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TRENCH OPTI CAL DETECTORS The pres ’ generally relates to optical

detectors, wwe@q06RL particularly trench optical ect ors
formed on a semwg'onduct or opto-el ect r‘tﬁﬁﬂc |nt egrated ci rcwpth?(}&%?@%ﬁ‘ ng to

prior art nmethods of formng trench based optical detectors, in order to
formthe detector, trenches for different types of el ectrodes needed to be
etched separately, increasing the nunber of steps in the fabrication
process. Because these steps are anpbng the nore expensive steps in the
fabrication of opti*EFROBRFERt TRRAING RATHRAGITRENCE OPTIGAL PETECTARSt t he added -
expense. Therefore, a need exists for a nethod of formng a lateral trench

pti-n phot o-di QQ@%&L—&@ 1\44?&&%4;' gensrélﬁg@éﬁﬁeért% Qgéic%gf‘&&e%l?drst, =2

etched for all ele é pes sitrul tan

oper ati onaf® estpé‘ﬁtlcﬂ EBJrYdl ﬁé fagerdk Frete a%?fé&f‘i STeLEREPTS ESEIRG PhPent i on a
net hod, oFemlqoﬁﬁlFﬁtﬁ’g %%phfccafpnﬁe?emg@mteﬁeWC@Wn a sem conduct or
substrate conprises the steps of: formng sinultaneously a first set and

a second set OheldARENGS bhio:! Of: SUBRILALL s MeleL b enches of; Lhe fi st

set are alter nately di sposed wth respec eiChES 01" 8ptslé:8 nd set;
filling t A&t etcrtgﬁ%’hég W & SEQE‘FltPFC?eéFc?bet'eF?%Cheétftﬂ? AHE Gements 5YPES ici al
mat eri al Ftekredes hepedad §etbeo1’et@heeln€¢r@satelﬁfor:mcn'gaa.xn‘.g £Bé rjunbet oBnsdepyger ,

by drivi ngndopandiaitsorenapfddest, odopasat tIEH%teeEtléiJs !aPe @y Uhet el i st set
of trencheg:eai@@vé %rtgwgnatﬁee%ggﬂcau%%ko% | Al SR LA ARANL d%eagls froma
e se S fréné’h

second do a et 0
provi di ng sencﬁaf%l 1ee°%\na?}i d‘gegdnﬁé%etnis’éns to the first set of trenches and the
second set of trenches. Accordl ng to a second aspect of the present

i nvention, a netdrederd,or ndéedr aicng;safbroptri.etabddﬂt EGi'tﬂfngd@VliaQSrQ.ntgench
sem condugi% §w%ta@5a%s @ﬂrmwﬁe%m the SLePS.Ohre fARTL nr%daa?ci Lel,set and a

second sel, erein trenc & first set

renche e
are alterna eF i gp o SCtmt%ﬁ c’tmuflbanef”ﬁﬁﬁ’chés e ofint Hhe €aPond set :

operatlonal step

According to a first aspect of the present invention a method, of
forming an optical detector device on a semiéonductor substrate, comprises
the steps of:

forming simultaneously a first set and a second set of trenches in
the substrate, wherein trenches of the first set are alternately disposed
with respect to trenches of the second set;

filling the trenches with a sacrificial material;

etching the sacrificial material from the first set of trenches;

forming a first junction layer, by driving dopants from a first
dopant material in each of the first set of trenches and forming a second
junction layer, by driving dopants from a second dopant material in each

of the second set of trenches; and

providing separate wiring connections to the first set of trenches
and the second set of trenches.

According to a second aspect of the present invention, a method, for
forming an optical detector device on a semiconductor substrate, comprises
the steps of:

forming a first set and a second set of trenches in the substrate,
wherein trenches of the first set are alternately disposed with respect to
trenches of the second set;

filling the trenches with a sacrificial material;
etching the sacrificial material from the first set of trenches;
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RN ' i fici i al; hi ng the sacrifjci al '
[ling the trenches with a sacrificial material; etc :
];r:at elri gl fromthe first set of trenches: 10 Nov 2003, WD 02/ 06*7&3‘@V20!b

| 1.1i.ng the first set of trenches with a doped material of a
Fﬂé?ogéggggqg?{ﬂfﬁlﬂi’r‘ gtchi ng the sacrificial material from anﬁmlcVOMféDaof
trenches; filling the second set of t_renghes with a doped__rryater:ja gts
second conductivity; formng a first junction layer by driving do]E)a S
fromthe doped material in each of the first set of trenches anl '(rjlreacﬁ
second junction layer by driving dopants fromthe doped nmaterial i

b3k Nk I tions
he second detlify therfdhes seansk piovdidsNEitIePARLE WekkNG GeNpegLions
?1; Ehg firsbn&aiti9ity;r enches and the second set of trenches. %ﬁe met hod

[ ' ' ' hes in the ,
i ncludes formn ir set and. a s_econd set of trenc _ _
substrate, wher %it?lh{nrgeﬁlté%ﬁcﬁfaquh%l fRrEetiadefrogy 8 atcred reteby txdhgposed with

t to trenéheSing thhsesensonet St trdrchks ngthhe dbpeNGREsr 1l b A second
gzilroﬁ:i ci atombucedvily; and etching the sacrificial material fromthe first

; t f. hncl udes. filli the first set of
renches vl goned ketars 4 nerek 1B it Hhertecrean e aneed
sacrificial” Fataria ef"%g a“EelotRf S8t Wt tremehenesd fadrinag tkeaidsecond set
of trenchelRGtiAn adagepery Autwinpadopehta fresond eqrdusdderiby i QL RE She .
first junctdawmdl sgteiofbyrefithss;Ngndlopants from 'élh_e dot)_ed mli;erelraloyl grie\e/licggo
the first set of.dvianghes,and.for.n,09, qmggtcj;)o%g Jsoug% ion |ay |

' etBRdisEt 5t of dFeRekes and
dopants from ttgg ge%%ggi%g? ial In &ach 0

eria
I di © he first set of trenches and the
rovi di ng separate W'r fAgRTe6ns tot
gecond sgt 01I‘D trenches. Preferably, the first set and the second set of

trenches in theThe method includes forming a first set and a second set of trenches
in the substrate, wherein trenches of the first set are alternately
disposed with respect to trenches of the second set, filling the trenches
with a sacrificial material, and etching the sacrificial material from the
first set of trenches. The method further includes filling the first set
of trenches with a doped material of a first conductivity, etching the
sacrificial material from a second set of trenches, £fi1lling the ‘second set
of trenches with a doped material of a second conductivity, forming a
first junction layer by driving dopants from the doped material in each of
the first set of.trenches and forming a second junction layer by driving
dopants from the doped material in each of the second set of trenches, and

providing separate wiring connections to the first set of trenches and the
second set of trenches.

Preferably, the first set and the second set of trenqhgs_%g";he
substrate are formed simultaneously. ) ' N

Preferably in this second aspect, etching the sacrificial material
from the first set of trenches further comprises the steps of removing
sacrificial material from a surface of the device, and masking the second
set of trenches. Preferably, also, etching the sacrificial material from

a4 second set of trenches includes exposing the sacrificial material of the
second set of trenches to a surface of the device.

Providing separate wiring connections may include exposing the doped
material filling the first set of trenches and the doped material filling
the second set of trenches to a surface of the device, and providing each
of the first set of trenches with a first set of contacts and the second
set of trenches with a second set of contacts,



substrate are fornmed sinultaneously. Preferably in this second aspect,
etching the sacrificial material fromthe first set of trenches fukl gy 2,

conpri ses tie glwpsgoof renoving sacrificial material from t he
devi ce, and masking the second set of trenches. Preferabl y?PéPa}%&m‘giﬂ ng

the sacrificial material from a second set of trenches includes exposing
the sacrificial material of the second set of trenches to a surface of the
device. Providing separate wiring connections may include exposing the
doped nmaterial gl | 1i,ng the first set of trenches and the doped materi al
filling the sefold %ﬁttb@f BRCEchERECt o foTRinG sBe Junctinn Yexsreefumthdr may
provi di ng edwI¥isefthehetdrisr of depbsifingrendhifssinhtinraiéd rlape:s%be@fa GORERGL S
and the seebnthe aestlc@fpﬁaroen&h%rmﬂghtl@e eednS fg;% Ca% i V\thQZ/ 067339

3 10 NOv 2 I 0 9 he se ect
juncti on Igﬂfusg%-r t@EQl?e/r ng?er '%l:g'? |asseu fes scff ?)85“?‘? lfr@r"étm@l F¥usi on

barrier 6%r aé’eﬁﬁrface of t he deV| ce prior to formng the junction
| ayers, and renoving the diffusion barrier layer froma surface of the
devi ce after foepdadnd hee béﬂlﬁtl@iﬁll ANeESa1 BEPAR Qgcénr&efét?‘%y frencF}es may

t I f h furt
removi ng ?%%MQE SRR TR Sop' oF 3SR Ve iR Rot ot it cigPon above

t he second” é'lgfm TVlttP’e’Ff'E?ﬁ‘eg Wlﬂ%éﬁ’aﬁ? C&P seseRfistet EXposieipst e reabadikchti al

mat eri al of°liRb. Jbpoathesbhe gheritndhe pateanli dsmltudesen:aha EHeml &9 tt-bedaped

mat eri al ofant hecideSpateepaiict knd t&épe@mﬁteﬁta(ih&ﬁghé hﬁr‘! Q@‘{]ﬁrﬂ:al of the
t ren

first condyehiyi thel region, Vv sgco set o
materi al - of thgéft%ﬁres?p%gn %&c??v?tg ﬁha erSt o PRBE Ry pin (?oﬁ‘é%llonpélP%Vﬁ FRreon
a

and the natertalssf ot HES8ERSnd conductl VI ty p-type doped polysilicon.
Alternatively, the material of the first conductivity may conprise p-type
doped pol ysilicom aack:tihe dmtes ifaksOfcohfie:30C0Nday CRRPHGLI Vi) ! t%cpg dopRg doped

pol ysi | i cqRriys!ticoRr afetablycthe s Loh G a,sem conduct or
mat eri al , l%égllcolz ey, . de Ipcgsft eilélo!\’/l"ge)r%h%ﬁg %sggnégg%? L nBremcaforednd a SiN
ﬁr a

| ayer dep05| over RS F%i/é‘?ter,&éa:o?ﬁltﬁﬁ q‘ﬁs'é RpReE igdpeceyof t he
present | ﬁV@ﬁf%?ﬁwPaFXHEtﬁ?Rfd Bflysilicon and the material of the second
conductivity n-type doped polysilicon.

Prefe1ably the substrate includes a semiconductor material, a Si0O;

layer deposited over the semiconductor material, and a SiN layer deposited
over the a Si0, layer.

According to a third aspect of the preseﬁt invention a method, of
forming an optical detector device on a semiconductor substrate, comprises
the steps of:

© forming a first set and a second set of trenches in the substrate,
wherein trenches of the first set are alternately disposed with respect to
trenches of the second set;

f£illing the trenches with a sacrificial material of a first
conductivity;

etching the sacrificial material from the first sét of trenches;

filling the first set of trenches with a doped material of a second
conductivity;

forming a first junction layer. by driving dopants from the doped
material in each of the first set of trenches and formlng a second
junction layer by driving dopants from the sacr1f1c1al material in each of
the second set of trenches;

etching the sacrificial material from the second set of trenches;

f£illing the second set of trenches with an electrode material; and



formng an optical detector device on a sem conductor substrate, conprises
the steps of: forming a first set and a second set of trenches in th&Q Ny 2005
substrat e, w%ﬁg&trenches of the first set are alternatelh‘}/ di sposed with

respect to énches of the second set; filling the trenc 2/00859
sacrificial material of a first conductjvi ty, etching the sacri f| ci al
material fromthe first set of trenches; filling the first set of trenches

with a doped material of a second conductivity; formng a first junction
| ayer by driving dopants fromthe doped material in each of the first set
of trenches angrdvanmhggepaseeoniingUagineotidnayes thy £hixis¢i 8¢ depanhsnid om
the sacrifjcikgl JRbeEIRL bH 8REMLAQS the second set of trenches; etching
the sacrificial material fromthe second set of trenches; filling the
second set of trenches with an electrode material; and e 0 Nov 2005 WO
02/ 067339 PCT/ BR02ebioBE dndlysiegvfetinving se fiorsdt eetwiatnidng seonn@ Glek 0 tirendHea
first setimhhtremebeste, aneldia GraOREE settraf flf&nﬁee%rem?cerfﬁ&mq; i ncl udes

form ng % fsb['ééd ?@Eh%@g@cé%%og{len%ﬁgs %tf él{eeggp 1id sap tftI.EISUb trate, Wher ein

trenches o i st ar e mé’sglé {£rpRcne
trenches ‘%f‘ftht f S aSEL b s etateriet iong? tﬁr’rés%/rcé’ﬁé’i‘%'s‘“‘v'ﬁ"t Rng afEhing itdeal

mat eri al ﬁﬁcraf#qilaétm%f(ﬂ!fdabtﬂmmtghe ik tetethiofigt tdnghesacdhifricthad smtredt al
fromthe frcngfesset10ind ERONGHRSE s-EIﬁeofT'Qtr@ijeEU&f-ﬁeE adpael maesifi Il ng the

f t tﬁe n h &, s on lay@ v:Lnd
f:)::?n n;ea% QE gr&ggl}géu)%§ 2 991 g@.‘t @rJ&th g ysnfer %rr:]ngzﬁonaud%géwﬁ%t eri al

nc drivin
in each rof“h‘éhﬁ‘l ?E?CE é"éfe“blfaxt f“én‘%ﬁ faﬁhe fdeﬁ’i rF@t of LEERHFS| titt EPoRLdEper
by drivi mEcappanpstiqroArTde bS’a@’F:‘lVﬁ-PEId&PaIFFEt Erémalthe nsaceacim@ﬁ tdrersecamnd set
of trenchesh et chengedone sacoffirehahesTBé@iial theOBacdile.saCANL S81 Afom

trenches, uiki Lédd‘ﬂ@i bhe secandnse! fQilltnrge%hgéc%dt Bene ELEEHLOAS qELer ! al,

and provi gl n paréaér%awé angg cq}q? ctirons to Irst ftrefiches and

t he secon eT 8 el (PR e NE 1Fﬁ|‘i°6“§%‘b"é’6‘f; toetefifigsthe
sacrifi cﬁflt ﬂﬁttéFP%}I‘es FROMRPEheeqoRistetsef taknehesnches further incl udes
renoving sacrificial material froma surface of the device, and masking

t he second SetPIQEerably, in this third aspect, etching the sacrificial material

from the first set of trenches further includes removing sacrificial

material from a surface of the device, and masking the second set of
trenches.

Prior to forming the junction layers, the doped material of the
second conductivity is preferably removed from a surface of the device.
Forming junction layers preferably further includes depositing a diffusion
barrier layer over the surface of the device prior to forming the junction:
layers, and removing the diffusion barrier layer from a surface of the
device after forming the junction layers.

Providing separate w_iring connections may further comprise the step
of exposing the doped material filling the firast set of trenches and the
electrode material filling the second set of trenches to a surface of the
device. The electrode material may be one of doped material of the first
conductivity and undoped material.

According to a fourth aspect of present invention, a method, for
forming an optical detector device on a semiconductor substrate, comprises
the steps of:

forming a fi;st set and a second set of trenches in the substrate,
wherein trenches of the first set are alternmately disposed with respect to
trenches of the second set;

filling the trenches with a sacrificial material;



trenches. Pri.or to formng the junction |layers, the doped material of the
second conductivity is preferably renoved froma surface of the devildeNOV 2005
Form ng j unggd ers preferably further includes depositi a diffusion
barri er Iayg‘Eé%Oedg?}tghe surface of the device prior to form ng&/ﬁgof@m&i on.
| ayers, and renoving the diffusion barrieg |ayer froma surface of the
device after formng the junction layers. Providing separate w ring
connections nmay further conprise the step of exposing the doped materi al
filling the first set of trenches and the electrode material filling the
second set of tregbhes the seexificded witerind fxjavithe . fifhe witeof riogechat:eri al

may be one’ of dopedisptesidliof 1aher finf e weONAdYCidat by @Rdrundoped of
mat eri al . %%ﬁégés{]gate%gﬁ?ﬁa%r& jaspect of present invention, a nethod, for

form ng an optrcal ¢ or devicé'on_a sem conductor substrate, conprises
the steps of: fOrFTHRE & F§7°9F BECTLR lavaredBrRfcEetaldf of reatihes tha g9send
substrat e, semshef girenthreenciiesedd dobentfsi agt dsibtenafeonalther seatre E ycidil spasedaln t h
respect to ifebenieh@siif, the second set; filling the trenches with a

sacrificial material.: 00 02/ 067339 PCI/ CB02/ 00659 5 etching
the sacrificial frr%%?le?q éﬁe :‘gérsngtﬁg ?%Agg nedg wo%.% fgél; gﬁe‘%ﬁterf‘%r r‘ﬁénﬁ fgrSt
junction | &BAGHYERE wal | of each of the first set of trenches by gas

phase dopi ng; f ctohiny &heeronifijcdattnaoeriadybrom bheaechondldetods eastchek; t he

second set of tgienChPShe WaRbfd RedOFARESCAES kb VERChEO MBS SA6E | f ixebdla
material intgQ éﬂgiwl lgq filling the first set of trenches with a doped
material of "a first ®'conductivity; etching the sacrificial material from

the second set GF°VIEREnEParats MiFiRy FAREEIBTdtSdtreofiqstenehed tianshes
doped nuat erdngdl thef secxwlcestd ofcorsdabes vi ty; and provi ding separate wiring
connections to the first set of trenches and the second set of trenches.

The net hod i ncl %@Smeft%gm irﬁglgdefsi Eé%mi%@ta ‘%E‘psta ségca%r&dasfécogti éertegfhzer%nclilens

t he SUbSt r althethevwgggsetlrg.tg ,r eW[Plgpeeisn gI:er}cpxgs fOIfrél'Ee %?'}Starsgt aa'rtee ra?taetrglagely

disposed with respect to trenches of the second set, £illing the trenches
with a sacrificial material, and etching the sacrificial material from the
first set of trenches. The method further includes forming a junction
.layer in the wall of each of the first set of trenches by gas phase
doping, forming a second junction layer in thé wall of each of the second
set of trenches, wherein dopants are driven from the sacrificial material
into the walls, fill;ng the first set of trenches with a doped material of
a first conductivitY} etching the sacrificial material from the second set
of trenches, filling the second set of trenches with a doped material of a
second conductivity, and providing separate wirlng connections to the

first set of trenches and the second sét of trenches.

Preferably, etching the sacrificial material from the first set of
trenches includes removing the sacrificial material from a surface of the
. device, and masking the second set of trenches. Etching the sacrificial
material from the second set of trenches further comprises the step of
removing doped material of the first conductivity from a surface of the
device,

Providing separate wiring connections includes exposing the doped
material filling the first set of trenches and the doped material filling

the second set of trenches to a surface of the device.

For a better understanding of the present invention, by way o
example, preferred embodiments of the invention will be described below in

more detall, with reference to the accompanying drawings, in which:



di spesed ‘with respect to trenches of the second set, filling the trenches
wth a sacrificial material,. and etching the sacrificial materi al fTﬂ)WbWﬁ]S
first set O{V(fo 955@5. The nmethod further includes formng a junction

,layer in the wall "6f each of the first set of trenches by g&ET(ERI2#80659
doping, formng a second junction |layer in the wall of each of the second
set of ‘trenches, wherein dopants are dri vén fromthe sacrificial naterial
into the walls, filling the first set of trenches with a doped material of
a first conductivity, etching the sacrificial material fromthe second set
of trenches, firid.ng ide sesendesabnef LieenEhes Wb, a.doped jaterial of a

second conglgtbNddcYor 3N chﬂ:\éi,di ng separate wiring connections to the
first set of trenches, and the second set of trenches. Preferably, etching

the sacrificial Pt 8ri%alP FYURr EedirprLtvigetofothe thasersie sremmt aewisondnmreirng
the sacri foubishfateapériia. fr otrezeisunfpheadityt be t:@avhés arand 1magking £ he
second setsfritiARCheserEbiching the sacrificial material fromthe second
set of trenches_fur conpri ses.the step of renoving doped nmaterial of
the first condﬁ}f:ltgi'wg p{e sr roma st ftf"g%%l 6’%3'{')% thfevrE e lpERRAH AYrisepdcies
Wi ring conf®EEThfsof fdPudes vaRTRisi Boe tehrposhdpeecrifitionli aktdrilali Ny pbhastbisr st
set of trenchesFiands tiveadoped- mmteshal view lotnghe thEe:5€COAG BCLemioLbLREhES
to a surf aa®sofatehsr dayi ce. whofeid bRt I the sent

i nvention,g;hy. way 9 tggggpelse_, pref er rtengJé%gg%l?rtén%?%lo? ?%geflﬁ‘\'/ec{n?ir%'ﬁa\m N
be described below in nore’'detail, with reference to the acconpanying
drawi ngs, in whi€h:® WH BUETTEFt iomR INDEY 06 5t hePTTY @B 2¢ 36185 s driigonduct6x a
cr oss- sectsubpidate| @fvFdb. &t | aberedh 4 menpbly As adepseiiLOBMMICAE SUBSLL ake;
Fig. 2 istaecddssesectional view of the lateral trench sem conductor

substrate of -Figgy 15 ;uhergip,: urality of trenches are filled with a
sacrificial, materi agr “H O%s %segzgl%l}a&s\s’%/eswe(? i Bifal 28l Grenfhesamapetdirtor

Fi _
trench sem’Conductdr “*Subst PRITEIBI S §* 2plvviferaktermhe: exposed sacrifi ci al
material is pofir§hedis FiqyossrsestiergiosheysettirensdterhBwrehch hemk adihiator
trench sesbbomnduetat FSgbst, r aicdedh tredsachitWRNChikd 1 siq.)cgerflg;\,%ida)grgg;a%eri al
i's renpvedebs@Mdirdihr sdr SeteRbfLenches; Fig. 5 is a cross-sectional view

of the | at eral.ﬂ&er&c@ sem_conduct or , :
. § @ cross-sectional view of the lateral trench semiconductor

substrate of Fig. 7, wherein a P-type poly is deposited over the entire
surface of the device;

Fig. 9 is a cross-sectional view of the lateral trench semiconductor
substrate of Fig. 8, wherein n and p junction layers have been formed;

Fig. 10 is a cross-sectional view of the lateral trench
semiconductor substrate of Fig. 9, wherein metal contacts are patterned
over the doped regions;

Fig. 11 is a cross-sectional view of a lateral trench semiconductor
substrate in accordance with another embodiment of the pregsent invention,
wherein a TEOS diffusion barrier layer is deposited over the device;

Fig. 12 is cross-sectional view of the lateral trench semiconductor
substrate of Fig. 11, wherein the TEOS diffusion barrier layer has been
removed after drive-in anneal from the first doped electrode material (n+
poly) and the sacrificial material; and

Fig. 13 is a cross-sectional view of a lateral trench semiconductor
substrate in accordance with a further embodiment of the present
invention, wherein dopants are driven into a second set of trenches by

using Gas Phase Doping and into a first set of trenches from sacrificial
material.

An optical detector is formed on a semiconductor substrate by
forming a plurality of substantially parallel trenches in the substrate to
form a plurality of regions separated by alternating trench regions of



substrate of Fi g. 4, wherein a n+ poly is deposited over the surface of
the device; Fig. 6 is a. cross-sectional view of the lateral trench{ NOV 2005

seni conductywp o2@sasd rate of Fig. 5, wherein the n+ poly is B 0 Fig.
7 is a cross-sectional view of the lateral trench sem conduc??‘ﬁizﬁg frate

of Fig. 6, wherein the sacrificial materi;al is renoved froma second
(first) set of trenches; Fig. 8 is a cross-sectional view of. the | ateral
trench sem conduct or substrate of Fi g. 7, wherein a p-type poly is
deposited over the entire surface of the device; Fig. 9 is a _
cross- secti-6ves apfauwtope tdoped arbenialt r Brch-geni cgridustare conhsteat e of Fig.
8, wher ei ropeetintd po jadtRBtdr0R- J:c&:)ﬁ&é'& ey -k £@IdRare Fofinediddl Sodt ? Fig

t ct.or bst rat e o
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TEGCS di ffl&%b&ﬂ:g}?a{é' it8F md Y Bfed éaﬂq@:}gl Tneg %%Eo%ﬂ?aﬁ?{e Egn ofI g e jfgec T g

Cross-sectional, vi ew eral tren c sem subs

11, wher eltln ?ﬁééri‘—ﬁgndﬁrpﬁg?ﬂgﬁaﬁﬁﬁﬂl Ehe Ilﬁﬁljé‘}e as9Bken renpved af ter

dr| ve-in afnneal fromthe first doped el ectrode material (n+ poly) and the
sacrificial: rTB.tI'BEipa:ie,seﬂﬂdnﬁrg:.xoﬂ.?dﬂsﬁlc&e@rQSﬁtE&CBEOE@iCH!. eweebesk | ateral

trench sembeRndUst Ol wnSUPSLLANLES 42 -a669r Hange g n?;&%&gﬁ%“i““ of

nyent.i r dopants ar
E PgnEngegggteuggf% &a&éﬁhm@% Eort g‘gasrﬁ‘]‘el 1k0] 'é° ffF’F‘gta §8f1%% trenches from
sacrifici é’f‘terr‘riéﬁé‘?ait&fi P}ﬁﬁodﬁﬂd%eﬂe"dé% e&herdssirddosheettone acae nigohduct or
subst r at eablyievedrbn plugpiph ur dliidty sef cubsémnbd aliky panallslcibl Q@‘}Qﬁs in the
substrat ewhile E0I10ng Pldetahd k¥t Qfichegi Q@@ctﬁ‘%@@'ﬁ@‘:gglﬁy ng} erggf}) <09 4 con nch

0 065 ype
(rjgglegnrsmt?teﬁrl%%) oat %gzgg%éé%&%%l?rgogo orseesc%nnec(g g gcﬂ'é?%& rla&r\"ﬁe&ﬁh

n- cont act > @1 eﬁ‘?ﬁ’é"rr FOIHE %rférﬁbrﬁ‘?éci‘ sdcesyeeherf trendhsemez p-type
cont act . H?fé:elrégl" ans gepartatbedgimhbtdneenclye sBY wAGEdidE €lse number of

lithographic patterning and deep trench etching steps in the
photo-detector fabrication process, the present invention may reduce
production costs.

Referring to Fig. 1, according to an embodiment of the present
invention, deep trenches are patterned and etched in a semiconductor
substrate (102) using, for example, reactive ion etching (RIE). These deep
sets of trenches, only one of each set of which ié shown in the drawing
figures, will form alternating n-type and p-type electrodes of a lateral
trench photo-detector device. The substrate can also include a pad layerxr
(104) formed of, for example, Si0;, and a SiN layer (106) deposited over
the si0; for use as a chemical-mechanical-polishing (CMP) stop. One skilled -
in the art would recognise in light of the present invention that other
substrates can be used without departing from the scdpe and spirit of the
present invention, for example, silicon germanium, germanium, and
single-crystal silicon.

Referring to Fig. 2, the trenches are then filled with a sacrificial
material (202), such as an oxide (borosilicate glass (BSG),
phosphosilicate glass (PSG), Arsensilicate glass (ASG), borophosphosilicate
glass (BPSG), tetraorthosilicate (TEOS), etc.). Preferably, the oxide has
high etch selectivity to the substrate (102). The sacrificial material may
be polished (e.g., CMP) to the underlying SiN layer.



intrinsic sem conducting layer (i), thereby formng a plurality of :
paral [ el p-i-n photo-diodes. The basic principle behind this detectqgr
topology is to nove free carriers in the absorption region of the de't[]eNQ‘()r?UU-fl
in a directYOP206138%ndi cular to the incident light. |, The prEEeBL2/00659

i nvention discloses a nethod of optical detector formation in which
trenches for both n-type and p-type doped®naterial are patterned and then-
etched at the sane tine to forma desired interdigitated photo-di ode
device. The desired structure Can then be achieved by 'plugging a first

set of trenchesgydhriag sacrid.i i al;cLayasn ' fLlling, a,second set with
an el ectrogde i d 1ckBfing %héﬁest e praseht s R¥erd®Fon

terjal (e .qg.. .polysiTicon )
proposes a rré“g?(e)’d 5t a‘f‘c(g)rtprl?lg?lég 54 f%otzéra'f % Pefic Rateiet cEi02d et e clepps gy e¥er a
first and HesEubifresef toe devdperragd bhen thatraek medeniwl t(hem) etveheghe
si mul L aneﬁ_s;hynaapgr ethizhag isheemivalero @f:posleic tRognaphl g, pal L4 Pl g, and deep
trench et Ghicagst n t Q- or i cati.on process, the
present i -.gngﬁ)lq:e(%z,' gg%%gcgbfrkg agﬁag%caolst(gg)%? etrhtef‘n'gtcthﬁdF?’bt. of the

v I
accordi ng 6" nseerrﬁngd'f’??é‘ﬁlf‘esofw fe?present invention, deep trenches are

patterned and etched in a sem conductor substrate (102) using, for
exanpl e, reactireroinetehtag { Rk} devibesie d8RR$8)i3n0L Ej]rr%@?&%%ﬁ only one
W orm

of each seljc@f MY Gh:driS1 ShQWN | awi ng . figures, ,
al ternating n-type and . p- ¢ W’elfg(l:%g1 dgée of a Tarerdl Persfcpaterial such

- and p-type ad _
phot o- det éct o1 'dev Pt TRt SRR PPAYRIIEPR APBPY HERhdEhe fredifbgied  (104)
formed of MaF6FiadxdAptle thsi @RS mustiensBiyNrdskparcintOflesdepasivyed @¢eha dehe
Si G2 for wéetemchesheni kadps- ol Fans € all ectiebib shitag HCVRY2)St:0By ¢, sKil L ed

in the aritsewotd GekeSOGRL kN 0 reseng. i_nventi on that_ other
e e ek ‘fﬂ Qiec%&og??nlgg?ﬁltaﬁe&é}ég O;'H %‘fﬁrr FFeOf t he

substrates, g, used_w t hout, departin , o]e]

present i %\?gﬁ‘?‘? %ﬁ? tg(r%r%%(c_ | B ERS PRGOS Iger WliFrdmh fhétinaTi anp tand be

si ngl e- cr PEFEFFTER| #rbRtcIRsY ebYtemgattioely g the, mdthed tomenthasdar édnhancfinl | ed

with a saepiishingl andreterdraki20R) desueh tasradveXindee {Lorask 68t £10kASS

(BSG, phosfhesk! suatee ¢hassLBRR. N SLISE aJnS.a']ﬁa? glags A%g)dau €

bor ophosphgsiid;cal £ 0L Ass %}Eﬁ%(%l tet rsagrt 0Si |fca?e 'EOS) é?c.h)e.

Preferably, the ox] de has. Hign et'ch Se®8°®d §rt it Br1rees UtR Prat®osed?) .

The sacri [ “HBA% & ey =Bee pdFiehdd The §irst enP)omt oredmnenntiar kybng

Si N | ayer Pe 1 magkRpr200.%5 WOB2AD BT830 RETLGRA2NEE5I. from the second set
of trenches. The sacrificial material can be removed by an etch process
such as wet etching, (Fig. 7) Thereafter, as shown in Fig. 8, the second
set of trenches are filled with a second typé of electrode material (802)
such as n-type or p-type doped polysilicon. Any excess electrode material
outside trenches can be removed by planarization. '

Referring to Fig. 9, after planarization, a TEOS diffusion barrier
layer (902) is deposited over the device and the dopants are driven into
the substrate surrounding the n-type and p-type doped trenches forming the
n-type junction (904) and P-type junction (906), respectively. After
annealing, the TEOS diffusion barrier layer (902) is removed and metal
contacts (1002, 1004) are applied to the electrodes. (Fig. 10)

_ Referring to Fig. 11, according to an alternative embodiment of the
present invention, after filling a first set of trenches with an n-~type
.polysilicon (502), and patterning (as Fig. 6), a TEOS diffusion barrier
layer (902) can be deposited over the surface of the device. By using the
sacrificial material (202) (e.g., BSG) in a second set of trenches as a
DP-type dopant source, and a drive-in anneal, an n-type junction (904) and
a p-type junction (906) can be formed by out-diffusion from the n-type
doped material (502) and the sacrificial material (202), respectively. The
TEOS diffusion barrier layer (902) can then be removed. (Fig., 12),



8 Referring to Fig. 3, alternating trenches are masked using, for exanple,
an anorphous Si (302) . The mask material (302) is deposited over titdenpy 2005
surface of Hla8e%s6e and then the mask material (302) over the

alternating trenches is renoved to expose the underlying sadiG¥§BI240659
material (202) . The sacrificial material,(202) is then etched out of the
first set of trenches (Fig. 4). Referring to Fig. 5, the device is covered
with a first doped electrode material (502), filling the open trenches.
Doped material such as n-type or p-type doped polysilicon can be used. The
sacrificial makefdraling 2025igt.hal, wasoyiisyiteual surtASK @dbEOHRUSS 1@ Pl ug a
second setpreabnt ranehesnanskdeeeSniie of LiSli £8LEG! [ode ; DRt gL al Oe%)?»gfz Ls@ftr om

firlling t .set trenches. The el ectrode nmaterial (% y)
over the %ggﬁgﬂggtlﬁ%ftrgr%’ﬁgh ¢ V\nl?h'lgacdﬂp]af“éﬁ &fe i &Pr dintei Fhe fisstcant
o

t hen be rEFPEEsaly vEirh&gs TRese feriny doyminche fiethothreatod ngbudeoa) .
mechani callopanpe|arshdrigeaniohtpl Anacozd Bt tITELE@hES Al @IDYELRE Bl eCt (rjode
materi al tddlerifVabBANGSrMikES] : es,.. Fi r ans may be used to
cause the tr%ggﬁég iCi ainilﬁrg e%kgﬁf%ﬁijﬁgﬁlﬁgt%%ééﬁd '{s%t r’}(’)T:"srt PEhctfes to be
exposed tO the sUFface of "the & tesitqErgde GRteFiels | eaesseelestredeenches
may then "BESHHSKEAVHHiFrtheoseemBviatgof HeresaloTsi fLé cleabverat ehé alack-f oyithe
second setmatefidlr dmehesovékieg saer iddchll ddetNBt alivkabndans he chesmyad. hy an e':]ch
process sidebn@Ssevebs @LekiHRY. i Fi thed/ hitkNGr aocds Shown in Frg. 8, the
second se},.0f; frepshes are fil Imeégj:evc;l/i %lh&ags%%%%g %Ofﬁé Frokra Pote'tdt eri al
(802) such a}? n-type of p-type doped ol BT IFERN 5t 4y texediss & ecppexic
-material “ColtSiTHE IRt HEE CHcHenderriad dypnptaivasi fahierts, Retenr kg t 0
Fig. 9, aPfFeridsidanarization, a TECS diffusion barrier layer (902) is
deposited over the device and the dopants are driven into the substrate
surroundi ng the RAzty - ] d trenches formng the n-type
junction %gggnta@é‘t‘ %ﬁg %/r?%qflgnptgt}é?%r?% ?8‘8?"6) %;asr %sef)lécftagvrljeqaﬁ?dﬁ"ccé?dl%Hanh'eng,
the TECS 8iTTusi on BArPT P ¢ &7EPY §6D)conssRefkpdie] vakl aneesisticont act =1
(1002, 108%)%r&mapiieredh toendhes eleest hodessp aRl . 386 wBRE Lamdngd@eFi 0. 11,
?c?:f)r di nghigninaan aa#ﬂa@ﬁn@tdfv?&mbmﬁwa&mtreﬁcﬂelge THY @léx?i@el MY %n%isg%e %Itthgfa

i 11ing aafadeterset 78fm! ke ot sdype. polysilicon (502), “an

pat t er ni ng.{as .fi %hiQE,a i;l’gl%fé%iéi/%:f g%sa?s%n%stéc%rrae?r us?%fgr HoE2yr iR Bk
deposi t ed_over..the surface of -t h€ de¥iPcaes m@s usiliga tHeh rhwsphéiaisafioped
mat eri al {"’%’d’f)ﬂ%%?fg.‘ﬂ%%ej’) i #7daa secend sebtobftrenaeshes dsibed pitype dopant
source, abF®-gPPeerplydhheal (~EPcm=l ymae| duvate Os( 904k188%t 10007 in

"Argon for ten minutes to drive the dopant into the substrate and avoid

forming junctions at the silicon/polysilicon interface. Silicide and metal

contacts were formed on top of each trench eiectrode.

Some results have shown that the DC I-V characteristics for the
lateral trench photo- detector include currents of 1.5pA and 3pA at -5V
and -15V respectively. The breakdown voltage was approximatély -27V. The
Series resistance of the lateral trench phote-diode extracted from the
forward biased 1-V curve is 15W. The responsivity is 045A/W at 845nm,
independent of the bias voltage.
observed to be sixty-six percent,

present invention,

The external quantum efficiency was
For a device in accordance with the

responsivity is constant over a frequency range from DC
to a -3dB bandwidth of 2.8GHZ for a light source at 670nm.

By wiring the discrete photo detector with a 2.5Gb/s BiCMOS

rea i f4 it~ - - i
S mplifier, at a bit-error- rate of 10, a receiver showed a sensitivity

of -16.1dBm at 2.5Gb/s and -15.4dBm at 3Gb/s for a bias of 3.3V. With an

increase of the bias to -5.0V, the sensitivity may be improved to -16.4dBm
at 2.5Gb/s. '



a p-type-junction (906) can be forned by out-diffusion fromthe n-type
doped material (502) and the sacrificial material (202), respectiveH%. The
TECS diffusion barrier layer (902) can then be renoved. (Fig, 12). N0
2005 WO 02MB9BET3ICT/ GB02/ 00659 9 Referring to Fig. 13, acd@TiGBa/desa
further embodi ment of the present invention, after etching a sacrificial
material froma first set of alternatinéotrenches (as Fig. 4), dopants are
driven into the first set of. trenches by using Gas Phase Doping formng a
first junction type (904). Dopants are driven into a second set of
trenches from sacyificial I 0 rpin econ nction
type (906) . T%%vf'n?s escrcbeg ° rg%téﬁ%: % °£2a %% kh% B %oﬁmﬁl grg é lilﬁflgct rode
mat eri al , té%‘é‘é%@*‘éF‘é‘cﬁeFéﬁ‘@r rﬁa‘% e B ?t%ﬁ%ﬂfq H@d‘tﬁﬁéa‘é’é@énﬁwséfﬁrbaftl??érﬁ?ﬁes i's
renoved. Phem&RCbyfpeisahs dkBlbed dh €IB03)t daveightgof hesapordtssinings.

trenches g @lLhed-and LQdeéF&QJ&Q Sl Qﬁarfgég%tﬂreﬁe 'nﬁdfa' i %ﬁevisgxlaiéulsﬁcond
doped el ectro e nate g%h
po

fir t first
set of trSHRAETPES seed*‘m'f”?)t"j’t‘:flﬁl gssuc(r1 g%ewg%e}f ﬁrecfve" G\tand‘s?/ﬁpe Pq:
connect i ohév‘f!t?dﬁ?aﬂ sdefélf-%d by dihe aprepdrdettaine | gteling. trench photo det ect or
has been fabricated according to the present invention on a p-type silicon
substrate with a resistivity of 11 to 16Wcm wherein trenches were Bum
deep and 0.35pm wi de, and further having a spacing of 3.3pm between
trenches. The device was a circle with a dianmeter of 75pm Borosilicate
glass (SSG was used as the sacrificial material, while a first set of
trenches was filled with phosphorous-doped polysilicon (-1020cm 3) and a
second set of trenches was filled with ar.. boron-doped pol ysilicon
(_1018cm 3). The device was anneal ed at 100011C in Argon for ten m nutes
to drive the dopant into the substrate and avoid formng junctions at the
silicon/polysilicon interface. Silicide and netal contacts were forned on
top of each trench el ectrode. Sone results have shown that the DC |-V
characteristics for the l|ateral trench photo- detector include currents of
1. 5pA and 3pA at -5V and -15V respectively. The breakdown vol tage was
approximately -27V. The series resistance of the lateral trench
phot o- di ode extracted fromthe forward biased 1-V curve is 15W The
responsivity is 045A/ Wat 845nm independent of the bias voltage. The
external quantum efficiency was



observed ‘to be sixty-six percent. For a device in accordance with the
present invention, responsivity is constant over a frequency range f@{ﬂﬁkﬁ&
to a -3dB bandwi dth of 2.8GHZ for a light source at 670nm By w ring '
di screte photo detector with a 2.5Gh/s BICMOS preanplifier, at a
bit-error- rate of 10"1, a receiver showgd a sensitivity of -16.1dBm at
2.5CGb/s and -15.4dBm at 3CGb/s for a bias of 3.3V. Wth an increase of the
bias to -5.0V, the sensitivity nay be inproved to -16.4dBm at 2.5Gn/s. WO
02/ 067339 10 10 NOV 2005 PCT/ CB02/ 00659 Havi ng descri bed enbodi nents of a
met hod for wWigi W Afingedligt eral  trench photo-detector, it is noted that
nodi fi cations and variations can be made by persons skilled in the art in
| ight of the abdvenctheslchi fgming ain apsictlhdstedtor detice be aiselmicshdtbrt fidktrate,
changes rra\ykﬂlfole .rnad@1 in thﬁ' particul ar enbodi nents of the invention

di scl osed RIS OFSPRH the scope of the invention as defined by the

appended cl ai ns forﬁiigﬁ; Erglrst 36 N 208R1 set derdMrfbs inSth& bsIRE. biRe ei]néttrég’icﬁgsté}o d

of formng an optic etector device on a sem conductor ’su’gesrtr
conpri si ngtherfesistebprs altbmateby dispayed withredpestad t@nchea of #eaocbrgiakt; of trenches
in.trenches o the first set are alternately

in the substrate,,. r . .
di sposed with rﬁgﬁ’gclﬁe ﬁSncthF%W(’:t é‘ssaf)rfft“’c‘ﬂén%t%ré%hd set; filling the trenches

with a sacrificehingRbeidaliciaPheRhROrMenSRG! id bflrdlcnpBt erial fromthe
first set of trenches; filling the first set of trenchés with a doped

material of a ffilyg thoAusetiofireyches atithhi dugped hatsmtof 4 fisst edndmatigry;al from a

second set of trepches: fi.Ll. th econd set of.trenches with a doped

material of a sgtgglr?g%li%ﬁ?ﬁﬂ}éflia(}%?w'gl f??ﬂ]ﬁisﬁbo"g 54 ‘?fst’ienf’]ﬂﬁ?é:ti on layer by

driving dopant sfifiirarthé fRofORRESS FeANe MithiaioBas hakkial éﬂ”besefcbﬁééoxﬁﬁ{;ti\m;%;t )
ro e

trenches and formng a second junction |ayer by driving dopants
doped material fomidchiiet jungior yemney dwéting flopanenizdreshe doybd pnaeriaiimgach of

separate Wyli ' e first set of trenches .and the second set
of trench\é\llsh N fggt %ﬁg?%bﬂ%gs‘%@ (%%lﬁllla}pgnaffa‘c%ﬂjewg?twnt lﬁéerlﬂiyr gft“”gé OR3Ys ?rﬁ@ @scond
set of tr eduajedsndteridl e ecachWdsiie REenddetof @EHPRES; Sharul t aneously.

providing separate wiring connections to the first set of trenches and the second set

of trenches.

2. The method of claim 1, wherein the first set and the second set of trenches in the

substrate are formed simultaneously.

3. The method of claim 1, wherein the step of etching the sacrificial material from the

first set of trenches further comprises the steps of:
removing sacrificial material from a surface of the device; and

masking the second set of trenches.

4, The method of claim 1, wherein the step of providing separate wiring connections

further comprises the steps of:
exposing the doped material filling the first set of trenches and the doped material
filling the second set of trenches to a surface of the device; and

providing each of the first set of trenches with a first set of contacts and the second

set of trenches with a second set of contacts.

[RALIBU]52337.doc:RVH



3. The nmethod of claim1, wherein the step of etching the sacrificial
nmaterial fromthe first set of trenches further conprises the steps! ®Ngy 053
renoving sacrificial material froma surface of the device; and masking

t he second set of trenches. 4. The nethod of claim 1, wherein the step of
provi di ng separate w ring connections f},g_t her corrpri ses the steps of.
exposi ng the doped material filling the first set of trenches and the doped

mat eri al illi t he secpnd.set of t.repches asur ace of the devi ce;
and provi d%'ng ei@% r%e?h?(ﬁg Fg}@ﬁ’s‘%ﬂm‘ap ?ém?h%fo cfippetionglayerg lurther’
contacts apsn msﬂmofﬁet of trenches with a second set of contacts.

[ R\L1BU] 52337.doc: RV 11 10 NOV 20!'n - 12 5. The nmethod of claim1l,
wherein the steéelmﬁltlﬂlerardlffgswmbamankayemvet ayerfscefafithddavicequipns femingde
steps of: de 05|f| ng. a dlfoSI on barrier layer over a surface of the device
prior to f B % ?fg unctlon | ayers; and renoving the diffusion barrier

| ayer froma sufdn@fifn Iy ] I 6.
The met hod of claim ﬁﬁ&ﬁ?@?ﬁy?ﬁgeﬂpgﬁrg@ ngupﬂﬁé Q?%hr'esd#()fg%n to I VI the
conpri ses hmc‘tl%lémféped polysilicon and the material of the second
conductivity conprises p-type doped polysilicon. 7. The nethod of claim1,
wherein the material of the first conductivity conprises p- type doped

pol ysi | i cofl andTh&getRdQIictimOf, vieee; ﬁ%éorﬂﬁlt GNsiuRt i i5e5 P €
doped pole/S| | icon. e8 The rlrlr?t h(;d of1 cl ai mel mherel}@rtltc%‘%%ﬁgg{)%tgﬁ?lnse@ﬁ

i ncl udes afypefPeashirrixtiligonraad dhe material OfShQQeCDa@/ewnchie@um tomaprivee p-tyeadoped
sem conduclgc%, n?(;erl al, and a SiN |ayer deposited over the Si02 |layer. 9.
The net hod aim1, wherein the step of etching the sacrificial nmateri al
froma second set of trenches further conprises the step of exposing the
sacrifici aI mat erl al of the second set of trenches to a surface of the
devi ce. 107 Thelhemsbadef claimi lnvdieraim dreanaterifleofdhe frso comustigity gornprases p-

sacrifici at'f}{lg@ﬁ&ﬁ'ﬁrd' ;ﬁlesgﬁcoﬁlgﬁd G L ao(ﬁtt %E,eecgl'fic? 0§ %%Stb\]é r(%)?l’ile];{ﬂSF%nE“ rsﬂ%aeé

step of ving t materi a I FS

regi on abomiymh@onsecond set of trenches by nechanical polish. 11. The

met hod of claim9, wherein the step of exposing the sacrificial material of
the second set of trenches further conprises the steps of. patterning the

doped mategial Phe mbfhol iof $faith AV MElY HeY%ub@R% includes a semiconductor material, a

Si0; layer deposited over the semiconductor material, and a SiN layer deposited over the

Si0, layer.

9. The method of claim 1, wherein the step of etching the sacrificial material from a
second set of trenches further comprises the step of exposing the sacrificial material of the

second set of trenches to a surface of the device.

10.  The method of claim 9, wherein the step of exposing the sacrificial material of the
second set of trenches further comprises the step of removing the doped material of the

first conductivity from a region above the second set of trenches by mechanical polish.

1. The method of claim 9, wherein the step of exposing the sacrificial material of the

second set of trenches further comprises the steps of:
patterning the doped material of the first conductivity; and

etching the doped material of the first conductivity in a region above the second set

of trenches.

[RALIBU]52337.doc:RVH



etching the doped material of the first conductivity in a region above the
second set of trenches. [R\LIBUJ52337.doc: RvH 10 NOV 1005 - 13 12. A

nmet hod of formi ng an optical detector device on a sem conductor subswc'NOEZUU}j
conprising the steps of, formng a first set and a second set of trenches
in the substrate, V\/nerein trenches of the first set are alternately

di sposed with respect to trenches of the second set; filling the trenches

with a sacrifici,al flrst uctivity et ching the
sacrifici aIlb “%ﬁnﬁcfd‘re8m?rﬁ’én5 AP qpticak q?r gﬁ%‘ﬁf‘eé’n %.S?W}Cﬁ@glt%@ fybslsptes et
of trencheeofﬁbhgngtm ofaterial of a second conductivity; formng a
first junction |ayer by driving dopants fromthe doped material in each of
the first set offormriegaefies selrehdfaosenomigseh of rerwhels jnuthe subsirateawherehytretrches oy

dopants frgm sacrifi aI. materi.al in ea second set of
trenches; @T tit’{shsgft ?rﬁé‘l@'a‘@fqXﬁiléli’%ﬂ:g%’t%éﬁpﬁﬂ tPr“i?H?Q‘i%Q?g}@cSGﬁstS@f of trenches;
filling the sec gMshS@k trehches FMEREACNN lﬁﬁﬁﬁél%?tarfﬂgecoﬁm 1v% and

provi di ng separate Wi ring connections to the first set o enches and the
second set of tefcbmghkesactifciaTmetemet fiod thdf fixst st of r2nchakier ei n t he step of

tching th i | t | f t fot furth
conpr 1 9es ' ho- s FUE B e G otk iy diba rialirial P StcobhEariiTibe. of ¢ he
devi ce; and ”B$dﬁhﬂﬂg hhﬁest:j@féqaﬁl 1a§ef= bPhriting GGE'ﬁﬁs frdfh- thd Bspéa%&eﬂal% e&J[h%fm

12, wherein prior to formng t junction |l ayers, the doped materia
t he second theofighigatiofitrepches amérfomdgfaram)rai }smfslﬁmblyclf by Hevide\dopents f'om THee

nmet hod of rein ste fQrm.ng junction | ayers further
conpri ses %%dqaééisatég@ Ee?%}é Fﬁ.‘ﬁﬁe nglsftf?ﬁfef}ﬁhagarrier | ayer over the
surface of the eéeMingehdgdchficiaPmafeblfrat thd\Rcobmték bPRedA¥Ers; and renoving

t he di ffusion barrler | ayer froma surface of the device after form ng the

junction |ayersfillig therﬁwon%sqﬁ@ﬁtrgmch@s #iithanzlecithde wiateriahendt ep of provi di ng

oped mat er i al - PRIVRNE “EARTs e ApecGRIPfo e ot ot PR RORRE iind o6

mat eri al f oftremvbhed.he second set of trenches to a surface of t he devi ce.
[ R\LIBU] 52337.doc: RV H 11 0 NOV 2005 - 14
13. The method of claim 12, wherein the step of etching the sacrificial material from
the first set of trenches further comprises the steps of:
removing sacrificial material from a surface of the device; and

masking the second set of trenches.

14, The method of claim 12, wherein prior to forming the junction layers, the doped

material of the second conductivity is removed from a surface of the device.

15.  The method of claim 12, wherein the step of forming junction layers further

comprises the steps of:

depositing a diffusion barrier layer over the surface of the device prior to

forming the junction layers; and

removing the diffusion barrier layer from a surface of the device after

forming the junction layers.

16. The method of claim 12, wherein the step of providing separate wiring connections
further comprises the step of exposing the doped material filling the first set of trenches

and the electrode material filling the second set of trenches to a surface of the device.
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17. The method of claim 12, wherein the el ectrode material is one of doped
material of the first conductivity and undoped material. 18. A nethod (ofipy 2005
form ng an optical detector device on a sem conductor substrate,

conprising the steps of formng a first set and a second set of trenches in
the substrate, wherein trenches of the_{irst set are alternately disposed
W th respect to trenches of the second set; filling the trenches with a
sacrificial material; etching the sacrificial material fromthe first set
of trenches; formng a junction layer in the wall of each of the first set
of trenches7by gas nRBRRICOIPRND;, whefei (g e?ec%@&@ﬂﬁtdri‘épgtdn‘a%fld@g@d mgférigla&h
wal | of each of the second set of trenches wher el n dopants are driven
from t he stherfirsti condiictivity end ahdapet matérealwal |s; filling the first set of
trenches with a doped material of a first conductivity; etching the
sacrificial material fromthe second set of trenches; filling the second
set of trepghesAwrethod SORRMITBEE OpftalOdetdbiGegAnst SH’nad%'é}]tllcth&&ét rBBstrate,
provi ding separate wiring connections to the first set of tren Ches an
second set corpprigingihetsteps ofi9. The met hod of claim 18, wherein the step of
etching the sacrificial. materi.al et of trepches further
conprises the sf R hrsly émfiﬁgge?%@ sgbglﬁquch?salp tﬁ%f‘é’rs frate, ‘T"B?fﬁina[r%h?saﬂzfe of
the devi cetheatist seﬁﬁ%'ﬁlt&ﬂaﬁeﬂﬂd@%@(ﬂ@ltﬁ%s edt 16 Er‘éﬁ@*&@%fth%geco-ﬁla%e thod of
claim 18, wherein the step of etch |nf9 Il”u)e sacrificial material from the
second set of tﬁﬂmﬁb%twrw%@mrth@@mrr Oszeisnattﬁalstep of removi ng doped
material of the tf%‘ con IVIt p!! surfag t he device. 21. The

met hod of claim eesragfl Cl? Ratgt trgrg: &rate wiring

connections f ufdrin@ig £ mptibsRSer iRghSHaR onea&mﬁé ekt Eé’t%f@%ﬁé’rﬁzs thg%g Eﬁése
filling the first set of trenches and the doped material fill

second set din&renches to a surface of the device. [R\LIBU 52337.doc: RVH

forming a second junction layer in each wall of each of the second set of trenches;
wherein dopants are driven from the sacrificial material into the walls;

filling the first set of trenches with a doped material of a first conductivity;

etching the sacrificial material from the second set of trenches;

filling the second set of trenches with a doped material of a second conductivity;

and

providing separate wiring connections to the first set of trenches and the second set
of trenches.
19.  The method of claim 18, wherein the step of etching the sacrificial material from

the first set of trenches further comprises the steps of:
removing the sacrificial material from a surface of the device; and

masking the second set of trenches.

20.  The method of claim 18, wherein the step of etching the sacrificial material from
the second set of trenches further comprises the step' of removing doped material of the

first conductivity from a surface of the device.

21, The method of claim 18, wherein the step of providing separate wiring connections
further comprises the step of exposing the doped material filling the first set of trenches

and the doped material filling the second set of trenches to a surface of the device.
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