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devel opnent of a specific serological assay for the

det ecti on of anti bodi es to avian influenza viruses.
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instance, a germanium MSM photodetector integrated in a SOI rib waveguide may
have a high dark current performance in the order of 150 pA for a given applied bias
of 1 V.

[0004] One conventional device suppresses dark current by introducing a large
band gap energy material, such as a thin film of amorphous-Si or amorphous-Ge,
that is continuous at the interface between an electrode and the semiconductor.
Using amorphous-Si or amorphous-Ge as barrier materials increase parasitic

resistance, leading to a compromise in the photocurrent.



and provide the option of using antiviral therapy in a
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detection of viral antigens by enzyme-|inked
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[0010] Figure 1 shows a scanning electron microscopy (SEM) image of a

photodetector built in accordance with an embodiment.

[0011] Figure 2 shows a cross-sectional view of a photodetector built in
accordance with an embodiment.

[0012] Figure 3A shows a cross-sectional view of a photodetector without a

valence mending adsorbate region.



present invention represents a breakthrough in the
di agnosi s and surveillance of H5 subtype of
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present invention, nonoclonal antibodies and rel ated
bi ndi ng proteins specific to influenza H5 subtype HA
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that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. The scope
of the invention is thus indicated by the appended claims and all changes which
come within the meaning and range of equivalency of the claims are therefore
intended to be embraced. It will be appreciated that common numerals, used in the

relevant drawings, refer to components that serve a similar or the same purpose.



wherein the kit conprises a binding protein that binds
to an epitope of the envel ope gl ycoprotein of an H5

wae b aesAl V, together with reagents for detecP@TigG2008/000199

bi ndi ng of the binding protein to the epitope. In-a
preferred enbodi nent, the epitope includes the

sequence CNTKCQIP. In another preferred enbodi nent,
the epitope includes the sequence HPLTIGECPK. In a
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shown), both the first contact region and the first valence mending adsorbate region
are formed within or embedded inside the detector region.

[0031] It will be appreciated that in another embodiment (not shown), the first
contact region may be disposed above the detector region. The first valence
mending adsorbate region may be disposed between the detector region and the first
contact region so that the upper surface of the first valence mending region is flush

with the upper surface of the detector region.



5F8. Figures 3A and 3B show t he 50% bl ocki ng of mAb
bi nding relative to the CDC/ 523/ HSHAL epi t ope or

wo biebiA228caused by i mruni zed chi cken sera. The PEFSG2098/000199
were expressed as the arithmetic nean of percent -
bl ocki ng value (n = 5/group + standard error (SE) ).
Figures 4A - 4B. Characterization of mAb 1G5 by
i mmunof | uorescence assay (I FA) and Western blotting.

Fi gures 4A 1-4 show that. mAb,1Gb .recogni zes natjve .
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[0035] In one embodiment (not shown), the passivation layer may be disposed
above the detector region. The passivation layer only has a first trench, wherein both
a first contact region and a first valence mending adsorbate region are disposed in the
first trench.
[0036] In another embodiment (not shown), the passivation layer may be
disposed above the detector region. The passivation layer has a first trench and a
second trench, so that the region of the passivation layer between the first trench and

the second trench is discontinuous from the remainder of the passivation layer. Both

the first contact region and the first valence mending adsorbate region are disposed



Fi gure 8 shows 50% bl ocking of mAb 1G5, relative to
the CDC/ 523 H5HALl epitope caused b y human sera from
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hlbgfgl\xyth%uJeltesfc{o?(:lregion 212, i.e. the detector region 212 is disposed. above the

waveguide layer, so that the isolation regions 208a and 208b are disposed above the
waveguide layer and adjacent to opposing edges of the detector region 212. The
waveguide layer is disposed above the isolation layer/buried oxide layer (see
Figure 4).

[0041]  In another embodiment (see Figure 4), the photodetector 100 may further

include a buffer layer (compare reference numeral 422 in Figure 4) and a compliant



antigen and may exhibit cross-reactivity anong HAs of
different subtypes [18] . This invention further
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ai8043kn Hihn dimg/aineqeuemd;ng)fadwmt@%mﬂm ajsegregapg region at

n.found t i
i e kU Bl SRR 88 SRR SR Fuon 212
bES&llﬁilSrﬂbQVm th® e@bodiinehin(saé lFlngd\|1C$Mﬁfmﬁlefse¢mﬂ vatence mending
human and over 99% of . al | ﬁral ns from all

RSB TFHIGH i EPeEi Rk SFEST] VR 11U SRR fpon is o

e@bér@ edal‘e%ibd & HBONBriAR REwNRI the Skedadecontiet répith 1 and the
i ons The epitope ishighly antigenic, such

thiatecwnrq 18s to the epitope are found in the serum

Of o¢aap " tI'h@I \JaYen@Q %%nﬂfng CJd@&bﬁt@ q"gg oy %habl%hﬁ&hkmﬁer height

e epitope very re l'e"in a dragnostic test
1 @odm&&ohe &mFigorend) whererrécikey permanale {NeG4)fis used |rfmt tbp @rst contact

it 208 B AERET Y e B 21250 Fon

SQMH Csﬁgregﬁiﬁﬂlt bf iselurt & et ealeﬁElél mendihg GPsorbite creglsn VBISyat the
stabl e and hi ghly antigeni.c, ?h t hat . antj bodi e

t MEGe(STe: byratass elipws e G el af grremidseiOchR Pian? Claﬁ‘yto the

' Qgh CQHﬁbancf PR rRghlds i 8 nfAula@BR ofthSIR S¢Rbtky barrler height,
rel1able in a diagnostic test. A nonoclonal antib dy
€ OovVer a

ofleadhrigstoj markt ¢ugrent supphessiobofimasel than 3 eydare eh maguia
t r(‘:%ltw&{lgr\{a{l%%alfsgrrruéopﬁuc%rgrgé{glt dl\/%M?Ehotodetector (i.e. a photodetector

without the valence mending absorbate region 215). When operated at a bias voltage
V4 of 1.0 V, a photodetector 100 with an area of 804 pm® shows a spectra response
of around 0.36 A/W or a correksponding quantum efficiency of around 34%. In
addition, a frequency response measurement reveals the achievement of an around
—3dB bandwidth of around 15 GHz at an illumination photon wavelength of
1550 nm.

[0045] The approach of using a valence mending adsorbate as a segregation

region at the interface between the first or second contact regions (220, 218) and the



anti body nol ecul es by continuous cell lines in
cul ture. Such nethods include, but are not limted to,
W0 p@ong280 doma t echni que originally devel oped BYT/EG2008000199
and MIstein (1975, Nature 256:495-497), as well as
the trioma technique, the human B-cell hybridoma
t echni que (Kozbor et al., 1983, | nmmunol ogy Today
4:72), and the EBV-hybridoma technique to produce

VeRBEIBtaRonat7 YA b eaiBs Sfhs Bty SAPERy pinfer through

Li s‘éﬁ:ctnieﬂi%plar@a[honﬁﬁlﬁﬁ) affedrd gaiie é}ﬂicblbmdpﬁﬁes:@ﬂ’thb detesoflregion
and can be obtai ned usi ng human hybri domas (Cote et
a| 212 Cl)ggagredpylgbconp@ﬁtmpal pAe%éetegeTs thigj centact resistance experienced

yztﬂg Qre2QGERs 295 aml' 2t15 %ﬁ)ﬁx@? %H:ﬂ rgéiﬁ'@nn ﬁnﬁ%bé@c%&hcollectlon
Virus in vitro (Co 5, in Monocl onal
Arfreqb@myemd a h@v@aiadecrurfﬁhéfoapyeveﬁle émSRg voltages,  pp.
[ 0y tgeehpi vel d_for,t
i o 5T BRI 618 OB g o0 o e
rﬁhbbﬂéﬂeaﬁr 300/ uilit 56 Nacedrdadce, wﬁﬂ&ﬁ elﬂbodnBamt ef ilel invention is

-]f;%’@gtgogth’;g ;églg{)argé ggetl %{,51[ gjllpélg iagrgm Egé %5a4}3?1122 %&@m@ggo without

| rg\ya@glggh{ggdﬁ?gag%%e@reyogm a murine anti body nol ecul e
of the present invention, together with genes froma

hiof4T] antRidvoel JAshowsy pr@sswecaml wiswi afttlee Miogndstgcton P50 without a
act imeric anti bodies are those
thvgienc M"t’ea i he asﬁrb%erg%lgg;ortl on and a nurine (or other

N §o048§ mamhe photpdetedton3 Juimaind eseal wamguhhtdam 3abpa tlktester region
[ r other non

hth .
) gﬂééh !gﬁléﬂllatéﬁ?q Wloagsgé rth%ﬁ%atlrog éi}yg{:] 'é%%ongrcgntact region 368; a

| NuPlePRE @ FD: Adit DseBordiiI@hoddB640dy. Both chimeric and
humani zed ant i bodi es are nonocl onal Such human or

hue49 z e dbelsparnd icentagtrpgion P ek foame 2p F@FT&CF &thr the defeetor region
' n}»6‘é| Vhd Bﬁ%ﬁq ayer 390 il iaﬁbe nboggvehﬁwa Qéqg}%r 856, while the

dlsorders dltlona i ment of the invention
utdetelcme gegibme 302 dhdispesed ablew thetmdfef dayet Bé2.c dihstlmlemqmrﬁglon

SE% 5:;)5 e(F ﬂﬁ)réeeds ai’?%: tllflé%rl\_l)%éllfl € la&l_rk%%ragg Iagla%eﬁla g‘o an c))})posmg edge of
i dﬁé‘ﬂétfzcttﬁﬁfdgﬁiﬁ W02, mmﬁsﬁﬁﬁionﬂaﬁbrﬁﬁagﬂﬁﬁpﬁsewabhvd the isolation
desired_specificity for. an antibody of the present
i AvEAR P ot ang thg ‘Eeée%‘glf?&}%‘f PQ%es, or anal ogs. Anti body

f 1GEHOF Nt SThER&lond QRERS IR jébenélﬁ’de@ taY R&st @ffirkth@ndithivd @fd¥erial 364a
nmol ecul e can be generat edq‘}g nown techni ques. For
|

exaadpl @sondsemducm@gmtnngl 364b) whereinpigtis theelirbeonduefiveaggaterial

t %’64at at 1 ohtgﬁt W l‘??ﬁqgrﬁxe %@l 4 dy&ﬂﬂlt %J(Fﬁé %Jﬁ'ﬁldﬂzg%ond trench

f r%gﬁﬁﬁx&dvmuelpamtlbelagm%oat ed by reduci ng t he
[ i de_bridges of e r
FARS) agrheRrboRAreson 10 b Gervbreaenied By Rrg bardfpar Sehottey
arlild)&@.dymni% efbdre VMftlﬁlaE@ﬂ&bE‘ 16Wéting effects, the Ge photo-detection
region 362 between the second electrode 364 and the waveguide layer 356 will be
totally depleted under high applied bias. The total dark current Jro; flowing through

the photodetector 602 can then be described by the following expression:

_ _4t2 _—qby /KT *m2 -qdy, /KT
o =J, +J, = AT e + AT ™™ a)



a reduci ng agent. Such antibody fragnents can be
generated from any of the polyclonal or nonocl ona
waedwhaxtses of the invention. In the producti oPCD8G2008/000199
anti bodi es, screening for the desired anti body can be
acconpl i shed by techni ques known in the art, e.g.,
radi oi nmunoassay, ELISA (enzyne-linked i munosor bent
assay), "sandw ch" inmmunoassays, i mrunoradi onetric
assays, gel diffusion precipitin reactions,
I mmunodi f fusi on assays, in situ inmmunoassays (using
Calhepd Hal,) 30ihe hoRMEEEonY burked irjécted foqn thednells (cafhode), and 4, *
exan’pl,e) , western blots, precipitation reacti o‘gs,
addy UtiF A Rishamisamy sopsiang for hele (clggian Rath dip Bye gygent and
hesiRagh WhirRtdrO Bb@pRans ontribliEUD Fhd HAK RIAEAGR RS pRMSdetector
and | mmunoel ectrophoresi s assays, etc. |In one
erfi50gdivhichtexhibiti o stiynghdepeiideged en et Sahiotkly bgrrige fardtola(fg and
| abel on the primary antipody. | nQt her enbodi ment
L FRPRITPR ey esPiGUb Ry Aotitiot it Sofotker et TG ppheametal
Of e RicDRERAGH Ny BEheifRAPH an bR delfmined from th
prsfﬁtlac?)yﬁ/ ant ?’ﬁ%ﬁ’?‘.’ hﬁ"s‘%g&#cg* %’ %ﬁ(;rQ eﬁ%o i%er?{l , the ned from 1e
s eliftcreiadey ofinthé haetyl iveork afoadtizd. (P amsl alie ekavovm affinitheof the
art for detecting binding in an i rmunoassay and ar%,
wisemicangdusiord ggpke- i <t fre Br dLEFRYSE, HyRRAEH SN the preserpegt interface
bipgl Ll i |, BYSRE hQht bR dbss AUSH@ENt
besﬁg%/%?gﬁgé&bsggﬂn?%ﬁe% ﬁt“?‘?é@%&n 2 e an e%iltt opg of E%el?\lll on
Hahdaeiah g otkhfanetiom Steong Fesuigaest pandgTikaairof tiigsecond electrode
epi t ope has bee ound to be highly conserved.n all .
OIS HeF SeEE 102 VP Uan PorPEREHR 3 WER dEroe peotd barrier s
SURDY BRSthu@RalRb o Fsw hdte I9RotiyARHridlB), L5823 ¥f fbund 0.1 eV. Asa

i nfl'uenza H5 subtype of other "species of animls and
biconsqueseciht ihokd ¢yrend flomingtes 288 thafdlestmn supenpysinatfaating the

strains_avail abl e .d he NCBIl. Da S 9.,619 3
c 6{%61% M ?Iﬁeoéﬁlﬁﬁ&ﬁ@ %%ﬁle Reel’ %ﬁl elgéétaﬁ R }Os{%egeé}%g sg, >0, as
2 80hentgichlunilnstrhddlbysthe dambdiaga 380 lin Bfgutd3Bn vdoch Ritaken along

this segugn,ce. In addition, of 427 chi cken H5N1L
stlgitmd, obF1gusAA-one contain the CONTKCQTP sequence. In

t %@2{ _ O re 30fshbWE a RANs B&HIBAal HFevd bF BehotsdRicaion 800 Built in
variation of the CNTKCQTP sequence: 1 strain

olscedrdange Mibrangmbgdimanhd t he sequence CNTRCQIP, 1
ST ohg 8058eAal I RAMERBE. o detector regi
C&ﬁ% P&thgﬁ) ggtgdétg ér%g% %Os(,)glgglt a\ ne a\% om cﬂ#cken’sa ﬂ%gc (t)rhré:glon
S 64 R eancieo|GHHKELIDh 308a; GIAKGETPN 1adet Dilah sefond 2dntadtregions318; a
fro Cgai@(Ck 5 strain from@eros 89 stragins from
oRe” St 852t iond ‘Prpre GEbdEe aarubEdpal Sficend & Tecond
eRidcap& sl4so was found to be highly conserved in such
speci es as turkeys, ) ) ) )
[0054] The second contact region 318 forms an interface with the detector region
312, wherein the second valence mending adsorbate region 317 is disposed between
the second contact region 318 and the detector region 312. In the embodiment
shown in Figure 3C, the second contact region 318 forms the interface with the
detector region 312 by being in contact with the detector region 312 so that the upper

surface of the second contact region 318 is flush or substantially flush with the upper

surface of the detector region 312.



mal | ards, pigeons, great barbets, green pea fow,
peacocks, tree sparrows, peregrine falcons,

whb@ekerzemded gul | s, gol den pheasants, eagl e oRtBES$G2008/000199
partridges, whooper swans, ostriches, house crows,
magpi es, sparrows and nynas. The 1G5 binding protein
of the present invention, as discussed bel ow, has been
found to recogni ze an epitope of HGN1 HA havi ng t he

QU £ e SRR ogR datongted PP (RSO R vl the

S Ufeter R Se@bn B3P lis @Bposed abbvd tHel BiFREZ dayidb 332UbtTheeiSolafion region
ot her species known to date, The fore 0|$g antlbodJes

c 93 s dispoged shoive thearryerHgaltyeim 06Rd afiacenl fo,aq eRpopige edge of
t RRe dEE&SH fe i\'/\%ﬂ)noful ofR! hAaVARA 19;'ert3h@ iEaispoat BB v the isolation
AV, e.g. stern blotting, ELISA, rad|0|nnunoassay
i rrnginmﬁo&mxdshmdm‘@t(aswyn 31Zmunohi st ol ogi cal assay,

aﬁ@%ﬂ (518 Is%con gﬁe c}el A nchrl]de% aP fegst %rf{rgtdcb ﬁﬁ@cg % ﬂﬁ%al 314a

& used T han
Elan®A ébﬁoﬂi sérdaspd mﬁteﬂﬂr3i469bvabﬂelnbelmvhe Hﬂaesmdasma:ymatenal
provi de for the qu; tjve an uanti t at
detlép thah & PERNGFt ‘f’ﬁélbﬂg té ScAFBiOth 1 g ¢ fgond trench

d'ﬁgﬂ@oﬁh&d%ﬂﬁle?y%ﬂ\ﬁ‘ahbﬁﬁl@@@l@f ani mal s or humans
infected with the virus. The present invention also

i 1005Tkes FimsajDahows thetbapdl wap figsranhAl wduqh igtakee along line B-
/ tat
Art% oqxg u@.ﬁg QE‘I oy I{xé/n(:t‘ gg& %tvg,otp 9%1&&(!3%5&%1 tsé/r’Bgtecxlgglon brings

say sys ens an ts ca conprise’ a
| adbehtes nodlofadoe if hoteeParottlly barripr helght.| Alvepanigg thiguren®® with

o T g epaperoner Mot Scrpy Bl SERR, 1M 8d For e

f WiRImn® R h& VAR | BiBurk €AY MHeSholéli SCHBHILYS bARMEr ¢y, 344 is around
instructions for use, as is well known to those

skKi49&d in the i munoassay techniques . In certain

SRR T MO, LG Y € okogfagazy%& by th! hecBRBRA! Mith an

nﬁb or relfate ndi n pro ern o
I reviehiotlingont. conponents for detectlng |nnunospe0|f|c

AOEOE? o gbeio Rt 400 e o Rl AL 68ide e 404

d ePeRRLide WRRN 40419 dﬁﬁﬂl‘l@ﬁit agdrentes buﬁ'étQByeiSQQPé Héerp&or region
bl ocki ng, conpet|t|ve sandw ch, and the |ike, The

k i413; aplator eagions AP%A anduHISbt p passiiatiom kysk 41% adispitGoslagt region
an ap % @30&?0091%‘ fe%}é)tﬁlglg 8I é?ldbaeﬁ H@nﬂﬁ% Q@fﬁgge region 415.

yzers or auto i rmruno em cal s _
swuﬁm ng Thnstavagmdﬁ iayemoﬁms@ypdscd abtmetthe bugethoxide 404. The

co i b i ndin rotel th can

élrggao% g aed? d¥ aboye, tgg h“}’y%"ﬁ{-ﬂ%fig l%y Ls 6 ‘ﬂle isolation
S &Bgl@ﬂisi 4(18@randt408l§3 Eh%dilsip@sal sholvé cheswpegiite laye&mﬂ’larﬁhadjacent to
anti body or binding protein can be, for exanple, one

wiopeesing ¢ess elghpdsjectesregioa ddgnd ant i bodi es or
[0061] The passivation layer 410 is disposed above the detector region 412,

wherein the passivation layer 410 has a first trench 412a and a second trench 412b.
The first trench 412a and the second trench 412b define openings within the
passivation layer 410 to portions of the detector region 412 at the base of the first
trench 412a and the second trench 412b. The region of the passivation layer 410
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bi ndi ng proteins can be polyclonal or nonocl onal

anti bodies. A preferred kit is one to be used in an
wepiovoarsdl ocki ng ELI SA. Such a kit conprises BCT86G2008/000199

rel ated binding protein which binds to epitope

CNTKCQTP or to epitope I HPLTI GE of the HAl envel ope

gl ycoprotein of an H5 subtype of AV, the HA

gI ycoprotei n or a porti on t hereof corrpri sing the am no

o) feagent.s r.getectin

oS ot PR30 gAY Pk B L lruons om e
l\/t}aﬁ&h@é}a;lftlihgialsh@aiioﬁsza}tgﬁ4tds subtype hemaggl utination
protein can be prepare ni zi ng ani with AV
OIONGE1 o SPRNR o e agre AL L QB oRta TP 42 B e ce
' QMFH the ﬁet@&g} fe%ioﬁaltlQO\phé?&ntﬂthefr’s'ﬁva?éHéE YRAdIHA@RBRe region 415
foll owed by expression of gene, recovery and

pusr idisposeadi betweén |the rf@%o?ﬂmantamglfm d28iand theddaiesorpfegidye 412.
prSOmﬁarIP ﬁBy nocuﬁ?dq frbnc'ﬁoé{ ggxﬁlqp%(&)nd Nila)clzﬁge dnt 4h18 forms an

propag I1on O en e
a\iﬁtbﬁfﬁi@l \eltlS tlfealen:sto@ fredidred \2. r A Secohd Ivalenedmbyding adsatbatnregion

of the viral The, HAO gene is a I|fied r,om

cI(BH SOV B s By e st Ebasresioned e eietector
sqe%;&pﬂlpgced can be used to inmmuni ze mce or ot her

sui tabl e species for production of hybridonas.

HWBhon&s therambndiraenisbownin Figaterd, dhs first gontest gegipn ¢20 forms
f t I

S p e C ! ape} ﬁh ﬂ{e C?EHCIOY r%“ 1 Z@bemﬁqg % tlg g{a}}ﬁ%ﬁ Idgtﬁcl:torg region

; mmsﬁ Itlﬂmt]m ilpp’er Ah’ﬁécs @Iﬁttl;epﬁast cdntact cagtongddicie fluish withhthe upper

udiee e SBfeloh R 4081 gk Bipseh T Gl (i Ghghe. bus

t Qoﬁﬁax‘étﬁr&r&écyroﬂé)sllﬁ bV Bigher2)ltodasabi cuntddb tieulppypasface of the
strains known, as well as for other H5 strains, and to

s s captaetremien féhct i on with any ot her subtypes test ed,

64! NGihi{dy, hENeoonliiliat @m’egﬁ%{%s tbin a8 §FRAHce with th
em gfrren% o%‘}lﬂyt his i F?\I/lentl gn anot her mAb, ade ter rﬁenc‘avcli °
t detsetoofegmoctly?pbez hie{®gl in nentafs smtgrtlaq detecr@zegiah 262 prathpidip upper
fou str 0si-L 1 yee f.or, e
& S s R infock 9504, 475 0 b NABETHAEP surfuce of the
S dbfeytpL fegion 2t Thiduilowl @ sedond sletradit (norshoiwnbueymparteaecond

subtypes_tested, including H/NL, H3N2, HAN? a N2 .
st t45a! Bistre B e Fouect otimer ST 60 th HiRe amtact
4 i nin. The strength of mAb 5F8 is greater when

the two anti bodies are used at the sane concentratign.
THY6EE paFiauee § shrvera Bpw chped0¢ elcolghrigation pyocepretoympgufacture a

a e for detecting the

B o b S

u 066y s aIThe fatricptdoraprdeesa beglns a ssepet2abitly he fotmeingiodfatdetector

a%gri](())n af:l s(%lesp 9&4, tal}l%t cggtlaétqggeloﬁa isformed as an interface with the detector

region. In step 506, a first valence mending adsorbate region is formed between the
first contact region and the detector region.

[0067] Further detail on the fabrication process outlined in flow chart 500 is
described with reference to Figures 6A to 6F.

[0068]  Figures 6A to 6F show cross-sectional views of several fabrication stages

of a photodetector 600 according to an embodiment of the present invention.
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present in all known human and al nost all of the total
1288 known H5N1 influenza A sequences currently

w@e@ohedzBe in the gene bank. The 1G5 mAb r ecogPimBG2088/000199

ei ght am no acid epitope present in all human

i nfluenza H5 subtypes as well as in all H5 subtype
strains from ot her species currently known and

avai l able in the gene bank. The di stance between the

two epitopes (am no acjds 290-297 d aning ' 310- .
316068, | hene wRoG Ry Ph?tf’gﬁt%?r Dt ray ab‘?‘??@sﬁ‘é (gghpganium
d&}19 GhdtAkemidohdudidtB&hl) PRotBAQNSlEfmbricatANdted itch SOI (silicon-
highly specific and sensitive neans for detecting H5

s \ointippdatey) yubsgats witk Ol 09 syrEace eriegniatigs; t ope bl ocki ng
E ER. El. . EB E i f i hodi :
f :[(})(ﬁnﬁbgsi%tt@\l;rggs@nh ngﬂfﬁaEA BnBsbiaton eegfé%e?r g)pnhé q%e@4 is

sera I°n It a select
r eomypdi abavg 4 bubsspe daydr onepitiompy. sAcdilitonawaeghisle layer 606 is

devel opnent i s .inhihited when, a.col or-progduci .

- G DA HITR 65 SeRs (R SCohE T SAD PRI Jover 604
t MgeSABh YvavhRER lay& 698raad tHOMEIN®In lafdribRYied oRidE G13@r 604 form
col or reaction. The assay depends on the ability of

H5
i 9 Qlesubsirasmaving slicqprhody ghickngss ofarging| 25 inantndsnbipsied oxide

tQ '@fq%%é‘oﬂr@ﬂidnlgmﬁf a selected H5 HAI mAb to HS5N1
in?ll uenza antigen or reconbi nant anti gen adsorbed on a

m{@07d] t i Pésmp| enhanced/mhemipk waror clgposition (PELVIFBoEde 9A around

of .this inventipn, ELI.SA plates are coat.ed wi a .
o RS P 4 oo B RE ol 605, s shown in
| Rgirk 6B @ MECNIDSIxidv i8 paflerfied BRtdad@vediohfetdhing\thereby forming
optl mal concentration can be determ ned by usi gl

c Kb keelation regipns pOfa; 14 SPb definmiendh artyisavinday &% etween the

dij didtioR e QbnCENRE 1:RD 668, | BRMcANIWRIEWBOB aRO®S fdr\i& formation of
anti body and selecting the nost favorable

c arGedetecion rogiont6il 2 isegiRimue gk pmilie séibxonmvegiéﬁglavsr 606, where
D, al ue.jin [
ROt SR AR B0 Bl ARETP RSt

i negibmb EXI(Figas bEYthanwlill beesnbsenuerlytfennedi t h mMAb 5F8 or
washed in.and.the

1G5 ) tant.. Pl ates. b
7L The iRy it Jrep bR 10 R B A S AR sc1
ﬂmbﬁa%dﬁﬁ%) cleabfdedHRMst Wethrocessich as an

abel ed rabbit antinouse antjbody, which binds to .
t O73Mb Slesenitexy @@ wihTiReary nhirachygh vacupsy gaemigs (vapae deposition
igﬁiﬁﬁé ' : ith ahShIsATBLIRNKE iR SNAIgdh TR, Pimbient at
03 er c\gﬁ%ﬂ%@{jg@% %&%gggé’%t, Ssuch ag l2 ,2-%2?%(2))?6{131“ iy
( Boerh§dr metizadxlidearzmovale- 6- sul f onic acid or

SIBBAEY IS RGBT 620 of aisHEhe T iEkneRas PG at around
I NRp& fHrQkhQhe §di9e GRARW 6B TA GliEGRSrnARMUAASEES bAfer layer 622

anti bodies in the sanple which bl ock the binding of )
t lnd asgt@dol0 a@sthivkhess ovithh EGed mif| ag@lmd 20% is then deposited on the Si

compliant layer 624 to minimize lattice mismatch with an eventually deposited Ge
detector region 612 (see Figure 6C) and have a gradual transition at the interface
between the Si waveguide layer 606 and the eventually deposited Ge detector region
612 (see Figure 6C). A low temperature growth at around 370°C is subsequently
employed to form a Ge seed of around 30 nm thickness, before the high temperature

Ge deposition of around 300 nm thickness and at around 550°C to form the Ge
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is calculated for each serum sanple. The epitope

bl ocki ng ELI SA provi des a conveni ent, highly specific
w@eaogensi t i ve means for detecting H5 subtype PENVSGHi08/800199

preferred detection nethod enabl es the detection of HA

antigen fromvarious H5 subtype strains of AV w thout

cross-reaction fromother AlV subtypes. The EB ELI SA

can detect | ower |levels of antibody than can be

co si st ent.| et ect ed th tests. Th t ] ..
Bl Y5/ 4t SSWE 1 ISR C1 GBr 05 BB e N Py isilane
a@l%@@%@all@t@@ gﬁﬁnéh‘éGGeHP( 195 IGRER Co% KIS Wirdrk 2RH14yRE for the
in which the anthen can be detected fromlive

Vi qpmres gowth @fdha Sikiecbnitar Tayps 632 wpd theeGedstegtar fpgign 612. The
S%esﬁrfaféQOE% %ﬁ’ﬂ Eefgcég ﬁ&Hsﬁ of ﬂle' @@ Héﬁla El%vere measured to

econom ca et ect anti gen and
care hountsd@ #d.Aemeand Waﬁnm@&mm?f rrg&rctmtely p(BUIWI!li yhus be

and hunma at.es N1. Th bt

PBE PG BAOTLRE U GhIY It SRR Lo ey Arainat e e te
t 09Ge buffeSlaf@ie2d bafés the GeYetédi6r BEighloy2 apethefsilizoh (Wavegulde
the infectious H5N1 subtype AlV. This s ificit th
bdayer\8p; amdalgrmimgdhe Se4s ﬁ%rﬁgl%lf 6 i3omay %rrﬁ? i}lﬁ‘y orming the
ti sﬁ%ﬂ&pﬁmqwﬁ 884 9&%&:{1&1@ bt:ft@xni‘a%ordﬂ Uid HRUWIEER-waveglide layer

hi ghl'y “specific nonocl onal antibodies represent a
c| Gr advant age for H5NL di agnosis. The i nAbs can be

d j&@él i 0 ?P" 3 af G dl{?%o Rent Q?ecﬁr}tF O%jlvl:réjl QAZ% | é? hgtgétorf 1%%10&1'@2 may

pr&vdlféeﬂiyfdimleﬂbtﬂabh&tﬁbﬁthealayeﬁesent |nvent| on and are
not to be construed as |ljimtin
ol Feih

le 11 .
mertafiever ¢Des? t9XI#6ﬁePP§ﬁ@t1§sp%kmed to form the

%@ﬁ@aﬁioﬂﬂalﬁﬁwol Bf hidBRE 826 hiPthitknéks £8bove thddstestbriigion 612
and |isted able 1 1 below (entries 1-24) were

o mnel. the t$0fatlgmrtm@lsr@l8h ondhPO§n sThe passivasion-aygrt¢i0 is then contact
gtper%n{hd tngr\égtle OPHEY ttx’ené gp%efﬂdha sgotﬂﬁ Itrdrich %‘iﬁb within the

were provi e Agri-Food and
tiaeflvm@hyammm ilbry infpl)tionf 658 quzaboceem@emng absorigfe, 3uch as

a<elfor 5, ik dfie bt MhoEmactRct ol WA cned S T0 Kev is

Vas]el%@ﬁ@e‘lﬁ%ﬁbﬂﬁe@dﬂ? ARdDFTre th@Gh0s12and ¢hated fied @llence mending
fabrication thereof Technical Field [0001 Errbcfdliéqrrent S.
r edbgerbate segiomAbY demridia there defesien saten S 2 Abyilha snprrciated

t nﬁgtetﬁg 1ona?dafég{t£f6ﬂ%an also be performed in the second trench 612b, so that a
second valence mending absorbate region (not shown) is formed in the Ge detector
region 612.

[0077) The ion implantation 650 step can be integrated into existing CMOS
fabrication processes, thus facilitating use of the fabrication process outlined in the
flow chart 500 (see Figure 5) in full optoelectronics integrated circuit applications.
Further, the ion implantation 650 step provides the advantage of easy modulation, in
a localized manner, of the Schottky barrier height by adjusting the dose of the
species being implanted compared to photodetectors which use two different set of

electrodes with different work functions to modulate the Schottky barrier height.
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[ 0002] Germani um on-SA (sem conductor on insulator),

or comonly abbreviated as Ge-on-SA, is commonly used
wo eoonaex280 nf rar ed phot o-det ecti on appl i cati onsPCIeG2008/000199

Ge-on-SA integration conpatibility with existing CMOS

technol ogy, and | arge absorption coefficient p-i-n Ce

phot odet ectors exhi bit good responsivity and quantum

efficiency for optical absorption at a wavel ength | of

8 ppt.entdal . for _.lon vel engt

B BT o Ay AR M chea iR I80) SRR Bk BP0 g are
pmbﬂdﬁﬂaﬁtmh th’;b ﬁﬁicﬁés 621 aain61Bbt OA- mhldé&dﬂ\@)rocess is then
structure is utilised to | everage on the advant age

of
| dwriormed: ias shevapckigwis &, ahd) RIA Ragid bhegmal dnneal) of 500°C for
i
OBSISO:s%EéHéls ?xpnNé Lx%%'\ﬁap ogt&‘oﬁgglt%e (l:ctkglr &Em%%ﬁhar{iﬁ% (I\ﬁ&t:) first and second
phohtaderegionr 620 dndvél & rgppestivsiygnalhet sulfiwi fmst natenog mending

neabEpaE region L ADHE bE) edg{‘ﬁgiemﬁeg%ﬁr 2 P89 Wsion 620 and

phat¢ asedieckdon 6€gi on, where hi gh dark current |s
predom nantly attri but ed to | ow Schottky barrje

hd9Qif . Whil§ th asananidgtion: frony pEsesdse thej implapted; %‘“%‘f oy 650

Fearrg'bbge% to Qé a&gatathe {di&face between the NiGe first contact region 620
| ectrode phot odetector(Ge) interface at

c rmadghae Ge detpabn 613,2 | Tueetb thlv\mgcetgaghm\nlse dlanghmgequip @htbe Maee/Ge
i nlg&egﬁce canabegegp ct1v %H]a%ﬁjeﬁ lﬂ{: }é% Ehg %n?%/ egf 1de Fermi

a 186l dldsb tﬂﬂhe@umdiﬁtlﬂf&}ballith‘éegea I diis cheankierc llklidab ISt:hottky bamer
performance in the order_of 150 mA fo ven plied
bitaeduatiop li/acwsézﬂl PR b e oBtic Céaée‘it%ksﬂgm@&sg@gua“y
d%&&%f@éﬁho%aetee{of@dmeswglgarel@)ge band gap ener gy
material, such as a th I'm of anor phous-Si or

anei89houst @;Oto‘iwon(gotcﬁélﬁtmhwﬁh%utabe first valgmegrmending absorbate

b I t r USI n
iR ShaF RO bE AACANE I i FRROTGHRIE - P S

[ moﬂsaas e P]ngnraéF shawsrths metafiiragon $tegedi A irst cleetrqzbrﬁplﬁosrd@esited

;naahg(’te ngé) tétggogllrtarcfe E%EJD? gﬁﬁ%@smt ‘f?él%la&gwt% H? ?éﬁ% rench 651?a and a

pheamiRRrdid Gk dé\iosit&ﬁéﬁové ﬂfé&e&fndtcb@ta&&églém 6[183&1&5111 contact
ment i oned above. an enbodi me

pHotio dis secopd tre§clpr6é%'i> oleEhc iﬁﬁ%lqﬁ‘%jﬁ‘rﬁ@e éléelfl%le{h’ér af least a firs

r %g &’Jbtlv@ ddril 6SONLACE sEBRd QGncquﬁ'V@ RdteRN 61¥bEWhafkeh it is the
the detector region, and a first val ence nendin

ad’srstrdoad@twe giatsmiabéloaghat is hnecmtaptswul@ beth dlet firseesingast eagepn 620

t he ,det on O L n an t
B P oS S SRR
T%ndﬁilh@@hal@jal b atdiea §@bnd oonducthed material 61€bi Wlherem it is the

formng . a first t |on as a rface wt

¢ R CEORRF Al eb Al st 5 T Forgger N fﬂfﬂgcomact region
aga8lRatR JeBSHdOReRR B NTE Brst LéluctRth@Achial§ 698204ihd¥1da may
the detector region. [0008] In yet another epbodi nent,

t feaeteb¢ mmlm |n¢t§de T PhofouenndcA09r A itm etoynd 4802 wlie thesecond

r e&g@&nvé gI fs 6180 ﬁ&%mf %@achal;]edalﬁmfdu éAlZ%E%Eﬁd 6000A.
at ere nt er

t hﬂledia*seeltaarodeefgl6oamdama sbdflmdfelecmbdc o4 act pategnedngnd etched to

rein.the first val ence nendi ng adsor bat.e region
e SRR A5 PHR I TEVeBB B SR OF AL (0, Gl around 1
r on and the detector region. Brief Description O

The Drawi ngs [0009] In the drawings, |ike reference
characters generally refer to the sane parts
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t hroughout the different views. The draw ngs are not
necessarily to scale, enphasis instead generally being
wWEb@eaoe28pon illustrating the principles of vaPCD862008/000199

enbodi nents. In the follow ng description, various
enbodi nents are described with reference to the

foll owi ng draw ngs, in which: [0010] Figure 1 shows a
scanni ng el ectron m-croscopy (SEM inage of a

p etector built .in accorda

R male g0 BbeSEIGH D o TPER LB buit in
phRt&daice it antimbolichdht RGO FelRMEE Th &chl&féssﬁcb’fﬁﬂdisﬁﬁﬁbn/buned
[0012] Figure 3A shows a cross-sectional view of

P ridsdayes ¢4 Qs ang G0 bistarqung d pam ddileisdhickness ebihs Sraeguide layer
ng@ Dol U4 %6&5 5191d3§)0%0 VWheAthRBAELs SRR isBRTi S deRins 32082

hot ddet ect or a val ence nendi ng adsorbate
r eagd @08b] DBAROFa agxdr@SBCamh@(W&; ad 108k} Lssa;cmndoh%ﬂnm/f:@w The

of , a, phot pdet ect.or,. bui | t 0 ne

o BT AT 1 G5 egicn gy 2 O RO LT ARE A € afhae 230mm The
f dirsteelgroioPabaad 616)kuid ke seondatairddn(d4\whd b14rare separated by
enbodi ment. [0Q16] Fi gure 4 shows hot odet ect or

bud distancs of @pypd Sric aroind A 1um @ apad ﬁ@ﬁ@ S["E?gl f Inger §paeipg S is
S KRR ﬁrgét@@fvsg]&ar perf@imdacd. abri cation process to

manuf acture a ot odetector built in accordance with
arﬁollsﬂboduﬁmmple r{uuemaq usedg@re@hzmhqsoctﬁrecgﬁ&wO 300, 400 and 600)

ﬁﬁg %nzgcgct I n%elr ngcl: %ﬁ’f’e Odl e¥1? 59 her‘rgp%ﬂtlgﬁtak EE[ %ﬁ)@g'? S H?)fth the
Flfgblf dataétregiod (TR, i4|20md162ﬁ) ahd?ﬂml sgtomrcohtaanegion(R 08) 318, 418

5 Bl B LGB BT o Y B35 1 HEE0p (RGP goppisting of

a'}u&&pg&iﬂﬁﬁﬂ% bR atuat @ makide N O kél- tltamum-germamde and
secondar y-i on-mass spectroscopy (S| MS) depth profile

ofplatingpi-garmarider Bgd the) fingt @e@@mr{dm adserbateregipn @15, 415 and

pgbg%g%ﬁéqﬁé Qlcot! valencd Iﬁ&gﬂf?deH)ai’@ I 10%ng3q'7p‘?ﬁjdynﬁ9tmade of
ure 8 is a plot of roomtenperature

cunarterml ﬁmhtag'eoﬁd ok/)mmra rofes .grou@02@]sisking nfesnl@A salehi@B and

ots f current.ver p).,ed v age VA [ 00
Fig o TR B4R sk (2% aRER e ) BT W haaegperia
Fﬂz&m famy andleetaeRt 8€ hogrolpli ddhsxbtlihgafbﬁ Cg‘eﬁaﬁm&myvl silltoA) silicon-

enbodi nent . Detail ed_Descriptjon [0024] Wile
e rSEBIHERSHicRRy ant e SHCORBETROIAY BSTERNh AHEMRs ffflped The
r{%@hl%@lfoﬁ NBRE 821003 fPA%H bk 6 RITRRHI BEERLR of ihsuddRY hatéials from
erstood by those skilled i’'n the art that various

chrap@as or mdroofrerud inkdating megrialfecopsigeng plesilicon dioxdeytilicon

de artln fromth p f e [
L
i moemo&)dhdl @6} g be raide af matehyl frdne a gppprdesistoigafisdicandoly-

aIIchanesWnlhc .Wthin the ni ng. and range of.

Gli<PRi BREGR BT ao8 it BT fher SHBRemASEN UG T pwsher
e@fr@&ﬁg inddx Wah! th&8sARRMARHBA %Qldehﬁpeﬁm%dnm I @ldfor any
used in the rel evant drawi ngs, refer to conp

t Heanspaseny gxa@pr@isﬁp Itheropsrating evag%{mﬂpaftbwbotp%ggqr (ft%épg 400
! aglg;@tﬁg)de r%g%aeg)@qﬁ @?%egggdco%mod §6M 4%63?15219665). The

ance wt
erdnfidr hagert (322 OﬂZﬁi}ld BRDmEy gtumadd_qf miateg@rfrdne anypeeg eragjore of a
that the Phot otd .ector. 100 i ncl udes
group consisting o s1 icon, silicon-germanium and s1hcon—germamum carbon. The

compliant layer (424 and 624) may be made of material from any one or more of a
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first electrode 216 and a second el ectrode 214, both

di sposed above a passivation |ayer 210. In the
wepipodizent shown, the phot odetector 100 has aPCT/SG2008/000199

effective dianeter f of around 32 nm and a finger

spacing S of around 2.0 mm [0027] Figure 2 shows a

cross-sectional view, taken along line A-A" of Figure

1, of the photodetector 100 built in accordance wth

an enbodlnﬁ .fPBOZSL The ghotodete &n}OO ncn}gggbn The

bUFRIRS TSRS BF pligen SHEeT-sgBIuEL e ST ERmAT

| SedlaidnORgibRY (2085 ardBE8bABOBAY A8y arldMd8p&Rl 608h iadh 608b)anay be

210; a first contact region 220; a segond cont act,

r agdsrpiinsplatinsrmatenaly PRIy oReRIiRRAIC 268 R WnpistigpAf silicon
2 ]tﬁomaeb %ﬂfcbﬁ %trl@ul: qhd LifEsh edRitria@d Thb&irg ecﬁﬁ’(ﬂﬁtl% BfaterAf€314a,

214. 29] The first contact region 220 forns an

i rfilda faad e6 l\ﬁﬁl mayHee thede of anateradf, daving 210W\Aﬂe¢te¢ai resigtivity and
first | enc n

b V{/‘l\ll\%lé ﬁlvF Kis€ fo ?El %C%c%{)ﬁlgfg I'Hgl!: l?elgl-g %81%9 t%elﬁﬂsk %(érgitué@\?esﬁgtenal
I g814) 6242 andSbndd) ds lity coithe \81&13 dfedcofntmt ﬁdgionls €318)61814hd 620).

for terface MAth t he detecto
e aReteilo R BOCCRFG oSt Of & SR RisLP et dontalum

'T%{Mdg ghﬁﬁﬁﬁlr RiR, ERAGIAR ah§ WRAR aﬁaefﬂer Q61 BOHIRE@ e material
17) i’'s di sposed between the second contact regi on and

t r(é%ﬂ:eﬁééb and p&ef)anay pooRA} of matdialse AuHE M clesiisahresyivity,
f t
er ?ngg%ne Vé}?%(rr% ﬁg L éx%ggii:{ﬁ%sstlh glf %Hmﬁgm {th en :ﬂﬁ copper

cpous4dyt \Hxiplrimeatad ﬂemﬂtmd]egummoﬁlZ SO t hat t he upper

S i f|r cont i.on. 220 .is flush with

MO0 Pt 1 h 8 Y e atsPBiiSP wamitsorbetehndhictbscopy
al (HRPEM Nighalsbd Sita NIC%ZGE Ageticnlf 4 phodddetsior Yuilitintadedrdire with
upper surface of the first contact regi on 220. hi

arfderbedi@ddi nent (not shown), both the first contact

f
SFABL TP HoS L RGE e TSR PRI PRI o Ge
r elgteotor r¢el@B1]2, whewi the Gesletasior e‘tgl‘at LR istisposad abawe hSi buffer

g a}%? gg%ggra) El re%vmt) d&e { ggs Jonlr z}t ethe raﬁ%%ﬁ;! & &I Q'Fnég%ross the

Vv ghickegs ofhel N@e/@é&@ﬁﬁatregxﬁﬁglwmmay be dis posed
bet ween t he de ecto%$%e9| n and t%f first contact

r éYI83h s pxgellppein 704, rif fpEneds Wil ap japREOX{UYtEly (eniform

M NRickREt 8Natoind TO/'aH, BeWBed e NiBRRon@ kZi6R 728/700@nd the
detector region.[0032] Returning to the enbodi ment

slﬁmlﬁtqzqﬁorFtIeglené’ 12 to dpfenesa Nifpiel Ge gwncsien. A@gXGﬁy dif fraqtion (XRD)

t
SR A0 B PR SRR ALY R Mgl yter o
sU(L@ﬁES@PCﬂhﬁNB@£mmﬂ contact region 218 is flush mnth
per_surface of the detector region 21 [

LIOSE "¢ it (ot RiatpRie Pt SRYCrRsqoPY Tt eptn profie
R 2URAGE se?é‘lgﬁ@g i@t stk esmad JFay Iﬁﬁtod’éﬁ‘a@ﬂo@ Bf Bikfires 7A and
addi tion, tThe second contact region 2
el 7Bt Whilel geymanidatiomefiontrmsnqeedse implagted cselftle@tpms ¢ ehserved to
220 b th Q f e
c nopebut dEuR MR A b ERIGH o6l PicrE 18720 and he Ge
t Rietes @€ @éyglort J12.aMuer o ghidsegregationg theedampling hoeisce the NiGe/Ge
mendi ng adsor bat e n are fornmed wthin or enbedded
S, AOT a8 Bt SR Y S S0 e AR B GG i the
3%1 nitfY 61cHAANRe EBMiNEVel BRROMR B BéndAttich Piateagdet Agtekiraction
300 bU|It I n accordance with an enbodi nent, a second
contact region 318 nay be di sposed above the det ect or
region 312. A second val ence nendi ng adsorbate region
317 may be di sposed betweenlé he detector region 312
and the second contact region 318 so that the upper
surface of the second val ence nendi ng




adsorbate region 317 is flush or substantially flush
Wi th the upper surface of the detector region 312.

WO 0®349228the second val ence nendi ng adsor bat e rBgI/eG2084T00199
ef fectively passivates dangling bonds at the interface
bet ween the second contact region 318 and the detector
region 312. Simlarly, with reference to Figure 2, the
first val ence nending adsorbate region 215 effectively

i vat.e dan t the.interface
P Se et D Ce3555% a herpi @b P B FoaR 57 Belsr® bias
[ QRE2de frdn @RRNG BIIBYI tGRMAUNG DAV $ERUIS the dchﬁvéh’:lﬁﬁ iof ﬁblle Gﬁhottky
| ayer may be di sposed above the_ detector region.

paosiey anpdationy Epmo aropng 41 £V i(fosta phefRdetectimh é‘?félpw a sulfur-

b%ié% gatfo'n d%%mg})fg A%hind 9%908y %Qq fRsdlf 5§¥hevs%|lf§fl§¢%regatlon at the
ate reglion are |Spose in the first

t rmmcerGe {n&@fae@ This deads trethe éorbatomehasymmstricsh Smnkytbhmers in

PSR PR LU By AR R M G et o

S Qe afatks Witnmb withoud sudfur- §Jgﬁegﬁﬁ@i ecspadtivelye passi vati on
Xer between the first trench and the second tiggt
0895 c o Atgurei§uis & Plght FRom-LSmpcHIWE reipXol viak FUTes to

ﬁiﬁareBmehcﬁa?&tédsﬁg bERERC FitRZhed Ritt tSBl‘f‘oti‘k'yr Bdrrier MSM
I'ence nendi ng adsorbate regi on are disposedin the

f i phstodt:tleemrc havigy sulfie sogiegationainciccerdansetwith e ephgdiment of the
cant a |on 06
Rl b 5 PO L0E, ARSRDL SREREE N8 10, gt
[ Q@;&ZéenRema rdakneg fop at Exmtrehiphetodeedtors vithouti sulﬂﬁr gagregaﬁi,on and

the detector region 21 y be di sposed above. the bul
s thowing cane eifegyip Gmeteiuh dlosrona HOiacTEM Py POHE sspppgtively.

and,¢Q880@ 8 odhRP 9P e p[ﬁ‘&@ﬂte 1WeuRidl l‘fms' 4 DSHokeRclofWeith sulfur
201 and adj acent to opposi ng edges of the detector

I eggregatidhZind[AOB@) anTéféechues dlamtelr @hofl @gend £010n,i F¥pm and 20pm
di sposed. above the detector region 212. The

pd?gﬁgﬁﬁbbn | ayer 210 has a first trench 212a and a

s¢govof t ranmhapplid® biakhe, 6£000V, Bightdagk p@seit gL, nthe order of
| ayer 210 between the first trench 212a and the second

t raéwzﬁ 2424 andiasusdt §-oR g was bserne o s spaEp! ghotpggiector
t Bot t t,acd Ql
DINE AL i kel Gl spnLant 506314 o
arrespétt&{ms eSuchrhigthdark icasént meﬂmmtanﬁd Bapredbinenalycatigibuted to the

t act 218 o di t t
2 3o holeoBIY[e ke height foih 08 $3und i E e LSy RG (rough the
t rlﬁE&Jhcgéh?- Bt SfilrEpRPRoh M SheWNid/Ge lilRrTRRS@EY Adférece numeral

| ayer 210 to portionS of the detector region 212 at
t 91 bageguwé 7Bha fignificant derkchrrentzappressiarhley geereian 3 orders of

trench 21 thin thes enj

| aErDi s asfiare s ¢ ROEE pERE fitRed hAE schddl AL 816 of
2 lx2oundhd he eVhe A3 gcoad @ ONtRE T, 5 egmogulﬁ&&egregm NiGe Schottky
interface with the detector region 212. As nentio

atRbotodetepfer wat BisesuEsskfoerareusdith? wA gnd araupd 02, %E‘I’rf device
i's 2 fi £ egi on 220 by the
ré%%%#eo Bﬁﬁﬂlgﬂféc %f&Pegﬁ%%ﬁ%ﬂg t her ebet ween (i .e.

i oG9 we Rigurése9A i and t9R aret gats dfe:gnent w26s aapgli¢dheoléage dhydfor a
cont act 218) 0040 e a i.a

© o s 8T RS P SH0diTiETh oThY ROF RSSO has an
' Sé?fe@ﬁveo&lallné%ieﬁlo? WfduRd 39pind qzléﬁh‘segA (8@ OB BHRtBOPRoto-response
nuneral 404 in Figure 4) and a wavegui de | ayer (see
r etheraetedstiosunt raa N6 Schottky gpirasodpfector havitha velfurisggregation,  an
| ayer is below the detector region 212, i.e. the
detector region 212 is di sposed above the wavegui de
| ayer, so that the isolatiom’regions 208a and 208b are
di sposed above the



wavegui de | ayer and adj acent to opposing edges of the

detector region 212. The wavegui de | ayer is disposed
w@bwvaox2be i sol ati on | ayer/buried oxide | ayer PGESG2008/000199

Figure 4). [0041] In another enbodi nent (see Figure

4), the photodetector 100 rmay further include a buffer

| ayer (conpare reference nuneral 422 in Figure 4) and

a conpliantl ayer (conpare reference nuneral 424 in

et RS T pARel el B RARRLe B i ctenet

akp'\8804h &and BP0 ind tespayively. Therdet Eotgr gdodgﬂpecrtraZI?ederSe or a
di sposed above the buffer |ayer

s, the buffer :
| g9wespprding gprnsun cficisper Al %rﬂ@ldo%%%é?%’r w&jplemi Wipresnestively
V‘@)’e?tg Hbﬁ@gén%i/eﬁf A\Mh;pb)%cfabl% 'td Adite kaypesr rdust 3@23%51 also
bet ween t fer Tayer an e wavegui de | ayer 206.
[@Bs’ri}'edlmthdsedentmdl ment shovvn in Figure 2 the first

e od 216 |s dIS 0 fi

r L@%L bguénalol §i n&cgnt a%?p On&f t#la?% ‘}e Sﬁg st?gc{&%xgcﬁ; (Hz) for a
Z%Bc';‘tod@édﬂ)ﬂ doily in tddcordare nﬁhtbl z&ﬁbfnbd@hn&ihﬁ i Bigdiies posteavs the
above the second, cont ac glon 218 and. 1 cont act

willeRUGNGY reweriscP e ARIodEes T mespursy afrpiilnyingtiopayaystegeth of
MR350 A, ag%e{ahﬁaefnfn%%eopo&&ﬁ trasférn® 65k GRL @6spoRG. OAn akound
the intérface between the first contact region 220 and

t hédﬂeuaadwmth mégtrtmndzljﬁzGPBl wad aghigyvedifor ahapphdsoiapmitl.0 V,

e e e e
NUMYBNY ISR abRlimheads of teSinteMRAr lRgatieedn megicmarlgtshbhﬁ and
interface between the second contact nlﬁé 8

t Wescgbedati§rreleegro i speoificcapadimentie lt\,sgp%lﬁ%g £131ogg by those
aqgl AEP3L Ghd GRH BRS vARRR! &‘1&1%@:9 Qh tisym RRAAN dRdil BRIV MY made therein

ulatton. In Figure 2 here nickel germanide (N Ge)

i gvithowd dépwrtingh érom rlst Sm@n@@cscqpeg?fo‘ihe Jpvensing agedatimed Jw the
° 8p% I‘?SF% ﬁfed f olrhe gf At 1?1(/enrt1%g|19 Nl fdicated hR'ethe appended

Yon 'and e regation of sulfur as
Vv @lagfic endalh dharmgesa\bmoh bame Wmhgi tha nRhbingtand mnghlioGedqu@ealency of

interface allo v of germani de to be
pithfrdeims apsthere r?H’é"*‘iS‘B‘ﬁH{H?ﬁ“gﬁacﬁﬂnd edge. This results

|n a nodul ation of hole Schottky barrier height,

| eading to a dark current suppression of nore than 3
orders of magnitude over a conventiona

net al - sem conductor-netal (MSM photodetector (i.e. a
phot odet ector wi thout the val ence nendi ng absorbate
regi on 215). Wen operated at a bias voltage VA of 1.0
V, a photodetector 100 with an area of 804 mm2 shows a
spectra response of around 0.36 A/Wor a correspondi ng
quantum efficiency of around 34% In addition, a
frequency response neasurenent reveal s the achi evenent
of an around -3dB bandw dth of around 15 GHz at an

i1 lum nation photon wavel ength of 1550 nm [0045] The
approach of using a val ence nendi ng adsorbate as a
segregation region at the interface between the first
or second contact regions (220, 218) and thedetector
region 212 allows |ocal engineering of the hole
Schottky barrier through selective inplantation

W t hout affecting the optical properties of the
detector region 212. Conpared with conventi onal

phot odet ectors, the contact resistance experienced by
the el ectrodes 216 and 214 is |ower which results in

i nproved carrier collection frequency and a | ower dark
current for a reverse biasing voltage. [0046] Figures
BAto 3D illustrate how a b&nd gap di agram 340 for the
phot odet ector 300 built in accordance with an
. enbodi nrent of the invention is




af fected when conpared to a band gap diagram 390 for a
phot odet ector 350 wi t hout a val ence nendi ng adsorbate

wo egpao28q 0047] Figure 3A shows a cross-secti oPel/S@2088/000199

CLAb3
_368&8{0@‘3@5&0}9&@%&5@,@ with the detector region 362.

5.

of the photodetector 350 wi thout a val ence nendi ng
adsorbate region. [0048] The phot odetector 350

i ncl udes a wavegui de | ayer 356; a detector region 362
an isolation region 358a; a passivation |ayer 360; a
second contact region 368; a buffer |ayer 372; and a

d el ectrode 364. [0049] The second contact region

The buffer layer 372 1s disposed above the wavegui de

| ayer ile the detector region 362 is disposed
abogge%ﬁgrﬁﬁpkér | ayer 372. The isol ation region 358a

i's di d_.ab th - ' ' t

Rt S SR R D e
vati I . 360 is di b t i.sol at.i

e Byl R g stpor S 5B I o Dt it ind the

second el ectrode 364 includes at |east a first
condete¢tPRiegeat eri al 364a and a second conductive

mat eri al 364b, wherein it is the first conductive
material 364a that is in contact wiwth both the second
contact region 368 and a second trench 362b forned in

. t he Thapbotoddtéator dfajam Bfthe] GEptisinEaesepbrok evataceraginn forming

350 can be represented by two back-to-back Schottky

di odgsintetfacd heéthatiredaectaf rdgimmgewliepein etht eeomndngontact region is
effects, the Ge photo-detection region 362 between the
SecQRerBhIBEiks1aRE G the Mdst h@avaygani de | ayer 356 wil |

be totally depl eted under high applied bias. The total
dark current J totai flow ng through the phot odetector
602 can then be described by the foll ow ng expression:

i {|_0£ él"ﬁe '}h&%&étﬁé’ég r?%_c'ﬁtiﬁlpg,l E{Hﬂlg} \céﬂg?sé}ﬁ% gzé(:za\]cﬁr)ld: Fféie{lﬁeeﬁneﬁding

?2;?“% | e’C }ergﬁg)b&éxlljcrpxrl ?l}nf:]spiszom;dgc%%lﬁ:gt r%ig axtkp&le %Qt%gt%r re§ion.

ardson”s const ant
for hole (electron). Both the hole current and
el ectron current are observed to contribute to the

dark current in the photodetector. 35ﬁi WhiCh'eﬁg%Bit a
st r g Phelgdeiedarcel Bl Aeeoidhn BracRying Slappe PVheFin oy Brst contact

(fbh) and electron (fbe), respectively. According to

t he r&ismois disposedaboeribo dstecior regiebl! et al semi conduct or
system the Schotkky barrier height (f ) can be
determined fromthe difference of the netal work

function (f ) and the electron affinity of the

seniThe pHootaéct¢rcs)anyione .of the-cliims 1Xe-3, Mdeseirebothithe first contact
practice, the presence of interface states has been
Shoyehidd ah @ ShY Tirst ValdGe Sednainkkadsbrdhtei rRpiol &irgforngl Mithin the
| ess dependent on the netal work function. Strong

Fer i -pinning feature of the second el ectrode
364qgﬁgsgﬁémgétector 362 junction contributes to a

hi gh el ectron Schottky barrier fbe 380, and thus

| eading to | ow hol e Schottky barrier fbh 382 of around

0.1.eV., 6 As . he hol. , :
- over i iRBOBIBETPORE Bl P! thh Prst Rl SHERE M Re KRR contec

| ctin
current of the NBN%;QE al sem.conductor netal)
phot'efidit i dR epntags fyith e dleplordeq ') |y i1l ustrated by the
band di agram 390 in Figure 3B, which is taken al ong
line A-A" of Figure 3A. [0052] Figure 3C shows a
cross-sectional view of the photodetector 300 built in
accordance with an enbodi nent.
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[ 0053] The phot odetector 300 includes a wavegui de

| ayer 306; a detector region 312; an isolation region
wa@o®as0aspassi vati on | ayer 310; a second cont aRCT/8€@mi0&N00199

318; a buffer layer 322; a second val ence nendi ng

adsorbate region 317; and a second el ectrode 314.

[ 0054] The second contact region 318 forns an

interface with the detector region 312, wherein the

secoRd val en N rbat.e regi n -

7t spae Rl oF Ay a8 e Bl £ iy e seppng egutac
detector.ggghon %}2. Ig t he enbodi mrent shown in Figure
3C, TTHEN bRy atie dPlgPHIFERRS forms the interface
with the detector region 312 by being in contact with
the detector region 312 so that the upper surface of
t he second contact region 318 is flush or _

8. subslthgrphiotadeiector wé tanyiang afde whpms 3str Pasdersin bpth the second
detector region 312.[0055] The buffer |ayer 322 is
di spostect eigmnearidh thevseeenyliivalendeayendiBg Gidsarbatk gegibhe are formed
detector region 312 is disposed above the buffer |ayer
322 .withethesioteafor eagionegi on 308a i s di sposed above the
wavegui de | ayer 306 and adj acent to an opposi ng edge
of the detector region 312. The passivation |ayer 310
i s di sposed above the isolation region 308a and the

9. det Gk YPhofdaBleOBr 8 Zny bSO Ihe LEmSSCRNE Wh&EhtRUSeBAd contact
includes at least a Tirst conductive material 314a and
as . ' L al 4b, wherein it is the
firgéﬁggﬁgﬁgg#%%bﬁ@f@?@%ﬁ%%fﬁgg%hat is in contact with
both the second contact region 318 and a second trench
312b fornmed in the passivation [ayer 310. [0057]

Fi gure 3D shows the band. gap diagram 340, which js

t akehe aﬁﬁtﬂéetF‘it?feo BBY ot °fﬁﬁ‘g§ﬁﬂ&e@?§ 3%@‘5 Florapraiéve,

t he val ence nmendi ng adsorbate region brings about a

nod @l Raspizatioss layen dispessdiabrye mhe Afteston esgien: . thedipayuey layer
Figure 3D with Figure 3C, an increase in the hole
Schbavikg ablanst renchhwherhin 13l thesfinst certant degipwand Hhe first valence
enbodi ment shown in Figure 3D, the hole Schottky

bar meadingad®4¥ate segamoundisphsddingle fifs008Bh. Fi gure 4

shows a photodetector 400 built in accordance with an
enbodi nent. [0059] The phot odetector 400 includes an

i solation layer/buried oxide | ayer 404; a wavegui de

11! ay qhe pRGoddtetH R Iciadn L, fudher cofrdfising: buf fer | ayer 422,
a detector region 412; isolation regions 408a and

408R; L RsiRARH KL ARpdRY Sbotkl the BetbdthsS tefB AL tpalPBhiBR layer
420; ‘a second contact region 418; and a first "val ence

oy P RHFR A g o B e P TR g e
i 12 i di he,. i
oy Bt S ot Rl FEGRERL IGED SR E Trom e

di sposed. abqgve t he wavegui de | ayer 406 and adj acent to
opp&EnARdes gf e pagsiyatgn E’g Tector region 412. [0061] The
passi vation |layer 410 is disposed above the detector

r egivdigren pothyhe fapthcantast segian gud ithn firs yalenge) mepdigg sadsorbate
first trench 412a and a second trench 412b. The first

t r eregionddrzadispesed: inghe &icsh trgneh; end whanedh theesetond eopptagt region is
Wi thin the passivation |ayer 410 to portions of the

det dispadedietiedecohd Zreath. t he base of the first trench

412a and the second trench 412b. The regi on of the

passi vati on | ayer 410between the first trench 412a and
the second trench 412b is discontinuous fromthe

remai nder of the passivation |ayer 410.
20
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[0062] Wthin the first trench 412a, the first contact
region 420 forns an interface with the detector region
wai@9/1onerein the first val ence nendi ng adsor bBE€ESG2008/000199
region 415 is di sposed between the first contact
region 420 and the detector region 412. Simlarly,
wi thin the second trench 412b, the second cont act
region 418 forns an interface with the detector region
412. A second val ence nendi ng adsorbate regi on (not
shown) may be di sposed between the second cont act
regi on 418 and the detectgr {egion 4%§% [0063] .In the
12e b ddepbatodetronrliany pneof e glaimyybiord, futhef 6pRIASINg e i on
420 forns the interface with the detector region 412
by ebasgivitiore tayermdisposed habore thioidetestor regien, ofie ppsivggion layer
that the upper surface of the first contact region 420
i s fhaviep avirgthren¢teandopecomsirdnah eo that thi eegiet efctho passivgliemlayer
412. This allows a first electrode (not shown, but
conpatwechi thet fist amhtlodmd2ie edcohd gteneh Ay discodiimenis| from the
contact the upper surface of the first contact region

420 .rethBR84 lof Sle'Pabsivdiion 1dyeg second contact region 418
forms an interface with the detector region 412 by

bei Rghetdin B Aol fitdl Ebhthdt Geslith @Rl Qhe Q! Anéd Znidgh#fsorbate

t he upper surface of the second contact region 418 is
flush.w . ' .
a2 700} b8 dpGecliBle SULALE B o Rt echtcifhct region
conpare, second el ectrode. 214 of Figure 2) to di.rectly
cont’3 ﬁh? ﬁ%wﬁg of gl’engfﬁ P}egglélg oa?is?r&%te frlg POF &% disReyed, B8 yecond
420. [Q065] Figure 5 shows a flow chart 500 of a
f abrf8ti on process to manufacture a phot odet ect or
built in accordance with an enbodi nent. [0066] The
fabrication process begins at step 502 with the
form ng of a detector region. In step 504, a first
13¢c ontThe phetedétentor of ahy pneef the prepeding dpimscurthipn qgpmpsising:
detector region. In step 506, a first val ence nendi ng
ads arwateguide fiyen witerdin theatttdsetrwegon ishisgoseds sboye thawaveguide
region and the detector region. [0067] Further detai
on tdfer.fabrication process outlined in flow chart 500
Is described wth reference to Figures 6A to 6F.
[ 0068] Figures 6A to 6F show cross-sectional views of
several fabrication stages of a photodetector 600

142CCaid :pgﬂtoa%f%%% SERad 1TBRh e cohlprisiRg €S ent

I nvent N ] I'n one enbodi nent, "t he phot odet ect or

600 - ' - ' r

ot A5 sk Pl e AR TR bon FF Lt 8 G R G

(siliconon- insulator) substrate with (100) surface

orientation. [0070] Starting with Figure 6A, an

i solation | ayer/huried oxide |ayer. 604 is fornmed above
155 s E’gpﬁ%@%ﬂ%%% 0[3%345 5‘%&' Qon%lné‘ingi con wavegui de

| ayer 606 is forned by dry etchin% or deposition_on

t he ajcemplientdayer évecrs%ﬁ?wal g butenlayss angthe wayggide layer.

silicon wavegui de | ayer 606 and the isolation

| ayer/buried oxide |layer 604 forma SO substrate

having a silicon body thickness of around 250 nm and a
16bur iThd phatoditedtdri aflang 8se off thaclaimsdl 31to i fufth@tdnpEksagna

enhanced chem cal vapor deposition (PECVD) oxide of

around 120nm thi ckness is then deposited on the

silicon wavegui de | ayer 606. As shown in Figure 6B,

the PECVD oxide is patterned by reactive ion etching,

thereby formng the isolation regions 608a and 608b

defining an active wi ndow 603 between the
21



i sol ation regions 608a and 608b. The active w ndow 603
allows for the formation of a Ge detector region 612
w@ sme/16229ur e 6C) on the silicon wavegui de | ayepPC1B862008/000199
where the isolation regions 608a and 608b are adjacent
to opposing edges of the detector region 612 (Figure
6C) that wll be subsequently fornmed. [0072] The wafer
is then subjected to pre-epitaxy cleaning using a
standard SC (NHAOH an
wet 3grigpiaan feé'@@f‘ﬂ"@é%ﬁﬁ they 5@{%’%‘%&[‘% aYF “‘grf‘%tﬁci”?té° opposing
hi gh vacuum chem cal vapor deposition (UHVCVD)
r eacedees offthg detectergegienwi t h an i n-situ baking in
ni trogen (N2) ambi ent at 800C for native oxide
renoval . [0074] A Si conpliant |ayer 624 of around 5
nm t hi ckness i s deposited at around 530C t hrough the
17act i M photodenctoNEE ank oat bf the klages hhawi Mo furGieCGmpyisifger
| ayer 622 of around 10 nmthickness with [ Ge] of
ar oudis@R6r faybl) vhettdp Gt Warbgide lliNer % dispogell iabote theyieslation
624 to mnimze lattice msmatch with an eventually
depq§%§§d Ge detector region 612 (see Figure 6C) and
have a gradual transition at the interface between the
Si wavegui de | ayer 606 and the eventually deposited Ge
det ect or region 612 (see Figure 6C). A low tenperature

1§ g?\fﬁhg p@gtoﬁgtgc ore a%?/g)g% Ia? tgg EB @Lll%ggfﬂ@t&%ﬁggns{n%he
hi gh i1 f nd 30
i et Eeaftfoniret A asbeh ”sa SorBin ERen B df Shrtayt with the

reglon 612, as shown in Figure 6C. Precursor gases

|ncluﬂﬂﬁﬁcbure di silane Si2H6 and dil uted gernmane GeH4

(10% GeH4 : 90% Ar) were enpl oyed for the epitaxy

gromh of the SiGe buffer |ayer 622 and the Ge

detector region 612. The RMS surface roughness and the
19def éitephdedetettyr affany loee Gethe plainas/ bl tovids Burthenenmpsisingy be

around 1.2 0.2 nmand around 6 x 106 cm 2 ,

r espefitst ¢lettyodel dispiiséd alidveshé firsappntecti egied antian comacti wigh the

the Ge detector region 612 may further include form ng '

t he fipkiCrenbhlfdn@ra deddtRr cl&@dddaisyszed abdie the setohd Cértict region and

region 612 and the silicon wavegui de | ayer 606, and

f or M}, ROnthdiSvifEeh&§dc86d Rénchegi on 612 may further include

formng the Si conpliant |ayer 624 between the buffer

| ayer 622 and the silicon wavegui de | ayer 606. [0075]

In another enbodi nent (refer Figure 2A) the Ge

o e Pl Y S R e

SHIO eHonmdtofonn va|on a
620,103 2 RIS e A o oot SRIE IS e CBek V%/h the
reglon 612 and the isolation re ns 608a and 608b
The Tsisedngugtivemategais g gontact v hihe Jipagantagh Fegion aiid the firs
patterned to create a first trench 612a and a second
trerwhcls12b within the passivation |layer 610. lon
i npl antati on 650 of val ence nendi ng absorbate, such as
sulfur (S) with a dose of 1 x 1015 cm 2 and at an
i npl ant energy of 10 KeV is selectively perforned in ‘

21t he Thierphotdderooh ofdlaansSIy érHL, whefeinr Sie seaindrebetrodnchmygrises at
absorbate region 615 is fornmed in the Ge detector
r egijesst @l&st édndubtie BSeANINAC el thRfuctiVeematefial, wherein the
i mpl antation can al so be perfornmed in the second
trench 612b, so that a second val ence nendi ng
absorbate region (not shown) is forned in the Ge
detector region 612. [0077] The ion inplantation 650
step can be integrated into2existing CMOS




fabrication processes, thus facilitating use of the
fabrication process outlined in the flow chart 500
w@ sme/16229ure 5) in full optoel ectronics integretEs8G2008/000199
circuit applications. Further, the ion inplantation
650 step provides the advantage of easy nodul ation, in
a localized manner, of the Schottky barrier height by
adj usting the dose of the species bei ng inplanted
conp red to phot odetect.ors wh e two .dif
el et Frior S LGL ThE AP ot Fekion Shd the
nodulate the Schottky barrier height.[0078] After
di | veendpgeneh-ean, ni ckel (Ni) films with a thickness
of 30 nmare deposited in both the trenches 612a and
612b. A gernmani dation process is then perfornmed, as
shown in Figure 6E, at a RTA (Rapid Thernmal Anneal) of
22500 THeqshoRfdeetonnfiany nnd\Bf thetprenetdingalfims,nwhérein the first contact
ni ckel - nonogermani de (Nl Ge) first and second cont act
I egiregion @3Mpasd MmlBoreesmotd veh \eroupheorsistifigiof fnidksl-germanide,
val ence nendi ng absorbate region 615 will then be
di spRaRApRELWESRmhdNdd hickdl-tRaRiAGerh&Gdd inBRRtiANE gbftanide.
detector regi on 612. [0079] Wil e the gernani dation
front proceeds, the inplanted sul fur atons 650 are
observed to segregate at the interface bet ween t he
Ni fins 0
23Du Selihg l’)ﬁioge%gtg? ég a )I‘; g:%e o¢ tﬁgq ang tﬁ 82%%1%2&2@% ?Eco@igl?c'ontact
Ni Ge/ Ge interface can be effecti veI

r es UFEIPRHFOPR™ER i M Hg™m8F° Yef r%?ﬂ él\l,dgfl -germanide,
close to the conduct%$nﬁgand ed h id
| ocdrickstRigHRWY-ggERaY s prgerrashide i SRRy Regpanide.

affecting the optical characteristics of the
eventual |y fabricated Ge phot odetector 600 (see Figure
6F). [0080] A photodetector (not shown) without the

24f i r Skhevphlotndetector nfl amyombefothb Preseding iclaime Mehergiy the Sest yalence
fabricated to act as a control sanple. [0081] Figure
6F shaidingt idsorbetealefion abimprisest anyeoneorf mostofed ewup adesisting of
616 is deposited above the first contact regi on 620
and sulfu d1émGh and tdllutib@. fi rst trench 612a; and a
second el ectrode 614 is deposited above the second
contact region 618 and in contact with the second
trench 612b. The first electrode 616 includes at | east

252 T IR HCRRGCH XP?MﬁZg dftthe GlhfiAs 816l 28 @E&&HQhe second valence

conduct’ive nmaterial "616b mhereln |t i's the f I rst
conduct.i ve e t
t he FFI9L %‘féﬁtba%tr%é‘é’gf“gn pég% aySore b e E Ifbifling of
6l12a. Sim/larly e .second eIectrode 614 |ncludes at
| easSPIfU F‘?l?’g\‘m@Bﬂ ¢ material 614a and a second
conductive material 614b, wherein it is the first
conductive material 614a that is in contact with both
the second contact region 618 and the second trench

26512 hehetofiteeter ofcmaone pf the praceding Flaings gdereithg fgigcigpiesion
each be tantalumnitride (TaN) of around 200 A to
ar owothpSiSes/nywinie log mdre of e gowg coosistingt ¢figsrmertiem; silieon, silicon-
616b and 614b may each be al um num (Al') of around
6 OOgArmattiem{siliceh asd sititomgiemadiGmagrimbinemsecond
el ectrode 614 are patterned and etched to desired
shapes. The spacing S between the netal contacts of
the device is around 1 mm [0082] Exanpl e di nensi ons
for a photodetector (100, 300, 400 and 600) built in
accordance with an enbodi nent are as follows. The
t hi ckness of the isolation/buried oxide |layer (404 and
604) is around Imm while the thickness of the
wavegui de | ayer (306, 406 and 606) is around 200nm
The thi ckness of the isolation regions (208a and 208b;
308a; 408a and 408b; and 608a and 608b) is around
120nm each. The thickness of the passivation |ayer
(210, 310, 410 and 610) is around 320nm The



first electrode (216 and 616) and the second el ectrode

(214 and 614) are separated by a distance of around S
we2@pae280 O. Il M to around | Omm Smal | er fi ngePCHPGMIOSIH0199

S is desirable for better speed perfornmance. [0083]

Exanple materials used to realize a photodetector

(100, 300, 400 and 600) built in accordance with an

enbodi ment of the invention are as follows. Both the

fir Cc 0 h d
270 ontsfgn&pg?tgg tsﬁor fgy é p theA-rA]élms I&/dtg%) %vhg‘ the ﬁagﬁgfw n layer
mat eri al fron1any one o e of a conS| A .
ni cIEBMPHRSS ARKi0F8 O HURE "BP'%P%HWF é’gF pigfene ofSilicth ‘9‘0’“‘1‘3’

nlckel-tltanlun}gernanlde and pl ati num ger mani de.
Bot Kilich ntride; iligen enmiridesnd wdopukwlisia gassegi on (215,
415 and 615) and the second val ence nendi ng adsorbate
region (317) may be nade of material fromany one or
nore of a group consisting of sulfur, selenium and

28t el IThe iphotodédibaodetang boe of thgichiiss (2127, $/hereindth? wameguide layer
612) may be nmade of material fromany one or nore of a
gr oUPmPASHEiadl ioAe of inode bR GiduwP) cofidisting0uT, silicon, poly-silicon, silicon
silicongermanium silicon and
si | ingiABe S8T IBGInWXYAIgEdERNI UM quantum wel | . The
passi vation | ayer (210, 310, 410 and 610) nay be nmade
of insulating materials fromany one or nore of group
insulating naterials consi sting of silicon dioxide,

2: | 8 a8 OP”'CQ‘% 8@%3{3 ¥t B85 ARGRR U utlr faver
L Fe) UHI Conssl:l SOt nﬁnanlum
of kpmpicsn ang e o maTe asarwpcs?vsw?f*? fatlistny iconces

oxynitride. O her naterlal that has a higher
r ef ARG Siligen-gETAERIUPHEADAMe | sol at i on/ buried oxi de | ayer
(404 and 604) and/or any transparent materials to the
oper ati ng wavel engt h of the photodetector (100, 300,
400 and 600) can al so be used for the wavegui de | ayer

30( 20@he pbdtodetdBorafchng ©8} of thieldims$ 1 2to P wererqig A coapliant layer
and 622) may be nade of material fromany one or nore
of @ompsed angrmE i inigre ©f asdrbupc comsisting o€ silicgre rsitentgermanium
and silicon-germani um carbon. The conpliant |ayer (424
and afd é)icéyerR@niiB&redn. mat eri al from any one or nore
of agroup consisting of silicon, silicon-gernmani um and
si licon-germani um carbon. The isolation regions (208a
and 208b; 308a; 408a and 408b; and 608a and 608b) may

31 .be ﬁg ?hgtt)détgcﬁ&] (ﬂ{dn Q)ng?F &E'cﬂlrﬁs 0§ WA Whedif tlf?:rlscﬁgtﬁcﬁl region

oup consi st I con di oxi'de, silicon

d d
T PTG IR i,

2

\O

a and

mat eri al s, £9VIH | ow el.egtrical resistivity and which

gi valicpa pitr Q¥dﬁ A" SEWBTERY barrier hei ght when the

first conductive naterial (314a, 614a and 616a) is in

contact with the contact regions (318, 618 and 620).

Such materials may be fromany one or nore of a_ group
32condihs phefgdeecter: aﬁy aaly one Af theickiams RA N3 Lirvheraip theefirst conductive

tantal um and titani umand the second conductive

mat evatadal CGhgbses G onamat BAr6f avarpup eonsisimgod! tantalum nitride,

materials, having |ow electrical resitivity, from any

one tiGniuir sitridfe, chafiiiomp nitfidsi siniahgn oéndaltitadimmpymnd the second

tungsten and copper. [0084] Experinental Results and

Di scussion [0085] Figures 7A and 7B show hi gh

resolution transm ssion el ectron m croscopy (HRTEM

i mges of a NiGe/Ge junction in a photodetector built

i n accordance with an enbodirent. [0086] Figure 7A

shows a Ni Ge contact region 718/ 720 di sposed above a

Ge detector region 712, where the Ge detector region

712 i s disposed above a Si buffer



| ayer 722. From Figure 7A, it can be seen that the

ratio of Ni to Ge varies across the thickness of the
wok@ena@scont act region 718/ 720. [0087] An excetT/862008/000199

interface 701 is forned, with an approxi mately uniform

Ni Ge thickness of around 70 nm between the N Ge

contact region 718/ 720 and the Ge detector region 712

to define a Nl Ge/ Ge junction. An X-ray diffraction

(XRD)__anal ysi s confirmed the for [ . e
Ny cioRP RS Flaferf RonuprRy e st} P p A e bt sasrials ppiting
for 30, seconds. £0088 Fi gure 7C shows a
secdi dmniugh ypg tgng‘ﬂfie‘iﬂpP%scopy (SIMS) depth profile
of a sulfur-segregated Ni Ge Schottky contact of the
.- phot odet ector of Figures 7A and 7B. Wile
germani dati on front proceeds, inplanted sul fur atons
33ar e Adbsthoded farmingyphatedetector, thmethed epmpaeng 01 bet ween
the Ni Ge contact region 718/ 720 and the Ge detector
r egiforming 2 defecrer tegionhi s segregati on, the dangling
bonds at the NiGe/Ge interface 701 can be effectively
pas gbimhihgd firsMebactGefiews dnantelfiice withitHesletettok Regiga; aind ng
of germanide Ferm |evel close to the conduction band
edggornfifg @ tir§iaalenORbndthg) AdsolbatddREioh detwieh Y fildesdhcOFegion
a therm oni c-em ssion nodel at |ow reverse bhias
vol taggglef([e%(?rr ind 0.05V to around 0.2V reveal s the
achi evenent o ol e Schottky barrier nodul ation from
around 0.1 eV (for a photodetector w thout a
sul fursegregation region) to around 0.49 eV as a

resyl.t of t ul f.ur- seqgregat.i.on at the N Ge/ Ge
34 nt :llrhfé’&eé}.m#ﬁicia‘ esgggélf‘%c?ﬁgr‘?‘%'nati on of asymetri cal

Schottky barriers in MSM phot odetectqrs, where high )

and [PBRAABISECARd cPRIaTt TREPR AT 2 Prerkch Mdtidhe fijpetgiRremB, wherein

with and wi thout sul fur-segregation, respectively. .

[ 008hg sexpuyl gantagt region inlegtrieallysniated Epmehafitst gontact region.

current-voltage (lI- V) curves to conpare the

characteristics between a fabricated Ni Ge Schottky

barri er MSM phot odet ect or havi ng sul fur segregation in
35ac c didamstikodafichimrd4efusther coenptrisimig: t he i nvention, and a

phot odet ect or wi t hout sulfur segregation. Curves 802,

804 faiiingAGetidvafedté mending ddsoekatd eogich dRédnothe second contact

phot odet ect or wi t hout sul fur segregati on and havi ng an

ef f gediby Sndtha dBE&br fegidh. around 40mMm  32nm and 20mMm

respectively. Curves 808, 810 and 812 represent |-V

curves for a photodetector with sul fur segregati on and

having an effective dianmeter f of around 40mm 32mm

and 20mm. 1 e i vel ] [ [ S
3610 9% TR BRPEERY oBF of st it B 33w RO Bt Bl Bion s
2.45 mA and around 1.69. M was observed in the control
pho?B‘a%etdé’?’f’B?ﬁ'ﬁnﬁ?tﬁgﬁfre WPfur segregation with a device

area of 4=804 mmR2 and A=l XA mm2 respectively. Such

hi gh dark current performance is predom nantly

attributed to the | ow hole Schottky barrier hei ght fbh
37814 Toe metbodh@f @ny oas/ of phﬁ,\gl@@ps, 33 o g@,gwhqrﬁ@ both the first contact

i ntroduction of sulfur segregation at the N Ge/ CGe

i nt eedior and she firgf wleme enendingr adsorpote fegioRi garferm®) within the

significant dark current suppression by nore than 3

or defectok regigni t ude was achi eved as a result of the

enhanced hol e Schottky barrier fbh 816 of around 0. 49

eV. At VA =1.0V, the Idark of a sulfur-segregated

Ni Ge Schottky phot odetector was neasured to be around

0.92 mA and around 0.42 mA for a device area of =804

nm2 and A=3 14 mm? respecti®ely. [0091] Figures 9A and

9B are plots of current versus applied voltage VA for

a



phot odetector built in accordance with an enbodi nent.
The phot odet ector has an effective dianeter f of

wa@emane2282mm Fi gures 9A and 9B show t he phot oPCESEDNSG@00199

3

3

4

4

characteristics of a Ni Ge Schottky photodetector with
sul fur-segregation, anenbodi nent, obtained from
optical neasurenents perfornmed at a photon wavel ength
of 850nm and 1300 nmrespectively. At F = 1.0V, good
spectra response or a correspondi ng quantum effici ency
of around 0.36 A/W and around 34%respectively were

dempnstrat ed.. An appreci abl e_sigpal -to-ngise ratio of .
ar U8 MY 64y 108h Ob e STaYEE 37 1 ¢ heiereiR JHecieeond aiys] resion
Figure 10 is a plot of response (dB) versus frequency

( Hz s foonedaabye theletestor 632i93i 1t in accordance with an
enbodi nent. Figure 9 shows the frequency response of

t he photodetector measured at an illum nation

wavel engt h of 1550 nm as obtained fromthe Fourier

9t r armdit aiarthaall ofcanyudreefrtks glainse35 W3 A vdiengin b3thBhe second contact
bandw dth of around 15 GHz was achi eved for an applied

bi agegidn dndth¥, sesdtaw dighce enaadinglddeorbire adgipe lafOfoimBE Gvithin the
consistent with theoretical nodeling results. [0093]

Whi lgeeeiobPRdidENt s of the invention have been

particul arl'y shown and described with reference to

speci fic enbodi nents, it should be understood by those
skilled in the art that various changes in form and

det gi | be. made t her e n W tng. fr

Spi 1 PR AR B M o 8140, S ing P Gontac
appended %Bains. The scope of the invention is thus

i ndFEILETBY NP SPhended clai ms and all changes whi ch
come wi_thin the neaning an&¥range_of eguivalency of

t he femingé Passivatioplaxsrondhq dptecipidesion; ag

enbr aced. CLAIMS 1. A photodetector conprising: a

det derming pefiisbirench frf thet pasgivatipnt layergivwdisrain rbﬁfqh theafirst contact
interface with the detector region; and a first :
val eegien mehthenfrsavslentramendingiadsorbase wegion tane fgrimedtin the first
contact region and the detector region. 2. The
photefldi ect or of claim 1 further conprising a second
contact region formng an interface with the detector

regi on, wherein the second contact region is

electrically isolated fromthe first contact region.

13- The nkbRldf el 13l whlrein! (Binlhg thef fkt dMAtacERBINI ahll MétnAing the
second val ence nendi ng adsorbate regi on between the

secga:ngg&haﬁge-&ghﬂﬂmqggl?ggxdetector region. 4. The
phot odet ect or any one 3 the precedi ng cl ai s,

wher.ein the first conta Lon_ i.s..di sposed above the
det dXTBYE 3 BasisAtonlayeg,on 9%%%‘3?%30 etree%ﬁ%(rjangf any one of

the .cl ai ns to 3 erein poth the,first contact

r egif A% trﬂetrﬂcpf\l{\‘ﬁ\i’afeé TRRERA e RATHATRR dayelgioothat the
are forned within the detector re ion.cg. Thg .
photregRn elcths Pagsvainy leice bejween theplitst enchpnd| thy feeond trench is
wherein the first contact region is in contact with

t he diseorsinuous fremgithprremaingerof ghepastivatioatlayerof any one of

the clains 2 to 6, wherein the second contact region

I's di sposed above the detector region. 8. The

phot odet ector of any one of the clains 3 to 6, wherein
bot h the second contact region and the second val ence
nmendi ng adsorbate region are formed within the

det ect or region.

=]

(=]
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9. The photodetector of any one of the clains 2 to 8,
wherein the second contact region is in contact with

wo b@dexect or regi on. 10. The phot odet ect or of PERIYGZN8000199
of the preceding clains, further conprising: a
passi vati on | ayer di sposed above the detector region,
the passivation |layer having a first trench, wherein
both the first contact region and the first val ence
mendi,ng .adsqr hate reqi.on ar.e di spps in.the first
(T entUieid PO g b EIBE RSP 958 BF ash DS mpdite adsorbat
conprising: ~a passivation |ayer, disposed above the )
det degion afetyrapd 1 the fyssErneht prsh Wheyriy Slﬁa%f;?cw& wIqi gpending
trench and a second trench so that the region of the
pas silsaabate regiamyie formed iethip seaead frepad%  t rench and t he
second trench is discontinuous fromthe renai nder of
t he passivation |layer, wherein both the first contact
region and the first val ence nendi ng adsorbate region

42ar e Thiespabablof anytdne of ithies¢laibtsedscto, 39a mdersirefoemingt the first contact
second contact region is disposed in the second

t r engdlonl #nd HRAInE QL REGIdaLhAtt @fion MyrteA Codpridehre cl ai ns
3to 9, further conprising: a passivation |ayer

di spasafs §B£§‘éﬁ/aﬁ$}?la?§to%QB@Hetéc@&jr@ﬁlon;tzﬁﬁ passi vation
| ayer having a first trench and a second trench so

D o S, RESE) YeRioh OUSHLABINER P

firs trenc I'sconti us
fromthe mai nder. of, _th assivat i | ayer,, . wherein ,
pot Aegcof FFgotipR dver BeRan ik Rench iy (ERERRY onch is

mendi ng adsorpate region are, di sposed .in the first

tr e%&'i,gm‘éﬂﬁlﬂuﬁlﬁ%‘%l?erfe’g‘ﬁi"ﬂe’ﬁféh%@é XPdA Lt region and
the second val ence nendi ng .adsorbate region are

di spyhsesin bath; the fastepntact regiem and dhe iRy Blaes dsndingpdsorbate
of any one of the preceding clains, further _
conpesie ntg:foqudvégmﬁ@étrp and whereisi both the sgeandwoptact region
region is disposed above the wavegui de | ayer. 14. The
photaod eéhe s¢cond ohleateaaimendiBg alsorbite rregionparé dispgsedan the second
buf fer | ayer di sposed between the detector region and

t he wemstegui de | ayer. 15. The phot odetector of claim

14, further conprising: a conpliant |ayer disposed

bet ween the buffer |ayer and the wavegui de | ayer. 16.

The phot odetector of any one of the clains 13 to 15,

431 ur e GREPLE by OneBf R AU1ANSOI3 {08, Aheddin RRS BEle @BP¥Gion is
the wavegui de | ayer and adj acent to opposing edges o

I
t he r I 7. The phot odetector of any one

of tf e egl%glli%rr‘g V%%&lgglaié; further conprising: an

isolation |ayer, wherein the waveguide |ayer is

di sposed above the isolation layer. 18. The

phot odet ect or_ qf. an ne .of. the clains 10 t.o 16 .
44f o (TR o QA ES. HEPiS doraie P Rt JpR dorlisp gamprises

the first contact region and in contact with the first

t r eerning g bufferdaysr betgen We detectar regiop agd thegyavegwde Jaypivs
+11 to 17, further conprising: a first electrode

di sposed above the first contact region and in contact

with the first trench, and a second el ectrode di sposed
45aboThe tnirehaleafociginc dh tveletrein dgimong dreddetevtar oegian furtlier lsomprises

the second trench.

forming a compliant layer between the buffer layer and the waveguide layer.
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20. The photodetector of clains 18 or 19, wherein the

first electrode conprises at least a first conductive
woradoend2Bo and a second conductive material, WhBCEBG2008@00199

first conductive material is in contact with the first

contact region and the first trench. 21. The

phot odet ector of clains 19 or 21, wherein the second

el ectrode conprises at |least a first conductive

material and a second conductive material, wherein

thefirst conductive material is in contact with the

second contact region and the second trench, 22. Ipe
46phoflbe aratbedbpf any aRG of ke glpimshd3 1 42 WA foxmipg the detector

wherein the first contact region conprises any one or

nor eegidn furtpen opmprines ifenmingjamfsolation a¢giep PRl Waveguide layer so

ni ckel - pl ati num ger mani de, ni ckel -titani um ger mani de,

and thak eHel isdlatiopaegion istejacdB to dpr@sink et guiaif dut detectsfr regign.

one of the clainms 2 to 22, wherein the second contact

regi on conprises any one or nore of a group consisting

of ni ckel - ger mani de, ni ckel - pl ati num ger mani de,

4701 CKEL i dk @b ERyOSH N the RlairAd3 b 36 WHERROhEWAIVERd2thyer is
The phot odetect or of any one of the preceding clains,

whemghgd%g%mﬁ&ﬁﬁﬁmygkgnce mendi ng adsorbate regi on
conprises any one or nore of a group consisting of
sul fur, seleniumand tellurium 25. The phot odet ector
of any one of the clains 3 to 24, wherein the second

4Syrar DG elbog gy I 0t TR QAT O S RHL TN and

tellurium _26. The photodetector of aqy one of the.hh f
pr edeaiinga frshplegtrodgibpys the fiF coplpct &y ?rég‘i“&ﬂmw with the first
conpri ses any one or nore of a group consisting of
ger trendbum silicon, silicongermanium silicon and
si li con-ger mani um ger mani um 27. The phot odet ect or of
any one of the clainms 12 to 26, wherein the
passi vati on | ayer conprises any one or nore of

491 ns Thakiet@droftany bwd & thodsinstdlng 40ffughdricomprisingxi de,
silicon nitride, silicon oxynitride and undoped
si | gty 8RS Slectdde abbee (B G deitas réiomindainycontaet with the first
the clains 15 to 27, wherein the wavegui de | ayer
COMh&esSndNy one or nore of a group consisting of
silicon, poly-silicon, silicon nitride and silicon
oxy%ﬁrfiﬁ%g'segogng el AR %@ﬁe&)?ﬁd Wt Ye 2Ot af in ffitact with
cl ai s to , ereln the buffer layer conprises
any .one or, nore of a group consisting of silicon,
si | EGeYy ﬁun1and si | i con- ger mani um car bon. 30.
The phot odetector of any one of the clainms 17 to 29,
wherein the conpliant |ayer conprises any one or nore
of a group consisting of silicon, silicon-gernmani um

50and TéF metkad ofesl A ‘lﬁ%?’bﬁ% pygigreis he fsr'ﬁb elg ‘%o‘@t“@’&s%sr at Jpast a
any one of the clainms 18 to 30, wherein the isolation
r egifiost condstiveweteriphand aseennd gpnductiye maetplaand,g wherein  the
materials consisting of silicon dioxide, silicon
ni t firdeoad:tist material dscimedantactiavith3he fifstecoptact tegiwmeandothe first
of any one of the clains 22 to 31, wherein the first
congigatd.ve material conprises any one or nore of a
group consisting of tantalumnitride, titanium
nitride, hafniumnitride, tantalumand titani um and
t he secondconductive material conprises any one or
nore of a group of materials consisting of alum nium
tungsten and copper. 33. A nethod of formng a
phot odet ect or, the method conpri sing:

28



form ng a detector region; formng a first contact
region as an interface with the detector region; and

wo eoomitos@ first val ence nendi ng adsor bat e regP@ISG2008/000199
between the first contact region and the detector
region. 34. The nethod of claim 33 further conprising:
formng a second contact region as an interface with
t he detector region mherein t he second contact region

I S ei' &% éb S& #1(}181 aot %6 orgl?ntt §ch|011r1(§ glf:?‘;tpolgl% %&tnpnses at least a

reglon d ot " c

com, |S|n form econd vaI nce nendi

" og) 3 SoBpseR ne%%r%é éﬂiﬁde‘i%‘ﬂtc%‘F ueige TBfprah dng peberens the firs

detector region, 36, The nethod of any one of the

cl aiGepduptive gnatesial jhiarconkect Wih fthe §ﬁc0% Rendeqt regiop é?fi the second

fornmed above the detector region. 37. The nethod of

any tomeh.of the clains 33 to 35, wherein both the first

contact region and the first val ence nendi ng adsorbate

region are forned within the detector region.38. The

met hod of any one of the clains 34 to 37, wherein the
525ecord wembaof ahedhenf itte Elamiess abovewhdieindat defeor region is

region. 39. The nethod of any one of the clainms 35 to

37, ohssdiyseletivt dpiaxiaegewth.contact region and the

second val ence nendi ng adsorbate region are forned

within the detector region. 40. The method of any one

of the claims 33 to 39, wherein formng the first

3contﬁ1%t étﬁ(% ?pan&%nte %?Elheccgém‘{ 13363 52]c \Q/ﬁépeﬁ{Qh@ﬁr t For}tzrlrclzt r{&égion is

paSS|va |on eéctor tegion;

e PR SEBRR G BRSm i Perrd S g

adsorbate region are forned in the first trench. 4 1.
The nmethod of claim 34, wherein formng the first
contact region and formng the second contact region

54 ur tFhermetbahef anyone pbthe qh@ma 342 33\ ghearen th@a%ﬁé?ndownf%regwn
detector region; and formng a first trench and a
secosnfbrineé hy Hepositioh eng subsequani rapid|tkeymel angealing4RTAe
region of the passivation | ayer between the first
trench and the second trench is discontinuous fromthe
remai nder of the passivation |ayer,wherein both the

550 i 1 StheGRAh@Ldf an§PndBf eHectldithe 3B itd S8, Windreincle: findilérge mending
adsorbate region are fornmed in the first trench, and
Wheragidibdth foofiGO Psiméad b§ A s TR G R infpt@tidhe region is
formed in the second trench. 42. The nethod of any one
of the clains 35 to 39, wherein formng the first
contact region and forning t he second contact region

56f U R m&RaR o Sa%§ ong §ﬁh@%l£nﬁa§f #o ?5' &Heljeﬁny ds%@oﬁcpgalence

detector region; - an ormn S trenc

second .trench,in the ssivati,on |l aye
 qrrEmte et yR et el By drosu e o e figp
trench and the second trench is discontinuous fromthe
remai nder of the passivation |ayer, wherein both the
first contact region and the first val ence nendi ng

57ads disamethedpf eny enecoffthe glaims AO tg 86 Whareintthe ﬁ@ﬁﬁlvaﬂ% layer is
wherein both the second contact region

formed by PECVD.
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and the second val ence nendi ng adsorbate region are

di sposed in the second trench. 43. The nethod of any
W@r®9a228thhe clains 33 to 42, wherein the deteckCr/SG2008/000199

region is formed on a wavegui de |ayer. 44. The nethod

of claim 43, wherein formng the detector region

further conprises formng a buffer |ayer between the

detector region and the maveguide | ayer. 45 The

d of, c m 44, g

S ogr 0 Peiph B s ST D8 2 bSie 5 5 g is forme

bet ween t he uffer | ayer and the mavegU|de Iayer.46.

The BYEORBE %ﬁ?nﬁﬁ%mﬁﬁe% ‘clains 43 to 45, wherein

form ng the detector region further conprises formng

an isolation region on the waveguide |ayer so that the

isolation region is adjacent to opposing edges of the
59det ddeanethepbany dit: offthe clhinhdl toB6.anhereimetho firstieench and the

claims 43 to 46, wherein the wavegui de layer is forned

on abcondateath am foraediby cdfdact ok paetinag anfl ethyngone of

the clains 4 1 to 47, further conprising: formng a

first electrode above the first contact region and in

contact with the first trench. 49. The nethod of any

600ne 18 h&ifof bRuPodk df the cfhlms U8ib B6r WhEER iheivileguide layer is
forming a first electrode above the first contact

regi "
for ey d (R ik it SchlnkRrodk SR 13 M deposicion.
region and in contact wwth the second trench. 50. The
nethod of clains 48 or 49 mherein the first el ectrode
i ses east a nducti ve na nd a
61 o e TR R4 & LT *ms R S ertroit ot B & formed
conductlve material is in contact wth the first
contbySelesting HHaEAEOWE fi rst trench.51. The method of
claims 49 or 50, wherein the second el ectrode
conprises at least a first conductive nmaterial and a
second conductive material, and wherein the first
62c ondibetmethodraf emy ahe pf therclamatddcto G, twhetdie threomapliant layer is
contact region and the second trench. 52. The net hod
of downedy sefectivesepithabln@os®. t o 51, wherein the
detector region is fornmed by selective epitaxia
grow h. 53. The nethod of any one of the clains 33 to
52, wherein the first contact region is fornmed by

e3de p %'e tthQRo APl asH B A BRLCILiARI4F b WRlereédd ARAIsbIABon region is
( 54. The nethod of any one of the clainms 34 to

gﬁﬁg |¥} gdgpsecond contact region is formed by
depo I on and subsequent rapid thermal annealing
(RTA). 55. The nmethod of any one of the clains 33 to
54, mherein the first val ence mending adsorbate region

|s f b ositian or. ion | gnt ati on., 56. The .
e fa?th%fﬁyg GRE oot o Ao peispnat 38 o Bt eyt fFgode is
second val ence nendi ng adsorbate region is fornmed by
depdermeddy dspositq- i npi ant ati on. 57. The nethod of any
one of the clains 40 to 56, wherein the passivation
| ayer is formed by PECVD.58. The nethod of any one of
the clains 40 to 57, wherein the first trench is
65f or rTihel nighcslooftang toné of the phaime 4% tnép, avtebran divi firgt el&Wrodd hed the
nmet hod of any one of the clains 4 1 to 56, wherein the
f i r sécond @RRetiodele fdtmed by deposition.
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second trench are formed by contact hol e patterning
and etching. 60. The nethod of any one of the clains

wWa20000038) wherein the wavegui de | ayer is fornedl/bg2088/000199

6

i thography patterning and etching process and/or by
filmdeposition. 6 1. The nethod of any one of the
clains 44 to 60, wherein the buffer layer is fornmed by
sel ective epitaxial growh. 62. The nethod of any one
of the clains 45 to 61, wherein the conpliant |ayer is
formed by selective epitaxial growh. 63. The nethod
of any o of the clainms 47 to 62, wherein the
rsoIAaPli“’é?fieeFeé@rGﬂmPgS‘F%r med by PECVD. 64. The nethod of
any ;QeecRk rdgitsh; cl ai ms 48 to 63, wherein the first

el ectrode is forned by deposition. 65. The nethod of
any 216 %tal':tg@ i6h:aind® 49 to 64, wherein the first

el eétrode an %he second el ectrode are fornmed by

dGDOShrS‘: va ence tm hd %[g (fs%ﬁ)% e rggoqlglr?](gljn‘ﬁ}lg] - S?ﬁé\i}%}:gcﬁeﬂ{reen the

regi on rs regi o ence

men adsorba region formn nte f

* he et repon B B AteyH Frog “Retrngpe HES; Giente Sending
wherein the first val ence_ nendi adsor bate regi on
pas $flspahals reginfghasHyateb ine! lig® OARrb o ieen e Jrst egRagiciegion and

regi on and the detector region.
the detector region.

=)
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