeks to address at least one of the above mentioned
problems. SUMMARY In accordance with a first aspect of the present
invention there is provided a method of forming a metal contact and
passivation of a semiconductor feature, the method comprising the steps
of: forming a dielectric mask on a semiconductor substrate utilising
photolithography processes; etching the semiconductor substrate such

thatR%Q& TIRIEAULR R BIRe ‘H‘QEW&@Hé@%‘%‘%&lYE&RQ&Q%%anon

e dielectric mask; depasiting asswatlon yer on the substrate with
Cﬁh@%@w@m@ m%@&s.m&ééeés&;@ A8 %&@%@Wﬁﬁ%%@% RiQiRsEmS.
layer covers at least respective bases of the features; subjecting the
substrate to an etchant such that the dielectric mask is etched at a higher
supisstay the passivation layer, whereby portions of the passivation layer
deposited on the dielectric mask are lifted off from the substrate; and
depositing a metal layer on the substrate including over the remaining
passivafeRdeaen Mkp GsdioafIECbiahdheaiesemhéentioss hae is

prédivedifierenbwisthsarhgsanisychathpisturingomhan taﬁc5Ub§H§Aeai:$on of a
subj ecci‘x.idtct}or ;hetg}gh%t rtrqléaﬂportlé)g% of. the %ele#rlc m above Wé{ 7 {
Se%“‘% SO %e fea?ures remain on ghe Su s ra SUC %ﬁ%t E”?l%g MEEIEC fic
Maglferd8 d@pé@ﬁél%ﬁim‘éogutsstbatémewwwem@néb@p{ﬁi@q@mws Rrecesses;

et@ﬂr@xwgérﬁ@bﬁmﬂiﬂgd%@@é@@@w&% Hiefeamms haxinetheare formed
ifferent widths...The st of e miconductor suhstrate su

| u
BT e ROrEe PR ShrsE G LB Se R BN e cohvtion
Iasmé@@ﬁ*@m&bﬁtfﬁwwﬁmﬁ}%dI&Wﬁg@ﬁhnm@mﬁmﬁﬁwé@ewﬁeesuch

thatotHengidivatrinlesis avkrovherriake B afihesipatyres imemelitires,
E)hanaw th of.the res ective Cgﬁort ons Rf me[ ielectric mask. T
supje t ae

P
Rskhe bR A cisant ol el IS diRehvaiasks otfasd
a bt@b&ﬁf @J@Jékéﬁﬁgthﬁepﬁmm@ﬁdweremm@w seitiewallsf dhe passiwation

layBe RPUERE S HICRREG VB SHEASRRRNAYDERfed off from the substrate; and
depositing a metal layer on the subsirate including over the remaining
passivation layer and exposed portions of the features.

The features may have difierent widths chosen such that during when
the substrate is subjected to the etchant, the portions of the dielectric mask
above wider ones of the features remain on the substrate, such that when the
meta! 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.

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 iayer after
the step of subjecting the substrate to the etchant.
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covered with the passivation layer after the step of subjecting the

substrate to the etchant. 5 The step of forming the dielectric mask on the

semiconductor substrate utilising photolithography processes may

comprise depositing a dielectric mask layer on the substrate; depositing a

sacrificial dielectric layer on the dielecjric mask; and forming a double

layered hard mask comprising the respective portions of the dielectric

maskeay; in rtigng of rificial dielectric layer. 10 The

et e 8 By e pariBIEs R e o RFacs By be
C%Y@E?Bf‘%‘féh¥'fﬁ@ PRSI IRYFE SIS LIEr e e rPyRiRGiRcrdagurEkSifate to the
effdraméd, such that undercuts are formed underneath the respective

corresponding portions of the sacrificial dielectric layer; and the step of

depositing the passivation layer on the 15 substrate is performed such

that thB% R Aol ryRe ihaisisiamtioeaskdds the Respeenductor substrate
utilistier phtstoMhedorphation ekt unsletoutpmesyibpeanitolemtsinhdhdbsk iayer
o BiRCRHAD AlignmyTaceR AP iralles IEIRBITER BRI mask; and

passivation layer after the step 20 of subjecting the substrate fo
foUPiRg Nt ‘?Hiébééﬂﬁﬁgfjdf@é‘étﬁ@%érorw&?%aﬁ6H§erﬁ$@%cém% Redtiong 8§ the
di¢hectpassashtionilayeespbrdieg cardanseiviib saseitond depeaiofihe.

present invention there is provided a semiconductor device comprising

one Qr more semiconductor features metal contacted and passivated

using e MREARGIY fRAMMBHSH Biehie: thsprertiane elethecinibpissmareatter
the siggevivetnbingdbopticatdeiictor 30 Hdeeptceh desicgdataytopsmpiiseférmed,

subAgRIVANBINIGR 388N daNica i ﬂ#{e%@%ﬁﬁé‘%}%@ﬁ%ﬁﬂ qu r&:r%b%s of

LED structure comprising a plurality of pillars as the semiconducto
R SRS ISV ERHeb PR YRR ST <Rra LA AL B TayeH Bh eiaston the
sublepatet iy peroiizch pithr theytiextpaskintticnSeydetn distontfayeusizross the

reSREANE dRRER fupe

The formation of the undercuts may be controlled such that a selected width
of top surfaces of the features remain free from the passivation layer after the step

of subjecting the substrate {o 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 from the first type, whereby extraction of light trapped in the
semiconductor layer of the second type is facilitated through an enhanced
photonic crystal effect. BRIEF DESCRIPTION OF THE DRAWINGS 10
Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the

drawings, in which: 15 Figures 1 o (h) show schematic cross-sectional
s D TR e e i e
plusditvicdneiliere ragetiieesenuhatifgctoricative o whestiatachapiieforomatidses a

serhiGbHEUZ RN QS BB eaTIBIRG SARE AR Microscopy (SEM) image of a ridge
structure fabricated on InP substrate after the process step of Figure 1 (f).

20 Figure 3 shows an SEM image of a ridge structure after the process
stepFaC!Figlre m@y) exigoreidis Roagyagrhitior dhveactea sttssof altidee type
diffdrRve gdidersistaprcalrgrasingdhecmathed i iguses HadxBiconductor
i Flg#rt%% 5&%)033(? %bg 3 OV\EI!,%CthS ! artlc rosﬂs-s%ctlona rawings |IIust|ra mgt
Y35 ormation of &ietthcarIdaigion iR he &Ny 6P i@u?&%’igiﬁm%&{gﬁ. ect.
Figures 6(a) to (e) show schematic cross-sectional drawings illustrating a

R Rt mckiommakese haligne dmaighgergact to a semiconductor device,
including passivation layer formation. Figure 7 shows an SEM image of a
ridge structure after the process step of 30 Figure 6(d). Figure 8 shows a
sch&mepcisngsts sédhanaventionnyibba pifieednidgrctenditang tavide ¢EdPnt

to SHYGHRdgYrRIQISMOWS asahemake easeagolianahdiavinsiehanotialy of

ox niﬂllallfleetgj II_EDngtgqugt%re. 6t Fi%{ﬁt 0 ghows a f|.0W(i_t] rt illustrating a
method of ﬁ')rmllngoa hietar contac %n&aﬁ’)"é%%f’vé'ﬁ% 6f'a semiconductor

feature in an example embodiment.
Figures 1(a) to (h) show schematic cross-sectional drawings illustrating a

method to make seli-aligned metal contact to a semiconductor device, including
formation of passivation layer formation.

Figure 2 shows a scanning electron microscopy (SEM) image of a ridge
structure fabricated on InP substrate afier 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 iaser
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 6(a) to (e) show schematic cross-sectional drawings illustrating a
method to make self-aligned metal contact fc 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 8 shows a schematic cross-sectional drawing of another piltared LED
structure.
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DETAILED DESCRIPTION 5 The described methods provide a technique
to form self-aligned metal contact layers and passivation layers onto
semiconductor devices, especially semiconductor devices in small
features. Devices fabricated using the methods are also described. 10
Figures 1(a) to (g) show schematic crgss-sectional drawings illustrating a
method to make self-aligned metal contact to a semiconductor device,

t F
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icon dioxide 100 is deposited on a seniicon
%%?SF&%PM TS GaYELRELCId TS BN RN RIS RiRbrRgEment
photolithography process, as illustrated in Figure 1(b). Dry etching of the

pEPagligenmsiddaHe s then performed to define the silicon dioxide hard
mask 100b, as shown in Figure 1(c). For example, the silicon dioxide 100

can be etched by reactive ion etching (RIE) using CHF3 and Ar plasma.
NextTbeddgsariteet etetiodgspracess is tperfoqmetitoatchdhaispimicartciontact

a S d C OI!':} UCLor
ot L N R

de&%&ﬁso'& Sioal E%aaﬁ‘f%téheﬁ*.@s fﬂi?ﬂfé“ﬁ@:&‘ %a%@&%%qaﬁéw@%gaa%r

the wet etching of InP. The photoresist 104 is then removed using for

exam@@w@;‘(ﬁ%@% @%ﬂ%@/%@ﬂ@ﬁ%ﬂgﬂ%gg %9& B@J“%%S%n&é‘?ﬁ&%{%ggg a method

undercut 108 below the hard mask 100 mod ed Tidge
o GhidsnS LA RTGuE e FORaRE, t@nﬁ:&ﬁfﬁiﬁ?&étﬁ@ @MiRane @xm@nductor
ridgie pesitgdidsirigieigechemMigak va)oalayeposititrosdehxiae plasmaeposited on a

se@%aae@@msf@acﬁiyam% %99&&%@ QE’E&V%é%%sﬁa&vxna}&%%msdl&@mg a

F%u%eometrlca shape of the undercut 108 prevents oﬁ%rea
R HOSERS rPaIaRRS st IRl 1R OTiAERr RS- hPaynsigding of the
silid@0biokhie Sifiéos thiendectfbinea topdefitizetiniel gdiddobidsititatheffimask 100b, as

shdiferes udreflugric é&!ﬂp@ﬂn@%ﬂ%m{%&&'%\ﬁl%ﬁ%@ Qt%ﬂ%m&g%me ion

dioxideI00b and the silicon nitride However, the etch rat
SteBiRAIRIGLYRIY {6t RNEHYLRIRVEN times faster than the etch rate of the

silicon nitride 110. The thickness of silicon nitride 110 is designed 7 such

thatradter theysiligrndioXigalgysrotaob is sighsthavay. dneres Whiconductor

enouglh silicon
material 102 fo define a ridge portion 106, as shown in Figure 1(d). For example,

inductively coupled plasma (ICP) system using BCIy/Cl, gas can be used to dry etch InP.
While HCI:H3PO, based solution is used for the wet etching of InP. The photoresist 104
is then removed using ,for example, Aceton, and the semiconductor 102 etched to
create an undercut 108 below the hard mask 100(b), and modified ridge 106b, as shown

in Figure 1(e).

Next, silicon nitride 110 (or titanium oxide) is deposited using e.g. chemicai
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 hydrofluoric
acid. The hydrofluoric acid wili 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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nitride 110b layer left on the other parts of the semiconductor 102, as
shown in Figure 1(g). When the sacrificial silicon dioxide 100b above the
semiconductor is etched away and the silicon nitride layer above the
silicon dioxide 100b is thus lifted-off from the 5 structure, the
semiconductor ridge top area 112 is exposed. Meanwhile, the silicon
nitride layer 110b is still on the bottom and sidewalls of the ridge 106b and

samultag@%@a&ﬁéﬁb\@ﬁtkﬂedfmgygb%oabe@'ekéxsasawﬁ“t QLM t 1@?@\%[’“&11(:%

contact are then deposited, as shown in Figure 1 emeta 114

AR ‘b@W@r&&ﬂﬁﬁaﬂfhmé@e%ﬂ?ﬂ%eoé%%@ﬁa ﬁS?f 1P ansac1eymiRgFigure
1{gbMfiletclyeceoneifithe sidigentopadeal 002 abeialicostasiccan tiusibesadeaway

ar® the Wihole RARIackatPaAl/IaRa QritSIos SIS S, WAILISRENGHG R, e
for materials hawr(r}l%{g w conductivity, such as p-GaN. Flgquﬁr%z shows an

SUEERENIAGSEICR %v@@ﬁlé%osﬁi?&uTézzé‘fo MeetRss YlrnwhEanibeghlicon
nittivke $wtbaligbie ds rridtahcbratacttandhpassieatidn tdybe fdfgeatidb pracess act as a
paggggg&@gy@pove with reference to Figures 1(a) to (f). As can be seen

from gtgture 2, the final semiconductor ridge structure 200 is about 1.1 m

wide SFREBHE5 iR iera iR SRptRANIRS B8 b2 HRRRTIE mashown in
Fipattehih)ad seemfed i theiberhargingSiDi2d axchmaskit2 0k 2&pbiguredye top

arShYS 20 SEMbRIEH (%Péﬂﬁé%&"?o\f?%é’% rugiure &%%F‘éé#mg @é made

¢ pe silicon nltrlde Ia%rer to expose the top surface 302 of the ridge 3
° Sl iathar é’éé"&%%frﬂ&’&& el %{?ésce%?&a%;%.mafﬁﬁafs
havifgdew3881daatidige swetvegpiabaser with a ridge width of about 1.2 pm
has been successfully demonstrated 25 using the method described. The
characteristic of light %;)%vr\éer versus injection current is shown in Figure 4.

The TlaYE waVRYTiIER RisY TN aL AISHRREMNS HERURIRIR I FeRtsgone
thropglethdiffelfertichedinsitd tentperaturpsssigatichidayed foma@0n4fidcess described

abéeénﬁw\fs%xrenc@ f@%@#@&% t4p tmfa‘fe sichA %B%LQH'%W gride ager, )

using normal photolithographic technology. 30 In semiconductor water

SCTUFMNAIRLR, rfﬂ%eo%we%gef@;? da?eta%wtﬂé@hmé%fep foeerP 2o Waich is reduced
froeleiotrigadiyt isqlateddénsieadpaittaking sawmiipmp i QibogrpRy SIOPhe mask

204,

Figure 3 shows an SEM picture of a ridge waveguide structure 300 after lift-off of
the silicon nitride layer to expose the top surface 302 of the ridge 304. The sidewall and
other areas of the ridge structure 300 are covered by silicon nitride 306. A ridge
waveguide laser with a ridge width of about 1.2 um 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 simuitaneous electrical isolation between

different devices formed on the same wafer in one step. The time taken for the “lift-off’ to
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described method can be used to make simultaneous electrical isolation
between different devices formed on the same wafer in one step. The
time taken for the "lift-off"to 8 occur (compare Figure 1(f) - (9)) is
dependent on the width of the ridge structure. Lift-off from a narrower
ridge will be faster than from a wide igplation ridge. This property can be
exploited to create the isolation between e. g individual lasers. Figure 5(a)

odlustEaiRS Ae %ﬂ!ﬁ%%yvh thediftsof dgtuws frPm.a; Bséf&%%EH.lg%ﬂ off

500 on the left d side, 5 but not from a wider ridge 502 on the ri
rﬂaﬁuﬂefa%%fesﬁnemé?%4teaérsagﬁaad@dswefgweaﬁewﬁd@gommé@ be
exmiersiedcietdeatbelfferetonyokkofieorie. aciddividus] thecraergueomiact Witrates a

ss{m%bm%@iﬁf%vﬁﬁe{éd&%é@&h%b% Wé%%\%fr%%é’ﬁbj‘o‘ﬁ 'ﬂ%@%f? Rna side,

rOVI 0@% electrical isolation between the individual lasers, as shown in

@‘E}r 5) MPE et gy "'t%)"gﬁfdﬂ@%fj\?éﬁ’%ti%fi‘?bfftﬁ@ﬁﬁe’tﬁ% igseerpitRe on
thalstvetwiththeferemge isorigmes iif@) dd(gErAdayerafsiiceridiatide G@0metal
coret Ay RIRLisligaRN L6802 5’&?%%'{1%% M SHPSlraie chfera%ge 502,

shown in F| ure Next a hard' mask 606 1s created using a standard
prHS&'&ﬁ.m%a ﬁﬁh‘?ﬂ% 8%&%&%}%%%&@%&&)@@&weeﬁiﬁgrefﬁm

substrate 604 to define the device area 607, as shown in Figure 6(b). The

15 3'#%@'@@93 @%d%‘e{%ﬁ%%?%f%%ﬁ'&H%@%%Hta%%%%ﬁﬁ{z& rence

¢ @ ond or device area 606 and the silicon nitride 602b, as shown
© %irgel?ri )(és’ né‘méﬁfe?fo?*gqﬂecsﬂﬁomﬂ%%oef@%ﬁ@ﬁfﬁpﬂewaﬁdmé% are
deﬂ/ﬁéﬂ!%@n Daebgirtite Gfometsicalshapéigfrthé (ahdearent, 608 atlenmasklys06 is

cré&@@%@%sﬂ'(@%@%ﬁj%%%%%rg lpZQCQQé %\@Bwe ?AHG%_[‘ g@('fgﬁ wed by

00D, }Hﬁ:h still exposed f er etching, as shown in Figure 6
ShilseHlate 66%9?8%6@8&%@&?&@4@%&&%@?1'% ﬁﬁ\‘irc?es . The
silitgyy dfakigestiiiini diexti e bED D wittdie difteddeffcitd s beres 6 iaftheonductor

deRYIERATS AR 1Re AMRBATRAL BRIBILAIANAM Fn/eBajNIng STioon

nitride 610b will act as the passivation layer, as shown in Figure 6(e). 25
Figure 7 shows an SEM image of a ridge waveguide structure 700 that
has gore tyeughstieprotesstste pstoles cepesitab oretha thafetesoncdte to the

geEr&Qé{F%& @@p@ SEnSIndariR Hor %%%%9%6%9&9%%% thyels S8P6%0 wi

ure 1( 30 electrical isolation can be formed by prope
notq%%vgr tBe migwéﬁ%ge@g%&@ﬁp el rRosed for further etchmg, as shown in

Figure 6(d). The silicon dioxide 600b is removed using BHF and the silicon nitride on
top of the silicon dioxide 600b will be lifted-off. The surface 612 of the device area 607 is
exposed for metallization and the remaining silicon nitride 610b will act as the

passivation layer, as shown in Figure 6(e).

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 iift 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
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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 9 reference to Figure 6(a)-(e) can control the metal contact
width. On the top surface of the mesag or ridge structure. A light emitting
device (LED) structure 800 fabricated using the methods 5 described

i ( e LED fructure as a thick. n-Ga
AR A TR S I A
th?ﬁﬂﬁ?ﬁﬁé ﬁS\RVléﬂtUS‘% and a p-GaN layer 808. The LED front surface

810 is patterned and processed into a pillar structure e.g. 812 using either

of th% ”18%'90&% g%ﬁc H&@%@iﬂéﬁr}% :Lgyuth rg f % (?lb%r e} an%%{alg‘:’ (t"ﬁ)vergwee hods

by a thin transparent metal | |Iet e sidewa he trenc

degrghedahted B@P&‘iél@c‘ﬁ‘ﬂ?rﬁféﬁé gte. e Piaiusct ¥ e anttieketchal laver
80@ ( theuwhgtewhicknass of dhexppGieisayar89 304, mghaeamahatgqﬁér&um well

80@195% EfEC(*%N ide!z'!ggéif"X]tB%Clt_QB é-r”?\?g ﬁ‘mc;%t%r1 8f§ Fg)a %ir ;;Lr%é:essecF into

in the range of about 100nm to p -contact

3 pilas AL PaPER S L thimethrs ot dpmaraibads %@%ufﬁ%ﬁéswecewﬁ)top of the
pillsin@vn 8 15iE igue & Sir}ow&&ntaﬁmbhﬁa si16fUEe<) 0 Avithhiletnilgkfe@gt and

theg%r%%?éj&%\éﬂ}‘at%ao@ é?e%\é @é’fé Yshiern P’ﬁ ?]'8 Sk C“lée "ldﬁ’ed to

f GaN compare to saégﬂlre a large amount o (l] trappe INsli
th%w@ﬂ%?cibfﬁké%ﬁ% pyer RGN Ry ey ﬁ.@@#@@*”m«mg‘iiﬁeﬁomafeeeﬁﬂczent in
ligliG2textomd iftte mrmnm@aiﬂtlmfan&%gvahgremlmmeead@@dmoz&)100nm to

Zprq‘?(trﬁ (?%hgct,h% t%q@gﬂdjgﬁt%{go g}? § ”dag%g gregp ?raaﬁfg fran eectlon to a

according to a otonlc andgap ep pillar array iS'ab
C“%‘?Bbﬂé‘@%@’?@lcﬁr‘i‘i@"ﬁ?&stal effect, which is very weak in shallow etchlngs,
to further enhance the light extraction The piIIar e.g. 902 height can be

fro % t92 ou s %rbgﬁer It.Eé s ru F?E}e ﬁ‘%lar lﬁagﬁagggzcgg%&%ed down

the ra ge Of a eVICG StI’UC ure

to ?a%ﬁa&iéws,Q@éﬁn@éﬁﬁ@rﬂamér@‘pc’ehéeé“eﬁﬂaﬁgné@kpm@@éise@m@ﬁﬁe@apphrre,
a lﬁb@\é@;dﬂﬁf@ﬁh@wdi@h@@ﬁﬁ@d&ﬁ@@&@@ fu'egt-ipc&;a%b@;fedaaﬁﬁm@@ Agure 8).
Maﬁ!ﬁéﬁr%a g}%?slé:%ot%oegr?%%tmg % 8 tt?\gl% ggﬁlt?a.ysétpé%t 8Fe% gfae%%ance the light
extractlon If the pitch and pattern of the pillars e.g. 902 are arranged according to a
photonic bandgap, the deep pillar array 910 is able to provide a photonic crystal effect,
which is very weak in shallow etchings, to further enhance the light extraction. The pillar
é.g. 902 height can be from about 200nm to 4um. The diameter of the pillar e.g. 902 can
be in the range of about 100nm to 2pum. The device structure 900 can be fabricated
using either one of the self-aligned processes 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
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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light extraction, are based on hole-structures, for which metal contacts can

be readily 30 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 hereifgthus provide fabrication of superior

LED structures while addressing the problem of making metal contact

and sidewall passivation in a pillar based LED structure. 10 Figure 10

shows a flowchart 1000 illustrating a method of forming a metal contact

and paddigatibseesefirurib P ety atian axanipricphioninent metal
c@l@pt]ﬂ@ﬂpasdteﬁmimmﬂwsbﬂﬁcf@ﬁmﬁdo@ﬁ@ﬁemIﬁ%}d@&&hﬁiébéﬁﬁ@'&ﬂjiment At

st&ilishh 5&'&9&%@ BLY RIORERRES-dN ;e&e 1960 St O“d Wy lising

substrate is etc that one or more features are orme erne

P%@bﬁ&ﬂf@%rﬁéﬂ%@éﬁﬁﬁe AistegriORfaskestariperdoston |§a§§¥%¥ﬁoﬁ etched
suletyends deeoaitedamwf&mwub&trateom%u theddieleatrice3psktivepiREeAROYE the

diéhe%tff?@‘m %§ ﬁ{§{8 il‘ﬁ(gbg I(}Fw %l e?'TJ Jg@é%g t? anChgﬂéstrgg with

that the electrlc er rate than e passivation

thea st aiErEr3Ph oRicHRCSH ﬂ@f%é@ﬁéﬁ@#f&?erﬂeﬁ@ﬂté@% fie substrate is
sutijeteemtmm:asltoaeeﬂlﬁedwom&mﬁethe:&ubsiﬁatﬁwésémé@koaan@ieéalragaﬁan

thé5p9§£9§ﬁ&‘f‘ ﬁ@éh%&&%&tsﬁ%&-ig'% %%LJ%% (/%%”H”i Sﬁxaﬁ'gé‘ on the

ayer and exposed portions of t atures.’1 ASmeI on or

d'e#&ﬁsé? GBI o il €A BE AR BB MOPIRE I SroRITORpAy=" 1
deprstesses fthen thestratbonobdrakingsethaligaedinetaleestasi@ndayer and

exB@sSéH’BHRBr?sSo?QR&V% Jrigure 1(a) - (h), instead of depending on e-beam

or other complicated lithography methods. Electrical isolation can be
formed during the process, i.e. without an additional process step. For the
above sebsansn the paaduskivisy raiyd VielkgOidd thenseaiapnelietousiayicRmal

ph&%?ﬁjﬁééi%r%ur@&é&*ﬁ@éﬁgﬁﬁ%ﬁ@éﬁ%ﬁ%ﬂ?%ﬁeﬂ Q’}’ué‘& Skl in(?ntact and

processes ermore cron nano range ridage
PassiRiipReaSSHRN UHIYS AsplcANbnasinast @ hRRreRdiBRy PP LB APE other
corgrljuined, isunapisyvasiimaell Elisoeirsioslases dindes rndddisarteipagtocess,

ie. % Iﬁﬁ!t\’gﬂ %Hfgﬁeﬁ %%&%Vé?%:‘ ?HPH)Q%&R}&C%;;SVXH@&% ;)ngductwlty and yield
of the semiconductor device fabrication process can be greatly enhanced compared with
existing processes. Furthermore, the fabrication of submicron nano range ridge
structures is very useful for applications where high-density patterns are required, such
as very small dimension laser diodes and ultra compact optical waveguides and devices

such as optical switches.

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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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 1 pm which are near the 30 diffraction

limitation of the normal photolithography process. The described methods

are RAUicHIbuSEluLIgnine JR0ricalan. of DAnGeleclionCor oy v dietectri

optoelectronic (czljeV|cest at require electrical Gurrent injection. ﬂ Lt'Il‘ﬁe
PATRAALRR AEErTsRPdiRemERENTORIP AT niétas chiteldcaniddhboierments different
depassivation etithesdme HiteesSAY ISR QGRS S SieRFadee isakisa atign

among different devices on the chip can be made at the same time,

saving another process step. 5 The LED devices described can be

fabricafed tidiNG hesdeetsibed sen-Argasdcatahnsiogyhnaiprsabethadizigned
tegiltategl Lb&rsity citte s avishpipife e confacte aRGthPBSEIVALEN |@yessts and

. t b ricated b isting. semiconductor praces

P e T b8 1 B ORI s BHRES S Suctor
Prosarsdeer:- Jﬁ%iéﬁ%‘}f'%?%@&](ﬁfb KD teiariHiemedretignse dondaisrextinstion
effeiched syifecsasrarentOtproteatechbydha-passivatiopnayses owhish dseltis are
prcﬁ@e%%ﬁ%%é@sm%zgg%%g%ﬂ%ﬂ nlé]ﬁ:g%?é‘ 'B§9e‘%'%%Pt§ bae%g P?tl ”axrtraction.

LED structure can greatly enhance the photonic bandgap efrec an
Thio deratiben: fesA ﬁ%ﬁﬁ%r@ﬂ%&ﬁ%ﬁﬁ%@ PRIANSES G &eIBBERathe photonic
bacdgapatifslet withrhenexisiingeemeandvet@ail Japsecesses, for both Si and

llI-V semiconductor. The passivation layer can be a standard dielectric

material such as SiN or SiO2 compared to polymer based passivation

metH&§s. FFEUWSs GRsH-1758s BARNERIPpEt tohAe FaisHiRatiGATBIRONduUCtor
presessesfdubton Slevides-wigbmesalaasidgenstpackivesdh alyaeeshalecirigahdard
die%&@%ﬁgp%w{j 3%0 REAY S By eé&ﬁﬁé?gg f?or th(@se gre(}l)l(a:segdwggssivaﬁon

small features, e.g. smaller than I pm. Suc Semiconductor devices
mefheide both electronic and photonic devices, such as for example,

narrdheridgesesdicaathogtordasess inpplislifferentwayelengih s teerpilaietttor
de\)'ill,:'elg ’ %91 %‘ﬁél‘.g\ngrb%c?&o rgtﬂﬂﬁgeg ytﬁa@ erra ce)H Sela@&gclgl t%ﬁr%ﬁtth%}ection and

numerous variations
passivation, especially for those devices with smail features, e.g. smaller than 1um.

Such semiconductor devices include both electronic and photonic devices, such as for
example, narrow ridge semiconductor lasers in all different wavelengths, the pillared
LED, etc,

it will be appreciated by a person skifled 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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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 Gé) illustrative and not restrictive. 30 12
Cidigiaims 1. A method of forming a metal contact and passivation of a
semiconductor feature, the method comprising the steps of: 5 forming a

dielectric mask on a semiconductor substrate utilising photolithograph
procbs%é@i?féﬂﬁmﬁéoﬂﬁé%ﬁw‘%ﬁﬂ%%%&%@%’@EHW%MW

feateAtUNRS AEhdarBrb A tReataFespective portions of the dielectric
mask; de ositi,rlég rpassiv tion layer. on the subs%}ra[lte with.the dielectric

a 1.
s T DB Ao T e AL QT e 5= URHGh Iayer
phoolitisgaddbastoespeetive bases of the features; subjecting the substrate

to an giehant such thatihe diglectrigdnask ingtshed: aladigherdatadhan

the passivation layer, whereby portions of the passivation layer deposited
forgeeHE aRENEAlNd PRRSK MPPATIRN S P HBRARE QUBLHRRE; and 15 depositing a

metaldpysition dhesibsicat@ireluditte subsithe neithdirentie pasivagsnin

layer and exposed.pott gelwem Prarhempinogd rsgaineddy
piac?l%farr%mlv,ev:[/ %?%l%utrﬁg’ f%%%gr?ggtrgg\%é d?f%erent vsl%lthcs: chosen such that ©
bagrrifgeHeatufessubstrate is subjected to the etchant, the 20 portions of

the digipstrisgnask ahevewider srasreking teaturesiremmin emehes stohed

substrate, such that when the metal layer is deposited.qn the s rate,
ot I B o TGS B St 1o 5 S AL v
depetitabonthiefdatects MasihgrenitetfelidrannibiensErgieTAedmethod as

claimed igiglaims, doon 2, Whergin thesier Afpiahinebersamisanguctor

substrate sugn that thngeatures are formed underneath the respective
PEBYMITAE BYaIARE FPRRRRBHRRH A4 FAAMEEN undercut under the

respective
2. The method as claimed in claim 1, wherein the features have different
widths chosen such that during when the substraie is subjected to the etchant, the
porfions of the dielectric mask above wider ones of the features remain on the
substrate, such that when the metal layer is deposifed on the substrate, the wider
ones of the features are un-exposed, for providing isolation between the features

having the different widihs.

3. The method as claimed in claims 1 or 2, wharein the step of etching the
semiconductor substrate such that the features are formed underneath the respective
portions of diglectric mask comprises forming an undercut under the respective
portions of the dieleciric 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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portions of the dielectric mask whereby a width of the features is smaller
than a width of the respective portions of the dielectric mask. 30 4. The
method as claimed in claim 3, wherein top surfaces of the features are
free from the passivation layer after e step of subjecting the substrate to
the etchant. 35 13 5. The method as claimed in claim 4, wherein
side and.a base of the features except the t rfaces remain
covere T DS STy AT o RS 3 SRR e
featuiestrxectd the terchiafACEsETgd HRRRY 44te I Himpeskivelipmigdepafter the
steyyRereindbengter aliymirgdhe: diglestfic mask on the semiconductor
substrate utilising photolithography processes comprises: depositing a
dielectric mask layer on the substrate; 10 depositing a sacrificial dielectric
layeB ofirthendibtetasciaiasl] andsiorming 2, doibiedize redrhairtb e the
iR IR Bt resneRiive RRuires ke ﬁf@ﬁ@tr&mﬁ@%hy processes
corresponding portions of the sacrificial dielectric layer. 7. The method as
COBEIfFfEd in claim 6, comprising etching the portions of the 15 dielectric
maskaiteitife stipateiching theeseminesdustartsubstrate such that the
featygs,aif Prugd s ihatnderotts 3e imerundenein the
[ n ificial dielectric

respecfive corresponding portions of the sacr c layer; and
the SREPBEefRSm PYREEDRRISARBN A BEHE S (RSSRSIN G BBIFSMIE e

diefthd Raddbampssinlipndayer st shsnHe Yausirenss thataspective
undercuts. 20 8. The method as claimed in claim 7, wherein the formation

of the undercuts is controlled such that a selected width of top surfaces of
the féalines etndiasanfednin ttie! paSshentivising etching themaipos of the

dieRiRCHRghaSURSIEaS 19 thepleantedBBndhadnsthedAs slrimed:ithe

claim 8, wherein the sacrificial dielectric layer .
features are formed, such that undercuts are formed underneath the respective

corresponding portions of the sacrificial dielectric layer; and the step of depositing the
passivation layer on the substrate is performed such that the passivation layer is

discontinuous across the respective undercuts.

8. The method as claimed in claim 7, wharein the formation of the undercuts

is controlied such that a salected width of top surfaces of the features remain free

from the passivation layer after the step of subjecting the substrate to the etchant.

9. The method as claimed in ¢claim 8, wherein the sacrificial dielectric layer

comprises the same material as the passivation layer.

10. The method as claimed in ciaim 7, wherein the sacrificial dielectric layer

comprises the same material as the passivation layer.

11. The method as claimed in claim 6, wherein the sacrificial dielectric layer

comprises the same material as the passivation layer.
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comprises the same material as the passivation layer. 10. The method as
claimed in claim 7, wherein the sacrificial dielectric layer comprises the
same material as the passivation layer. 30 11. The method as claimed in
claim 6, wherein the sacrificial dielectfic layer comprises the same
material as the passivation layer. 35 14 12. A semiconductor device
com;iréségg one or more qsemiconduc.tor features metal contacted and
passivated TR THE N ARVGECORNIRES MNER BIRE o Bidiiigatures
maghlintsit&oES! Aiepdesicaabusliagibd mettaidet 2arheddmahe atevidehe
pr&UBRHS8sAdidge waveguide optical device. 14. The device as claimed in
claim 13, wherein the optical device comprises 10 a ridge waveguide
laser. 15. The device as claimed in claim 12, wherein the device
compasgaandvic astetmige ithedit D5 titeiwie teraplisngdarphiality aige
illars . iconductor features, wherein each pillar comprises a
Wagleé |idogn§()j%?§§%f§y%%of a first dopant type. 15 16. The device as claimed
in claim 15, wherein each pillar extends into a semiconductor layer of a
second dopasd ieexditiarant froBthefy shispanwhesshYa exdadion Hrises
I.if%;ht tra{?ged %n lthe semiconductor layer of the second type is facilitated
af gu"é% A-&haRced photonic crystal effect.

18. The device as claimead in claim 12, wherein the device comprises an LED
structure, the LED structure comprising a pluraiity of pillars as the semiconductor

features, wherein each pillar comprises a semiconductor layer of a first dopant type.

16. The device as claimed in claim 15, wherein each piliar extends into a
semiconductor layer of a second dopant type different from the first type, whereby
extraction of light trapped in the semiconductor layer of the second type is facilitated
through an enhanced photonic crystal effect.



