| mproved Sem conductor Sensor Structures with Reduced
Di sl ocation Defect Densities and Related Methods for
the Same TECHNI CAL FI ELD OF THE DI SCLOSURE [ 0001] The
technical field of this disclosure relates to the art
of sem conductor devices; and nore particularly to
the art of nethods of maki ng sem conductor devices
usi ng aspect-ratio-trapping techniques and
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photodetector, can be fabricated using a standard silicon process, such as a standard CMOS

(complementary-metal-oxide-semiconductor) process. It is also desirable to fabricate the
non-silicon devices and silicon CMOS in a co-planar manner, so that the interconnection and
integration of the whole system can be conducted in a manner compatible with standard and
low-cost CMOS process.  Further, it is desirable to increase a size of non-silicon regions

configured to output electrons generated by light absorption therein.



[0005] FIG 2 diagranmatically illustrates a
cross-sectional view of an exenplary structure having
an epitaxial-lateral-overgrowh at or in which a

sem conduct or device can be fabricated; [0006] FIG 3
di agrammatically illustrates a cross-sectional view of
an exenplary structure having a large |ateral
intrinsic region; [0007] FIG 4 diagrammatically
illustrates a tﬁggwﬁga{lﬁgﬁﬁgﬁhgwﬂ@yout of

mul tiple tren for grow ng

[0004] epl ﬁz@h@km@@ﬁsm llanga R RREANS i1 1&9@@% dxbGplady method of making a
diagranmatically illustrates ah exenplary striucture
semicomductangevion- si | i con  sem conduct or devices integrated
in a silicon process; [0009] FIG 6 diagrammatically
(0005} | | KISk r2ad @sxdamla@xéhpl lisipatst g ueesasectioasti wQWaotpcm expmplary structure
struct Ly forme shal ] ow-trench-ins

having 2 gpiGktia f%ild]veta@thﬂ ar dgt HfrapTeaPIdyeer thodirtap b febriceted
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fornedin a rench-1 nsu

having E'l@e ﬁtdxﬁuﬂuﬁé:@&fgﬁm of a portion of an exenrpl ary array
hot odet ectors; [0012] FIG 9 diagrammatically

[{)007]| I IFUS}t r%ﬁﬁgxammnﬁtygylhbamds st pctibweofodn axgmplaty layout of multiple
structure at zero bias voltage; [0013] FIG 10
irenchegiregrupivde Papableyord gIPWSEr@@ti@@dlt(hﬁtcéW©§101béﬁd structure

i-n struct reln FI G at a bias vol
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SCYHICOI?JZ[UCHX dgwc rh‘?t%%?x%ﬁ? TII rocés@ 8 [0015] FIG 12

I 'agr amma |ca1’ ra es an exenpl ary

[0009] CorPfIGgléSr éiah%ﬂn&ftlc&lge 1I§Lfsﬁfﬂt§§ $h xS mipPry r@@uctﬁl@%ﬂﬂ@ 8GL0% structure
array in FIG FIG 13 di agrammti cal |

formediith hsﬂ&ﬁlbarttmcamh]aen :@(@:ﬂpl ary configuration of t he
transistors i n.the_ghot odetector array in FIG 8,
[0010] [ G117 ﬂ;a@'alqmat@idg_g HEWITRES atdthyy ckemplatyrsaueredrving a p-i-n structure

exenplary co rati on of the I-n structure
f‘“medérbﬁgg’@f’ é“?’ﬁg sg{i‘%é?gé?‘br in thg phot odet ect or array
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[0012] SerFIGOQQMﬁMmQQ\ﬂI?ﬂ LfSQEt’CTE%ﬂR BherH- bAdd BrucQf &Spﬁ@n structure at zero

regi on f or med by adj acent
bias voltage;
{0013] FIG. 10 diagrammatically illustrates the energy-band structure of the p-i-n structure in
FIG. 9 at a bias voltage
[0014] FIG. 11 is a diagram showing a portion of the array of photodetectors in FIG. §;
[0015] FIG. 12 diagrammatically illustrates an exemplary configuration of the transistors in the
photodetector array in FIG. 8;
[0016] FIG. 13 diagrammatically illustrates another exemplary configuration of the transistors
in the photodetector array in FIG. 8;
[0017] FIG. 14 diagrammatically illustrates an exemplary configuration of the p-i-n structure

connected to a transistor in the photodetector array in FIG. 8;



(aspect-ratio-trapping) structures; [0019] FIG 16
diagrammatically illustrates a cross-sectional view of
anot her exenplary sem conductor device forned at or
in a coal esced region forned by adjacent ART
(aspect-ratio-trapping) structures; [0020] FIG 17
diagrammatically illustrates a cross-sectional view of
an exenplary structure having a sem conductor device
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(aspectgnwedp}bug fsencthyer in a trench formed in a
crystalline substrate; [0022] FIG 19a
[0019] ¢ AiJFantfatdiagsmyatically gl rlﬁltdéﬁ a epwssctivagt ivisnalof vinelenfexemplary
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spect WG detector is capable of detecting
(aspect d%{] déblﬁ%jgtelgétw{eﬁer eto fromthe top; [0023] FIG 19b

[0020] dl &gGﬂW&Ilh(ﬁQHTMUMH'}!USE‘TL@ECQS& ol ORcNbRWVvRRy Bf QIQrckérﬁ’[Flal y structure
of the phot ‘odetectors in FIG 19a; [0024] FIG 20

having dlsagrcandmtql datityformbdist 1 ptadsd lauffer bysr mentopemal o/ emleonilc tayer;
tion_of an exenplary array of non-silicon
[0021] phdi@déﬁé&%&b#@mrlmdél@ riBeseEees it gosiericon! sighser ar exemplary structure

nylne photadetector | | e of det ctln
raving {ERECTHRGaRE S REREE 61t B T Buce Ponssjet ety crysalin
substradi @grammatically illustrates a top vi ew of a portion
of the photodetectors in FIG 20a; [0026] FIG 2la

[0022] andrI6l Ba ddGadhRgEANMBISHERE b ¥rdss-bdSbAANR WAGY LYRIR &M exemplary
configuration of electrical connections of

array Obh@m sifle¢re ph@odetdctore iigedraied al acdibactisstras) dvheBOR e FHodetector is
is a cross-section of an exenplary sem conductor
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FIG. 19q§V| ces and seni conductor devices nade thereof.

[0024] F1G. 20a diagrammatically illustrates a cross-sectional view of a portion of an exemplary
array of non-silicon photodetectors integrated in a silicon substrate, wherein the photodetector is
capable of detecting light incident thereto from the side;

[0025] FIG. 20b diagrammatically illustrates a top view of a portion of the photodetectors in
FIG. 20a;

[0026] FIG. 21a and FIG. 21b diagrammatically illustrate an exemplary configuration of
electrical connections of photodetectors to electrical contacts; and

(0027} FIG. 22 is a cross-section of an exemplary semiconductor device having a non-isolated

defect region,



[0029] The nethod enables integration of non-silicon
sem conduct or devices into a silicon process such
that silicon circuitry of the sem conductor device can
be formed through standard silicon processes. This
integration capability can be of great inportance in
using | ow band-wi dth or high band-w dth sem conduct or
mat eri al s for maki ng sem conductor device having p-n

and p- "'bEﬁHL HESERIPIIBN HEQR REAESSEER ML §R30] The

met hod al

[0028] ( aspig@bsctiafd:Qntik 3PRINBY &F ¥akidk ! deABRUEMGE WVERs | dAdBsemiconductor
trench structure, such as a trénch structure patterneé

deﬂcvbymmihmaﬁbh patterning-process (e.g. a standard
q&{enentary met al - oxi de- sem conduct or (CMOS) STI
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For denonstration and sinplicity purposes, the ne
structured inlsilven grsessssed wth reference to sel ected exanples
wherein ART crystalline structures are formed on STI
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techni que. As used herein, "ART" or "aspect ratio

structurt(s appi nge anetledied geaer aldyr veaidaheintcacbmi Ge(s hutstantially free from
causing defects to term nate at non-crystalli ne,
the asp@ctgmtio dE@ERIERISC 0% | PHeRAY |11gm@upmsngn Heesé r oot ax)&/T techmques For
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of the ckéirﬂ@!es disheeat 'aﬁ’;ﬂ@mat@d{ %y oMk REiED %mffercﬁmhatetﬂg Qk&ﬂplﬁx‘}‘?nethods as
epitaxial filmsurface, and greatly reduces the

discusseglumf the dollv@ingaat iavo enspltyemid hd Momh e RARTramesd Bg.other types of
Further details of exanple ART devices and ART
LlenChc‘itechnlques in mhlch this invention are described in

[0031] dtl UC T?rl] ; cf ]ilc/h432n 18 t4 fl1!a§9g1l\(/)%/th technique.
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defects to terminate at non-crystalline, e.g., dielectric sidewalls during heteroepitaxy growth, where

the sidewalls are sufficiently high relative to the size of the growth area so as to trap most, if not all,
of the defects. ART utilizes high aspect ratio openings, such as trenches or holes, to trap
dislocations, preventing them from reaching the epitaxial film surface, and greatly reduces the
surface dislocation density within the ART opening.  Further details of example ART devices and

ART techniques in which this invention are described in U.S. Patent Application Nos. 11/436,198



[0032] Furthernore, with custom zed ART grow h
paraneters, an enhanced | ateral epitaxy overgrowth
(ELO node nay be realized for expanded epitaxy beyond
the trenched region, e.g., regions wth openings
formed therein, which yields bul ky "free-standi ng"
high quality materials centered above the initia
trenched seed | ayer. Therefore, a conbined ART and ELO
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(0032] r epfuodbaendrt ewith esstohszed[ ARB3rowhe pietnbed, fadr dih@hiced lateral epitaxy
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over gl%\ﬂbé@h@é ngghle Iy bqofe@h@sistt penofssepiaky dhydand the rulqnched region, e.g.,
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form ng a sem conductor device or an el enent of

substrase gudiomd 8 basratde vViheerefad véy Bihpie rprda@yseenadics Ft@l$£&ﬂi‘: emd eeproducible
sem conduct or crystalline substrate, whereas the

results.puf fer | ayer can be graded. The buffer layer can be

osed hin an enin forned n a dielectri
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of m hg ani'sotropi ¢ or {Sie}

semicor(c%@!oﬁ aely Rk - Al Qfeﬁle'dom%rﬂr @;V"Q}:rt&eﬁg&hﬁﬁﬁmoﬁt BF phdic¥, Gh jarge-scale
a sen conductor elenment or a sem conduct or deV|ce can

inuinsmﬁ:nﬁmmiedo: {ec@d36Ghn Bhyrmed hatle akgoscelratR B strifcaurdl ng
em conduct or devices or elenents of sem conductor
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[0036] The method also enables forming semiconductor devices or elements of semiconductor
devices in coalesced regions between adjacent ART structures.

[0037] The method also enables forming lateral p-n and p-i-n structures of semiconductor
devices at or in an ART structure.

[0038] In a particular implementation, the method is capable of being used for making a

semiconductor device having complementary-metal-oxide-semiconductor device with a



[0039] The nethod and sem conductor devi ces nade
thereof will be discussed in the followwng wth

sel ected exanples. It will be appreciated by those
skilled in the art that the followi ng discussionis
for denonstration purposes and shoul d not be
interpreted as a limtation. G her variations wthin
the scope of this disclosure are al so applicable.
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aspect-ratio-trappi ng (ART) technique. Referring to

[0039] FI GhelmahodsarisfenatondlAor desicps aatiel @@dreoMiilc Be aRBusb&l i@ the following
sem conductor crystalline substrate, such as a
with %@éﬁqtqdc@wmst Hawdl bPisgbeeinreidcby dyse skdRd donpe iasiethantheafollowing
| ectric material is depOS|ted on substrate 100

dl%ﬂ*b*ﬂqelsJP@F*%{BWSH&U%P@WP&% Wenshgrldapgs beyinteapietsd st 2 didipgon.  Other
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[0040] Si %fetml@% théBf-Qhihgd, SFE@r elﬁth?&lgﬁpiﬁb Cﬂibhﬁmdﬁﬁﬁ?{icﬂﬂf Ahstrate an
oxide or nitride of ameta el erent, amsﬁ al
exemplary noeita@ing fanakii e @litaxihD@4t{urSedieem dls@ycﬂrmti(ﬁédpp‘inc (ART) tcchmque
deposited on dielectric layer 102. The screen |ayer is
Refer: riggoliegtUs & selfstralg IpRtieplosgided hahich sarhbeghteynismidecti argsttlbne substrate,

h
such as fosghc%ggpi!)s?tggg Cé?{ig% ﬁﬁé(gﬁ [ ql'é:‘cg)g};; g%hgftc(gﬁlleggt; ggﬁ%;r; @ Féﬁgdeposncd on

substrat?fl()a' Whé"’tﬁ%ﬁ t?lcq{l%:l{hl?di chtla l [ %&1?%?01_6%&1?168\252]%%%EICFEHJ y, though

forn1ng renc bs¥rat
not req8HRs tahad,8dd 0N wigans Qtes&‘hgaﬁqugy eRnifl, aglieds efehi 'aﬁ‘(g S[N Other
process so as to form openings, such as opening
materialsmaréhi8o applicablee sdch dshn edllect hitdide/oDf nidng esafic@em inamem loy, or a
(104) to the etching process, the trench (e.g. 106)
Ceramic rpateriye. substrate (100) can have a larger depth or
mai ntal ni ng the desired aspect

00411, ag%m?’g&ye& i g IFPSHFhY" ARECGI N 10F- n Bfwescsﬁaﬁmwels comprised of
t
a mdtcuah ﬁ‘zIaPRq H‘yg i%éc]tqg)to ﬁ%%tgh%/ e[?i%féi? % ge LI‘§8 Of n%tﬁaﬁ‘;ts r,!garitgrloo For

nanoneters o

exampié 08l Lay& M4 Ga R Be @6mb@¥eg%rf T Nu@ﬁer?@dljy e%ckmocﬁtg&s@ fs o be erformed
l'arger, 2 microns or larger, 3 mcrons or 1arger, 5

for formmgitorBeson stiatger00The opening (106) nay have a MAdth
of 20 nanoneters or |arger, 100 nanoneters or |arger,
[0042] 50Fhe avtskeedt@)san Ibar:@é@d byr atleeteheiohing gragess, sosaaamtcam openings,
crons or |arger

such s penr 081 Pl ot 2hie € e eflemibTror s orh i (é%éetthe etching
Pl‘ocess,;@E if%or F‘ﬁt Jéh gﬁ?%ﬂk@%&»@rﬁ% ﬁleqb?lgarp %a\pe ? 1§} [reihéle%[heof wi whx!e still
maintaining the desired aspect ratio for the following ART growth. In one example, the opening
(106) can have a depth of 100 nanometers or larger, 200 nanometers or larger, 500 nanometers or
larger, 1 micron or larger, such as 1.5 micron or larger, 2 microns or larger, 3 microns or larger, or 5
microns or larger. The opening (106) may have a width of 20 nanometers or larger, 100

nanometers or larger, 500 nanometers or larger, 1 micron or larger, such as 1.5 micron or larger, 2



[0043] The opening can then be filled with a sel ected
dielectric material so as to coat the sidewalls (108)
of the opening for the followi ng ART growth in the
opening. In one exanple, dielectric layer (108) at
the sidewalls of the opening can be conprised of an
oxide (e.g. SiO), a nitride, (e.g. TiN/), or other
suitable materials. In another exanple the dielectric

mlcan @yﬁf% ]3 §c}gc§1r k&?cer 51%eiw%tom%f1 e? O’Pﬁ dsn\gct i’l!% oqfil?e %penmty (106)

terta Fees sur
can bc@B%’i %hcr%mteantdl ahdhm @%l{ﬁ"hz fh@r. or m gher than that of
Ti N, [0044] After coating the sidewal | s of the opening
[0043] ( 10B8je, opchingdiel geh rtbeclillaly @ith caselde:dedlielregicsa@sal doOas to coat the
remove the dielectric material at the bottom portion
%ldCWd’(hlfU@)‘S) of thehepegpenion ghef tlowingodRAgroméd inuthdepereag.h In one example,

as dla ranmat i cal illustrated |
dietecy Ger, (108) é‘dgas eRls Wl GPFie 615@\? ﬁ‘@}“%‘@dé’é Sl (- Si00. a
nitride, (l.g‘n’]ﬁll\lc.) o?ch ut%lg?ned?eﬁm anlrpfnogqlm eanﬁg ?ﬁzctuc?ayer(lOS) at the

12 as ag Farme
sidewall |df UBd E)Qérﬁ’é’o bﬁh bk @01nbﬁscd|-:é<te'ﬂm rYa 'ﬁﬁlkhﬁifj%d\ﬁt% a PRI surface energy
processes are set forth in U S. Patent Application
substdnhlaiﬂ;y eqidl @36 hildh8r thivh eels NEHSANJ.? 2006, 11/493,365 filed
26, 2006 and 11/852,078 filed Septenber 7, 2007,
[0044] aI | i opmiinghiha sidlewallsedfythe prroinegoP@t B disteqtied Byema bertched so as

to Icm%\fé:nflh Mﬁ@;grﬂiﬁ\ﬁf g?qtt ;rcﬁagtgggp gz)ktg)?gp iél()?t%ﬁéh%gqenmg for exposing the

undemcsd'i}{ Y5 &@(I%?flag’ﬁv%%%ﬂ %?1%, N(l)lfustaateq{ lgg;?Gl \. el ement or

npoun , or all-V

[0045] COTTH%B"I@l ‘mEXGFaR St 08fas giﬁ&ﬂpmll;\((}ell@'ﬁmi@]ﬁ bt‘?}@éq'%' d&h Sep@Mimed so as
Si; and exanples of group IV conpounds I nclude § |%E

to form(epxaxpl esteddl [1Rlas diagonpoaticddy (ThetrateleinafIdMidunExemplary methods for
phosphi de (Al P), gﬁlllUﬁ]phosphlde Gl ?), indium
ART ppsessphiagiesqt | fapl ingl SniPaignt Apsléesaiide Noal Aéf)436 la&lfﬂcrchmay 17, 2006,

s 3 TR Rl WIS RS I (L), i
mco1po§'ﬂéd lgp% Q&céxtpéﬁ?retg.an?het Rﬁ'l“rs'\lhcet[u%ag gongél‘iieg %F‘!\ gcrnQ%r}ﬁucaox material.
For cxaﬂ{pllﬁntlfBJNle sh{ltt‘dﬁ: hdY DY corfiskd 91&1{)'1@’%1& f@iVor chRFUAN a II-V or

nitride (InN), and " their ternary and quaternary
I-N cooppadndsa [EXaophesindf Ek&:l\ﬂ[e@dl@ﬁumd\g clamednudi@sludd e and Si; and
selenide (ZnSe), zinc telluride ZnEH) cadm um
examplesedfegipge Iy @g@g@und@ At dgnyiBe 1 anipds c(f Téxomppyisls include aluminum

R
gailium?}%ﬁgéﬂé ﬁg?‘% ]Eirn gﬁ/ﬂé{uﬁ%ﬁ&n@ndiz ‘}lgrﬁ élé% ﬂkxo% I%%fsrbl)m}amu%?antlmomde
(GaSb) ! giust Rsd hiadige |(§18@),Sa|nhltﬁ@iﬂ to‘ih‘a@?ta’h@tcﬁla[eﬁlary compounds. Examples of
[II-N compounds include aluminwm nitride (AIN), gallium nitride (GaN), indium nitride (InN), and
their ternary and quaternary compounds. Examples of [I-VI compounds includes zinc selenide

(ZnSe), zinc telluride (ZnTe), cadmium selenide (CdSe), cadmium telluride (CdTe), zinc sulfide

{Zn8S), and their ternary and quaternary compounds.



non-silicon crystalline material, such as gernmani um or
ot her sem conductor materials, can be fornmed in the
trench of the substrate. As a consequence, a
non-silicon sem conductor device can be forned at or
in the non-silicon crystalline ART material, such as a
germani um based p-n or p-i-n structure. OGher silicon
circuitry of the sem conductor device can thus be
[()046}f Or”ﬁ%dab'o{‘z]e Rl of REmit ARFQ 11%?%%&&%3 Hl‘.‘cl'(? {[l.g eéﬁgpﬂ HET structures
| 1 con processes, as exanp
made iﬁt&&ﬂ‘rﬁab@%aa? taevaaleds MirteRamplarienas tosubbifate B a RO dubstrate, a
I n anot her exanple, the above nethod enabl es
non%ﬂphmumﬂ@tkwiommpHMQMQlw@gbenmnnmgmmbédlhmnmmumcmrhhnanuscmntm
ess. A photodetector pi xel conprises a p-n or
formcdrjnlthqqtugic]q G ther SOHREE. a S0t FHSEICaFS: @Lnoprsyzcon Seraigordictor device can

be for meg%g 1S1|n rlgenr\{%r%l“%g% ec%Ifsr ll‘“ t%Rgrm%etfa suﬁﬁﬂﬁggﬁw@ﬂ%@h@t pgit or p- il
low hand; |l rthad ]

truct i

structure O ﬁ QA%?EgFI@LESSJICﬁ tirleaﬁéé’rgnoﬁtﬁ_l ﬁﬁ‘ debﬁ%ﬁﬁéh%t%gmﬁl@&i in or at the
silicon eubamsxb @Sing 8tafdaid fiUBGT probessRIes éﬁdﬁg Fo i igeh Ransk @agribed afterwards

_ sem conductor material, such as GaN and InP) is
“ﬂmle@G@b¢§dﬂﬁb6 detecting ultra-viol et Ilght The
on-silicon sem conductor elenents (e. t he
[0047]1 uriétdp%thelcﬁmﬁple WGS‘P?YFCWHWQ‘} ewswometﬁ%@ @wcl@)fo banintegrated into
Str

a.S-illCOI}]BIOC <;Is| i C oﬁé%c%%h%ad% C(S)}“pﬁ'ﬁ‘f "rlir’né|°1 pgdzcﬁmggn@ndaﬁbocmted circuitry,
such asl NGRS on &MY citduf Ul lgar g%f aqpﬁxb&o%@% A8l &Eh % ‘(t;a%@ tﬁ)ee%—n or pei-n

fofmed by using stan i con processes,

structurs tugingdaridw QYRS gap rAGLISE sudhaNGE, hﬁG@hOtSBQ@tcﬁ@tiﬁP fdrSdetecting infrared

_ desired to have a size larger than a critica

light. ﬁwc@s?rmhrd exsmphs ag-n ggudbn frede frotmar eh bartiagnpaemcondinsor material,

m crons, an opening in the silicon

such dgs‘aﬁ%tdf“ét“ép)cléﬁieﬁéed Wb&é‘e%"%%*é vipli it ebiratone glicon semiconductor

ctements Bl b URn " P T hr R &ﬁt@? PaPhe TR kgl s

compusteQ o tHH &I feon KRR ARTuEH 15%5 Lﬁ:ﬁ¥1§@l Anidgﬁﬁﬁ}\{ uz‘(lt)ME[ circuitry of

formed in the opening can th ave a W equa

the pho@delcatbgetin bhafnichehyd@sig ﬁdncﬁhd@ﬂ@ﬁn phrepBOLOdLLEE sihdard CMOS
Further, desired A/R can sinultaneously be maintained.

process| D48 e phosetttiecioons toitororhng anizARTz@pharaxicalical threshold, such as
crystalline structure within a w de opening in a

equal togQy H%‘k‘;iﬂamé“ 2 gﬁmgp@}- OWIPR Zt9 ARGEOR: A ABGIHHE @élﬁc silicon substrate can be

Lernat] Lvel bta ed,t rou h. ove

made Qi BRI E P5r PP PTEREATHAD & TR AR B ee] s o covar

Flr&'{’n PmicRthsORERLAS SR, a b
dlgesubstrlgie JS|ng, for eTaane g%?%ﬁTéﬁﬁkﬁlmgg'gﬁg nﬁgc{mHWd

in the opyengCOMhOghirer ARITh efist@bt lafer (Binshé Uedindd 8izk Jel‘ﬂﬁc photodetector.
within the opening, an overgrown crystalline portion

Further (d];g_;@;d HBrcapeimpbtaatnely. beThantained.

[0048] In addition to forming an ART epitaxial crystalline structure within a wide opening in a
substrate, an ART with a large dimension can alternatively be obtained through overgrowing, as
diagrammatically illustrated in FIG. 2. Referring to FIG. 2, an opening can have a width W is

formed in a substrate using, for example a STI technique. By overgrowing the ART crystalline



overgrown crystalline portion (116) can have a hei ght
Hthat is 1.5 tines or nore, 2 tines or nore, 5 tines
or nore, 10 tinmes or nore, or from5 to 10 ti nes of

t he height of the opening forned in the substrate.
The overgrown crystalline portion (116) can have a
wdth Wthat is 1.5 times or nore, 2 tinmes or nore, 5
times or nore, 10 tinmes or nore, or from5 to 10 tines

f it of th ing. formed i.n ,

s LD, A e 1y GBS0IG, LOLEE R 1) cap o s e

overgrd@MESgEtife pokibh 0Nt 6l Edblaveameahs® B8 i9Btsat A& TR 2 B or more,
(epitaxial-lateral-overgrowth). The ELO can be

5 timesi g otarg plilaimes @ameetardmines (d-ob timbd afi the hgight offth@bpening formed in the
surface of the overgrown portion (116), a CW

substrafec héhy e¥ireRparariaiiic polionstil Mgpn peocewsite Hhthpels 1.5 tmes or more, 2

. perforimed. The overgrown portion (116) can further be
imes of S TG B S0 0o o1 e PoBdTich e RiRS of [Pay RS W of the
in@REnventhealnsdiensi ons and/ or the shape) using for
Opmnn%xaﬁﬁfgf gqpsg?grithography process. [0050] A
[0049] SenMheangdy Gheial dRYInG®n T R0k 8ORAoRfond 13§MGONGHEL btained from
device having a large size (e.g. equal to or |arger
ELO (ephanaldatweiatoongjovaln thherEilie chobaedubpict drein@oebgic OWRor obtaining a
X crystalline portion (116). For exanple, a p-n or
flat surfgeq ofihe pyqigtodmerapiieth(146)s h £MB fchep@ahandimicel polighingopregess can be
. 500 noneters or .nore,. .1 mc¢ron or nbre, 2 mcrons . )
performgg. n&ﬁ(é’ovgrgrw\gp JRalelgeonh (ﬁ]&) ec’anoﬁu‘t%@' g?%ﬁgaegrsonﬁvr écg q?ltam desired
: f i T . 0 . LN _the -
dimensiohOfT@raf hd Vi) Siofi e;i%% X Amble, g
ens 1 o AL A RENRE TR el cm
processcrystal line structures can alternatively be obtained
by formng the ART crystalline structure within a
[0050] | arrgentic@niobtof deviecbrian cenrubstaraimisondsctor device having a large size (e.g.
di agrammatically denonstrated in FIG 3. Referring to
equal tq:‘P*d%fg?}' R 2opesiPitg o then el farmeps inithie Ayersigey cagstalbge portion (116).
I I
For exa?m%@cg gﬁ)t_g {051’]113{-@ g?[lcqglreﬁwgf ggggg)?qggﬁlgéingt%% Iﬂ?r %‘%’SSO(ananometers or
o 1l [y ' r 0_mro r
e, 113E9G . lone QF ns. . o o
o o R T e B orSFaB g PP P00 Ml GRRL P QT P e from S 1o
10 micrfAsCiaf B8 foraRd aiBr i@ thddRf 86R@P L staflin@ Fodioh @ Rym crons, is
formed in substrate 100 that can be a sem conduct or
[0051] cr ystgal ARMecryguilist sat@yres wah ahsmaiwly be abtasnddshy &rening the ART
Dielectric patterns, such as dielectric sidewall 101
crystalligp giruchyre |VaEER p darpe gprahoiosmadp assipe walngsanhatqrdy demonsirated

o 16 SSRGS, 8 ShEShedfy PRLLSLIR 218, BB G600 o e
500 LRl Y3 PR AL 82 B Aoy o
larger, od @00 Aecrafs SISRENendMrbl: BBreABBREGEm 180 nanometers to 20 microns, and more
preferably, from 2 to 5 microns, is formed in substrate 100 that can be a semiconductor crystalline
substrate, such as a silicon substrate. Dielectric patterns, such as dielectric sidewall 101 and
dielectric isolators 120 and 124 can be formed in the opening. The dielectric patterns are provided
for enabling the following ART processes for forming ART epitaxial crystalline structures 118, 122,

126, and 128. Specifically, the dielectric patterns 101 and 120 define an opening with an aspect

9



ratio commensurate with the aspect ratio needed for
formng an ART epitaxial crystalline structure in the
openi ng between patterns 101 and 120. The dielectric
patterns 120 and 124 define an opening with an aspect
ratio commensurate with the aspect ratio needed for
formng an ART epitaxial crystalline structure in the
openi ng between patterns 120 and 124. The dielectric

ratio c<99$151%[u[31§e wit thedl] ec}pﬁ’mq{%@%e o?f‘o:g ?’nﬁ nng[\n gl&d@g ﬁ;’?ﬁ?m, structure

o commensurate wth t asp ec
in the B@ér{'ﬁichi%erABﬂ—tt&ﬂi t@xhad 100 ys’naé klicﬂ:@uﬁ: Sﬁiﬂ[‘éﬁn‘ér@(ﬂ fhdt PR define an
openi ng between patterns 124 and 103. Such dielectric
openinpatitrenmsspanrdtie doommeduiare witht thplaepdcayeiosndeded) for forming an ART
stacked three or nore vertically). [0052] The
epitaxigfjcaysegline serupiate o thpsopeaine @étwe@n PR %myl Ny sThe <hclg¢telc patterns
after. forn1ng t he trench in substra
124 dﬂ%@!@gﬁw R T B Bt aan o WL RS b needed fo
fonmmhgﬁ’ th;hgl &%,Itl Lt?e u'ir:@{u% n‘eﬂle Bﬁcrmrfg]lﬁeltﬁ%w 'a&eiﬁéﬁ ié? (125103, Such

Ite
cneiccneh @iuem;s khiCbd RYREd ﬁlaﬂumpl@ g@tgt rgn%cm RRYSr ﬁloﬁée\razhlibdhw
nmeasured fromthe bottom of the large opening to th
[0052] t opltsuliflacec pdtteritshen patdrerdédndhghagd.rile ohamemnplc'l'la&ea forming the
depth H r can have any suitable val ues, which is
large Uﬁlil@f igrsgbitpte MY farexamplean $aH procsss. hbeledirie dhel baving a chefecmc
e e A0 1 é%féaa%a&e P BELTR e can

be pa[tcﬁ)ﬁédt §hyePde g %ﬁ%at%orﬁ i 190(‘{@351{ Fﬁ %}%mn[’ Qooﬁéltop surface of

e pattern ectric layer in
the pat@afedBelbdinié h8kr. paltﬁeedeg&ﬁfﬁcbaﬁ%atf@ aﬁ?rsmclbﬂa' %l@é‘st Wh?ch is preferably
patterns 101, 120, 12 and 103. The bottom portions
eqmﬂtwﬁlhh@rdﬁ@ﬂh@@&%bdﬂ%@gﬁtdmbhewhmhmm:@HTR@HﬂSdLﬂmmﬁndbnmﬂinan
120, between 120 and 124, and between 124 and 103 are
opening forgo‘é}@d)Pﬁ,@n&@ettN@Cfé@éBl@%téc pefn 4 (Gband B haobslogaios dgfects.

onssy 0 05 P SEL G B BATRLSSIES, L0 LS L8 s form
Ik axisa uc BY .
dl@lCCtlf 3%1%@5}-“0 ﬁg bh?e§4 Aﬁlldsltd;%t " Eﬁé{{; E?té(irﬂ' ?Tél%ﬁ%%f @0 g%‘%l%‘%i g@cveen dielectric
patternsOME @ qaD, Kkiw&halbiaAe 1 PO rdhi OBrwk2dS 1 M hiky ?03' B 88nSed 80 as to expose
can be obtained. The overgrown crystalline portion
ﬁwsubﬂmEBMmcan have a width W,, that is substantially
qual to the wdth of the |ar opening forned in
[0054] S BNk} dbee digtricrppliesiea Myimed inhac ok,l@eg@mmbc ay AR | praeess can be

o9 D R AR R T, S 202, BYSIEASIRy e e
str uc,tLlhI: af genhqo, ZdnEp 19E Of\Rr ‘QBWL E\ﬁ[me 0"@1&{ wgﬁ a lﬁ Qgirze Cg‘nobe obtained.

m crons or arger mcr ns or arger,

The ov@ERher abkiiing HemMod (11 98)5&1&’(1 VNS width VB nﬁcﬂ? QNehEt@tally equal to the
device or an el enent of a sem conductor device with

width oflebé rede lopegeg Someed( . gﬂmﬂﬂ@ Wénoivet exsnyde, mangaQMNEO@qmmumc
nanoneters or | arger m cron

portion (128) can have a width W, of 10() nanometers or larger, 500 nanometers or larger, 1 micron

or larger, 2 microns or larger, 5 microns or larger, 10 microns or larger, or 20 microns or larger, and

more preferably, from 2 to 5 microns.. A semiconductor device or an element of a semiconductor

device with a desired large size (e.g. 100 nanometers or larger, 500 nanometers or larger, [ micron



10 or larger, 2 mcrons or larger, 5 mcrons or

| arger, 10 mcrons or larger, or 20 mcrons or |arger,
and nore preferably, from2 to 5 mcrons) can thus be
fornmed at or in the overgrown crystalline portion
(128). [0055] The openings forned in a substrate by
usi ng trenches, recesses, openings or the |like as
descri bed above can have any desired shapes or

or lar ‘YC!lalelfl rSns o‘ri‘émgée 8ro 3 81 dlvwel qalngmﬂ &%&1}%2?}3{‘ b& ?}ICIXI']:SI(&.MI ger, and

ilTustrated rn’a Vi e W
more pé{cﬁﬂy,qpcﬁﬂ RNE SGARr dﬂ@)\/@ln‘?ﬁﬁq{e §[|'r‘1?e@@§ oS HGHe B%erfy ow%erstdlhnc portion
angl e shape, such as opening 130. course, an

(128). openlng can have ot her shapes, such as circular,
nut, polygonal, and many ot her possibl e shapes.
[0055] I\/UIThcmpém@g‘efﬂrmgé l@antﬂb@‘lfed?r}’nwa renchdsercopees, @guwgsm the like as
desi red Ia uts or e rect angul_ ar . openi ng
dﬁg

descnbeiag%/\lbogﬁaaﬁweéa fred Seanse Al d tsarm S?CHE%‘F&IOI{ Sfhichis digar ammancaliy
1llustral{8§ brgg o%'l::\rg&gl @{(ﬁﬂve%{ﬁﬁ:}( lrg'etﬁll:ﬁ 4 %H%é%ﬁnc; pi%r Qc,? %)l}fifgtesr}]mpes such as a

ary e s “as sCrlb
0° dngl@fsﬁéi&n@ﬁ:ht&% E;%e(ﬁ'md a3 hrerughrde!l & op&hi®y carF h@czotﬁénshdpcs such as
enabl'e integration of non-silicon sem conductor
circulargldumeegolyginel, and inlang @thep posass shapey.  Midiiplesipediipotun be formed in
purposes, FIG S diagrammatically illustrates one of
the opepg Wé%rﬁlp}/ dlgsirqlefgpyts-ngor ¢xaIFpIG, reslanpyenpprgengarig4 and 132 can be

sin STI ocess in sjljcon substrate
PGI'P"’“Ji%ﬂ" ' ‘?‘/}H |%r‘r‘f%( g‘? ““'il“ﬁg%ﬁs“éi? d‘b‘tfll?é‘ﬁei‘é}%“‘éélﬁdﬁt%?%?w

[0056] mtfﬁ&h@'d)?y i&\%&;ﬂbd@sﬂw %e a({ bc&/ agcgv%%?n}f ?e'ﬁl%l%%dtécfgle}r Ijt_ ila)rougl.‘gh FIG. 1d or

Cryst PFné”strict ur es and
FIG.2 &@rdmBlelifte %&ﬁogﬂt RREMNAE SsenftoRildi GO vRED A0 AL 61130 process.  For
Ger mani um based (or InGaAs or other sem conductor
demonsprati@r padpssesUENT.aS$ dagldntmMicgilpulpustrsesroco b et examples. Referring to
mat eri al based) sem conductor devices 146 and 150,
FIG. is‘ER?ﬁmﬂ% arﬁnﬁ?cl@é@tlmmmgsd arlé pregspbdsitigonARiDsisate d@ﬂur 69t manium (or
2138 and 140, buffer layer (e. 10-100nm
nGaas s oSG AS 5 tatial {HeY ARG FYSLAICLFife Material) ART
c:ystallﬁfer‘}ﬁ(ﬁt&é dp%s dﬂfgﬁn@nl%lﬁg {o?t{lenp %‘%J‘%TI ao%'@ﬁlﬁéso gn ki 1c0H substrate 100.

evi ce characteristics purp

Germar@tﬁﬁeﬂdS@@V(o@e&@{Ase"o@n@ﬂﬂ&s sOhicS fdlicER NeHd&t@rs Q@éﬁ' G8Sa III-V group
144, 148 and 152 are forned at the patterns of

semlcorsiublS)t material 0@sad$ isapicohandar dbviics i1¢6OnnPricoessdsss shuthletectors are
CMOS processes. As such, non-silicon sem conduct or

formed dléﬂ[{:{%gli@(ftlll@p digmnd B0 ndnbuifer e Gased)-100nm) can be between the

b SO0 GOSN, SYER P 01t S o R Baag) improved
device @%Cﬁgktﬁc@)ﬂu%osé r %15665%%5&“%@%3 & 8%&1‘?? of Q%lc%d‘ﬁ%tﬁn devices 144,

strate I'con subs
148 and N selsinicat 8 (RAbAGTNSof KBRS0 BEnS b kOD sihdbd BFdSsses, such as

around the
CMOS processes.  As such, non-silicon semiconductor devices of elements of non-silicon based
semiconductor devices are integrated (e.g., co-planar) in the silicon process.
[0957] In examples of forming ART epitaxial structures in STI trenches that are formed in a
substrate, such as a silicon substrate, the substrate patterns, such as the silicon patterns around the

openings, can be treated. For example, the substrate patterns can be intentionally passivated for



openi ngs, can be treated. For exanple, the substrate
patterns can be intentionally passivated for
protecting the substrate patterns and the ART
structures. This can be of great inportance when the
thermal and/ or nechani cal properties of the substrate
and the ART structures m smatch, which may cause
physi cal and/ or chem cal damages to the ART structures
pm[cc(ﬁﬂ%@(utﬁ@a[& %téﬁkbﬁﬁirtﬁé RR@Q&L&E{& Cite ccmt & &hv?eat impqriance when the
m smat ch r exanpl e, si cal danage 16
thermal m&{/aﬁcRﬂ{ccﬁhmUﬂtphiﬁiﬁﬁtleaﬂdﬂﬁfsubd'ﬂﬁte SidhBd Aﬂﬁ%uﬁ@ﬁﬂc@ ﬁiﬂ%ﬂéﬂ'ﬁ? Rvhich may
the CET (coefficient-of-thermal -expansi on) of
cause @Wﬁ@@td@d@s chandicalhemagestistthaA® Tpatut erassindbr nothe maﬂssrﬂme patterns duc
one exanple, the substrate patterns can be
to the BH§§‘F[%t eFd)I Byamplgi Biviel Bpmees Anay Peuy 4e |th@nAB'cF ﬁlswtum and/or the

e M TEATE L2 LB LR DS s o o
substrafl PetAl @o Rat trﬁ[crﬂs andad @?arﬁﬁg ﬁ%rﬁggtyg{%eegattc[rﬁ)eo?ﬁd béb‘spassivated by

an” exenpl ary i nplenentation
oxidizasibh BE hinidizAHn deaSfol LM a pRAVRIonWehs drehe R §RfabdsGr the substrate
2, an exenplary structure having a p-i-re structure
patterns of tire ghi¢rfrcamnbetiRien tepsubaixata batcaysinalthd ABTStroetotesr € i S
diagrammatically illustrated in FIG 6. Referring to
[0058) £y G2 g0 CamDlanyy WHRKHISEFFIOR o111B¢ ddnansle Gt Brdescribed above
con substrate or

0
with «JHRE BB O et B €Dt Pt BV Q1 o 5 diisd in an ART
cpltdxuﬁ%s‘?‘ﬁﬁnleélcﬁﬁ@lsfcﬁﬁ%f?r%n%&ﬂ' Nk died i &}E}e%ChR&%gZ{g to FIG. 6, STI

def i ne openi ng be t ween.
trench e & Boried ghkerbiaiduc®r SulRshant oW cegudtbe hQili®h subsmate or other
| arger than the critical height under which the A
semicopguelrr allbstinies.st lsoletiar pateorsnidd dnd Shero fremid gyithibMe i$3‘$ trench (107)
|slocat|on def ects and above which the ART
and dcfew&t’%wg i %thg'tePWm e @&enwbls‘iﬂéﬁtl hayd yhaighséhat isorpstantially equal to

[ ti.on stal l i ne
lar weq tﬁ:ln t?xgrcré?caég g? wdgmh c|]11 tgﬁgq%’l;&yitgl}me B Llctbl\(;gplélllqslv\hl‘lﬁbe opening
157 h
5 d%@g??ﬁ%&ﬁg%ﬂstlﬁ %dfg g@ﬁﬁ?qggggﬁﬁ% éstﬂhtng%tggf Agﬂ; substantially free from
dislocasdrr defedts.e AQWRTY effital P @rysegiRNstARBire ki bé R [negﬂ)éﬁ!'ha 157. By
160, and n-region 162 is formed in overgrown
overgr W%@lalﬂﬁﬁﬁl yotwre inoweitis | SThdprgt WRT ovegiromn pbBioarids tshebtained.
type region 162 can be obtai ned by doping. Because
(0059 {'n X gyat gﬁ“&%ﬁc GRYIEE R PR ESHIY ﬂﬁ%nnuwccwomgéa and| mrragéon 162 is

100 t | .
ST M A A
be obtaﬂn@éi g€ topire. n%c?cﬁf?s@sth@ésvelé %{)Qfﬁm crysttidl & (ﬂf 16 rfaln S 9P2£ ar ,g?e size, such

m crons or | arger refe
as 100 mn@mress ot laggel, rHOUIdaﬁdnﬁetbisr(ﬁghl(g& 316[91063&!’10@1@1 0|efir291%xcu§H‘-‘d" larger, 5
as 100 nanoneters or |arger, 500 nanoneters or
microns| (ariglgﬁi 10 miconear brger, amg%)rmlciZorm arlogsr, end hargeelerdbly, from 2 to 5
m.crons or, larger, 10 mcrons or |larger, and nore
mlcron%pl,hétflgllx lgbtp); tegq(prb'lﬁdzcatn&)egat,gpc%hsm 100 nanometers or lar ger, 500 nanometers

or larger, 1 micron or larger, 2 microns or larger, 5 microns or farger, 10 microns or larger, and

more preferably, from 2 to 5 microns.



12 [0060] Other circuitry can be fornmed on the
patterned sem conductor substrate 100, such as the
transi stor having source 164, gate 166, and drain 168,
the transistor having source 170, gate 172, and drain
174, and the transistor having source 178, gate 180,
and drain 182. The source, gate, and drain of a
transi stor can be formed by a standard silicon
pr ¢ |
G o R PR S Bk SUATR B 10 g s the
transisO PG s@nk 1dIe cg@t e, Afd LBk 1437 aRSHERLS hEaRg BSurce 170, gate 172,
formed by a standard silicon based l'ithography
and drapr btleesd th@ttthewstﬁlelatvurges@uman Tél@me [8beuficiraned82.n ThHessource, gate, and
ubstrate (100). For exanple, isolation unit 176 can
drain oh@ ‘f“ﬁ?‘h‘@dc%'{’ pred by an¥igleest dliey pecess spdonsat iC%OS [peocess.  For

exampltrﬁlgsslc@%egs; Enclf%n on?éﬁ ﬁg@:%ﬁ-c‘g} P%E rme@ndu %g{g ancythe gates of the
transistORah @Qtldn ﬁleh%y%oe?lrﬁq{:t‘lrsnlgﬂowbd%qnﬁ’&m @ﬂg%s?ctker Qther features can also

sem conduct or devi ces ransi on SU

be forh&0,in k¢ sexaaR! eL008.herdropaspld, asastif udid8,76160, b@ﬁgxmcd between
162 of device 156 can be made substantially copl anar

tldn%l%twsm & he isokding |t1$3t ousistas.med oon esarygt.rtat scrliofndue@o@dfice (e.g. 156)
an exenplary inplenmentation of the nethod and the

for medé)c“rtb%t‘\ﬂ%“&scua%%r HePsEBBUE caplanyr iR épe AE BOrpOlEpIGemiconductor

| a stru haV|n ‘ tru t e
device L HATRRL) ﬁwb%&ﬁﬁ[“@x. PR PN BT U@, and 16201
device gﬂ@{ﬂlﬁ%@%ﬂk Gbst aYu:mlhy H%ﬁlrﬁ? @gh kHR tF Gitorls folRI&I duP 100,
7, STl trenc I's orne I N sem conduct or
[0061] SUDQESI nateenfly imtplafentang tBe SictHod OMdSHOSTEARLI® Rldescribed above
_ other sem conductor substrates. Multiple isolation
with IeﬁmrtcértnsFICsL&mnasxedipéaiecﬂtmbt@lepmm@ A Hba ﬁmletuffi)lfm-d in an ART
within the STI trench (1Q9) using for exanple
epitaxiast I TS 1SHBREr ATy U BREr B G 10 mfetm 3o FIG. 7, STI

s B A PP A0 .
semlcortﬂ?}ztoﬁﬂh&%ﬁe@l %M%ﬁ@lshldﬂgn P4 gé%@ %&pds 816&@510015&%1(#1 L% are formed

he openi ngs 18 186, and y Oover grow ng or

within thb 8OUEchie0n Qmﬂg M@t dx@mpRfth®Methgd eNidieriadbe RalRE edffi@nce to FIG.
of ELO portions of the ART structures in openings

3. whichgd]l e rapratciggreioy ePgeongy iy $8@l dnidni@8poe tlebred196the isolation
is obtained. The overgrown crystalline portion 196

palierSean have a Iarge di nensi on, such as a Iateral and/or

[0062] xg:}gﬂnl;?%%mo £ e lglgfgt 8{\/{?}3,‘&%21&%?{)%&91111%{: léletﬁe 0@0 %s @ﬁls 9@@ and 188.
By over vﬁf\ﬁﬁg or Qléﬂcﬁrtﬁ’é‘c?orf?&nﬁtﬁﬁ% ovelﬁ%uﬂ’k%éxgpfm%mhabgﬁﬁo }%‘f]tgons of the

prefefably, Trom2 to 5 mcro
ART stiatturestinogenhia i 189, 136, MRel 98¢ géedgtohd 2rystaNidel pastich 198dE Bbtained. The

190, and n-region 194 is
OVergrown c1ystd1!mc portion 196 can have a large dimension, such as a lateral and/or vertical
dimensions of 100 nanometers or larger, 500 nanometers or larger, 1 micron or larger, 2 microns or
larger, 5 microns or larger, 10 microns or larger, and preferably, from 2 to 5 microns.

[0063] A p-i-n structure having p-type region 192, intrinsic region 190, and n-region 194 is

formed in overgrown crystalline portion 196. The p-type region 192 and the n-type region 194 can



formed in overgrown crystalline portion 196. The
p-type region 192 and the n-type region 194 can 13 be
obt ai ned by dopi ng. Because the overgrown crystalline
portion 196 can have a |large size, the intrinsic
regi on 190 can be |arge, such as 100 nanoneters or
| arger, 500 nanoneters or larger, | mcron or |arger,
2 mcrons or larger, 5 mcrons or larger, 10 mcrons
ar.qlar . a " ! {
be obtag%aél B?FI Cg)?%”ﬁs @@c.g‘?% rﬁlg%f?%(?@? Icn%’y.stdflirng 'Boi]lpogl fr})]%gcrolg%d\?er 21 & size, the
intrinsif @@&4dn Bhen & 166l $cl a€a00 Bendier® &r aed:heoPRIdRRedor larger, |
sem conduct or substrate 100, such as the transistor
micron kpaver gay, % oL eres 0164°e1g&hﬂcx§hﬁ«ﬁql langelr, 0 aicrod68&: larkhe and more preferably
source, gate, and drain of a transistor can be forned
from IQﬁmaO@t?%daﬁQO §11‘P1P%“®r\ndpﬁ’léf@é§>éy figgthtoas Wtwos process.

[0064] {: ?;(%tgl nl% Igfyc(élﬂ%ﬁ 81%5:{ r‘?éloth‘%gg(t%rﬁ% s@micég)ﬁgucttﬂ uB%’faéeSm&f such as the
tr dnsmghﬁav'i Lc%t 1S 0&9”6@%n& Q{[J}'}S{ig . y'lf"l‘ﬁf s%{l?c@ggz[tg aﬂﬁl LG Bf a transistor

ase ﬁ I t hography process eatures®cdn al so
can be f&hﬁ&@ylamatnld& dsmhﬁ)hrpaéc@qs 6dB0). 2 ERIOELH AR E, FmSth@pucomc sources
unit 176 can be formed between transistors so as to
and drairsaif dtei trrgsistoss can ﬁ:’am@nmﬂdmysiopllng, onshegaapbiehe trimaistors can be formed
sem conduct or device (e.g. 196) forned on the ART
bya %taélflwdétf@% bt‘ﬁéﬁ lithggraplih BYOSF®: aprfym Egpireman ayorbs femeeddi the substrate

(1001, T ShOET SEPLESHUE S8 RS 655 BB EO5L: Pl e
O

5208 A8 oSS e B St

be subism&m/ APlaBAN W SRED:r intbré REhRXRMdoRIu@s: dbisst at @hnsistors) on
in FIG 6 and FIG 7, lateral p-i-n structures or p-n

substrajeulidt i Bosecanpl b eheragestiiacART )3 tlatki ald Hyft ddvideni®6 can be made
sem conduct or structures, wherein the sen conductor

sub%tdngﬂi%wbwe'sw%Hleb@nwﬁ@rfp%fé Bfsupgiies}iG con nateri al s

[0065] {: greﬁ\ﬁc)&%gg ‘S%Ei’)il 18:&16 e%?é{afg; a5 111@'31?4?(}{1%&,61@051 ¢ c’]ﬁ[éfl Oﬁ\%l p-l-ll Structures
or p-n Rﬂ[@éds%a 12 hR HBART epBilif ac?fstﬂfmé gb‘?né&p.?gstzﬂbﬂﬁl F09wherein the

i's substantia ly pe pen icular to the direction
semlcmﬁiu@(w swhéeRstdae dRIom@Red @aXindh-salcwstabibing ek esxbabl, the carrier
are formed. [0066] The method of meking a
chcmnelsfeq:m (t}myd uegi@r todby roegicant héatohl gri-eatr p-nporctiamcepdraiiel to the major
phot odet ect or plxels that are conprised of an
surface QF phgvumtmk@ GLOGY ax iy syestantedly pegendenan®tthadiression along which the ART
qygh FIG 14 diagrammatically

epitaxi 8ﬁ§ﬁ§WF§P5ncib%?%n@' of an array of photodetector
[0066] p' Xi%lesmétn(% o PF8kih e B hi &%gﬁgf&"@é\@{o\’aﬂ%e‘"& ﬁe’gs’tm ortance in making

descri bed above. fn parti non-sem con
photodedd@vdrCpikelf eth@. aOforfprisk€ T SEMhAPNHUSL G sSRNGOL, Zﬂ(ﬂ’) demonstration

can be integrated with
purposes, FIG. 8 through FIG. 14 diagrammatically demonstrate a portion of an array of
photodetector pixels that are formed by exemplary methods as described above. In particular,
non-semiconductor devices (e.g. non-silicon semiconductor sensor 214) can be integrated with

silicon semiconductor devices (e.g. silicon transistors 208, 209, 202, and 204) using the method as

discussed above. Referring to FIG. 8, four photodetector pixels of the photodetector array are shown



silicon sem conductor devices (e.g. silicon

transi stors 208, 209, 202, and 204) using the nethod
as discussed above. Referring to FIG 8, four

phot odet ect or pi xel s of the photodetector array are
shown 14 for sinplicity purposes, In general, the
phot odet ector array may conpri se any desired nunber of
phot odet ect or pixels which is referred to as the

for simgﬁl&h\éﬁurﬁ&ﬁﬁ lelﬂliﬂg{feu Ly tt%ﬂﬁ.o?&i@!e&%eiuﬁéf Q4 AY @51{@}@0 a{n? deS number of

or arra
photodéte& el ]biﬁ(bl@nw@ith EARXARQA ©Vishhe Qﬁtld%' Lﬁmﬁftion SUBH pRStodetector array.  In
800x600 (SVEA) or higher, 1024x768 (XGA) or ﬁlg her,
one exdr2B0xth0 PAolENEGA)r orayhinghesve a ARBO IKSOYLﬁﬁan 6h0>g¢&é)r(VGA) or higher,
1400 x 1050 or higher, 1600 x 1200 (UXGA) or higher,
such asawpx@@@oswm@oh ler, H|0é1h>é"468 (G A nerely lrer niﬂSQKb(D?és(Séﬁw\) or higher,
ot her

0 55 hRE, Sl DSBR L | Q57 GRS e nd 1520 050 o
higher, %P ﬁ'l?égfel gﬁﬂ{%g sl G @ F s o 99:@@ 4@5(59&(91&'1& thg%e 658 re§&Mtions are also

cteristic size o
clppllcaﬂlard@ﬁ@ﬂﬁfﬁibpoﬁQ&cﬂﬂﬁfﬂ)@ﬁ@ﬁl@ﬁ$ or larger, 1 mcron or
| ar ger, such as 1.5 mcrons or | arger, 2 mcrons or
[0067] | ar@mh,p%todmaoon& bevd argperactedi@ionsies Oh%soﬁhdxﬁS@Emanmm@rs, 500
from5 to 10 mcrons. The pitch, which is referred to
nanomesys of s gef dt Miveen Belanewn suglj asc bAtMigess ot darerst drisicrans or larger, 5
.can be any %lta Ie val ues, uch

mtcronch%{ﬁalwglt 2?5 ém(élroni’ %'rlﬁle’rc fe B)n Oolpicloarllrs ge 1(—: @E?ghwglgh N rg ferred to as
the dist é&r&ﬂ\?‘eeﬁ_ﬂ Oadi‘n% otogle 8&%%«9&”&? (g'lelg%dl‘g) suﬁh&é%gﬁlcg such as 500

arger s or ar ger, fro
nanomdi&9 @B Jlartbie 1P@IckdOBr Qﬁfrérh%cﬁxa@npb‘ 3hi¥roR§ QF 0edre0ti@fcrons or larger, 5
array 200 conpri ses transi stors 202, 204, 206, 208,
micronsQ@ganIi(DO nlBdrdns @18ged 20{ro@2HAto 1226crod80, and 232, and
hot o- sensors 214, 216, 222, and 228. The
(00638] phdlhs REOPisthe SAvEPpary nléotpqlegff@tm ey @@Oummu%l tramgistors 202, 204,

e Ao R AR A T oy 102

228, 'ISHc% ?e'n%@ c%\g: 4 @b iﬁﬁhggrﬂﬂlxﬁy lrfto v g;‘és%gg?[l%) CYA‘QQI;J?Igrof transistors

group of transistors ¢an be provi dress

amplifyaf@ (@ad ngralit (ahBeconQstt RHE $11r®ﬁ1hbcﬂdh)(h@uﬁhnals into digital signals if
phot odet ector pixels in the colums and rows of the

necessagnr aysnbreic gtouprofamahsisowms caddegssvidg! f@adidngsisp gmal sading out the
[ 0069] For exanple, sensor 214 converts the received

outputs |0ﬂ gﬁ!ﬂwiilml @h@tpwequmm@s ohe sglemas githiows of\Her ey bacojupen and row

ad 3(@_ (colﬂnn signal) is delivered to transistor 209

a IwSPh §) §H5?¢5‘3|stor 204 froma colunm decoder (which

[0069] no%o?%?%(m%l'e,n%_ng& 5149%1?\)elt tﬁce %lé &'tllr%\é?ir{t%gﬁ%égl.%n%ggage signal.

from sensor tra _
When ad aCOW §Eig Q&o[tﬁaflﬂwcﬁﬁm hSV&z ﬁ/b:&ﬁ&b )mh@st&@@%ﬁfcﬁﬁh ©andi16r 204 from a

gat e of
column decoder (which not shown in the figure), the output voltage signal from sensor 214 is
amplified by transistor 208. When a row signal (row active signal) is delivered to the gate of
transistor 209 through transistor 230, the amplified voltage signal Vpp is read out through the output

of transistor 208. The output voltage signal Vpp can be digitized by other devices, such as an

ADC unit, which is not shown in the figure.



transi stor 209 through transistor 230, the anplified
vol tage signal Vin is read out through the output of
transi stor 208. The output voltage signal Vnp can be
digitized by other devices, such as an ADC unit,
which is not shown in the figure. 15 [0070] The
sensors (214, 216, 222, and 228) each can be a p-i-n
structure as diagranmatically illustrated in FIG 9.

[0070] Ref ﬁ(elrsieﬂ&n !EII ?6 %2’? S%H%@Q) g&ﬁ’ cﬁﬁ)gg[g; =1 st@ucrtfﬁg a?qmg:amma{mcﬂly

1[1uetm§:ﬂﬁh’@’[@l re (I?elél’}mﬁ &an@ 9f QJnH&dZ |4rboﬁﬁ)ﬁ){esV}ﬁ}/§monsmhz R3ion 236, and n
those described above wth reference to EIG 5. FIG

region 6;8 anihepricr structiek €T4) om ba ns@dmt ath yonsyspswapes thioes detribed above
p-i-n structure can be interpreted by energy band
with wcﬁ@ﬁ@fﬁaﬁ@s?léis Nitgr it FEal Ty Flegtpst thé@t4twnFlp@pcgleam the p-i-n
Ref er to FIG 9,
str uctmgr%m (?8\}?3[?&) %dl %}yawégyoé nﬂ%% éb&r?seﬁ’l caﬁt i‘@&muFd B/elg lﬁlicd in FIG. 9 and
FiG. 1236, and n region 238 are substantially flat in the
" absence of external voltages. Ferm energy Ef is

[0071]cl owc;ﬁ@gttmﬂ@oyah@@siﬁjubmtdar@rf cdviRn&® Ak On tl&Ug? Regidi@la4, i region
the p region is a hole-rich region. Because th el

236, andexgicgioni238 are subdtuitindy flasienrhecdnduetodexteanl osljagthe Hemmimnergy Ef is
energy Ef is around the center of the gap between the

close tQ: Wzﬂoéﬁé@edﬂdd ebHYut T %a!ha@t thegr mgfoé*riérﬂdW@Ef‘Ch gpgion. Because

0 fhe conduct

the ¢ 16%185113 1%8111%*%&18108]%&}0&01 é??“él] g]@toéebwl ?I}C&W {J@Q %B)ﬁmd S\'@d:?ﬁt]:t of the gap
betweeh thel gb%a@ﬁc%sﬁ'acc%n@jctl%%ﬁ{ﬁal R ﬁ’&g)éflf 13‘3{19%\{0 thc conductive band of

respectively applied to then andp ons,
the 12 re@ioRG 2TNAL the Alrkdion |slauStecabedch RegklnG 10, t he
conductive and coval ence bands of the p region is
[0072] el dualueqnjs:sevwﬁ dfeextdnen! ol 3t and Yanekpeanal yeappéicbantisn ahd p regions,
the it ion is declined. As a consequence, the
as dldgwﬁaﬁ@ﬂkiwgl%we@:m&%n@e thsarmaduasive the cpyletcAdndit @ the p region is
he Fer ene

elevate&l'hvgh E:ﬁg(% ggc}ldbg{gv%gp R e[nc?n‘bﬂ]dé HIE 81%“2 1eglﬁells%§h ?’—Je Iﬁs a consequence,
the con%ﬂ@t[\gycmgrdo\éqgoﬁ% l?lﬁhsr 8 e 1Hte[‘tl?&l:$te i :g%ar? gncthﬁéé@ %etf!%ﬁm energy Ey

regi on; es int I region

also inclihe$ tHer BSHOFpalfi 1B ; Qfgione| ¢hé h@ﬂﬁccﬂﬁ@inﬁ@n@@yfcﬁfvﬁ’é c,lecuom in the
current in a carrier channel connecting thep and it

region oegidnbe nr@HFBland heles natsi istoos tewdd sensegsnof Thhearansportation of
phot odetectors illustrated in FIG 8 can be formed on
electronggnd éalieﬁ EDEma cwiEeny &t aFTipiechapiel penuedne pp énd 8 apeipe.
, bet illustrated in FIG,611. For sinplicit ) -
100731 Do cuss Rl b Phatersrnes BlgReedit ity Snds formed on

ART eéigz&iﬂ ?y«;?‘ﬂ%@n%th uuésGwhH'n cahN: Gé%pml@s'h)ﬁedcﬁ'm%(:tl lonF(Qf simplicity
ensor 214 e tfansistors I's also Icable t

purposedf i’tﬂﬁon&&ﬂ%ﬁﬂ ﬂl@ﬂﬂﬁ’l%fﬁ%f(}@@zﬁ b@idOdesisor 214 are %hown in FIG. 11. The exemplary

connection of sensor 214 to the transistors is also applicable to other sensors and transistors.

[0074] Referring to FIG. 11, sensor 214 has p i, and nr regions; and sensor 214 can be a

noa-silicon semiconductor device. The (ransistors 202, 204, 208, and 209 can be silicon based

transistors. The p region is grounded and is connected to the drain of transistor 202.  The source

of transistor 202 is connected to reset signal p region Vpgp. The p region of sensor 214 is

L6



[0074] Referring to FIG 11, sensor 214 has p, i, and

it regions; and sensor 214 can be a non-silicon

sem conduct or device. The transistors 202, 204, 208,

and 209 can be silicon based transistors. Thep region

is grounded and is connected to the drain of

transi stor 202. The source of transistor 202 is

connected to reset signal p region VIts?. The p region

O, nn b e e

Connccqgrdaﬁglqget 8‘}@%038&%?}%0@3?& Cg‘ﬁ%}% glf”rcgn(g &%E Ogo@ 80y aggn outpur for
output@dy SupIpukl fodbge qgﬁc@u@w MG &N lof keking 1R c&ilﬁ&@h to the source of

Von. The drain of transistor 208 is connected to
transiswo APt e e gaterdrisinsistor 2809 cofifveted at e burte afnsms;tl&bncﬁﬁt&ms:stm 230,

is connected to the source of row sel ection transistor
whose gg is C\‘ﬁaﬁ@f’scéfdgtﬁt e jrew ik frada oW tdseodepw Hieghain dfremsiator 230 is

The .dr of transistor 230 is connected
CO“mmF%Wé FEW%HﬂVB?Fgﬁgnggnal Von. [0075] The drain of

[0075 }ts rea’gl?:% iﬁaﬁrotf r%glﬁssl%tglt %(?f‘lg gﬁﬁrﬁgv\ﬁ % ht(l,%oft?lgéj LES Ctgrﬁr}] &%cﬁan trsns;st(n 204,

whose give icainibfied icomakolii@n @at 8b Mrmcdﬂlﬁﬁ@ d&fodeiTh gndbiNoOhw selection
row sel ection transistor 204 is connected to a sense

transistgi gvais cofr@OE6}o Thamse sigmdi stors in FIG |1 can have any
sui tabl e configurations. In particular, the _
100761 nonlly frpeséiirs éfvi Ienduceasr hﬂé’ér@dr St(ltzhlﬁ)coﬁél&mbfeom ln particular, the

oo LSS R L SRRSO LTS (6, o
208, 2@9; aneiafd 956, SUGH: rﬁﬁvc{j NS bt Neoré Qe thagﬁﬁ&t ﬁtﬁrﬁa%%% her types of

o] transistors, such’’as ger mani um (‘or er si
transistofs, NQthSiak i @@ﬁ')anb@ﬁ;ednt loBfRsi SHieks @s ndﬁLsﬂﬁfoﬁmé&allﬁMlst01s as
iliustrated in FIG 12. Referring to FIG 12, a trench
diagranp8&icelly alustpeedi ingFliGs 12f oRefedring tca FEG | lx:(mnsrnﬁhslﬁamean opening is
The sjdewal | s of the trench are covered with a
formed 4p g |sdepr |S@*Ff35¢er Th%ué%wa ol alhe BxicH@rd eoyered 24, a diplectric layer, such
as an oédg Elm@[ ”'SFS L 'f‘lﬁ (24@)@1 (22@%3}1 grgg{e n%%hggig@yg%aﬁe %01‘ example,
th dc,fvparl%q bty depes) & Sk
e st "ayer ?1n yt ﬁ(e@?r edlr%(r:l])% Iﬁgll %ﬁﬁ%mhﬁé%vﬂg%\é@{ e%%\ég 11 cover layer in

the trentiay@iow@d by hembOhE ecs U Iaee 0@ thetfd@okl @R of the wench.  Alternatively,
Al ternatively, The trench can be filled with the

the ileﬂs@h drandik |filledweith thaysdevlatl] dosmetiybryfofiat t&bpipngdraihghichipeto form the
ormthe desired sidewall cover layer in the trench.
dc"”edA"‘%‘éY%ﬁPYFm ]@bﬁ‘ Bt sy U§P¢h coft BHMABHMs{(@ e silicon or non-silicon

e A T A SR VLTS s o
substrat® Lﬂlbﬁtg,,r &£k %xzﬂﬁﬂ)l@ Ghe lx%ho%xﬁg}?%ﬁssgﬁ hxg%\{}?% geé%ﬁnc%' t§ %gé.s’g.dSOLlrce 236

abové with reference to
and drad3B8aff thhreadsisersirS tdie@ietht Qe Al c@ﬁ%:@@fﬂﬁﬂin@@ructme (234) by

epitaxial crystalline structure (234
doping. Gate 241 is formed on the germanium crystalline structure with an oxide layer laminated
therebetween.
{0077] Another exemplary configuration of the transistors in FIG. 1 is diagrammatically

illustrated in FIG. 13. Referring to FIG. 13, the transistor is formed on a silicon substrate.

Dielectric patterns 242 are formed so as to define an opening on the silicon substrate. The



doping. Gate 241 is forned on the germani um

crystalline structure with an oxide |ayer |am nated

t her ebet ween. [0077] Anot her exenplary configuration

of the transistors in FIG Il is diagranmatically

illustrated in FIG 13. Referring to FIG 13, the

transistor is forned on a silicon substrate.

Dielectric patterns 242 are forned so as to define an

bst il ac Tt

diel ecﬂ‘?@?ﬂgpﬁ SCQIE 3%1 lb‘?mg'dl l)?l," ‘Ic:l[gpg) @M 3 %@gfﬁt cll ;r?;'%wd](g%/hgdrlﬁ% ?ﬁtcﬁaﬁsuch as TiNy
on the s‘iﬁﬂcﬁh&h@dmﬂﬂ i@ll@\%db)ﬂipcﬁatrﬁﬁd @b defstdil @slediibiyeon the

silicon substrate fol |l owed by patterning the deposited
(0078] di eTteceeningldefiesd by 0@78}ledtie popeni hg aefipnedidpyasphe ratio, such as

di el ectrlc patterns has an appropr i ate aspect rati o,
0.5 or klu&% hor 19y b ‘Plalr“gaéf or P qyrlaqggy. gegh thpt gn o“rRT @rqyéh Rgpeess can be

pezfombeg rﬁ/l&fl};ar% %ef“ﬁ'F’h g%gi%glbl%ﬁ gm%&yﬁ%lﬂil rhgggt?[is %%aclan?len be formed
he © é‘rﬁ hdoPgh Sh! MREURBAES B3 BohOOIRA defnddifn crystalii
o the Eenﬁ tlOﬁ‘f‘ough an %R% procgss&p P oﬁ?ﬁﬁ po?tFonélo crystatiine
structureN€oged B iavn dediy SI38! ¢dnnie os@rnu@tvmtedn Spuiheie R3onaRthg laminated
drain 238 can be obtained with an intrinsic region
thelebcbfedcng Gawi2dacedbe fohwediimyvadenerGatien 2gilaxcd nrballirgrsiecure with an
bove the gernmani um epitaxial crystalline structure
oxide I‘Wef fiispgyed Wic&%l“lcé‘;‘/er di sposed t herebetween. [0079] In
ours) AR TR R oo iR BB g 1 s
large dlgll‘ic ERA QN nl\ A 1ar 2::1 I'Q [‘H&B‘rﬁs dMar 'ﬁé’r%ﬁﬁcmg’s (5'[]151 O"QInS?O Aicrons or 1 r,
l'arger, 10 mcrons-or |arger, roms>s

or from ©F ANSicrdnBEhPpli-siBEbUhe s@fkort A8 bs EnsRk u@a@ 8hods as described
formed using nethods as described above with
above wigf efaeme t¢ 610 IGFIG, 2 6 BG. 7 wrtheAil@,  Foodentdmstr htiidoeptu peoes, FIG. 14
denmpnstration purposes, FIG 14 diagramaticall
diagrammaticaly 3%@%%&@%%&10@9 ek ?qné%ﬂ“oéé’ﬁﬁ%ﬁ'i‘ d‘}n‘-'“(‘iﬁt“t%%f the sensor
jruct ure. of stor
o offgiilor T ELHRENE 148 38 BB lidRod BRA I ar SIS gpnsors and
{ranm{&gher sensors and transistors. [0080] Referring to
14, an array of STI process trench structures (or

[0080] ot hredrert xMQﬁSFIﬂ 14 @neday StITGhodeeShenddiruddfes (@4&8herdBfbs of trench
and 252 are fornmed in a silicon substrate. The STI

structuip)Gdés 846G, 2HciP0, grdr idtare égmednn beilicor sedtrbly. nilihe B1 process wench
patternj ng processes. For exanple, a patterning

5’““‘3““[5? el obrgﬁp bybgluggpq BHIvEHN G B 050335@90 (§@¥ PHERIH & [grqipmm process car

be perf (P n estestﬁg o Lﬁarflmg g'hfgﬁmbécggsr(fpg@élg lfl%)f-na%ﬁ.ltopp%,ugéuéc-:sg% tlﬁgts@%?nn%ubstrate to
the topzétﬁ'm@&d 0B84 LR Baddies def i:R@DsAPeRtilgn (RNAERRI opening, another
patterning process can be performed so as to define STI process patterns 244, 246, 248, 250, and
252 within the previously defined opening 214.
{0081} The adjacent STI patterns of the array of STI patterns 244, 246, 248, 250, and 252 define
a series of openings, each of which has an aspect ratio commensurate with the aspect-ratio(s)
desired for the following ART processes.  With the series of openings between STI patterns 244,

246, 248, 250, and 252, an ART process is performed using a germanium (or other semiconductor



patterni ng process can be performed so as to define

STl process patterns 244, 246, 248, 250, and 252

within the previously defined opening 214. [0081] The

adj acent STI patterns of the array of STl patterns

244, 246, 248, 250, and 252 define a series of

openi ngs, each of which has an aspect ratio

commensurate with the aspect-ratio(s) desired for the

I S, W e .ser f I alls

mate 19L \R/gé“nﬂg‘ﬂéﬂé ?xﬁcgfriﬁg C’g&l at%g%lg)rkg) 413% 5}2\%\ af éf-\nlglp%ﬁffg&?crystallme
str uc@ﬁFéT RQREeSBct ShPRiar RGeS kBICR 19QF FRRI UL ARTRBHion can be

seni conductor 18 materials, such as InGaAs and I11-V
formegdnbeys thadmniras s)d SOl @stetns b\S/ orengawiARNee T sixicalres or by coalescing

crystalline structure. As described above with
the Ek@fﬁ@rté}% ef the appesnt ARY gructres,  Regydiesy of shonRowipgiresps, the ART

p01t10no@gﬁll)gqaa for {:ﬂogaﬁ%ce Lﬁn?ﬁ&?@ﬁ@g&gfy 918@?;{) ' suh&émtet(ﬁ the silicon
substm@- rb'é'dBH\?t: tﬂé og)hsﬁﬁ%g (ﬁ?ﬁcnst ié%R—Euﬁ&deéCt %ﬁ?ﬁdmc}yf the semlconductm

Iess of I'OWM Ng process,
device ©2 &ﬁ)ouﬁ aﬁohﬂétﬁori e Atlmiﬁjk!fufl @Gy, DhRtcah Be Swﬂﬁﬁlﬂzm)ﬂ c@bla)idl to another
coplanar to the substrate (e.g. the silicon
semicogdibsdrrdatied («of. teamabatoahbavieg Bdﬂ&cdlﬁpﬁ saie £3% endfiratn60) formed at the
silicon substrate. Accordingly, the sem conductor
top sy&pE ebthe srbsgifeyc tlhie BY-7f $iuaaes GAn thea baformsd inde lprge ART portion.

soec G R e A ORI LB porion v
appro@%ﬂé QﬁjrafléG 1{3?¥n%1|%§(§1 anf g Ay Ellﬁﬁ% s1fz<9 B Atm R or 1ar ger, 1.5

ace Of the substrate, hepsi-n 'STTUCt Ur 6s can
mwidnh@ﬂldb%i fommeshsion 1458, 4 A @ensARTarp@T 10 Bitrons or larger, or from 5 to 10
SpeC|f|caIIy, the p and n regions can be obt ai ned by
doping the intrinsic |argeicF. portion wth
appropriate dopants. The intrinsic i region can have a
[0082] | apﬁg@ngql.itgm ssueHrea®41capibe feimed by eg‘f”aéqrocci% 5 Trafssfashgaving source

I
256, arsfy B Fh e 2 GO Sipe R ees o rib i P e Fbipgya sitcon
t | concor :
process et OB ENIORITRItYs A PGB 28 PEBERAGRL B Ponoor @14 i

groundednd Tg&k @ 2SBoCBRp B SRk fedis @BniebRd $b Ihe GOR o LS &ft(ﬁtES by
using a standard silicon process, such as a CMOS

[0083] pr é¥les shanThenipg regngendfctérhievise, sunh 8¢ a plodtedegecaf, 4 hansistor, a LED
sensorU$214 is grounded. The it region of the p-i-n
or a lasegy piy @ iplqeagign- S%Wé&ne‘ﬂ dﬂé’PttWédlg%lfséﬂbﬁﬁe PRABGVLHESY [@Gsmm”d“cml

device %gl is%%g\’(g]aeqe alglFCfi %tarq E(ﬁ“@&f:é(fg,ggoongg{{ggz)nr 8(??%&10 StluCLUIGS an
exampl P8¢ @h:@ﬁl Sy &g%hmuw ‘%nﬁﬁﬁke‘aﬁ igiGaps, eﬂi%@}%ﬂh@'to FIG, 15, subsirate 269,

crystal I'i ne” ART structure, e senmi’'conduct©
which c@@Be al egidvatiide! sabhead, Qaaeats PRilRok OSsa8© a8 pFogicOn Dtc[cctuc layer

bet ween adj acent ART structures, an
270 ts deposited on the substrate followed by patterning so as to generate openings in the dielectric
layer. An ART process can be performed to form ART epitaxial crystalline structures 280 and 282,
By overgrowing the ART structures, the ELO portions of the adjacent ART structures 280 and 282

can be coalesced to form a coalesced region 272.  Semiconductor device 276, such as a p-i-n

structure or p-u junction, a transistor, or other semiconductor devices can be formed at or in the



exanple of which is diagrammatically illustrated in
FIG 15. Referring to FIG 15, substrate 269, which
can be a sem conductor substrate, such as a silicon
substrate is provided. Dielectric |layer 270 is
deposited on the substrate followed by patterning so
as to generate openings in the dielectric ||ayer. An
ART process can be perfornmed to form ART epitaxia

alea i Y-S : r oW

conles AP, AL 7B B B8 e o R SR Ao aovice 274

that fuiSF cBMPHES Whe@fhe? 818, mﬂ&% bc?@xﬁhc@%t ARaRS68RE L ATOF moi%n such as
coal esced region 272. Sem conductor device 276, suc

the noraspagesqed region sf ARGtsuneu@280- n junction, a tranS|stor,
~or other sem conductor devices can be fornmed at or in

[0084] heAltqatigaloekrmng r@gﬁ@mdggvgyi@vi@lsmma @761 cagmon of adjacent ART

rnativel of sem conductor device 274

| t
srvctofiy B8 e HEPYL GhsPrEs FEHEL 2B cou TR b Tebifogbore wilh
lefmen@é t()tﬁ% R8N; & L(ﬁ‘\%ﬁ&gl W’&ngglbg%m BHCAPOIZgldl cctageé%%l]:eglon of adjacent

non- coalesce struc ure

ART shhdiglen @t \ie: FdeE&)El’MLﬂQu@L@{n AR CEPr (rERKECES o;?erhmgs an example of
coal esced region of adjacent ART structures that ar

which i diagednmaticapeiiungsediefiiGeds.by di el ectric patterns as
descri bed above with reference to FIG 15, a
[0085] s e ik et i GFC iy IART enitaxisbeibiniipe stanctioes 296 and 288 are formed from

St e g L 2 RS T L A S A%, S0 o,

wherei REN QG B 1XAIEAS 100 o NBLAN 1B LB ALRANTES @i@éﬁwm may be

compriARXTofeRl dxddel tﬂlltcﬁzil)b‘ito@{el ki@bRL fkketist. est k?escﬁe @&gc 283, ifbe formed in
formed from STl trenches in substrate 269, whi'ch can

the sanpevay sehd diokeduic lorr 34t FIGt ¢. STehEES parti®hd bCART structures 286 and
substrate, wherein the sidewalls of the trenches are
288 CO%%fﬂ’éalt%g igr@lasesd iegion )Br sSamgorghetop I8 icantfide buatrenp algei-n or p-n
i sed of En oxi.de material or other suitable

junctiofy Bt B G, SrafBet PREELTE 1okl SEuft BEMPOABA e coresced regon
(290), SE?I%EGI‘{YHZS)@%&J Uﬁeiﬂ\w CB@ lacmler‘?%g ?é}gfmagncgllglg‘[ d]e'v cesggg that further

portions o tructures coa

compride® SHhbrdeN afal esced HegdoOR afﬁononstﬁiﬂe‘i%dﬁﬁtfo[emon such as the
devi ce 294, such as ap-i-n or p-11 junction,

noncuﬂ$ﬁﬂhmgkmﬂﬁﬁd¥Fﬂﬂhewa%&m1conductor devi ces can be
formed at or in the coal esced region (290). Elenent
[0086] 294n caghlitian ¢ rfhe m@hvisbele‘@nhghw@avmf mmmtl@ondﬁmt opn-silicon based
ri ses 296, which

senm IEF t_31292 t hat . further nﬁ ) E A
micoriop S5y jate) 4111 PRETVHGN: (8t ISSRGCIRRY A BiG DY Siak bager layers

Graded bl er 00 CARLESE Gl t RO &L MG

dﬂ?tl caroe fgx a ?_LO@S Jesc u"% ﬂlf'o LH 10% @he!e:oepﬂxy growth
on sihccbxﬂt Oy Bk h P8 Qhm@leNSAI& buitfePhyPaS8Mbe used for hctcmcpitaxy (e.g. in silicon)
in relatively larger areas as compared to the narrow trench areas (e.g. STI trench structures as in
examples of ART). FIG. 17 diagrammatically illustrates an example. Referring to FIG. 17, in
order to form a non-silicon based semiconductor device, such as a germanium (or other

semiconductor materials, such as InGaAs and -V group semiconductor materials) semiconductor

device (e.g. a p-n or p-i-n structure) on a silicon substrate, a graded buffer layer comprised of a

20



sem conductor device into a silicon process can
alternatively be achieved by using buffer |ayers.
Graded buffer |ayers can be of great value for

het er oepi taxy growt h, such as heteroepitaxy growth on
silicon. As a way of exanple, graded buffer |ayers can
be used for heteroepitaxy (e.g. in silicon) in
relatively larger areas as conpared to the narrow

selected S&RE %d%t@?ﬁd%%ﬂgis 'g_l%m 1({7(?1{"&@ sBhY Qtib%ﬁ 1 aﬂ:u% H'aded bu{fer layer may

exanp es o di agrammat i ca
have a &iPc @xamel 1eeraRef efrfidan @mﬁ&mﬁhﬁucﬂ?m E(D(ﬂnan@fn@%fs thcuf?@{f BdPnanometers
non-silicon based seni conductor device, such as a
0rkuwgefnamomn1QmmnolhmnOWS@ﬁnmpmdunmamsmahegﬁansmusmmhwaagm;or100
InGaAs and 111-V group sem conductor materials)
microng éhﬂ%%dbdwrmelﬂe% ’elsgc( e20g9 mdhlﬁﬁtﬁlwr lpLch 08t mllemeiew)or larger, 1
raded buf

conim@ 3 Figgrg G T 6mEeef o -ELrPugiruSt e atiar 49 migrons w 500
m1c10ng€f’ﬂ)‘?[§'l(§ ?rﬁmgﬁ Lbhlemﬁlilnle&i)rh(ﬁ’llljl?§tﬂ?]at0ﬁ§ 101449 &ﬁﬁu‘%{agu%’fnfoﬁ{ 10 microns

I"ayer ave a eral or vert
to | cedliifeBSi OIl’h): SUEA Bsred @@en ANG R € lothe® fu kD BeralA@Rical dimensions in
nanoneters or larger, | mcron or larger, 2 mcrons
other cmplfa;r gér lhaﬁpmiuﬁmn@(am[d & glestyat&Dinn¥FIEY. Arf's driectrar getesns 302 of a
mcrons or larger, | mllimeter or |arger, 200
sclectc%hphe?tﬁémwsiab rSU‘FhafFSgTéN,K assforrgd cm siigoarsgbssiatd Wged define an opening.

neter CI'O

o oieg Eb e Erefiundh? Joce Pamﬁln wBHEE DG B Biaver 298 for
Uermanfunpr@ &%o@t&ir et (ﬂjegun stlﬁgcm iu@t@t&%dﬂé fﬁngt{x& examples, the

I meters or nlcrons to |
buffer &h%egﬂb&ﬁiﬁl@]e@uf bekr hapele 1@&\&11!&1@V\ﬁ1c@hbﬂdﬁéuht{ﬁw @roup semiconductor
| ateral /vertical dinmensions in other exanples In the
materiap@rat B, mGadcanpl @Paor b ldmistte af €dAbMFINGaAL7, The graded buffer layer
dielectric patterns 302 of a selected dlelectrlc
can be fﬁﬁwirmémay WaAYE RUESIS TR NG idlrigehpisipstndohas skifadbricewbses-at e

and .def | ne .an In,. ord
(00871 6o G PG QDGR i did (<PoC entBe S Dy laver 299 for

d I r ted
s 2036 Al BT R B ML SRSB4 Rk on v
silicon Ql)bﬁ[md: e394), tegraliddf $i8fer G38r B KQIRIPE as&ﬂoﬂfiff&taﬁﬁ{mtenals to match the

sui tabl e naterlals such as GaAs, a Ill-V group
GmnwO@@ﬂwC@hmudobﬁimnmﬂ@ﬁmam (e.g. SiGe, InGAs, and InP),
a laminate of GaAs/1nP/InGaAs. The graded buf f er

[0088] | a)T’é‘P gradagh bbiémfléywdn kO b yseRlps nedib Sﬁéﬂf@pflltcé& idgpices in trenches

B T RN
18. Rc%[ﬁgg% et far ol S"'Iylet[cnghzﬁsﬁm 04 in YBE gl;ﬂgtc By i Srn'&%ﬁd%%ng of the

hat “dependi hg upon di fferent sen conductof devi ces
trench ab@cé»&t‘d&ﬁ@ gilebie lapdrl2000RhisHREH Halc8mbBQA) of dnh®xidy ﬁlg@ﬂdl or other

. buffer |ayer can be conprised of different materials
suitabletngateradsc h Thhelicletind bgerdeotberfonev ioehd snrewfionsmixd diclectric layer 243
, t her eon.
in FIG. 12, A graded buffer layer 298 is disposed in the STI trench. Depending upon the
semiconductor device to be formed on the buffer layer and the silicon substrate, the graded buffer

layer can be comprised different materials. In the example as illustrated in FIG. 18 wherein a



[0088] The graded buffer |ayer can al so be used for
meki ng sem conductor devices in trenches such as STI
trenches forned in a sem conductor substrate, as
diagrammatically illustrated in FIG 18. Referring to
FIG 18, a STl trench is forned in silicon substrate
304. The sidewalls of the trench are covered by
dielectric |ayer 299, which can be conprised of an
crermarﬁfﬁ'nqﬁ n r}_’?(?(%r I g& é)? r[glgkzﬁggacféweﬁg)t?di’l%r F\ﬁ&e{slc%ln%si."%)-rﬂdji?wlytcﬁ)mprised of a
materidlif@l @etRihg "JZIMQIUITZL]'EGQ inBnittn@-# 4fode AOY [quﬁl%dmﬁflﬂ(u?ifel layer 298.
| ayer 298 I's di sposed in the STI trench. Dependi ng
[0089]upon grinked te€iar mparduot ioselfdevipeie: & sutbanfigiynided . & hislocation defect)
buffer |ayer and the silicon substrate, the graded
free laygys angya del\’la?ﬁé«#)’cc&h w%mm@@@ﬂt@w fleviente. gratiansisps 2 phatodetector,

strated in Fl 1
a solar gcéﬁn%h%% gcvhcc& %% riped g, Sl'i(g]r (]%é%ct%{e\é\ga@f‘ a(r‘jlg}f @'ﬁ%qdel?uffer ayet
may hﬁ\@@ ubs(eggpfﬁgl%f%&?nddrgl%apﬁm?crnsl%ﬁfi a@gh 2 g@aﬁ:ﬁi %GII Qr larger, 500
nanomél@rshhlf 16:@Er, |1aiRFor288argel, 0080 @raded shufctals dradm@Er, M¥microns or
itself conprise a substantially deféct e.g.
larger, di Slomatremsnr degect illifncee of myer,; 20amai] am:ﬂmr behrdeay®X) millimeters or
for forning a sem conductor device (e.g. a transistor,
larger, 4 CRNBRUREY db ey O [rgm dBImipropeld sevaspl csoliaeterestich @8 fromakd microns to
500 mi%gwgrﬁgﬁ.gkpoﬂ%%grﬁhtodf ﬁta freﬁf) qugggggqetoggﬁsgy 1%&@&5%1 from [0
m1cxong'tgepsde9mne§90h1“ﬁes é&ﬂl@?nlﬁﬁpenei %x mlglg l&a@%g&gtﬁ ?nglble Iatera Ivertical
nanoneters or larg m cron’ or
dimensl ik 98Tothdd dXh@PRAS Ohel @LARA buffed 18JcE @R De Abr lnédaéﬂ%rqub@chtc (e.g. a
100 mcrons or larger, 1 mllineter or |arger,
silicon mithshrivtgtog s 4 oegidrangargs HOGchi(k.ki mBTRwrenchror olkar geks nbnches) that is

centineter or larger, or from10 mcrons to severa
101medd@:ﬁf>v%fl@r<% in g@f@l@%@ Of HSHAAMPD layier#hons asePsiBBO i cr ons,
A10. mcr I ml1inet m 10 m crons to
100901 50 PR gy A0S 16F % PBIGTOM cFone! Por Tl AirereRplary ey of
I d e Ik
phowd%&m?afﬁ@@% i USRS S FB s, o
ilicon gutaded. bThE ok rbayetactbn be ukQr feg 1o, %oﬁt'd@c%f teSptofodBtectors. A
a silicon substrate), or in a region, such as a
dielectiiq leparhwhishgs cem@ed tof erh@\m@npemathmromqﬁp(éﬁ“a menaiv$) this example, is
that is fornmed in a substrate or in a dielectric or
depogriﬁfﬁh% It ﬁkcqnay@ﬁu Hhbve A Bapdtiegos.in [tf@ogbqonRelb@ra{@ngTh@ deposited
ss-sectional view of Eortu& of an

LTO 1“&‘ i Sty 4y ogprm BH%}I%&@&XB?? sty hieles Saraigy, the ps
region m tllé'?;ﬁlE@H &ty ;ﬂ@ reART ﬁvcll ){Syd ﬂ%ﬁs@gcﬁ]fesr&g O clod n%ahendl such as

formed 1n a licon stra + region ca
germanhién Wsed RS/ ar (LL@W&ﬁmQ&ialhé‘t@i nke@rial Nge @&ﬂﬁc@diﬂt @6t efing® The ART

dielectric layer, which is conprised of a
structurbpwart drpepat uvigh axkide dppiBQ)untbtpesti @b defect kgomxalpt én-situ doped
. Is . :
defect-regions can be formed as p-type regions. The ART process can continue until the thickness
(e.g. L) is sufficient to allow for desirable levels of absorption of incident light that the

photodetector is designed for detecting, such as visible light, ultraviolet light, and/or infrared light.
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deposited on the silicon substrate (e.g. on the p+
region in the silicon substrate). The deposited LTO
| ayer is patterned so as to form openi ngs and expose
the silicon substrate, especially, the p+ region in
the silicon substrate. ART epitaxial crystalline
structures of a selected material, such as gernmani um

or a Ill-V group sem conductor material are formed in
Th P t AR ) M so as to for
e 10[3 E&tl@l &R g %\ISRnTg Elﬁ%LIA]EéTLan%%JntL‘r% c’l’b(rg an 2\%%&@%%& ﬂl $0 as to form

nlﬂml@b@ﬁlu doped defect-reglons can be fornmed asp-type
regi ons. The ART process can continue until the
[0091]t hi & kepegsw of thegholojietestosufl FI@T Batis diegratmbhavicdlgrillustrated in FIG. 19b.
desirable |l evels of absorption of incident |ight that
Referripg o Fibh Bd@t@d%h@FOdic@C‘@@scﬂgﬁwlf & sieplicttyiang demadiratign purposes.
Vi.S ItraV|oIet and infrare
s discly g bezb o %%ctwwgww%@ﬁée R ledied Beiees Rhgppdetscior.
0092”‘91‘1 AR N) GPRLO WsAhn 39 &8 pt £ and # regions
[ rﬁeq:ﬁlot ypeaP[engIBg:rgg 1 zg{éi %,& gonlmin%d sﬂ% E?lgt @z i P and # regions

cach{ﬁ]@tcﬂ&ﬂtcﬁ% Qr thelpi-rkuctd88) drd v@lta&gfyaemm&d glehd Yhe growth direction of
illustrated in FIG 19b. Referring to FIG 19b, three

the ARprotdues.ecinghsteadaecsibowpplfcatiosilighl iodietdetcared is duected toward the top
denonstration purposes. As discussed above, the
of the *B%“St"odé‘t B tlérmative yamplg. Be Hikt ' de dpigctad sary heddirpgis adongfthe side of

et ect or ot odet ect or n FIG 19a
e sen i SRR SR b R Pl TO TR “thep. T and ¢
[0093] T €HRPHing § @CQOEthhQa\ﬁﬁﬁﬁ%{ed( g@“l#lh?s Rsr ch tm an Wt:mslc silicon

structures) are vertica ned along t

substradi r eahi @R TOfepithh&l /&B}EtaSEﬁéJQﬁMéaﬁﬁ cdifiprRet ef d@‘ilﬁ@rﬁs{u‘iﬂln or a [V
application, light to be detected |s directed toward

semicondyetor omatergfl it lyeoveens opsiingsnofan ddlewindtyen esuelx asmhe dielectric layer
t he |I%ht to be detected can be directed along the

comprisgl &éd 0 ‘Pﬁé“‘&é%%? sl 9aas Vdihdgmimraripeaion 2 ir¢gdieseandedermed in the

[ f
et gy B AR e L o

T R T

top regioRd € thalARTSst@iaMes. | I\ PRANEATSt @Tcn%aﬁj b€ |f(ﬁﬁieﬂlo‘§1 a'n@)bﬁymcally contact
such as the dielectric layer conprised of a
mthcnn@memaal in FIG 19a. Wth in-situ |nplantat|on, p
ion can be forned in the ART structures,

[0094] oo o dichy Ayiesiing atiseions dighbir befdetasted ARTiigcicdcramese side of the
[he ART structure ont | he intrinsic
photodetec?o: odﬁsdm ‘“PH“%‘%'? ﬁfbllmaé?cﬁ i FL@ @ng t'f%lbshﬁ(?nalﬂ,glgltlon allows for light
detectlohttor&g LOfE I%ﬁ‘@ W e {Tﬁgon' Uubtsﬁ'ﬁc t AR ulREALRNS: &Eov&hﬁn {he growth
struct res. A netal contact then can be forne

th;cknesalmﬂ Aptysiue@tdso 86 HdagdndetQrdnh eiabsdi@EHInQRBh.

[0095] A top view of the photodetectors is diagrammatically illustrated in FIG. 20b, Referring
to FIG. 20b, germanium (or other semiconductor materials, such as a III-V semiconductor material)
epitaxial crystalline ART structures are formed on a substrate {e.g. on the heavily doped p+ region
formed in the silicon substrate). The germanium ART structures in this example are deployed

such that the lengths (in the top view) of the germanium ART structures are aligned to the <110>



[0094] In light detection application, light to be
detected is directed fromthe side of the

phot odet ector as diagrammatically illustrated in FIG
20a. This configuration allows for light detection to
occur in-plane with the silicon substrate.

Furthernore, it allows for the growmh thickness of
ART structures to be independent fromthe absorption

directiog%%ttﬁe siﬁig gjbxﬁat& Qﬁ\a}{:v?’\{h f 1Lgt; h%ti%ggr@een%%acg P? ischamtted as othe

cal
alignmdn@ Erlc@onéi@&ed genamel uihd fﬁ&d@x‘ithﬁc{ht &P GQRGUEE Afirected toward the side
materials, such as a 111-V sem conductor material)
of the UEphatmh&NRTlfty.&tLad:ﬂ ine ART structures are fornmed on a
substrate (e.g. on the heavily doped p+ region forned
[0096] j n Th@ef:ksqim@déenﬂeeibsw dthe photTirgeates praniugtratARIN FIG. 20a and FIG. 20b

can havle é?fg%g{u‘?ﬁ%é{}ﬁg%@ﬁ% qu% \@%Efﬁ@?ﬁ%&gﬁlgﬁ;ﬁ&rﬁa crl]tgd mt FIG 2la and

FIG. ZI%t r ﬁ%Fe?{r o8 @l & %{%%%@@Mﬁecm a} c%nnﬁgt Oéla&tci;%ﬁé s éplhﬁglf’lted in a top

c¢on subs ef i

view. |m€&n5§c§€do tnoiebf%)nsﬂdu BntRA RS rQifEhre Iﬁfl)'!/agwm rﬁa%h @b&act comprise at
consi dered avail abl e, The incident ight to

least ardelbegttedcosadibeaat gl @@madoisheldmlﬁﬁucaﬂ& doh@ecgﬁf @@RdbL A Lially all

~ ART structures. [0096] The electrical connection of

regionstohad pGIGH Y teor dhaas or thaus ttypst ef thenp@n@ctezmes arlfdt Bra@ple, metal
iﬁﬁ can have many suitabl e conflguratlons

contact o] B A PGB rGEBAIP PRI PR ET 1] & Omech aam 312 spans

R I 0 (# 21a exe | ar
cross S R PRKS LR of] Bsbit Do SRR I o AT st

This coMhc®Won £ KRE AkL4d int FI@QH@EM@HQ&@WG%&@W [ttlg’tu@esrtﬁg'c@ﬁhccnon of
are provided. Each contact conprise at east an
the metalconget edthe pnihd@tre e ftalpad-» SpEinge &CH psSodndtor.
el ectrically connected to substantially all regions
[0097] of Metplaopiagiut Ereomppiscs(as lagst qnlq@ontpctdqeamhglcb as y(p)é)ctdgf:am 316. The
phot odet ect ors metal . contact 31

contact peiin Rt gu‘P%«“ﬁ“ﬁﬁf é’élpéiﬂg’g%?fﬁ*ﬁr des I%c%?ﬁﬂa%%lm@aﬁ%md to the p
regions i&%egﬁ?&%& g&ogeaﬁg%gnn%&% is b ustt?tﬁ I ‘?bl y al |

ures 'S connec reglons of
[0098] t hgn ARIEr 8 FHSHYWE BR- quallBi cﬁldQ@lnM@L&'o‘mhé §Ee&ﬁ€il &bnnection between the
illustrated in FIG 21b that diagramatically
metal coltharsta dersicsigeated mygot| @ioh ebntattheayres@pri@aniiaiglescon@ct beams as
thep and it regions of aF i-n structqre ina
diagramgRgedbiet Beraed 11{ ﬁ@?%lalvb nathe coamatst as3ilustoodpini Bles 2ae. the contact
tact b tact b 316. The
beams %Fo?ﬂcgd’f?‘gglegq%?%‘ggwsmg ' 3@({13}26?1&%?%ﬁﬁ9 pgq?tggc]:tcctms w1thm the light

dbsoxptlgnqgtgg%ehecbgﬁéct ﬁrﬂlﬂm' i) glff% cg%ét)! c%grbnegl%c?nddtct:lo J:sposc%. Other

s of odetectors 'S connection

confwu@ﬁbrﬁse&e|dls|ol4§)bf1@ﬂ3ﬁ:d 123 Eiﬁpl@]@uitlblgq(@%] 2loR n%g)ecforﬁagt beams of one
inprove the quality and reliability of the electrica

metal capgrnentbeahspoeddieenceitheo adjacent contact beams of the other contact.

[0699] In another exemplary configuration, a contact beam of a metal contact can be connected

to a group of photodetectors but not all photodetectors. The photodetectors not electrically

connected to one contact beam can be electrically connected to another contact beam. In other

words, a metal contact can have at least two contact beams that are electrically connected to two



metal contacts to their designated regions, each
contact may conprise nmultiple contact beans as
diagrammatically illustrated in FIG 2la. In the
exanple as illustrated in FIG 2la, the contact beans
of each netal contact are uniformy depl oyed across
t he photodetectors within the |ight absorption range
L. Contact beans of different contacts can be
differefd trl%ﬁﬁ@%@é%t%@%&%@dwl?e% Eeﬁai, t%QQT:fF%HﬁLagro%sm% at%ﬁp one different
appl i cab For exanpl e
photodempioact beans of one netal contact can be di sposed
bet ween two adj acent contact beans of the other
(001004 onThemethpdaodscritedahotchan bexepipddan ynake ndrigutdatiootevids formed in
ntact beam of a netal contact can be connected to a
or at AE??fowc&wespwafnaule%@@@wstcg@m et potietronorisicaly solud

SU— t odet ect or,s .not electrlcall cted to
from 18 BER BESIPERR 18471 R hr S otbim EBF o8 LG e iRl ustces
QQ&hﬁﬁF iB&aNan! aFeb )
a Cross FLoioha vxl eastan cﬂcﬂ%lhﬁr% egela%%% tlﬁg? %lérne(PH Lzlgcﬁlf)ﬁ%ln ed in an ART
structugonnected to two 24 different groups of
phot odet ectors; whereas the two different groups have
[00101ét RefasingoneFlgi. f22e nemin- -sijitvot AR ewteanl, WHALB0} gEheanium (or UI-V

rq;ﬁ hod as descrlbed above can be applied to nake
semicog ¥ dRder! b\ﬂ faé\ﬁXé@gief Br YN withip AN gpeniRTos £ ilispusesirace.  The

openin C:Fnr ng{}h '%plp )} c%1 %1%%{ éghclcfc}lb%ﬁy%?gr%sﬂtc(ﬂ ﬁritt {Elzrs 1cogrsSbstmte or can
be a ST B ALRAHGS ﬁrtvéjﬁﬂédﬁetrené? a way of exanple, FIG 22
di agr ammat i ca | ustrates a cross-sectional view

[00102pf 'Bie gxempluar yupmmaateem@ra havitn@gdh, Roddr Bs Jaurb%tduoeompmm
formed in an ART structure. [00101] Referrlng to
dislocagon  defeasn- si | ihcorpondtn. matléei al , andhigchregiona ger nmni tumaed at  the
111-V seni cgonduct or nater|al) in this example, is
disloca ?rbgﬁ’fc%ftq@n Wpapplg%rgtnréeogm]@a@pm, OFT stimsueat §pec1’[|q@i y, an n-p-n
n be .formed.frompatternin a dielectric
junctiof BN Al G T AT BB Sl Ao T G, he
bottom %-QCCF F@nhinf @ TBChAnflud Il\qﬂs' Lh&QR 1£ 5@[”(9&111&&919]19&31 h%m the n-p-nt
germani um ART Structure has a defect region, a
junctiof egiterpeoammiihShigsic #Eb0C atib@nodef Redctd 1@'&11:@@&1 h@ltnt tﬁEnside of the
The n and p regions can be fornmed at the
photoded¢asdrocat i on- def ect-free top portion of the gernmani um
RT structure, Specifically, an n-p-n junction can be

(00103 o S cfrdedhat e SeTBiORIHE OB BV IS, vk % ARTEIPFIRRTAS discussed above
win oS EE, (4 R STPLE % PRV SELEEL 1281000 e
or otherl §Asr @dnde®M FR&dAc R Ran be formed in a substrate (e.g. with diclectric layers on
the sidewalls of the trenches when necessary) or can be formed in a dielectric (or insulator) layer
over the substrate,

[00104]  As noted above, teachings of this disclosure have a wide variety of applications. While
not limited to ART technology, teachings of this disclosure have many applications within ART
technology.  For example, examples of the methods disclosed in this disclosure may be used to

create photodetectors {e.g., IR, UV) for semiconductor devices. Further, examples of the methods

i~
wn



junction or the germaniumintrinsic region. Light to
be detected is directed fromthe side of the
phot odet ector. [00103] It is noted that the
sem conduct or devi ces, such as the photodectors as
di scussed above wth reference to FIG 19a through
FIG 22 can be fornmed in trench structures, such as
STl trenches or other types of trenches. The trenches
fe t tr
disclose g{/lletﬁlg dggf"q?‘%é’l‘“g t%e &Fﬁ) &@@C,E}C%?Gi? g%\%%g J:t%% d(})-l 1 structure in
the serRBGaSSAN V). WOVIRC&HTVp@oafQl’ﬂi&ﬂdhdimadéih&lseCAr‘!vﬁie(\Qﬁlcty of devices may
|nsulator) | ayer over the substrate. [00104] As noted
incorpcadgoVie, invediohi n§éhisfnat hingtingj ®chosulceickavie avwitee may be particularly
variety of applications, Wile not limted to ART
applicapleth ﬁ”ﬁ’lxéibyl““tﬂeﬁﬁﬁl’ffpﬁg@%oﬁ*d@ leflectdraeis sy mdlﬁamewﬁmhtylb devices, light
emintingJRUE Bl TR, ol Eonal o MEEe o onb R T OBy pgeciatly hose
o t 084 X "
using r l%g%&ggd d&u@)thcgﬁ e%&%lc 125% 33)?{5? 7 [llé()i( a@)?l 592007 BTI‘Ii r#iv)Aspect Ratio
Trappidge tdroNExed2 §igdib Glppaediohs’; tAYicatiowc] lsa&urzeo MRY/3EBUSERA 9/26/2007
to create sensors using ap-n junction or ap-i-n
CntiﬂCdSﬂhu@ﬂnﬂrlﬁeidfﬁfdehglmﬂ®lmg)lme@bpms@ectg{a,tml’ﬂappm@” fagmlication Serial
m conduct or devi ces wi de variety of devices may

No. W%@@ﬁ%o#gﬁ@e 9{4?é2qﬂﬂvévftt166n vt Roeidling Periges sodhbieuits with

rattice PR EGRGRp T CATTRna P Rapy Sl 11783 e Fornoraoon
entitled! ] 3413 'E%l% %ﬂgﬁlﬂfeul%st \Vglﬁ] Eaﬂu@ogng@{it&%ﬁ Sclmc%lﬂﬂillctm Structures”; and

emTtti ng | aser resonant unne

Appncmloa@eﬁalama phaioey okitcdi 49/deyi Gisled CBRAS MalcY oh @l%%n are al hereby
usi ng ART technol ogy. Application Serial No. 11/857047

lﬂCOIPOf’llftt’e@yQieﬂE!EB{iDZ@Ocﬂé pmwldnrt@dxdhmmem wiRathi @spedis agfpihisg ifvention may be
M xed Signal Applications”; Application Serial No.
particulgrly 88931 filed 9/26/2007 entitled "Tri-Gate

[00105].":-I & & iﬁfag e(?lﬂgé ?%vj%qshﬁgf ];g{gfr:r&(gq\cﬁ%uixl?em@gggnpp sef the invention,
thexe{ox%/ grzlé&i@[qzntQﬂ]tdlﬂ:@ilcgsdsu"leJ@ﬂEB% gﬁggvdéﬂ& (B%Yég? gcsco?tprgg to the invention

Crcuits with t1ce-m snmat em conduct or

integrat&d itGtANVES" 10&@9'&11&9%'@5%1@@&' BlrtNe - striicthfeB AR nettlo88 according 1o
10/ 19/ 2007 entitled "nght-En1tter - Based Devi ces

dlsciosqm ¢rhbadanerte eambs et fredni8emriicontiuct-6r cBtnmulcouaeist re@mth for next
plication Serial No. 12/100131 filed 4/9/2007
gcneldt@ﬁ@fl@édr‘ B arvodle Mty of Bhergpplicelans. are al | her eby
ncor por at ed reference as.providing exa
s Rl

[00106]Wh P{{’H eﬁ%lg? én I:Pls SIFﬁCénCidH% & cm%yd ent, pafl tglg?ci{%eg}t ” “example
embodiEhd e%‘xdl{‘l@gl’%d Resils i QbR ge%Ydu? %tlﬂ@&ﬁ@b& BLARRSS 8 described

prior diments of the Tnventi
in connection with the embodiment is included in at {east one embodiment of the invention. The

appearances of such phrases in various places in the specification are not necessarily all referring to
the same embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with any embodiment, it is submitted that it is within the purview of one skilled in the
art to affect such feature, structure, or characteristic in connection with other ones of the

embodiments. Furthermore, for ease of understanding, certain method procedures may have been



t herefore, enbodi nent of devices such as LEDs or

phot ovol tai ¢ devices according to the invention
integrated with CMOS process may be fabricated.
Further, structures and/or nethods according to

di scl osed enbodi nents can be used for integration of
non-Si channel or active regions for next generation
CMCS and for a wide variety of other appl i cati ons.

mec\[t%g Qa#eﬁ\{lymgggclﬁxtc@n%&vdév@t ttF&sﬁ sic:‘@d“?ﬁ (ﬁiﬂtl(}d? %loc%[ﬁ{]cs.should not be

constriie@%8MBt@saril € bkicy dRAMNR ﬁrh@a‘i,ué})u%ﬁﬁin‘éé” afhdﬁ BALMLE procedures may be
structure, or characteristic describ in Connegt| on

able tanMbehpdrfoemedrbodinmelndrndtive i srdbivche chi mmltf&lbodls%antc one addition, exemplary
enmbodi nent of the invention. The appearances of such
mﬂ“a@hﬂﬁééémlhuwéﬁP@G§d®H%@@%H¢nw@h@ﬂsgg odiineas jod rihapeeserstdisclosure.
referring ame enbodi nent .

necessari t
Such TGS e gy B fssiititle POty gopar i i be applied o
correspo n@ﬁg%h@ﬂ dLﬁE eﬁlbbczungh %Cﬂ%v?c%gr tﬁa n%ﬂ}%a?eg%bvc\)ﬁ]ta%en tgﬁi‘]oymtended to be
limitedQkgvhyew of one skilled in the art to affect such
feature, structure, or characteristic in connection
(00107 t Altldugb fevonebodimehhef tlenbedhnandsion huvd tref iMiseated @fd described,
ease of understandi ng, certain nethod procedures may
it would b9 eppreeinted bg tapsh iskided idthaertdkys aharees prpdedurdes) these embodiments

o UG BRSSO L ML SR e
therefoFcEt]%' He &ﬁ%&&ggﬁ]ﬁﬁﬁ%péalaﬁtill 1%%1‘du§c? TR, l%mqm 1 18% onn%}/c mventlon described

I'n-an Erhat Ve
herein. Scpd 61’&5@@1&)&{%’11 iethes Md'fba%ddiytth@ﬁbpeﬁd@[r@llﬁﬁ Yﬁthg'iﬁ&r%e foregoing
illustrate various nethods in accordance wth
descripgobadi ng nbsgef whick cpne seéthin die sehoiaygued ranGticheqianmtpoythe claims
net hod enbodi nents are descri bed herein using and can
are mf%@‘?éptﬁl b%@m%ﬂceédhwéwpon%ﬁ weedappahiat disclesutso dherdens “preferably” is
odi nent s qre not | ntende e
non-exqIiiY G iy ew}cnob?»o%awomi Fiioh 1Feth BrbbHRRREUgRHe Sven thei

br oade% hﬁet?[@%ﬁ%ﬂtcobﬁ\/{:&ﬂt li gﬂlbqpa&?euﬁqﬁ%nk l/é g(gntcéﬁtﬁ%t%ﬁh i1 1hls description.

esc e“apprecl a ‘ed
For exdnipld, e @fths tdaple@hANORSHIRY REd H&%tlbﬁ‘» th8S18 are used to connote both
enbodi nents w thout departing fromthe principles and
direct sl rindirepf donecdtiongatupbngs. The frottegodagpeybddivimnt sndaricluding”,
therefore to be considered in all respects
de“VdﬂwF% datpit Pk Stratde ransagnal .tmfm r@g rnaseheart nWa@fhtmnnymousiy with

onn Ao R0 B0 e i o o

conswfu% @ggﬁtﬂlﬁg o@%ﬁ(ﬂl (PB& %Qm@e‘?&l f&j l‘ci&gq{]ﬁg \f\ﬁlu%s fdwt ﬁ(‘i intended to be

meani ng and rang equi val ency
interpr e@ddaul{l‘ﬁl 187 @:xltmbﬁﬁgiﬁﬁn LAl e@@th@rﬁ?ﬁ @;@e%etdﬁse T&” And AR MSRMted function
in this disclosure, the term™"preferably"” is
appear in a claim and the claim fails to recite sufficient structure to perform such function.



non- excl usi ve and neans "preferably, but not limted
to." Ternms in the clainms should be given their
broadest interpretation consistent wwth the genera
i nventive concept as set forth in this description.
For exanple, the terns "coupled" and "connect"” (and
derivations thereof) are used to connote both direct
and indirect connections/couplings. As anot her
CLANXanmpl e, "having" and "including", derivatives
‘—““”diereof and simlar transrtional terms or phrases are
We Cldsed synonynmously with "conprising” (i.e., all are
considered "open ended" terns) - only the phrases
"consisting of' and "consisting essentially of should
be considered as "close ended". C ains are not
1. Ai@ﬁ@n@emﬂbﬁbbe interpreted under 112 sixth paragraph
nl ess tn rase "means for" and an associ ated
f aﬁkstig“d'ﬁ w&lﬁ“p*é’éit angh 5%9063 SPIFAXEh QUYEEIng PERG P RintasTagige at a coalesced
recite sufficient structure to perform such function.
27 CLAAMS W Caim 1. A sensor, conprising: a
SHbstsmatexibRYIRGd hi drSh ti@%:ﬁ%@ Bgati%ﬂ'td @ﬁigﬁtleiectxons enerated by light
crystalline structures interfacing at a coal esc &;
absorptporthérein; aral sensing region formed at or in the
coal esced portion to output electrons generated by
| FQythacts %Qgﬂm feopive e redichonaingdbeorrasts:t coupk egntlo
receive the electrons to obtain an output electric
signal. 2. The sensor of cIainil wherein the first or
ture

2. Thi hs@nst qng “?Tpllt %cr#m t'né{ﬁgls ol 1% S;hcrog R gdi giystﬂ,péic structure is

sSubs y free from ocati
substanSEIMS REe i%m‘%i'is%dlhdﬂ asbgeein the first or the second
epitaxial crystalline structures is conprised of a
sem conductor material. 4. The sensor of claiml,
wherein the first and second epitaxial crystalline
3. Theseuser of edaiay &, dihsposdap firm dri thstseaond skl copeiiregstuctures is
‘mg rein the openings are trenches forned in a
comprige ﬁ%?é@?“ﬂ@hggﬁ§%wgﬁe 5. The sensor of claim i,
wherein the first and second epitaxial crystalline
structures are disposed in first and second openings,
4. ThyQ@ERI JT L@ 10 %@icﬂg&c 8 aﬁ@@&%gd Whit RN c@sﬂliﬁx'c Qﬁﬁ&hi‘és are disposed
| ayer conprised of a dielectric material over
in first adysstaldldpaeingy béitreat e openings are trenches 1ormcd inacr y.sta lline substrate.

portion

5. The sensor of claim [, wherein the first and second epitaxial crystalline structures are disposed
in first and second openings, wherein the openings are formed within a dielectric layer comprised of

a dielectric material over a crystalline substrate.

6. The sensor of claim 1, wherein the sensing region comprises a p-i junction or a p-i-n structure.

7. The sensor of claim [, wherein the sensor is a photodetector pixel of a semiconductor device;

the photodetector pixel is a complementary-metal-oxide-semiconductor photodetector; and the



6. The sensor of claiml, wherein the sensing region
conprises a p-11 junction or a p-i-n structure. 7.
The sensor of claim1, wherein the sensor is a

phot odet ect or pi xel of a sem conductor device; the
phot odet ector pixel is a

conpl enent ary- net al - oxi de- sem conduct or phot odet ect or;
and the 28 photodetector conprises a p-n junction or

photod F@ﬂ‘ <0 %111 QCté L%%FH? or d «1;}1?] é{Lchwsdgc}mndcgqgélCtomde semiconductor

transistSE, er@Pcer BicipSn ﬁr@[tﬂﬁ%1 ap- I»J? ‘%u SRS NEhriE91 PR s@ﬂnﬁ!l WABER 1R wherein
t he photodetector is an IR or UV detector. %he
the phoselesoror ofandRair idVidetsdaar ei n t he coal esced portlon has a
width of 1 mcron or larger, the wdth of 2 mcrons
or Iarger t he mﬁdth from2 to 5 mcrons or the mﬁdth
m crons or The sensor of clajm

9.
8. T h% éﬁ‘BPT gf plgim 4. ! h 98t caibsee PPBREE i Yok haiitron o larger, the
width 0%'2%"& oﬁg 81' 4116!*@ p (L)@r\%/adg{]{re d{‘i' (S I5 e:%:e;:o\on}g ootfh :\]&?ﬁil hﬁ%mons or larger.
senS|ng reglon 10. The sensor of cIa|n11, wherein
the first and second epitaxial crystalline structures
9. Thasaseudlcksaddcomydingan i nsul ator configured to form at
| east two openings to a lattice msmatched crystalline
sUBSﬂ?ﬁﬂ@ﬂUQh@ﬂﬂiWshméhﬁM@QQQQGMQtructures in at |east
ortlon of a, orrespondln% one of said at |east two
Ty g: reglen ORE PYATUYFIUEF IS PPsif l?ﬁlOildO ISRRINE SEW 1P Hig sensing region.
substrate is configured with depressions in the
substrate, and wherein the insulator overlies sides
10. Th®fenkbirERRN S HhABIntiRe R MEREShCRAAL NGOGy /M fnd ﬂﬁlcﬁe@&ea% coalesced
ratio of the opening is | or greater or the aspect
over arr atsilatoofcohfigurapenifarg: ks ldstdtvar openiialsen, a Wagdeemibntat@ed crystailine
opening is a trench, recess or hole. 12. The sensor
substraigf the [figgt gnd eecongh @qnéquneq et deabist pertien Psa cordspoutimlong affsaid at feast
depressions in the substrate, and wherein the
WO oD at or overlies sides of the depression to form
sai d openi ngs and each of said first and second
epitaxial crystalline structures conprise an epitaxia
. Thd &n€6radf QUAN O, AMerrid %%Qllbstfclﬁgis%nilmgdi QiR RBeSi&kGh the substrate,
region is at least 2 times a wd of the opening, at
and whérelmghe mstluoesvd e s*\mledbhthc@ifcpitchﬁorombimgmd)bpﬁtmgselaalhelﬁpect ratio
times the width of the openings. 29 13. The sensor of
of the opgragis I or\ghpaes Phithe laeper| tage obiid opeiants Cepdt aasdter) wherein the opening

stalline nmaterials are
IS & [ICHCh XCCCSS or ho?e.

12. The sensor of claim 10, wherein the substrate is configured with depressions in the substrate,
and wherein the insulator overlies sides of the depression to form said openings and each of said
first and second epitaxial crystalline structures comprise an epitaxial lateral overgrowth (ELO)
region, wherein said ELO region is at least 2 times a width of the opening, at least 5 times the width

of the opening or at [east 10 times the width of the openings.



sem conductor materials anong a group fl-VI conpound,

a group 111-V conpound, group 111-N conpound or

ternary and quaternary conmpounds thereof or a group IV

material. 14. A nethod, conprising: providing a

crystalline sem conductor substrate; formng a first

trench patterned structure in the substrate; formng a

second trench patterned structure in the first trench

p 1 tructur erein. . the second trench . I
13, DAk SERES T i Enor 8 Mot HRC SR P bl g ppaecials e
semicohl@ M Mh@riff abld@g f §Stp 1@ L &ra - nd. or .

and form ng an ART ?as%ect??g?Pgﬁﬁfgﬁﬁﬁ'g?tﬁgggﬁﬁgpiiﬁouPlniq
compotureorftemsity san dusiecandohtpeneds (hatdler agtbupIvrtigtsmes; and

maki ng a photodetector fornmed at or in the ART

material to output electrons generated by 1|ight

ption therein. 15. The nethod of claim 14,

absor 1 th

14”!\ﬂﬁ®PgVW“PH@“§ubstrate is a silicon substrate: and the
Al erial.irs. 6o ' .of .a non-silicon
S ﬁwg%%ﬁ%% gﬁhﬁ%%éﬁggﬁﬁégg?ﬁ%ﬂéﬁhethod of cl ai m 14,

wWiehe g fiReurddch phrdrh@NGRICRAL hehdghsSik.uct ure has a
width of 2 mcrons or larger or the width of 5

mamanesa setdond Fhehetthodd edudchraiimbk4irsvdhacie patdh @dndungure, wherein
the ART material conprises growing crystalline
the secppyt wenchIpaterned sleucires et ¢ Medthequal e ot leys thal Iieneidth of the first trench
.. sSubstrate. 18. A sem conductor sensor, conprising: a
F”“““%ﬁ?%?ﬁ?%ﬁﬁ% substrate; an insulator having a Plurality

of... ' the. s .30 a crystal line ) e
ey SR AR Rep R A RbA Ecrd B ik¥ B S aronch pacerned
structureg:gtial 1 ine material being lattice-msmatched with

the substrate; a second different buffer crystalline

makein i alphbeidegetbaidrined andramalicc ART il tdheutputisdcirdh €gencrated by
_ bet ween the substrate and the first crystalline
light abjeip¢n ®ercig | j ght - sensing device in a least a portion

of the crystalline material to output electrons
15. The method of claim 14, wherein the substrate is a silicon substrate; and the ART material is

comprised of a non-silicon semiconductor material.

16. The method of claim 14, wherein the first trench patterned structure has a width of 2 microns or

larger or the width of 5 microns.

17. The method of claim 14, wherein forming the ART material comprises growing crystalline

material lattice-mismatched to the crystalline substrate.
18. A semiconductor sensor, comprising:

a crystalline substrate;

an insulator having a plurality of openings to the substrate;
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generated by |ight absorption therein; contacts
coupled to receive the electrons generated by |ight
absorption to obtain an output electric signal. 19.
The sensor of claim 18, wherein the second different
buffer crystalline material has a thickness over the
substrate | ess than 100nm | ess than 60nm | ess than
40nm |ess than 20nmor |less than 10nm 20. The

S%ncsr]?rm ﬁlfl d% 1H? %tthl‘ﬁhlﬁg %Ein{l l\}]; (e Sfi‘i%uﬁltélsgl% cxy c‘ﬁllnc lyl[uldl being

I Ses a er nar

iattice—ﬂﬂﬁnﬁ%ﬁWlma‘ﬁé/s&)@m:ﬁ@,unds ther eof, a group III-V
compound or ternary and quaternary compounds t hereof,

groand] difflecomiturdysotlifcenmarny @i Guatesinasighed with the substrate
conpounds thereof or a group IV material. 31
between the substrate and the first crystalline material;
a light-sensing device in a least a portion of the crystalline material to output electrons
generated by light absorption therein;
contacts coupled to receive the electrons generated by light absorption to obtain an output

electric signal.

19. The sensor ol claim 18, wherein the second different buffer crystalline material has a
thickness over the substrate less than 100nm, less than 60nm, less than 40nm, less than 20nm or less

than 10nm.

20. The sensor of claiml8, wherein the first crystalline material comprises a group II-VI
compound or ternary and quaternary compounds thereof, a group HI-V compound or ternary and
quaternary compounds thereof, group III-N compound or ternary and quaternary compounds thereof

or a group [V material.
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