A SEM CONDUCTOR ARRANGEMENT AND A METHOD FOR

MANUFACTURI NG THE SAME FI ELD OF THE | NVENTI ON [ 0001]
weewodearent s of the invention relate to fiel d BET/SG2007/000244

sem conduct or arrangenents. By way of exanpl e,

enbodi nents of the invention relate to an epitaxial

structure of | ow tenperature silicon gernmanium (Si Ge)

with Ge-seed | ayer prior to selective epitaxial growth
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el ectronics device processing at front-end often

i nvol ves thermal cycles with processing tenperature
greater than 900@IEOD OFTHEEINVENTION'

germaniumsilicon (Ge/ Si)-based el ectronics and

opt oel ectroni cs devices, the presence of Ge demands
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rggi:}]%l ithic integration of Si-based CMOS el ectronics

Ge/ Si - based devi ces. One approach invol ves
ul tra-hi gh vacuum chem cal vapor deposition (UHVCVD)

growth of Ge gxefikGROUND DIEPHICANVERTION graded SiGe
buffer. Publi catl on "Toward device-quality GaAs growth

by nol ecul ar beam epi t axy on offcut Ge/ Si] _ xGecl Si
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1471- 1474 discl oses that the eplt%m al growm h of

QUPIESHng KAYEHRtYE g(qgéggl)\ any30&C. 'On the contrary, for germanium-silicon

(Ge/Si)-based electronics and optoelectronics devices, the presence of Ge demands
relatively lower temperature processes for example less than about 700°C. This

incompatibility in thermal budget imposes a key challenge in monolithic integration

of Si-based CMOS electronics with Ge/Si-based devices.

[0003] Several attempts have been made to address this problem so as to enable
monolithic integration of Si-based CMOS electronics with Ge/Si-based devices.
One approach involves ultra-high vacuum chemical vapor deposition (UHVCVD)
growth of Ge over Si via a compositionally graded SiGe buffer. Publication “Toward
device-quality GaAs growth by molecular beam epitaxy on offcut Ge/Si; - Ge,/Si
substrates”, R. M. Sieg et al, Journal of Vacuum Science & Technology B:
Microelectronics and Nanometer Structures, May 1998, Volume 16, Issue 3, pp.
1471-1474 discloses that the epitaxial growth of Gallium Arsenide (GaAs) on Si
substrates through the use of a Ge/graded Si; _ yGe,/Si buffer layer would allow

monolithic integration of GaAs-based opto-electronics with Si microelectronics.



substrates through the use of a Ge/graded Si1 _
xGex/ Si buffer layer would allow nonolithic
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of deposition of Ge seed |ayer at a | ow tenperature of
about 3500C to 450C, followed by the deposition of Ge
epi taxy at a higher tenperature of about 500C to 850C.
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t hr eadi ng-di sl ocation densities were achi eved by a
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and 1 pm of Ge was deposited on Si. Then the wafers were cyclic annealed between

a high annealing temperature and a low annealing temperature.

[0006] Recently a method of using ultra-thin low temperature Si;xGex buffer in
the order of several nanometers, prior to growth of low-temperature Ge seed layer,
followed by high temperature Ge epitaxy is described in publication “Growth of high
quality Ge epitaxial layer on Si (100) substrate using ultra thin SipsGeps buffer”,
Junko Nakatsuru, Materials Research Society, Fall, EE 7.24, 2005. The publication
discloses Si substrates were cleaned by dilute hydrofluoric acid (DHF) solution and
annealed at 750 °C in vacuum before epitaxial growth. 2-20nm Si;.xGey buffer layers
were grown at 450-520 °C. A two-step growth process was then employed to grow



quality Ge epitaxial layer on Si (100) substrate using

ultra thin Sio.sG0.5 buffer", Junko Nakat suru,
wORi0e02@Bs Research Society, Fall, EE 7.24, 200GI/SGH@7/000244

publication discloses Si substrates were cl eaned by

dilute hydrofluoric acid (DHF) solution and anneal ed

at 750 0C in vacuum before epitaxial growth. 2-20nm

Sii-xGex buffer |ayers were grown at 450-520 0C. A
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high quality strained or strain-relaxed Ge epitaxy on

patterned Si substrate. One application is the

[o008] z a'HCﬁféV@If n@m ORthepiidran disclose 8 eetoddo Géle&ilely grow high
( CEl C) usi processing with Ge/Si as the
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formation 0
CMOS processing w1th Ge/81 as the photo-detector. Selective epitaxial growth
(SEQG) of Ge over designated areas of Si-based OEIC chip for the formation of Ge/Si
photo-detector can be performed after the completion of front-end CMOS
processing. This not only facilitates process integration but also eliminates the need
to perform Ge etching for mesa formation, and also provide an added benefit of
better crystal quality of Ge in comparison to blanket Ge epitaxy over a full wafer.
This is due to the suppression of area-dependent interface defects nucleation sources
such as dislocation interactions, particles and threading dislocations (TD) and the

presence of mesa side wall acting as sinks for TD which can propagate more easily

out to the edge of the SEG epitaxy.



phot o- det ector can be performed after the conpletion

of front-end CMOS processing. This not only
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the same pBRIERDESCRIPTIONGF JHE BFRGWINGS/\Ss. The
drawi ngs are not necessarily to scale, enphasis

[0011] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In
the following description, various embodiments of the invention are described with

reference to the following drawings, in which:

[0012] FIG. 1 shows a cross-sectional view of a semiconductor arrangement in

accordance with an embodiment of the invention;

[0013] FIGS. 2A to 2K show cross-sectional views illustrating processes for
manufacturing a semiconductor arrangement in accordance with an embodiment of

the invention;



i nstead generally being placed upon illustrating the
principles of the invention hi the follow ng

wa@le®en2@ssd on, various enbodi nents of the i nventCDBGZ0B000244
described wth reference to the follow ng drawi ngs, in
whi ch: [0012] FIG 1 shows a cross-sectional view of a
sem conduct or arrangenent in accordance with an
enbodi ment of the invention; [0013] FIGS. 2A to 2K
show cross-sectional views illustrating processes for
manuf acturing a sem conductor_arrangenment in

HO44E dafdE- A thevare Bovp dénaam dllwsrating a et fos mampbeering a

Blicond G rafe & QWi RS e Wit 5] Ldbd et oTRINAFENEBE;

mRnufact uri ng &'sem conduct or arrangement in

accordance wi th an enbodi nent of the invention; [0015]

[d0®s] 4 F1@NE SoRk Al plef oft RAPEFatrta8d 3G &t @WILE (or silane) and

di silane (or sil ane% and diluted germane with time for

sidhiedtgevmanspivith dinag fogselgetivei epitaxiel grosnib iim adteoeh dnpagserdance
i.L5h an .e i . .he invention; [0016] FIG 5

&%\A%n eénbsocr:g%g?r%ﬁ?g}e&geghgg’pi taxial growmh system[0017]

FI G 6A shows a scanni ng el ectron m crograph (SEM

ARG 2i78 S540 s BBt e S P 355,

FIG 6B shows a cross-sectional transm ssion el ectron
m croscope (XTEM inmage at an edge of SEG Ge; [0019]
H087] 6 CHfoRd foBEN scarmifes gectepnonirogipk (EMrimage phe corner

5 TP S O DRI o

iopagdegHf a 0.35 m X 20 mmstripe of SEG Ge with SiC2
as dielectric; [0022] FIG 7A shows a SEM i mage of
etched pits at an edge of a 100 X 100 mmR2 SEG Ge

g@’lkfixy FI&, t 68 GRwAULT 8G8s-tdc8AtdTE Fhnstilore tefdiroR Ymicroscope
2/ HF sol uti on;
(XTEM) image at an edge of SEG Ge;

[0019] FIG. 6C shows a SEM image of a 0.6 ym X 20 pm stripe SEG Ge;
[0020] FIG. 6D shows a SEM image of a 2 X 2 um? square pad SEG Ge;

[0021] FIG. 6E shows a XTEM image of a 0.35um X 20 um stripe of SEG Ge
with SiO, as dielectric;

[0022] FIG. 7A shows a SEM image of etched pits at an edge of a 100 X 100
pm? SEG Ge epitaxy, after Ge surface treatment (wet-etch) by CrO,/HF solution;

[0023] FIG. 7B shows a SEM image of etched pits at a centre of a 100 X 100
pcmz SEG Ge epitaxy, after Ge surface treatment (wet-etch) by CrO,/HF solution;



[0023] FIG 7B shows a SEMinage of etched pits at a
centre of a 100 X 100 mmR2 SEG CGe epitaxy, after GCe

W@ pazE3l reat nent (wet-etch) by C Q2/ HF sol ut PORSG2007/000244
[0024] FIG 7C shows a SEM i mage (gl obal view) of a
surface of a 100 X 100 mmR2 SEG CGe epitaxy after Ge
surface treatnent (wet etch) by iodine
(1 2/ CHCOOH HNQB/ HF) sol ution; [0025] FIG 7D shows a
[Gb4] MagEG( TOGhbWz @ BBM emiged(zlobalsview pofa sirfae biOa X0 HO0100

SE epitaxy after Ge surface treatnent L
G SEGy Gedhnio et offc PuBbE] TerEent EORTORHA By ofodine

o, crRecobpdNeL M Rithiigensi ty (EPD) due to surface
tfeatment by both Cr O2ZHF and i odine solution as a

function of SEG Ge di nensions; [0027] FIG 8 shows a

] - N-SP r 0,

[USSp- RRRL7BRE543 SinnfEP LStk K e AR LEoPE0L0 x
100 a6’ SEGtGogstaxy aftey Gf suafacetredtmant (wetétd®rtyaodine solution;
phot odi ode structure; [0029] FIG 10 shows |-V curves
for a sanple of four devices with positive voltage as

[0026F SCFPEGASE shORSAlpldtl dBmehdursieidh pit CensSisy( dRenalsurface
vi ew of a wavegui phot odi ode; [0031] FIG 12 shows a

de
prentsysathy bath ¢irGpHiEand ioginetplitiva ap pdvusdion @& SECHdRdimensions;
FIG 13 shows a perspective view of a wavegui de
phot odi ode with nucleated Ge on the dielectric;
[DESTR PFIGNS [sB6O88h miiolReanearixpeétreattascentre tolid 00 &K/ 60 juoh SEG
ve been Far(t%tj cularly shown and described wth

L VEHYE StE° VPl embodi nent's, it shoul d be

understood by those skilled in the art that various

es i orm and_det ai | . he i ' i -
19380 REC: P PR b o B p RSP hE Bt b ithoce
ssudetj ned by theappended cl ains. The scope of the
invention is thus indicated by the appended clains and
al | changes which conme within the neaning and range of
929V al EBGy 10fshows I-V curves for a sample of four devices with positive

voltage as reverse bias;
[0030] FIG. 11 shows a cross-sectional view of a waveguide photodiode;
[0031] FIG. 12 shows a perspective view of a waveguide photodiode;

[0032] FIG. 13 shows a perspective view of a waveguide photodiode with

nucleated Ge on the dielectric;
DESCRIPTION

[0033] While embodiments of the invention have been particularly shown and
described with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein

without departing from the spirit and scope of the invention as defined by the



the clains are therefore intended to be enbraced.

[0034] FIG 1 shows a cross-sectional view of a
w@eepozrdiict or arrangenment 100 i n accordance WE&TS@07/000244

enbodi nent of the invention. The sem conduct or

arrangenment 100 includes a starting sem conductor

substrate 102. The sem conductor substrate 102 is

typically a bulk silicon (Si) substrate (or wafer) or
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e dielectric layer 4 may be an oxide, for
exanpl e silicon oxide (SlCE) or a conbi nati on of oxide
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100 further includes at |east one re ch 106 in the
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NogeriR1s€ ea(.illyl SHE sulidQe diéIB@tit ¥matdridbeaR et Red ifen teadiBlectric
or a cappi | ayer 114 is di sposed above the Ce

lagen H04- helsalyaeqondqczor arrpageperrloP durthe inglades rat Jepat pug trench
{PinGRL h%*emq 3%fr 164 ex 1109191%%] oﬁkoﬁ of 4ht geﬁn%dﬁagf/\%ubsu‘ate 102.

Cross-secti onal™ vi ews I Ng processes
Hwﬂln‘oafgeunamgnzism)'buﬂ'ﬂdamd% asrdlamg@i‘ﬁdmt'e ptrleast the bottom of
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substrate or an SO substrate. The i
layer 108 such that the Ge seed layer 110 wraps around the three edges of the SiGe
buffer layer 108. Then a Ge epitaxial layer 112 is disposed above the Ge seed layer
110. Finally, a Ge protection layer or a capping layer 114 is disposed above the Ge

epitaxial layer 112. The Ge protection layer 114 is typically made of Si.

[0035] FIG. 2A to 2K show cross-sectional views illustrating processes for
manufacturing a semiconductor arrangement in accordance with an embodiment of

the invention.

[0036] FIG. 2A shows a starting semiconductor substrate 102.  The
semiconductor substrate 102 is typically a bulk Si substrate or an SOI substrate. The
bulk Si substrate can be an 8 inch p-type Si (100) wafer with a resistivity in the range
of about 6 to 9 Q cm and the SOI substrate can be a p-type wafer with a resistivity of



bul k Si substrate can be an 8 inch p-type Si (100)

wafer with a resistivity in the range of about 6 to 9
wOoR@azmaB t he SO substrate can be a p-type wWaPEr/SGRIN000244

a resistivity ofabout 12 Wcm Neverthel ess, any ot her

sui tabl e sem conductor material can be used for the

sem conduct or substrate 102. Before any deposition,

the starting semi conductor substrate 102 may first be
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tzh_ﬁlﬁu@_snrm_g1sc{eumbéuwula_a§wwdmnt of the invention, the
oxide is Si2 and the nitride is silicon nitride (Si 3N

) but not so limted. In one enbodi ment of the
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A
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116 as a mask, portions of the dielectric |ayer 104

hianited olleg thipkpgss of the SisNyis typically about 50 nm.

[0038] Next, FIG. 2C shows a photoresist layer 116 deposited on the dielectric
layer 104.

[0039] FIG. 2D shows that the photoresist layer 116 is then patterned by
conventional photolithography techniques. Subsequently, using the patterned
photoresist layer 116 as a mask, portions of the dielectric layer 104 not covered by
the mask are partially etched away by an anisotropic etching process such as
Reactive Ion Etching (RIE), leaving behind a dielectric layer 104 of about 100

Angstrom within a dielectric opening 118 on the semiconductor substrate 102.



the mask are partially etched away by an ani sotropic
et chi ng process such as Reactive lon Etching (RIE)

wo e@oizig3behi nd a dielectric layer 104 of abourCLB8G2007/000244
Angstromwithin a dielectric opening 118 on the
sem conductor substrate 102.[0040] FIG 2E shows the
renoval of the photoresist layer 116, followed by wet
etching of the remaining dielectric |ayer 104 in the

[Gbnﬁil] eCtﬂc? Z‘Eﬁ%‘w}%ghelil&u}v@l OB bRotbfeSRERY kA 6 RSl By dvet

portion e sem conductor substrate 102. The wet
@thihg ngthesremammgedielo@mc dasien §04in the ditldeyrisr afening §18 tadpwn a

tge",%g';'ﬁ &QP tef;%c}ﬁﬂygt z? g?r:t?gg orflghe.r sae}mc n8 ct&r &%sua%éj bge qlfﬁé{%)gy ?tghmg

m con or arrangenent
Eichfed Gutasing dﬂm&dmadﬂudrmld (m]{F) DIt ih ¢hevinkiing ratiatafd :25.
of 1:2:10 at a te era ure of_ about 60 0C

. ab 5..

SRS PR GAREECS pRduBr FrenegeRt 00 iy ARaFjeged in
2 ! a (5 or
lgfﬂ di glgo%‘ﬂgx ﬁﬁﬁae&%l Msmzlb katé%&ﬁﬁf dﬂa‘%&dé()c@f

In nitrogen (
dfoies minersj ﬂngn cmheﬂ: in DHFe @1t mﬂhalmlgme\mfhp PQEQOOI far about
the trepnch_ 1

i.ns pa aII for
SEREEh ddd eﬁ??%ﬂd’épé & fh§ en Q2 hanber
of an epitaxial growh systen1 mhere the epltaxy

commences with an in-situ hi tenperature cl eanin
(884Ut 756€ depngun @elpﬁlqueplteu%s% nagh b apg bégins.

?%ezé\'%ﬂﬂfy folnﬂ)é\@ sérﬁhc&xtﬂﬁ.lcﬁ)@ %ng?g'emeﬁt fdv lorﬂdedi M6 cﬁﬁlﬁﬁer of an

sem conductor substrate 102 in
¢imxiat @c‘hthl@ﬁstan, avheewmbev apitaxy chbmpyenegsefvithbentinspg high

0C to 600, C.. The .t hi h ck S

SSohng e ing el TP, RIS, SubaRRS T g s
fsr}ﬁ)v&rhhﬂhg'chirﬁly&r a kfin SP1dyeiN@ilot shbRke) i grﬂwﬁl od thy 8émicenductor
only required if the sem conductor substrate_120 is

substcghil92dn thadrepeh {192t mismpgrate shbstweenRiophg70 °C to 600 °C.
Eﬁ% RAR &S Ia%CI il%] ﬁﬁcl&r{é% L5F Witk 38 drh, nFutq{otasepﬁrﬁﬁém&Léber

SIS | ed as the tenperature ranps down from
giloouilts of K0 hib Bi35PH s piptionalt Eh@ thein f3i deyesfis pukhe regpired if the

di |.ut e H =
b oy %5 T8, oY 8 el d o Spie
%@go§§n1conductor substrate 102, a Si Ge buffer |ayer

[0042]  An interruption time of approximately 600 s is included as the temperature
ramps down from about 750°C to 350°C prior to the flow of pure or diluted GeHy
gas. The Ge epitaxy begins in FIG. 2F. As SiH, or SioHg and pure or diluted GeHy
gases flow over the semiconductor substrate 102, a SiGe buffer layer 108 is
deposited on the semiconductor substrate 102 in the trench 106. The thickness of the
SiGe buffer layer 108 is about 13 nm to 30 nm, typically about 13 nm. The minimum
thickness of the SiGe buffer layer 108 is about 7 nm to about 10 nm.

[0043]  FIG. 2G shows growth of a Ge seed layer 110 on the SiGe buffer layer
108 at a temperature of 350°C to 400°C. Similarly as GeHy gas flow over the SiGe
buffer layer 108, the thermal decomposition of GeH, on the SiGe buffer 108 surface



deposited on the sem conductor substrate 102 in the

trench 106. The thickness of the SiGe buffer |ayer 108
WO 200020483 13 nmto 30 nm typically about 13 nPCT/SGz07/000244

m ni mum t hi ckness of the SiGe buffer layer 108 is

about 7 nmto about 10 nm [0043] FIG 2G shows growth

of a Ge seed |ayer 110 on the Si Ge buffer layer 108 at

a tenperature of 3500C to 4000C. Simlarly as GeH4 gas

d1RWpREE FeshBg $h GR a8 eln hd¥BhodiABat JfliR: P&H BB the thickness

deconposition of GeH4 on the Si Ge buffer 108

ofitheaCetsarb laypt 4t is aboyt 89 ag tonSGama fipiqally apputa}) nm. In an

tian f

Seegginqag;lg:pf%oﬁlt}gnti bg‘[é ﬁunnrllu&ht%lc%ﬁésg l%@ CSG% se%n? ?ayge 110 is

abeut203fln.nm I n an enbodi nent of the |nvent| on, the

m ni mum t hi ckness of the Ge seed layer 110 is about 20

nm [0044] Then, there is a tenperature stabilization

fooam) of Tﬁ@ﬂ’uthergqg)g tSMYRRLR dtdWeliZaE 0P GhRt o8 oiEd0008 where the

ranped up t'o about 550C to 600C. FIG 2H shows

sgnmwxﬁemgy bmahnmd upeio @bpmta55@°¢ 4y 690°C1 FhGh 2Fhghows selective

| ithog hi def lectri,c ndew_ ope

grow{/]tg e?ﬁ:lﬁ ax ﬁly?r fﬁ];:%n %ﬁelt o%rﬁoehl lcgeg ec? R ﬁ‘ecﬁ'g:o %‘n%ow
bbemﬁfg el got ItﬂeﬁcH H}&dri]ndlﬁﬂmatﬁﬁﬁ &fthé am}ledtayeé II(I! dnriké Glfdiectnc
to the CGe grown i enperature (5500C to 600 o
Tay8T AP ﬁﬁf‘rrﬁptti‘?iycl%ﬁ%fs]sl%die}e@emé%? ﬁago‘fgweblgh maega%da%o C
39 sbtRC Thﬁe trﬂlﬁirﬁtﬁhltﬂlcﬁ%@i 3F lget éﬂlﬁ%ﬁ %?ﬁr of2 gi‘al{oﬁ? 3O6nm The

epltaxy l ayer 112 and Ge seed layer I s about
iypicalky eeralhibckingssraf G¢ (@6 @pll“ffﬁ(\Yelﬂqudrlz atnﬁcht peedidaeassl 10) is

| u 0
Aol 58, B2 BNl NR! of 2 PRl ReRA B B0 T
Eiy2H1 1t is@hblitf 3I0mms tcoMrnoh,Her ekasipbcabonc4d0ayneto db9dt 500 nm.
deconposition of Si2H or GeH results in the deposition
of Si or Ge nucleation seeds 120 on the dielectric

i@xsr 104, slgﬁf&e@teﬂy glows oAePici Béle@fic 1dyaE 10, | dec@hpiSieon of
or these nucl eation seeds of Si or Ge 120 to form

StoltsearsGells msulte it thendeppsition PRSI o5iGopuddeatign seeds 120 on the
| AR d I :
S8R e L B8 G0, A O B Bt
acadnidfo¥inod Ggei20ofo foohyceSierppf @aclestionhef Witbére8i pi €e on the

ld?deec[criclgéert 104 and then to finally form a layer of poly-Si or Ge. The time taken

for the formation of a uniform layer of poly-Si or Ge on the dielectric layer 104 to
completely cover the dielectric layer 104 underneath is known as the nucleation time.
The incubation time is defined as the period from the point in time when constituent
gases flow over the dielectric layer 104 to the time nucleated Si or Ge 120 on
dielectric layer 104 first appears. The constituent gases are disilane (or silane) and

diluted germane (or pure germane in general).

[0046] During the growth of low temperature SiGe buffer 108, the time for the
flow of Si;Hg and GeHy is shortened such that this time period is shorter than the
incubation time at the low temperature of about 350 °C to 400 °C. Thereby, the

limitation of species nucleation is overcome, while yet growing a layer of SiGe
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conpletely cover the dielectric |layer 104 underneath
is known as the nucleation tine. The incubation tine

w0 g00deti4ped as the period fromthe point in tiPE/SGEN7/000244
constituent gases flow over the dielectric |ayer 104
to the tinme nucleated Si or Ge 120 on dielectric |ayer
104 first appears. The constituent gases are disil ane
(or silane) and diluted germane (or pure gernmane in

aner alok - sdtﬁ@iéﬁﬂly Hck NG R evdbsab hRWchfimRehat 'EU Qattice
SiGe buffer 108,  the tine for the flow of Si 2H6 and

@ipmatch andmvisfésresssuch that this time period is

shorter than the incubation tinme at the | ow

tenperature of about 350 OC to 400 C. Thereby, the

I[0(l4171 at iHuwevkr, sheinigethe elettbat growth of dwe Geoasmtaxy\myee 112, as
gr owi n i Gehuffer. 108 i cien

Helerpat dn 311{2 o i th f 7% kg EIS?tPBrS*?g({iﬁ’é“dPﬁ’ opening 115,

Indtiehifdh O GOBESH: RNk BIfdeldn tBE ARRBricl 18034 1h4 HAWRNSFarticulates
during the selective growth of the Ge epitaxy |ayer

pfBe e diglesgpice layey 94 Bro@einsize, resovbegint thi corpetssfor gonstignent
e 30 ficeHep I MOMORE R Wheld lrypd b8 4785 812 e sBG
tvhﬁadqmrlﬂS C Wsad e&uh)fthéiehldmesh &l @e epitaxidldyyer 11D 4Hn FHEEWwindow
si ze, se hegin.to te f sfitu d

rurtnes BE0RarER ol SRTR e R gtel 0 FefiatedER dfe A oly-
Qfystaflinklid rafurk, enghEEryandeoW1 1 ddhnotsxténd BStéadh bd ﬁd the edges

t Hi ckness of Ge epitaxi al layer 112 on SEG win
opehe iFC migdpwathes Ia an gpodimientc ef tthe inyeatiant @e rEgximum

;dlﬂgquégs gF €leS g{x{a 1%% r i ROMY ré/c%E@i'éﬂbﬁt ko H)rﬁ)o nm. In

e cryst cannot xtend its reach beyond
taﬂcﬁtiem,gés*ir@‘ the hero BB frwodsiop Gtslaydrm omer hrtlowi tmmptratwfe SiGe

t th f
e T 389 R i HpeBe s e P3G o e TR SR fver
ddgiahd ake sebdriang 1109 agd dvd ﬂl@fbdﬁw i@teepogsenhaagrosatmne Noop

the |owt ture SiGe buffer 108, disl ocat
el S ntiens dbe Heralde Sslraiyert i Pimirhfo b

ﬁé‘tﬁrthelﬂ@lgﬁr& Rk RRedf {héxfetseéé- Q\)yelaﬂ@ tl'ﬁ@re@r@‘?n IQH @:rfn%dlment

l'layer 108> The di sl ocations | oop back to the
iohtherifeapgion, Tthe mindmamm thiskness of theg¥eowpateknhld rdmplzd b@bout 30nm

3 ttﬂarff?ﬁ e telgltagsl surface 112 is about 30nm above the extent of the dislocation

loops.

[0048] FIG. 2I shows growth of a protective capping layer 114 over the Ge
epitaxy layer 112 at a temperature of 550°C to 600°C. The capping layer 114 is
typically Si, but not so limited. In an embodiment of the invention, the thickness of
the capping layer 114 is about 3 nm to 10 nm, typically about 4 nm. The growth of
the capping layer 114 or Ge protection layer is to protect the Ge epitaxial layer 112,

but may be optional.

11



about the height or thickness of the Ge-seed | ayer
110. Therefore, in an enbodi nent of the invention, the
WOorRewoa2383 hi ckness of the Ge epitaxy 112 shoul BCTH8G2007/000244
about 30nm so that the Ge epitaxy surface 112 is about
30nm above the extent of the dislocation |oops. [0048]
FIG 21 shows growh of a protective capping |ayer 114
overotohe Ge epitaxy layer 112 at a tenperature of 550C
] :

09150 TIG D ORP LAsbek BY B bdbsisFslHIRE R . cabping ey 114
Rbvezdenassk I?Totdlﬂulmgmthinmgr Beayed talfbamitlse priotegtivedplmtoresistil@yer
n typi cal, about, 4 nm The grow h of the cappin
i%rg/%‘}%ffi‘lppé‘i‘g@er 1 tection layer is to protect IOItohegGe
epitaxi al layer 112, but may be optional.[0049] FIG
2J shows deposit of a photoresist |layer 134 on the
08501 ngFIGy eK shows they fnalesemisqndypier GMARSRRTApINY Hhgre the

o) h [ rnesj lin B3ékhi
BRREr Sh 0T B R, 00 (HE PRGBS i LHE i bl
&tichiap seletio fondnarhple chlorian (@prort Cli/bgdrogesr tyomnids (HBr) either in-

nucl eat ed 20 on . th ielectric.104.are renmpved

By orgpcting hepin e Boged e bty tuiich PEBL b s
¢hé prdtoesibiGhylr 194 isGeohydisfeg eRhidp @ hal@edddBG¢ 120 ishempleted.
insitu or ex-situ. The duration for the flow of the

etching solution may be about 180 s. The photoresi st
od¥f’ 1ffc! s ﬁf‘\gpx vAfila8fanflifBieOf mBieH §6f SfintRcthAl
ds @on‘p?et ed’ 051] FI GElraB shows § fllnow di agr am e A
sdnhiostduator agargemenhbl) heccardangt adthianiempodiment of the invention.

m cqn rarr t 100 in.a ] .
AR D0 Geethaf PO R b stitad RoflEGRALABLGRPL T8 Next, in
304 aitlBctic $dyer 100 deposidaubd ssmisatldativasubsta2. 10BleRrther,
in 304, a dielectric_layer 104 i.s dﬁﬁeo%#tled.oq t he
S

i Ao ARRARFSist IET 406 15 (IEPORIsH Pbythc iFlogEs lgyer 104. The

bESSa$dr 11846 patlekfed &'r%eﬁ%'lma%r fAnfdu6d. eSibsbduently,
ayer 1103:.§ rThe p %toresi ét | ayer 1agmlys pa{tahternedS Fendly

irs308g upihg thel natthiogd abeigresist hii auresaskspersient efithe giclgofric layer
R L
process such as RIE, leaving behind a dielectric layer 104 of about 100 Angstrom
within a dielectric opening 118 on the semiconductor substrate 102. In 310, the
photoresist layer 116 is removed, followed by wet etching of the remaining dielectric
layer 104 in the dielectric opening 118 to form a trench 106 exposing a portion of the
semiconductor substrate 102. The partially formed semiconductor arrangement 100
is cleaned and further loaded into a growth chamber for further in-situ high
temperature cleaning. In 312, the temperature is ramped down to about 350°C to
400°C and a SiGe buffer layer 108 is grown on the exposed portion of the
semiconductor substrate 102 in the trench 106. In 314, a Ge seed layer 110 is grown
on the SiGe buffer layer 108 at approximately the same temperature as that for the
growth of the SiGe buffer layer 108. Then, in 316, the temperature is ramped up to
about 550°C to 600°C. After a period of temperature stabilization, a Ge epitaxial

layer 112 is grown over the Ge seed layer 110. Next, in 318, a capping layer 114 is
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104 not covered by the mask are partially etched away

by an ani sotropic etching process such as RIE, |eaving
whedwwneh4as di el ectric | ayer 104 of about 100 ANRGI/BGIN7/000244

within a dielectric opening 118 on the sem conduct or

substrate 102. In 310, the photoresist |ayer 116 is

renoved, followed by wet etching of the renmaining

dielectric layer 104 in the dielectric opening 118 to

éﬂfvﬂl SvdrHRNGD e iRy SaRPF1 N gl‘lﬁ:nf?_ﬁ@@b }thoﬂeﬂﬁ layer 134 is formed

m conduct or substrate 102 f or med
bg mwedunasdxrcommtge nmungllaﬁerl 15140 IFerwﬂiefdlnaﬁa €lror §8/HBr is

l.oaded jn 959 whh ch S
Wﬂ}e?la{hu 20 ‘gfh ; r?mrl?ﬁr X %qgol ﬁl‘é&fg %tg&] g};ealiubr ei:‘la%he%gg the
bﬁ@f@%ilsdhi\yﬁr 132 iabawdved 2fiés dtd)ﬁrﬂg%ﬂﬁual&dted GBi 106 ihednfdeted.

[ ayer 108 is grown on the exposed portion of the

sem conduct or substrate 102 in the trench 106. hi 314,

[0062] se@GL dyshowd h(plbsotgﬂemmamne tulk f16WGH disifahe (ot ﬂlaae) and

8 at appr oxi mat el enper re hat
Eilited s M et R R poifey o g Repch iy acsigance
1:he dCERSS BinbiteOfithe MROMRA. UheSE@PREss 55&@16&1&%6&91@%11 in-situ
After a period of tenperature stabilization

bzt tasaparatyrg pisening 2t jabow GHRC 69 SP01Gin B s%lbéeqlllﬁ}tkyls SiH, or
48 Sk 40, e GERRETL B/ Bl ! 300G, BYETs g
baythe sdBitonductarsubsdralyy 10%ineths drtnondR6 ebe e¢m1m3att1t¢eof between
SRR BB AN b BB B B

liafted FUd fhesription tildefRPARMEAHS 1600 8)einclidéd hstheasmye@sture
after etching of nucleated Ge 120 is conpl eted, LOOSZ]

Figps dpvahBoe ahopl BO°Gfo %%hﬁémr to e Alow afinyye grdiluted germane
C1(Ph, G5, 3 AL bR o ARl hithERa IS LERA A o LR, 91, or

ench I h "7accor dance

Bi, R aad Iﬁi’@&ddﬂ[&éﬁ gé}fnahé‘l €10% @%H& i Af) gaﬂ’éﬂ;earSEGNBdi orc desgrowth
commences. With an in-situ hi er at g cIe n|n at
a

G Bieer 3 s QB iy Motk S SRR besti4300y osifng in
gl‘(%\h!ﬁ oJf3 Sﬁ@@\%‘ff&ﬂa&eﬁ‘ 0% hﬁﬁp%ncflpf%a Fé éﬁ%}tﬁ’ Bf 8t GRRRE layer

Athin Si layer is grown on the sem conductor
31 sthe atmpd@Rre i mhmtaum@n@thhq@@natrarmetcefrﬁ;@wmt@ubBSO"C to

IR G S0 S0 Rl . AV olBhef
. duration of about 1000 s to about 3000 s. The flow of the pure or diluted germane
gas is at a higher volume compared to flow of the pure or diluted germane gas during
the growth of the SiGe buffer layer 108. Subsequently, there is a temperature
stabilization period of about 2000 s where the temperature in the growth chamber
increases from the range of about 350°C to 400°C to a higher range of between about
550°C to 600°C and is followed by a settling time. A sufficient time is given for
temperature uniformity to ensure grown film uniformity in thickness and
composition. There is no flow of any gas in the chamber during this temperature
stabilization period. Further, for growth of Ge epitaxy layer 112, the temperature is
maintained at the range between about 550°C to 600°C. Pure or diluted germane gas

is then flowed for duration of about 2000 s to 3000 s and the flow rate is comparable
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limted. An interruption tinme of approximtely 600 s
is included as the tenperature ranps down from about

W@ 309020483 3500C prior to the flow of pure or dPCTIS@L07/000244
germane (10% GeH4: Ar). As the tenperature is | owered
to about 3500C to 4000C, SiH4 or Si H and pure or
di luted germane (10% GeH : Ar) gases are flowed in the
growth chanber of the UHVCVD growth systemfor a
dy i 169 radk cﬁu?iﬁgtthé’@ﬂ)\aﬁh o el &id Bdilhye rmwt hrreftinde Bir @dwing
buffer |ayer inthe trench 106. For ow h of the
@u%@re@ilutq%/mnr@mg gag Weletesmped &y (hetarget ﬂu@ 8y elictyie te epitaxy
t 1P° b
e 327 SRS ey BEUERR T HMhar b P 18 Ring Bt Between
czibaﬂecsswc Qs 6dmcatannsﬁ4 o IS id 16@n Sort aodm’aﬁmt oB38HMt $00 s to
The flow of the pure or dlluted germane gas is at a
hiogder the eraveh o6 HisaY sapniee ryawlsf the pure or dil uted
germane gas during the gromh of the SiGe buffer |ayer
108. Subsequently, there is a tenperature
400831 | | FAG. Srehowrsi osthomatiholin 2EEGiad gwlv@he?ysthm The epitaxial

SR Sreltts AdBel o0 R DY GYDRIAER, iy BRHHIE Canon
DEXBEVA 242000SHKI500The UHOADDD systeimi 544f ﬁiclLﬂ\ﬂEtdfoerlﬁ) molecular
settling tine. Asuff(i/i nt tinme i ven

(U L& 7 Watghf qodsdgold v %ﬁé?-%ra qOHPlarlP%arW?veter

imgth 'sﬁé%@ﬁt%? 1300, ﬁ@a[’f&oa?sbéﬂﬂﬂg 1338l Qwb 2P Pnlbls W60 Th@BYo gas
as’ in the chambe during this tenperature

gnlsisi 4D 2 nasrel peomieder prEumKerbepi-gfayth gespat suchps gmane, disilane

Bk gk 1 ! SRS ST B0 s

cthlodine dis g kthentgavhile ghé et dfl Kh\aleghséso Bredfn’rad:pltamabfgromh A

about 2000 s.to 3000 a the flo

ésmfapi b S0 WPl nPPHed B? SURERPIBR 130hevigh is

S§Seallyay aflichh Q‘:arb-m@ chatb® gfa%hlté g fbgra@éiﬁfg Wifofth | dép&ftion of
germane gas i s determ ne l}r/f-‘et he t arget thickness of

el @’blﬂﬂ%\ﬁwca%%ﬁoz Sbstrpie HOAurivoe h dbe Gigrepiar 38 may be
ggiggha% ot bliheS AORSHBAYS REmBCLHFRE0. A0 Uhi0Ry bP the

for a duration o
alepesited @&t@rleﬂs) Typab plfoocsst;in@SSlg’c @xwltltc @fantbhmssretwmmbngt 10°

I i gt %R0 R ok st AE Hbsfled YAGRT abosflon VD) growtt

system, epitaxial growth arises from both gas phase reactions and wafer surface

reactions. For gas phase reaction, precursor gases premixed in a manifold and as the
gas mixture reaches the vicinity of high temperature zone above the wafer or
semiconductor substrate 102, gas reaction and decomposition take place and result in
deposition of the epitaxy layers. Wafer surface reaction consists of constituent
precursor gases reaching the surface of the wafer or semiconductor substrate 102,
experiencing high temperature, and decomposition results in adsorption of
intermediate reactants and desorptions of species from the semiconductor substrate
surface. A net rate of adsorption onto semiconductor substrate 102 surfaces results
in growth of thin films.
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growt h system 144 is a single wafer cold wall UHVCVD
system for exanple Canon ANELVA 1-2100SRE. The UHVCVD
WwWEEpem433i4 i ncl ude two turbo nol ecul ar punps BRRSGZ007/000244

wat er cool ed cold wall chanber 124, a therno couple

126, a pyroneter 128, a susceptor 130, a heater

assenbly 132 and two gas inlets 146. The two gas

inlets 146 are nanely, one for pre-m xed epi-growh

?msxt}s waéhe ambgaineanef thé Sutrameintahioap bi the spdtified giressure
or doping), and the other for chlorlne Thi s

FEEa a08 Pb?ﬁeé?‘qcﬁénﬁ e ERmiEESI ISR TP e Traidions Pret%aﬂnant

%gﬁ)vﬂﬁ Cath @'c\lﬁg%&cfeﬁ‘?%rﬁhe W LMD tSRPLERRI UGKiR ate pressure of

ate or i's nounted on the susceptor
nlﬁathambﬁc bf the W BCYA eyovah §y$t¢mdr44oap6 t@eord@aa eabout 10° Pa.

to.reg lve uni f or
?rg(?grc*l‘?ifage (Sﬁlcllt‘ﬂega?,g?n S0 eegheng st r a? 4 fggg%es for gxample
gﬁeuﬁmaﬁwat ﬂbmfl&ﬂs Eﬁyhebgasr drileds epuﬁbzyf thentaatbed wallng24. The
eposition to further inp nlfo m t f the
sapisenduster sabsERieg)02 1s hoats o fgpm fl %1d?3r il shappereal 124
GhR RS bR @@ﬂl"ﬁﬁﬁh ab@ut ré‘&gth?bhpﬁlb@llj 2RO hkatdr ERmMbEPN24 are
nost cases of chem cal vapor deposition (CVD) growth
sptrenpledpnt eardérato gendinehgasr fdesemppsition @obhmg e @hﬁ@?@ of the
%egﬁ.l%t?];‘;é)uc’?or gst}/\@ 902 SuAftQ-ﬁgmf e8c E& ng%‘semn ?1 a[ngh(?ﬁga,) and

recursor gases prem xe
dkhldie-sfjar mHiﬂilf)earrdeaitdeb h@&e \smucen ighsy 1sof)urb [ @hnane (GeHy).

tenperat zone t he fer or sepmcon
L i B chomomnn CORY it PL PESCURABLICE e eRiegy can be
%\a@ﬁﬁataanéwrt&ﬁb@ramf&aﬂw%bumo@t tb BB BDOEXY | ayers.
fer surface reaction consists of constituent

precursor gases reaching the surface of the wafer or

gk on ?‘cht\%fets u&gfaﬁ@t ?eagtg&s eGPy | %C'g?&mlﬂ' Qfises from the

rature, and deconposition results in adsorption

bétetapeneoue dieadngpasimat eriiBly,abigH¢d es GeP innSi of Gpawl hgdrogen
framthe sem caondugtor substrate surfac
3 atrSBig n TOAES 4 S LBa R BBt diy e gtomfistion of
SIS G Qafdr @atfhdeStakdd (Gac@Vcbor@ingt tBiantwlol-dteppadsOiPhiéh ok deamption
enmbodi ment of the current inventiqn, at the specified

Brd Befgrogencapytsactipadneahaniam, the shegiedl sRuatigisATe; 2 ed
whil e wafer surface reactions are doni nant.

SiH, (g) + * <> SiH* (1)
SiH,* <> Si (s) + 2Ha () @)

where * indicates a free surface site and SiH4* is adsorbed silane. The H; gas also

experience dissociative adsorption on the free surface sites,
Hy(g) +2* & 2H* 3)

2 * indicates 2 free surface sites. Since H* occupies one surface site, H* has been

known to inhibit silane adsorption.
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The growmth rate is dependent on the wafer surface
tenperature. U tinmate pressure of the chanber of the
WORMWIVD4EF owmt h system 144 is of the order of aPCUSGA07/600244
Pa. 100% disilane (Si2H ) gas and dil uted germane (10%
GeH4: Ar) gases for exanple are introduced from one of
the gas inlets 146 of the chanber wall 124. The
sem conduct or substrate 102 is heated fromthe
backsi de. Grow h chanmber wall 124 and the shroud (wall
injsng q{,\%t he .g%owt chanber) for the heater chanber
o5 SiagHg the,chemical fragionS A Ger to confine gas
deconposition only on the surface of the sem conduct or
substrate 102. Alternative Si source gases are silane
Ssitadg) aAt <2 ¥HHdr o- sil ane (Si HA# 2) and al ternative
Ge source gas is pure germane (GeH4) . Using
ultra-hi gh vacuum (UHV) range of gas pressure, device
Shae ©mSidxy- S (ghe grown at a (5pw tenperature range
of about 550 C to about 600C. [0055] For wafer surface
reactions, Si or Ge gromh arises fromthe
76} B QERNAOMS cﬂsﬁfemgamidngareof SiH, Si2H6 or GeH4
Into S or Ge and hydrogen (H ), respectively. Taking
Si growmh as an exanple, the thermal deconposition of
' n fe face takes placg,according to a
?{ﬁg}%ée’bmgﬁs%?%ﬁ on or desorptio )and het er ogeneous
reacti on nechanism The chem cal equations are : SiH4
(g%{; * <-> SiH4A* (1) SiH4* Si (s) + 2H2 (g) (2) where
Getlatixe &ieds) n2He @ surface site @hd Si H4* is adsorbed
silane. The H2 gas al so experience dissociative
adsorption on the free surface sites, H2 (g) + 2 * <->
Tof actnt Fot* SiGhe gaattk usigfSigd andr GaHe gasek em. SiSiubsteatdf*typical
occupi.es one surface site, H* hafs been known to
Fhwrisplre t’i"ﬁﬁ&“ﬁ‘d’&&%ﬁ? BHeeHe! YIS ES t he cheni cal
reactions are: Si2H6 (g) + 2* Si2H6* (4)

Si;Hg* + 2Gel,* < 2SiGe (s) + 5H; (g) (8)

Experimental Results

[0056] FIG. 6A shows a scanning electron micrograph (SEM) image at a corner
of a 100 x 100 pm* square with SEG Ge 158 deposited in SiO, defined Si window
openings. SEG Ge includes the SiGe buffer layer, 108, the Ge seed layer 110 and the
Ge epitaxial layer 112. The edges of the square opening were aligned along (100)

direction.

[0057] FIG. 6B shows a cross-sectional transmission electron micrograph
(XTEM) image at an edge of SEG Ge 158. The measured thicknesses of Ge epitaxy
112 and SiGe buffer 108 are about 114.2 nm and 14.8 nm respectively. The double
facets composed of the (111) and (311) facets are typical also for SEG of Si. The

evolution of the facets consists of first growth of (311) facet followed by formation
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Si 2H6* <-> 2Si (s) + 3H2 (g) (5) For Ge growth, the

chem cal equations are: GeH4 (g) + * <- GeH4* (6)
w@2M4020@83 (s) + 2H2 (g) (7) To account for Si GCTHEGUON000244

using Si 2H and GeH4 gases on Si substrate, typica

chem cal reaction equation on the surface of wafer

are: Si2H6* + 2CGeH4* - 2SiGe (s) + 5H2 (g) (98)

Experinental Results [0056] FIG 6A shows a scanning

@lf €cltl) fa@emDnevdgpra@h of 8&dY) faceting lak iadueap tier differeacd B0srawth

ey iea (0 alie Gpd e e Beetmebn s s o Baplcressure

%\{rtﬁrcoﬁcﬁﬁ&{ ’ThEQgﬁestJthec':ﬁ)(ﬁJ@ e6b Lﬁ%@% enirkOw @B Ak fng (100)

epi taxi al |ayer The edges of e square opening
Werdical yhkG 6B, (3301(5)3 1@Inrr thetlator] dif@0O6T frop Be e@Be of SiGe

h c ctlon |on n
BRI 4P BRI ShaGe SRR 13578, AeE AN pepotivgly anc
REEsSGucRtly,t Bé eé@aelsyzafsl 1ofw1€ppeamrbla~pdytha tdgearnd e Sig s Gebh: fepltaxy
108 are aboyt nmand 14. 8 nm_ respecti vel

d88iblee por é?Li%Ct’é’S 8@ egraph bl gofs jn g dhq @flspﬁfyaééegﬁgclmess

@E@onﬁéé@l‘u@l@ér 1¥nSBofCI00mCTREs affo- m%h? th‘ﬁy rﬁ'édlﬁ@s S mdchBted Ge
facets consists of first growh of facet

ol Ifomedn the dieleetric 16 ofter t m&EGfCéecbiS thmbn@s opreeprrtiaflates of
h h
FATBALISE LA HARFLTathnal G BN

'ane an I'ng
pl anes under |ow partial pressure growt h condition.

edg 0 e 1 100 mere al.i gned .
ﬁﬂ’gﬁ ?B@ﬁ%%}é@%&@ntﬂ g1 Eﬁg’fgﬁ “é%e‘li‘?‘)%‘d? Opfpings. It
timbéeaies it ek €sitdafion HaOHd tdB}gerﬁgﬂ,% cﬁhf theneRurd B HR' dielectric.
108. That is, the Sio.8GCGeo0.2 buffer 108 was first

Bridonntien rdueed, egnjragief, the JHSRY Uadiestss nagaropagagion # eislacptions
%g{féps?gfe@{] gﬁx@gseftg e 2 %gﬁes@wa%ef}ﬁea&r@d %%iélce?&xtc@)ﬁxlcroscopy

(AENméTl&pbbﬁmeai-squbrd:(hme)&Sughnesses for 10 x 10 pm? scanned area were
1.14 nm and 1.45 nm for SEG Ge 158 and blanket Ge on non-patterned substrate,

respectively. There is reduction in roughness on SEG epitaxy. These are
improvement in comparison to 3.2 nm of rms roughness for 1 pm of Ge epitaxy 112

on bi-layer SiGe buffer 108 on Si(100) substrate 102.

[0059] FIG. 6C show a SEM image of a 0.6 pm x 20 um stripe of SEG Ge 158
and FIG. 6D shows a SEM image of a 2 x 2 pm” square pad of SEG Ge 158. In FIG.
6C and FIG. 6D, the dielectric 104 is SiO,. The measured width of SEG Ge 158
stripe is about 0.7 ym due to overgrowth of Ge over the 0.6 ym opening. FIG. 6E
shows a XTEM image of a 0.35 ym X 20 um stripe of SEG Ge 158 with SiO, as
dielectric 104.

[0060] FIG. 7A and FIG. 7B show SEM images of etched pits (EP) at an edge
and at a centre of a 100 x 100 pm® SEG Ge epitaxy 158 respectively, after Ge
surface treatment (wet-etch) by chromium dioxide (CrO,) and hydrofluoric acid (HF)

17



becones thicker than about 300nm This al so neans t hat

particul ates of nucleated Ge will formon the
waele@veusd c 104 after this SEG Ge 158 t hi cknesBCT/SGz07/000244

particul ates of nucleated Ge can be selectively

renmoved via in-situ etching by A2 gas flow [0058]

SEG Ge 158 is al so done on PECVD Si 3N patterned w ndow

openings. It is observed that facet formation has no

delpeionl ETeeborrin twiicinathipie dedsity(EPD) ¢ emuhteddas a dlmensmn of 12

Di sl ocation_induced,contrast of the XTEM i ndjcate

P By Bh1 Q<109 g SEG %ﬁ§t<thsdtpﬁéte§f}ﬂ? ggegmu at the edge. In
Bt 358 5 QUERTS mH5s RSN dR/ GO feTOh R0 556 e

If@ttﬁél Bﬁﬁé B6sefvakiod Bre¥. T 4vefags GPDRG 100L0NRS &ad cduhteino be
and am for SEG Ge 158 and bl anket Ge on

ﬁb‘ﬂlt@a‘-ﬁl@ ?P@ét%§1§§m§t’fé respectively. There is
reduction in roughness on SEG epitaxy. These are

I mprovenent in conparison to 3.2 nmof rns roughness
{0961l MRIGE 7Geshewis aa8BM Ih2go(zldlial vieys rof 8i sGefadsudif a2t 00LE8100

e, LT 1 A0, ke s S i

A,/ GHGOOSEND, AIISEMLitivAg6r Of sduZony PIGTTED Sijos @ PBM drhage
SEGGe 158. In FIG 6C and FIG 6D __the dielectri 104
(ocatized Vieeofesetipest nil A B0 HBOSED Gagpigesy et g Surface

@Q%enp (viet r@feh§i Ug 16 PR ORIB,7€f arfder1Qy €D shiAe 1 é%cﬁlg‘ct)s due

openi ng. FI G shows a XTEM i mage of a 0.35 mm X
tod2sohition. Bie @E@c@sstmawmf tis; ¢ph-pis ishpwe pp the figyses itself.

SPRE Thads e ooy ARRROURRIEM HRARS 3 BE:cEbf I8 Lampte

nid@er Sisevatieni If aky aiie!i8ur[dbs pbedrizativinyis abpitelittieeos no fsacendary
eat ment (wet - tch m um di oxi, d CrQ2), and
PGS 456 Pt s P 75 L (00 SRS oo QALK PP (6 Bt

pit density (EPD) is counted has a dinension of 12 mm

X 15 mm I n 100x100 mm2 SEG Ge5 etched pits tend to

HWé2hul dhe ksy differentinfien ipthe shmenir wyentionag tifscepmirpugign to a
bger t t > ¢

G foEPBLRF SRS bl GRE Sl hQed R AP, s

lsioii f@amPocsssingsiepnfoe dhtegratom to mainstream CMOS process, by usmg a

thin layer of low temperature Si; xGey buffer. The key challenge for the growth of Ge

on Si is the mismatch in lattice constant and thermal coefficient of expansion
(contraction). After the growth of Ge on Si at about 550 to 600 °C and during cool
down, dislocations arise from lattice mismatch of the two materials, as well as
interfacial stress due to mismatch in thermal coefficients of Ge and Si. Such
interfacial stress reduces with reduction in the SEG-Ge epitaxial dimensions. Hence,
when dimensions are reduced beyond certain point, interfacial stress becomes

insignificant to cause dislocation and EP’s.
[0063] FIG. 7E shows a plot of measured EPD due to surface treatment by both

CrO,/HF and iodine solution as function of SEG Ge epitaxy 158 dimensions. The
EPD after treatment by CrO./HF and I, solutions are shown respectively. Fig. 7E
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about 2.8xIO6 cm2 to 5.6*10 6 cm2. [0061] FIG 7C

shows a SEM i mage (gl obal view) of a surface of a 100
wOoQ®M020323 SEG Ge epitaxy 158 after Ge surface PCEHSGIOMND00244

(wet etch) by iodine f/CHCOOH HNCVHF) sol ution or 12

solution. FIG 7D shows a SEM i mage (|l ocalized view)

of a surface of a 100 X 100 nR2 SEG Ge epitaxy after Ge

surface treatnment (wet etch) by iodine solution.

Fhéwd & gaitdalftteiad 0P rédiRMod BEERD GR-SHG srefl! ®of 80 kD0 um* SEG-Ge

solution. The characteristic feature of the etch tﬁlts
. |a§easﬁesmsfcﬁtﬁttsmal pgatioaghat EPE) qountsdifpr Gkl dRisilewer thamthat by
PH'&{ b3 %LJ 885 c8 Rdh ic Pl%ltm%qm‘: LiGbSls E‘F’% iffa 3 BChox of

e un servation. t fe area un
cﬂfﬁxénmaga dfypu'sl atzpiotf thd box ise 16rx 20 uaécﬂ?hd zkey ifbedtioons the

FoButl i, laepiigh ol FORLSTLHIE RIS VY Bgher SETgH sphtions

e G460 TEINdompayiest ardifot Betiel Sre@®Iity bbtékhian to a | ower
EPD for reduced growth area wi thout the use of cyclic

anneal i ng, thus, sinplifying processing step for

{91639 A ) ZOD3ES AR RIEE il OB Bt Ge
ehadiye AGEEPD rdetieesey ras whegofvtiCarearis Sidutal. HPD demmésch about

inglattice constant and thermal coefficient of ,
e1>9pgms ifQ 8t ?%E"PIR?H)NO EPPeWaStﬂ’ée@F%gﬁrt? %7 Hag agf 0 pm x

2.'0 g,ﬁxg g%‘t{p %?gEboGg er A %11 Q‘ggé Weke .%9%6 ga%ﬂ%%le ?%ghetS W&,tm X 90

Ions ari se attice nmismtc
ek pad. TPD), reaﬁctmmvlflt}ﬁgowﬂi &ed Baipibal of (esthedtetical expectation due
m smatch in thernal i Ci ent of. Ge and Si. _Such
ito fhersupptesyions et ez d ?p@a%@éguwtdtﬁ 9caHioR: $9UBFES; #ndglso nearness of

SELEsER SBRE FPI8) ARRASLANEPD HeRe8on WE Rrdli HEE BSdORBorted by
are reduced beyond certain point, interfacial stress

tothen mesthadsssughi a5 inaprblicgiopabgh- dialito &3t Eriteyens dDrESl gith low
d

&% ggﬁ%‘% {Sﬁ%%z %h%ﬁrﬁesbo%tggh%f/ a%ﬁl o‘gﬁ%rit)l ggs |Sg“ r?tters

asol f7anBSiumber b, I\‘BEGIQZBQ adi Uaiked Sthi8s BatemtriNumba. 6635@1 (Elﬂﬁb key
er treat nt by CrQ2/ HF. and |2 sol uti

?ﬂé@ 19% FI&/ e g}uagnt-}@éeﬂg%ls étS é’BﬂtEPEﬂlont tlogﬂawsrfa]gﬁ) %or tﬁm € same

g?&)b'tﬁtaféa,nutﬂfzn’*:gq@\xﬂ@mgﬁﬁnﬁé SR $Ge 5 Buffaassifk o s PRt deBtion.

L

[0065] FIG. 8 shows a micro-Raman spectra at a centre of 100 x 100 um® SEG
Ge at various sites of the wafer (points 1 through 5). Spectra of blanket Ge epitaxy
on Si (100) substrate with an ultra-thin Sip3Geg, buffer and that of bulk Ge substrate
are also plotted for comparison. The wavelength of Ar+ laser excitation is about 514
nm. No shift in the Raman phonon peak from full wafer to 100 x 100 pm? SEG Ge
epitaxies was detected within the error of the instrument. The bulk Ge substrate has a
Ge-Ge optical phonon peak at about 301.4cm™. The optical phonon signals from
both blanket Ge and 100 x 100 pm® SEG-Ge epitaxies peak at about 300 cm™
showing a small shift indicating residual tensile strain in the Ge epitaxies for both
cases. The residual tensile strain varies in the range of about 0.29% to 0.36%, which

is known to arise from differences in linear coefficients of thermal expansion of Si
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area, it is just statistical variation that EPD

counted for G Q2/HF is |lower than that by 12 solution.
WERDYMere3 deri ved from counting the nunber of EPI/SG2007/600244

2-D box of SEMinmage. Typical size of the box is: 15 x

20 m®2. The key information is the general trend of

reduction of EPD with SEG areas. Two types of etchant

sol utions were used for conparison and for better

Canddid) iThe pynedfatioie 8epth 8f tHeQGeA beath idte thbUGk #pifhR) i AHdUHEnm.
Ge 158 has EPD clgse to the full-wafer Ge epitax the
EBSré s deesignalicagtdiffprenes vihe full-width-at-hal magigung M) of the

g%ﬁh&?ﬁ&ﬁs E}Qrﬁp%ﬂlcamg n)@() @f%unf]ﬁ%ﬁ% (ﬁgefgﬂb@(mgcge %ﬂcaf;}%ahﬂpof Ge

was observéd 0.6 mMm x 20
dilnisger with BlaGkeGend T0fes 0Gue] SEGcases. were on the sane
die as the 50 mm x 90 nm pad. EPD reduction with
growth area is typical of the theoretical expectation

g 6] 0 t1RLasSd4p P RS SeBl ridterdd] §2vidBREDIBMica ol dstphoto-detector,
i sl ocation sources, and al so nearness of edges as

gheke0 % 3POpTm, SR 1G¢oh§§ higuiickees® of ebers tlil 64 mw whs fbdeated into
r r d ther nmethoeds such .in )
e PG RREL o sPiep SRS o B SR iiggnpphogggione
mhnamdangzdPQUWgamnmﬂ ﬂeﬂﬁnkddﬁza kﬁhﬂnﬁhﬁ&ﬂsﬁMﬁ@KﬁﬂOZ:&r
ied P SICS Letters, Vol , \i
Roaor P e DRt B REnEs i QARG el gs Oty by seed

cﬂafefr a1 gnhd @e‘ e?ﬁa)klﬁ‘l LH& HQE%&J‘N—I—' é’h\éﬁ%'lﬁﬁlahf%d'a}s%mc doping on
contri bution | ower EPD for the sane grO\Nt ar ea,

9 mltzmglavm 12 sprpheat HrelFeSKSiedSigastface ibirf the deplstiayi reion. The

LB AL BT S 1P s e
Eeoridict uph 26 ysn>slio0gsn)0The beindéEN-+-(paitioh 334 dédih @Ldoub30 nm.

Spectra _of blan epitaxy_on Si (100) substrate
Alaleciadgis PranqdﬁqyrilfSPﬁ Paesess: 1h betiem subriratereantagh tipigakly AL

ErsURRHE M@ iPdoRtaRt HLrBhRl NedIchQE Rl sBOsh thyi'l?elecml\clsolm

wavel ength of Ar+ |aser excitation is about 514 nm
il fit isi ppt tniseesRaydn rgvhoveothe paaleated din 120. | Thgafugleated GO020 is

50 IR BB PRI R el ST D e

Ge- Ge opti cal phonon peak at about 301.4cm 1. The

?(ﬁ)t&fal D%r onc%rr]relslti Q aljn%esftlgated since it contributes to photo-receiver
sensitivity. FIG. 10 shows current-voltage (I-V) curves for a sample of four devices
with positive voltage as reverse bias. The minimum dark current density at about 1V
bias at room temperature (RT) is about 8.6 mA/cm® and the average dark current
density is about 10 mA/cm®. The minimum dark current density increases to about
11 mA/cm® at about 2 V. These are considered as low dark current densities in that
the thickness of Ge is only about 114.2 nm above the Ge/SiGe hetero-interface. In
comparison, dark current density for Ge prepared by two-stage Ge growth coupled
with cyclic annealing is typically about 20 mA/cm® The current invention is
comparable in performance for application in Ge/Si photo-detector, with the

advantage of being SEG and without using high temperature cyclic annealing, thus,

making it useful for achieving integration to mainstream CMOS processes.
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bot h bl anket Ge and 100 x 100 mMmR2 SEG Ge epit axies
peak at about 300 cm 1l showing a small shift
WO poo2U8Nhg residual tensile strain in the Ge BPOI/SGU0®B00244
for both cases. The residual tensile strain varies in
the range of about 0.29%to 0.36% which is known to
arise fromdifferences in linear coefficients of
t hermal expansi on of Siand Ge. The penetration depth
of the |aser beaminto the Ge epitaxy is about 15 nm

There [ i ficant dlfferenc

JONRBE i B i et o PR R laKot B o GRor 7
thes18 Ry 3pNelitkdtth03. 119, BiteNhdtivaRRt estirh} BiraBk@gd Burkdie, V the
opti cal qual ity of Ge films for both bl anket and 10
|am®1ﬁd2bleee>lémeé is P@beem@ora@eeg@d if} isttprapezaius. The msert of

TG Bhol ) Gl B P B RO L ena 2V

Taspeliveln. Wa sextiabred ct"ﬂ)treﬂlelstdpta of t}nﬁhplochlmdem dvki@ge 9alue of 0.3

S .4 Cros i.on Vi ew .0 i nci denc

o 0N aSuRY it G eeB ot g A o et PP ByRD)
FhEIRplies tHa€ lakags ERaEAtah thelfiddd i0dofmidd 18 @apPaskiéRe electron-
substrate, intrinsic SEG Ge 158 (Si Ge buffer |ayer

olp, geapratienin thggimletmaee% agse kagvpas Sheckleyydall- E\m PIRERES.
N+ shal w/mew nyeskrar seni ¢ dopi ng on Ge epitaxia

| dyer = Aig €0’ th the , § igarodrary GpR§tdce is in t hé)
depl etion region. The top cathode 138 consi sts of

alum num (Al') electrode in contact wwth N+ Ge 136

fovep} aciGeafueRaidb oﬂme 1§X1)at[tm) dieldtific @64 iduBhEthe Wodesiuflstlettive
136 depth is about electrode is for

ned b
epRexig FOPiTy 0k L3¢ O’TrSéGBd’cnt Hﬁ’i‘%‘%é@? avih &aa?saétsl Fof vertical
tlﬁlo%é’fx@&l: E}{otégrodé QE FRovAl! Qpﬁlé49 élﬂcecé’ﬁﬂcﬁpf)m{'& i ﬁﬁj@&é’d 1nto Ge

Nucl eat 20 exists on the dielectric 104 and
|esltmytl 13dres twrtgp gl mackight eraphgationds eldavead @éheila@laﬂwderecnon

éeataigr Geresle%g)e . S Jb rt herf ﬁg%%rt Ogaérji p%ﬁg.egl t5111 {solation

vpircalr curren
IdiBIaﬁlﬁd o&t @il ﬁd)trnf&cﬂ the Optﬁ]rtall aip&tm dpergviontod -’theedbmc‘eeﬂowever

sensitivity. Fl 10, shows urrent | t.age
3 Pt np lasert et Sspiry St R AT gupiepl gn the same
iR L9 REidaPMRIREcIpHdTodiddee tHY MicBamBddas k2@ Hfa%ﬂﬁltm electrical

density at about |V bias at roomtenperature (RT) is

derbsage path tortiecadiecaniceledienisy deviges apdruckaateddpg 120 may need to

be removed for proper electronics operations of the device.

[0070] FIG. 11 shows a cross-sectional view of a waveguide photodiode. The
waveguide photodiode 154 is a Si/SiO, waveguide having a typical rib waveguide
structure. The waveguide photodiode 154 includes a buried oxide 148 and a
semiconductor substrate 102 for example a p-type SOI substrate deposited on the
buried oxide 148. A protrusion 150 is formed on the Si layer of the SOI substrate
102. A dielectric layer 104, for example SiO, is deposited over the SOI substrate
102. The waveguide photodiode 154 further includes at least one trench 106 in the
dielectric layer 104 above the protrusion 150, exposing a portion of the SOI substrate
102. A SiGe buffer layer 108 is disposed above at least the bottom of the trench 106,
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density is about 10 mA/cnR2. The m ni num dark current

density increases to about 11 mA/cnR at about 2 V.
wab@se2@sx consi dered as | ow dark current densPE@T/862007000244

that the thickness of Ge is only about 114.2 nm above

the Ge/ Si Ge hetero-interface. In conparison, dark

current density for Ge prepared by two-stage Ge growh

coupled with cyclic annealing is typically about 20

WY Sitfe bubh® 15)¢F 168 beinB VL RbAAE With GRS &bbeatk 102. A Ge seed
performance for application in Ge/Si photo-detector,

\M}teh 1ifds digrasad ab@veoﬂle eEe Guedaserdl O fﬂﬁb (kat fhe Gig seedylpyer
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nat}@c estz esdi[sﬁ)ﬁeéls]abdnte ths Geosaed lnweatlloda?hle Go epiwthaérl@tenﬂéz is
relation foll ms equation uals 3/2,.
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CHthb &8s, deMbsited 8n ARPGE epitiA3ayeP Il I AER coltnectorBith 2HGHEr metal
constant and T is tenperature. The insert of FIG
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shoiagl, pereing|agtheinods (P o the SQIgubsirate Q3 Thecentasts 38140
q% ggﬁm_ LY. W2V respectively. Ea, extracted from
e RIF Al madey

e "plot, gives an average value of 0.3
eV, which is roughly hal f the band-gap of Ge (0.66eV)
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ewbregatswéomptheavb WaV@ualmsmgﬁlreG@mn cginpistion of doneeldsg of Si
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&t dvid @%ﬁ@@eqrssl kAL i on

[0072] For Ge or Si waveguide photodiode 154, optical power is directed along
Si/Si0, waveguide unlike the vertical incidence photodiode 152 where optical power
is injected into Ge epitaxy layer 112 from the top. For waveguide photodiode 154, Si
is the channel in which optical power flows and SiO; 104 is the cladding of the

waveguide. No nucleated Ge 120 remains on dielectric layer 104.

[0073]  FIG. 12 shows a perspective view of a waveguide photodiode 154. After
lightwave is directed along Si/SiO, waveguide 102, optical power is evanescently
coupled to the Ge or Si absorber block 156 which is epitaxially grown on Si/SiO,
waveguide 102 by selective epitaxy.
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dielectric 104 wll not affect the optical aspect of

operation of the device. However, if there are
wW@eoaozas3 pl anar el ectroni cs devi ces nonol it hi BEl/5§2007/000244

present on the sanme die as the vertical incidence

phot odi ode, the nucleated Ge 120 may formel ectri cal

| eakage path to the adjacent electronics devices and

nucl eated Ge 120 nmay need to. be renoved for proper

@tlbqtﬂa] I OIRIGS 18 h6ws h@ﬁ&lp&fnvbhee\? @ iaC®avelgidé Qhofollicde 154 with

s ows cross-sectjonal, view. g veguj de , )

3 &felzoﬂ’i‘eﬁtﬁtﬂfbéﬁ‘f}ﬁa éa>f956%dﬁb%\g‘elf5tﬁ“‘q§y% 18 jiggslgpvn in

\ﬁ(ﬁ q¥indeishav éHéGm’C}n [a (¢ :@'AIEHoQgM’ﬁiéQﬂélbé?ﬁc &95#11)‘4‘{5 ot shown,

The wavegui de phot odi ode 154 includes a buried oxide

4B usnellyaa gunilasndodhowall wbshe 808 ribopavegridexBieppastieulates of

S S
bR S0 4R B s RRRC I B bt Pl e 120 e
$oimeglubhwingathe selitivéA epit@diglCgoiwth lody@Es iri@ltﬂe eip]fsecé)sampbsarate

epqsi ted _ov the SA subs rate
ﬁ&%@“@usﬁ%@ ‘S‘ﬁ%& &b thgete ’GﬁattOBrPliﬁ’@?Ss d%‘é“' di g'gs%zooﬂfemt
LEROE WRE daddiSord] leRekidl 18ydray ﬁEpd]sQéd ata %eesttulaeue these Ge

protrusion 150, exposing a portion of

spaﬁ@tllaéﬁsew@zn b egibaddeiingtee dickapsic lme Tb,e §E§p@% gsgformed at
RS b B8 ALY AP RLAE S LEFEP IR S ferion

ifillst BiadreG4 wavegﬁtdﬁmlm(mhbdeaymleaiai)Gb 4 20ioaphs ssdlatibo deelectric

he Si buffer. |.a er 108 such t the se

3361 0o BT il HeteRn coutgenl Jehtvice S, piply Susios
|vﬂa)06§u1&é) 802, thedredrabvetinlidaxf @t id AY ahd ﬂerx%ctn% di&Perssds 3.55.
above the Ge seed layer 110. The Ge epi t axi al Iayer

High refragipe indgk tnllﬁt?t’la{ Y o famt tendsotor eamaler onticalpgiep do it as
Rt (RPRR: Ao TR Y00, Al J00BRL B partcles 120
whnsie bightt ware smatteringe amd aptical slessas,ngadabowm ethe reatbenal 4Mantum
oR- t he substr. 02. . The contacts 138, 140 are
tegfb‘tl%’ﬁm hr?a‘%aé'e%lflgwel?ojﬂf%%dﬁﬁhe fabrication process

of the wavegui de phot odi ode 154 is as such. First,
partial dry etching of Si on the SO 102 is perforned

to forma protrusion 150 (i.e. a central thick Si rib
flanked by thinner Si with SiQ2 at the botton). Such
structure is
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designed so as to confine the optical power to the
centre of the rib as |light-wave propagates down the

WO 2w9mzo4g3yui de structure. Upon conpl eti on of dPgI/SG2007/000244

etching of Si to formthe rib, SiO2 104 (or dielectric
with refractive index less than Si) is deposited.

Di el ectric openings 118 were fornmed by

openi ng-1ithography, partial dry etch of SiQ2 104, wet
etching of remaining dielectric to expose Si surface,

and foll owed by SEG Ge 158 growth. [0072] For Ge or Si
wavegui de phot odi ode 154CLAPViScal power is directed

al ong Si/Si 2 wavegui de unli ke the vertical incidence

Whahotlaieddss 152 where optical power is injected into Ge

1.

epitaxy layer 112 fromthe top. For wavegui de

B

wavemprigieg: No nucl eated Ge 120 remal ns on dielectric

Ia er .104 073]._FI hows ctive view_ of

BRI OE SREIR 4 STeRIS laver, T icpebtad b Poridh of a

d| seaicefdikaRgbsalaledl 2 wavegui de 102, optical power is

evanescently coupl ed to the Ge or Si absorber bl ock

1560mHng A silisorgermpeivan byifeylasn aldsaston Sradpotin ighe #deast one

102 Hé’h sel ective epitaxy.[0074] FIG 13 shows a

perspedétive view of a wavegui de phot odi ode 154 with

n u dbrmrngd g@mabn egedtléyer di Hlesdicon-@etraaranm boHer Iaye; and
lectric | aye 04|ssovv| inFlg 11 but is not

ik ﬁ?@%i“é“ AFT ML UG BB P84 e | ayer 104 is

not shown, is usually a thin layer on the wall of

the SO ri b ui de. The particul ates of nucl eated

GeT: 112@1%11“@%\%? »dielectric layer 104 surface. These

nu ‘%Jlﬁ?éu?ﬁme@@mi’e%ﬁdﬂ& sﬁ%tﬁ?éis duflicBe sitigaeel ective

epitaxial gromh of Ge in the exposed Si substrate

surface Dependl ng on the fabr| cation process, if the
c[lrh ﬁi qiq J s not renpved while an additional

di e ric layer |s deposited on the structure, these

CGe whardin chd dliem dibratats bdukkndibaaeshibstmté e adil@oa@hrihmlator

Iayelég. The SEG Ge is forned at the same tinme as

nuét®HPEd Ge on the dielectric | ayer. For opti cal

aspect of operation

The method of claim 1,
wherein the silicon-germanium buffer layer is formed using a low temperature

process.

The method of claim 1,
wherein the silicon-germanium buffer layer is formed using a vapor deposition

process.
The method of claim 4,

wherein the silicon-germanium buffer layer is formed using a low temperature

process in a temperature range from about 350 °C to 400 °C.
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of the Si or Ge wavegui de phot odi ode, nucl eated Ge 120
on the isolation dielectric |ayer 104 forns optica

waeawhzshg centers of |ightwave directed al onpCBSGH0TR00244

9.

10.

11.

12.

13.

14.

wavegui de 102, since refractive index of Ge is 4.2 and
refractive index of Si is 3.55. H gh refractive index
material (such as Ge) tends to couple optical power to
it as |light wave propagates through the Si/Si Q2

wavegui de 102. These Ge particles 120 cause |ight wave

scatterin nd.optical |osses, and | ower the external
qui&‘?mﬁﬂ@%ﬂ%{% Cy of the wavegui de phot odi ode
154yHetett Mz Whderdnsre Gk abdREd | dring - thé\ 16t le@@erafifre process from

manuf acturi ng a sem conduct or arrangenent, the nethod
coRpPUtIPAGE ta dhow 3P X~ | east one trench in a
dielectric layer, thereby exposing a portion of a
sem conduct or substrate; form ng a silicon-germani um
bufThe metlaydexf climlleast on the bottom of the at | east

one _trencgh;.formng a r ium.seed | ayer ;on t.h .

O Rt e i B par e P e SRR PR B 4SBr tldness in the
gek4meiftem ARMET n@to bbeutgemmani um seed | ayer. 2. The

nmet hod of claim 1, wherein the sem conductor substrate
is a silicon substrate. 3. The nethod of claim 2,
m%@h&tﬁo‘&%f%iahh‘éon substrate is a bulk silicon
substrate or a silicon-on-insulator substrate. 4. The
metwhectinofthe | wipor 1depekiori protése sorhprises - gplyiagi andisilane gas

buffer layer, is formed using a |ow tenperature
pr §¥@Rguent and a germane gas component.

The method of claim 7 and claim 9,
wherein the vapor deposition process is controlled such that the disilane gas
component application and the germane gas component application is reduced.-at

the end of the reduction of the temperature.

The method of claim 1,

wherein the germanium seed layer is formed using a low temperature process.

The method of claim 11,

wherein the germanium seed layer is formed using a vapor deposition process.

The method of claim 11,
wherein the germanium seed layer is formed using a low temperatufe process in a

temperature range from about 350 °C to 400 °C.
The method of claim 1,

wherein the germanium seed layer is formed with a layer thickness in the range

from about 20 nm to about 50 nm.
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5. The nethod of claim1l, wherein the
silicon-germani um buffer layer is formed using a vapor

WaelosrmsdN process. 6. The nethod of cl ai m 4, PANBGEION000244

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

the silicon-germaniumbuffer layer is formed using a
| ow tenperature process in a tenperature range from
about 350 C to 400 OC. 7. The nethod of claim 4,
wherein the tenperature is reduced during the | ow
tenperature process from about 750 OC to about 350 C.

8. Jhe thod qof claim1, wherein the
siﬂﬁ@dﬂ§§@¥ﬂgﬁﬂﬁh¥buffer layer is formed with a |ayer
t hiveHen&a $he grhBBuhanes i HAMERMY an’efi@Rial SodROMbce0)

nm 9. The nethod of” claimb5, wherein the vapor
deposi tion process conprises applying a disilane gas

co rmane gas conponent. 10. The net hod
of Ao ety

aim dim 9, wherein the vapor deposition
pr odesdn ilse geanbdiomllaer sifolfméding Hkigh tanpepatarePaccess.
conmponent application and the gernmane gas conponent
application is reduced at the end of the reduction of
t heHe @RS RS ABlAm 1 1. The nethod of claim1, wherein
the germani um seed |layer is fornmed using a | ow
t erfperain theepnetemdayen i forrped ypingovepet detositien piocess.
wherein the germani um seed | ayer is forned using a
vapor deposition process. 13. The nmethod of claim 11,
whdiheinmethdteofgpdaimelni um seed | ayer is fornmed using a | ow
t e%%{'e%tl %ee g r%?’:lcr:ueusfr? l'c{ygr ?s formed using a high temperature process in a

temperature range from about 500 °C to 650 °C.

The method of claim 1,
wherein the germanium layer is formed with a layer thickness in the range from

about 30 nm to about 500 nm.

The method of claim 1, further comprising:

forming the dielectric layer on the semiconductor substrate.

The method of claim 1,

wherein the dielectric layer comprises an oxide, a nitride or a combination.

The method of claim 21,

wherein the dielectric layer comprises silicon oxide or silicon nitride.

The method of claim 1, further comprising:

forming a germanium protection layer on the germanium layer.

The method of claim 23,
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tenperature range from about 350 C to 400 0C. 14. The
nmet hod of claim 1, wherein the germani um seed | ayer is

WO oroaeeh4dd t h a | ayer thickness in the range freeT/aGmar/000244

25.

26.

27.

28.

29.

30.

20 nmto about 50 nm 15. The nethod of claim1,

wherein the germanium | ayer is formed using an

epitaxial growth process. 16. The nethod of claim1,
wherein the germanium |l ayer is formed using a high

t erpherei ulice gphemans . prdiéctiohhRyseisha@ddefof cdilidom dr, a photo-resist
wherei n. the germanium |l ayer is formed using a vapor
deP8&-on process. 18. The method of claim1, wherein
the germanium | ayer is fornmed using a high tenperature
process in a tenperature range from about 500 C to 650
0CTh¢ sethnde{ wisith dd fugther¢amprismg: wher ei n t he ger mani um

| ayer i.s forne it I d I ckn ' f . .
¢ Siatie Ot rbilafy VGt A 3P, Bt 3RE Rictotric
cl &yer.1, further conprising: formng the dielectric

| ayer on the sem conductor substrate. 21. The net hod

of claim1, wherein the dielectric |layer conprises an
OXTHE methodidficlafig 28 a combi nation. 22. The nethod of
claim 21, wherein the dielectric |ayer conprises

si mhetsin by isgananius materishisrempyedasings dryletchpsedssy of
claiml1, further conprising: formng a gernani um
protection |ayer on the germanium | ayer. 24. The
nmettheehetfodcifalabm 23, wher ei n t he ger mani um protecti on

| a%v%%re&ns t&a%gmgnilfnlllr{la%ggaloirs r% obg& ?fs{ngsall S’dtry etch process using

chlorine or hydrogen bromide.

A semiconductor arrangement, comprising:

a semiconductor substrate;

a dielectric layer disposed above the semiconductor substrate;

at least one trench in the dielectric layer exposing a portion of the semiconductor
substrate;

a silicon-germanium buffer layer disposed above at least the bottom of the at least
one trench;

a germanium seed layer disposed above the silicon-germanium buffer layer; and

a germanium layer disposed above the germanium seed layer.

The semiconductor arrangement of claim 28,

wherein the semiconductor substrate is a silicon substrate.
The semiconductor arrangement of claim 29,

wherein the silicon substrate is a bulk silicon substrate or a silicon-on-insulator

substrate.
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material. 25. The nethod of claim1, further
conprising: renoving germani um material deposited on

W b@oppes surface of the dielectric |ayer. 26rPCTH&2007/000244

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

met hod of claim25, wherein the germaniummaterial is
renoved using a dry etch process. 27. The nethod of
claim25, wherein the germanium material is renoved
using a dry etch process using chlorine or hydrogen
br Qi demicaductdr apamgeoradtelcddim®y; angenent, conpri si ng:

as m ¢conduct.or substrate; adlelectr r di sposed
rei e i ERIEE B B4fEa lpysrehas 4 aysraﬂ{{ koRs r BR dAnee

[ nﬁfohﬁa%hﬂgﬁﬁltt[)lagodtgy% exposing a portion of the
sem conductor substrate; a silicon-germani um buffer

| ayer di sposed above at |east the bottom of the at

abal s PAEoAFRE I BRI B | Ser: and

r mani um fer layer; and a
ge mwherein thel ggyreanicin speb ageralis veelayérethpknesa m the reegedfrom about
Iaés 29 T;@ sem conductor arrangenent of claim 28,
whéP SPHo@ERE SR onduct or substrate is a silicon
substrate. 30. The seniconductor arrangenent of claim
29, wherein the silicon substrate is a bulk silicon
s uBbe semisorstucipr strangemeniel dHEmASat or substrate.31. The

S€ A Oh eBltaxiAif) doaR gelBh e Exhe
Si Wh%%%g{ﬁ% rrana?%m Eagrglgﬁgr Iegyaer ﬁ}aén)a gyer t | kness
in the range
The semiconductor arrangement of claim 28,
wherein the germanium layer has a layer thickness in the range from about 30 nm

to about 500 nm.

The semiconductor arrangement of claim 28,

wherein the dielectric layer comprises an oxide, a nitride or a combination.

The semiconductor arrangement of claim 35,

wherein the dielectric layer comprises silicon oxide or silicon nitride.

The semiconductor arrangement of claim 28, further comprising:

a germanium protection layer disposed above the germanium layer.

The semiconductor arrangement of claim 37,

wherein the germanium protection layer is made of silicon or a photoresist
material.

An optical component comprising a semiconductor arrangement of claim 28.

The optical component of claim 39,
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from about 8nmto about 30 nm 32. The sem conduct or
arrangenent of claim 28, wherein the gernmani um seed
wo 2000402333 a | ayer thickness in the range fronPEhSG2002000244
nmto about 50 nm 33. The sem conductor arrangenent
of claim 28, wherein the germanium |l ayer is an
epitaxially grown germanium | ayer. 34. The
sem conduct or arrangenent of claim 28, wherein the
gerbeiny configaned ms h asveguideyan phbiodiodess in the range
fromabout 30 nmto about 500 nm 35. The
sem conduct or arrangenent of claim 28, wherein the
di el ectric layer conprises an oxide, a nitride or a
conbi nation. 36. The sem conductor arrangenent of
claim 35, wherein the dielectric |ayer conprises
silicon oxide or silicon nitride. 37. The
sem conduct or arrangenent of claim 28, further
conprising: a germani um protection |ayer disposed
above the germanium |l ayer. 38. The sem conductor
arrangenent of claim 37, wherein the gernmani um
protection |ayer is nade of silicon or a photoresist
material. 39. An optical conponent conprising a
sem conduct or arrangenent of claim28. 40. The optica
conponent of claim 39, being configured as a wavegui de
or aphot odi ode.
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