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invention relates to silicon based optical nodul ators

for optical transm ssion systens. Mire particularly,

the present invention relates to silicon based
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phot oni cs based conponents for use in such networks,
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that includes various types of optoelectronic components. Generally, a transceiver
includes a light source, means to convert an electrical signal to an optical output
signal, and means to convert an incoming optical signal back to an electrical signal.
A laser is used to provide the source of light and a modulator is used to turn the light
source into an information bearing signal by controllably turning the light on and
off. That is, the modulator converts the light from the laser into a data stream of
ones and zeroes that is transmitted by a fiber optic cable. The incoming optical
signal can be converted back to an electrical signal by using components such as
amplifiers and photodetectors to process the signal.

Comfnercially used optical modulators are either lithium niobate based

devices or compound semiconductor based devices such as the III-V based devices
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devi cest hat use gallium arseni de or indi um phosphide
materi al systens. Additionallly, silicon based devices
have been devel oped. However, silicon based opti cal
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conpared to compound sem conduct or _devi ces.

Asdviresimejeynaterial, which can increase cost. These modulator devices are often
integrated into packages with other components where the demand for smaller
package sizes is continually increasing. Therefore, modulator size is a concern.
Another problem with lithium niobate based devices is that the drive voltage can be
somewhat high as compared to compound semiconductor devices. Accordingly,

because a large voltage change between the on and off state is more difficult to

produce than a lower voltage swing, the drive electronics required to provide such
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because a | arge vol tage change between the on and off
state is nore difficult to produce than a | ower
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provi de suchl arge vol tage changes are typically
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dargeheltpgsrhangasaenypiralyiglativehtexpensivoand qapiinteeiiugg morRcost
%%%Eaégéh{lctlons of |ithium ni obate based devi ces.

reover, these devices can handl e high data transfer
rates &tmp(ﬁindtsbmdoydlhmv rdodulﬁon/dadvucaag ean by extremely small

current sem conduct or sed dul at grs,. such
d taﬁ%%%cilﬁlawgﬁd% P& §2¢ SRR ?fh‘&ﬁ ﬁnggtﬁﬁmé dekices i al
SM%Fe%%r ﬁﬁyeedéi&re% hhdrde l‘il@fl Hﬁ’tﬁstranéf@r ﬁ?ersta't FidtRfel py bhekfe

devices can suffer from pro lens related to cou |ng
| \adteges. dfmvaviet, enment campompt seomcomslusios baseh inoidulaters, such as

I B s R e g hoslifle BAEHPRES BRREE IR anc

nlﬁﬁiﬂzitﬁfh& Uhﬁp@ﬁc&ﬁ”ﬂﬁ%%ﬁb&ﬁﬁﬂm o PrABREhsFEMIcA]S copling
expensi ve when conpared to silicon based devices, for

drssepprd intyreal abspspiior lopses Hvkich aretgeneralhungt Rsesentia lishism

qﬁgﬁﬁég%édﬂgggmfor conmpound sem conduct or processing
expensive and difficult to handle. For exanpl e,

i nd| u rmwhoa@lmm‘ﬁl vakems thelpeoqessngaid yahi Bt b ficompburrl

and .the | argest wafers are exp %n5|ve Thi s nakes | ow
cKaHcqRdgFor RsEh e Heas U SERCHY R Y NER FPTRAIFY toaliconhgasdetpvices,
L8r ERApIVNORE: AR RPURDIS Rk nfaror O ROl fIEd for
manuf acture of silicon based dévices. Regardi ng
sadmp@@nd basiedndustom pulcesyng zie skpansion abdlérfﬁcmo@maadl@r For
can b o, fu ctlon in mnper. t.hat
bl BT RESsRhfex i arnrert D SRR Bl e derees
fwifetsi a@@éxpeﬁs,lw athik nakbBalR@ecost Righ RBRSR Minuft®urid hifficult as
passi ng t u a wavegui de. Thi's phase change can be
LepErparaq tg tlwﬁc\&mz»ewn@etenﬂylbeb@@w@edp trothe gramifacture of silicon
More particularly, a silicon based device
general 'y operates on the principle that a region of
hi gh ddepgaging siicenbased teolnadagy, beilicor daded nsdduldtortdaa be

h guj de. | , th
HJ;S ﬁ@etlus lwégaﬁﬂﬁsm@ﬁﬁe Wetmiar T g%gﬁfaglﬁfaﬁmz %logﬂs based
CRR QL FurRRBREN thalit Sngednt ﬁasle%mtehlgm Rﬁs@ﬁ gthanges

region in a directionin ich the t travels.
Twarsguidne Thisiphaseychangarandeatsed m@gM@ch 6€hrsi@f fipeidevice to form

h d ' h |
P agr Moty ol s 3leol bhbarR et sl o g s e
t grircipl@ihabiidgiont dTehi gihéeodbnadhtAtion Bin idhise@Bd shift @e p]ﬁ@e of
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light in the waveguide. Importantly, the magnitude of the phase shift is proportional

to the charge concentration and the length of the charged region in a direction in
which the ‘light travels. Thus, the ability to create a region of sufficient charge
density to interact with the light is essential to be able to induce a phase chahge,
especially one that can shift the phase by an amount suitable for use in a Mach-
Zehnder type device.

In order to provide a charged region that can be used for phase shifting,

these devices are known to use injection of electrons or depletion of holes in a
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Zehnder type device. In order to provide a charged
regi on that can be used for phase shifting, these
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depl etion of holes in adiode or triode type device. In
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they build up in a region near the interface.

One parameter that is important in this type of deQice is the speed in
which a charged region can be created. This speed is directly related to the
mobility of the charge carriers in the particular material. Therefore, in one
embodiment, a high performance device can be provided when both silicon
layers comprise high-mobility silicon such as crystalline silicon. High mobility

material is particularly preferred for the active portion of the waveguide of the
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preferably formed from silicon material that has a mobility that is at least 20%-
25% of the mobility of the material that is used to form the first silicon layer. To
further improve the modulation performance, it is preferable to have the second
layer mobility at about 50%, and most preferably close to 100%. Thus, the initial

silicon material for forming the active region of the second silicon layer
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second |l ayer nobility at about 50% and nost
preferably close to 100% Thws, the initial silicon
material for formng the active region of the second
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the second silicon layer grows over at least a portion of the thin-film dielectric to
form an overgrowth portion of the second silicon layer. The structure
comprising the overgrowth portion of the second silicon layer as it overlies the
thin-film dielectric layer and the first silicon layer together create the structure
for an optical modulator as an electrical device, and within which a waveguide

can be defined.
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forman overgrowth portion of the second silicon
| ayer. The structure conprising the overgrowth portion

thin-filmdielectric layer and the first silicon |ayer
toget her. create the structur-d for an optical nodul at or
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aasﬁlﬂctﬁﬁlgpél@&HEaIQifevﬁef PRE§i1i0Rbn-BlsBRidrisERb A EEEbIyThe
silicon-on-insulator structure preferably |ncludes t he

fingladesshe firso silicery byersand aabublad pétdledwedePteéqrebly, a waveguide

VA B ae Bl NGRS bl et £ P B RE prdpasation

Rﬁfé@ﬁ&ﬁiﬂ&ﬂa@lxﬁ@ﬁts fdi prodktdrihdtedattét@m@dsn i@ prapagation
predeterm ned distance in the Enopagat|on di rection.

mreén@atléo ergate ks wavAgyide, athitfi ﬂiqlwnm layerds prederpblyer
fg%%ﬁﬂ% Hrs? Sﬂggﬂ ltag% o‘i”?het Jﬁ%stﬁ‘ t éﬁehét‘é%g&f‘%%knggs
S upstrate

0 a pr termne ness secon
SA becmdl silieye tayesis peeftabbiscleciell e epltamily g@wﬁ axigedwiyig the
gr own, hy grovm%i t he secaond [ roma see

| N
rEESFLon  pyer fiopig S@mr?gewf "59 'éi?&tgﬁggfyl ?%Yebﬁl@tswats&e of
the F@Hir%'r@@oﬁ %9&1%%;9/@#13@ ARYEQE 'e?§ax1:ﬁ| SwihldFhe second

epl Taxial growm h of t second silicon ayer.ls
psnlacfoerlamr ¥ prafembdw lageralkt @cmmidd sothahthe se¢rmdsdvondayer

I f th
R A B o
tmﬁn&ﬁ&mﬁgsﬁbhdgmam{ﬁyar I n accordance w th anot her
aspect of the present invention, a silicon based

t hi n- flnjagesdanse Mitheanpiier aspeeintithcpresayd uivantinm, psilicon
pJagé/d ﬁ{ﬁpﬁlng Qt?u(ﬁﬁlje'f%od}l (gﬁ’l%gqgc?(fﬁé{&t b ?O\Q&%f I'%le%on based

nprises first and se I con a ers an
tdnnunmfe prefedabey earhprises lfiast @and bbb iticdiin Emrsmdi hithinaiimc h

a.waveguide can b crea silicon-on-insul at or
P ang Thyer et Pe G Py WP B v FAAS S e
fdilih-ct-inb Oy SR¥Sdre weﬁr&w bl%dldaa it i AYRE the ISt silicon
thin-filmdielectric layer preferably has a

dam@ném’wnecbomﬁc tlyee sBleﬁhme@lnuqb@hcirtcslayqn mﬁtfér@hlalhas g
at,or _and orned on the fi t
e RlesfBid B iR Br@u3hal I alndroBp A7 & Alarief mbddior gng
Sik iforiRA ohaNEfirsOdiEitdn R§eraif thecsudltrate. PRPrckdrably ahe kdeend silicon
thin-filmdielectric to forma siliconinsul ator-

dayareyerlies ptleast p eortipRot o tbigoi e dislestrisrta o agilicep-
giHélﬁéthgle&q{ Qﬂlcﬂﬁlg The waveguide preferably has a guiding region and

comprises at least a portion of the first silicon layer, the thin-film dielectric layer,
and the second silicon layer. Also, the second silicon layer is preferably at least
partially crystallized within at least a portion of the guiding region of the
waveguide.

In yet another aspect of the present invention, a silicon based thin-film

structure for an optical modulator is provided. The thin-film optical modulator
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conprises at least a portion of the first silicon
| ayer, the thin-filmdielectric |layer, and the second

waRsco0T341 ayer. Al so, the second silicon | ayer P€CEHUS2005/028391

preferably at |east partially crystallized within at
| east a portion of the guidi-ig region of the
wavegui de. I n yet. anot her aspect of _the present,

i SHYERTS emprises p silicorrmsaiiar-silifon tiprfHnstgire et Bor  an
Oﬂﬂﬁét%’al {m:q{xgeaﬁ%'i eﬁe?%flgl%‘éb dE@ing! MhetshicdnlihduiacORL i thin-
nmodul at orstructure ¢ rises a

sﬁllm gowture sarhprtises aslndl@'o&mlawm sandwichedbetwetnufiest alvhgecomsd

t I h hi ft Th
SRR s Lot oo et PEATF AP b T Saes GeieG MEHi Qg
ase@lmﬁi Kledoni 18y PYSErabiHdVa Glee dariRt R8It tHabls aaNdstSRLH B
silicon |ayers. The first silicon [ayer preferably has

ahe free caraier mebiligoof the figst sifiken byeowbersinithe eptidahinedulator

R e n T oI EEAER bl ooy ot PRl e
silicon | ayer whermidr Ddi€ristivini ofahe Dﬁd&dh@ or structure

i s capabl e of bei ng switched at a frequency of at
| east | Thesa aryl pthen featurgs; aspeqiis 84 pdyantagenpf thi eraspriupyegsion

T\Dﬁlsl?ecgﬂg b%&%ﬁldér@@%& W we@%‘@ SR f 1%%9&:1?‘3}4&3@38& Saggénded

the present invention w econs pett o rsto
vdlaimsy @glacdorhpartylves draWhrgmwhgra:iescrl pt i on, appended

cl ai ) acc anyi ng dr aw Fi ur lis. a

S chendiEtie a8 SLBRE GHse oA S AT B Bregy syl i

t i liER- Bk bR HS SthahaE 115 AdcbFRAcSHIH @ﬂe‘ﬁr@sehﬂmventlon that
accordance with the present invention that can be used
taanfbgrugedie fgpnanaptmbmdalamr, Figure 2 is a schematic
Cross ctional .vie on- on- ul at g

Cubst rapuering senll b FPRP B p ADEb Bbingulagr |

Sdubb € tHansdl kRt 3ed & fohra @Maygdréd i fikn lslmca@mnmaﬂcsﬂlcwht h
an enbodi nent. of the present invention such as the

| EpS RS AsFRrdrnaertyish 4 epbrdimen of i Rresant BRAntan Yeh ay e
9180 {tfn-Fil Ui Roinchlot ricn! sy uRCRBRR G Figure 1
cross-sectional view of e silicon-on-insulator

s ubst rEigeredfis Eischeneti2 cadsevseatgnalviprof theusilaonan-insulator

fil t I t b id
rpReshol U orie BFrGie oA SRLAoR Mt pafeseen
f;ﬁbmd@d ba¥ 8lieen flyEtGHtHE SilicdH-SMiBuktdr SubstREd Y8 TBink & layered
cross-sectional view of the |layered structure of
FSUQIQWEG 3 showng in particular channels that are
prOV' d}fgur%% ik SQLRLE n% cpo%'éts%c%%n fwé\IJSf?he Iy el 4Rl ?{1

con-on-1i nsu at or ure 1 n ac ance W
amgmﬂieshbwﬂfg ihlparticular channels that are provided to 1solate a portion of the

silicon layer of the silicon-on-insulator structure in accordance with an aspect of the
present invention;

Figure 5 is a schematic cross-sectional view of the layered structure of
Figure 4 with a thin-film dielectric layer covering the thin-film etch stop layer and
filling the channels;

Figure 6 is a schematic cross-sectional view of the layered structure of

Figure 5 after partial removal of the covering dielectric layer and removal of the
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present invention;, Figure 5 is a schematic
cross-sectional view of the |ayered structure of

woe@aners47with a thin-filmdielectric | ayer cORET/UAP05/028391

the thin-filmetch stop layer and filling the
channels; Figure 6 is a schefatic cross-sectional view
of . the Ia ered structure of Figure 5 after partia

riBifoliia ets stopdaxepibis lggy e @ fist FPP@CP%X/ @Plaéﬁﬁioﬁllp@msmce layer

q%y} &ﬂgﬂ} &£h stop layer, thus leaving a first
r| y (o) afed silicon device |ayer having an

expos elﬁgmter‘maaec;hdﬁnaym rceosg-setioaalsabme wiitiedayered structure of

0ss-sectiqnal. view g truct ure. of

i8R0 Eithn frrkion) S tumh SerT Y PP L eTided Overdbs Bt

| @iv&h RLRYigRd over the first silicon device layer;

Figure 8 is a schematic cross-sectional view of the

| ayer dtigereus ayehenuttic icrc@gﬁectrpnslhawv of) the lsyarethstrushure ebn

er over t he fi
B PR e Rond B R dce ek BfertihE it p e thipedim,
f gelgtdic tdyiePadd thefigdtlsilicon devise!lagoto Foim 6 tHinHlmUsideh&nsulator-
that, 'in accordance with the present invention, can be

Lﬁsb@msauﬁ@rm&latn ingscprdancentiily thetmsesentinyentiongeandeaised to form
SH? sectional view of the |ayered

s%? cture %P §§gure 7 provided with a seed regi on of

t he fiFigtrediib iaedrencbeiv:icmysayﬁhalt\haw oifﬂledxmecbdntchjre)ugh

the thin-filmdjelectric | ure 10|

SoRwirevigrd ithaseed fan of faR st S‘?fﬂ? Jeyired 4 that is exposed

qhﬁ%%h%&ghg{ﬁﬁgggkgﬁglg rther including a silicon
| ayer provided on the t |n filmdielectric |layer and

t he seddured@iipa sdfentatie CfQSS'SQCUQNﬂI mym Oﬂmllwretdas]@mturmﬂ

e fen iBo flo B BRTROR it RS VighE Shul iy Hir¥ dieligver

sirldi tBOSecd eydi6Eof MY st 61R3A 8evite YRt Bl si | i con [ ayer
and which forns a thin-filmsilicon-insulator-silicon

st r uctRigwretld ¢ a sghemadie srogersecaiongliview Rbthslagess structure of
Bgi%&ﬂ%tl Ogi?%éﬁgdqwﬁﬁ a lééceo(adtsﬁxcf)ﬁ) ﬁ@l?@lagar (%rgzg!:d ﬁﬁgﬂh@glﬁ&on layer

scription I'n
odndavhldpfdrma la tlmneﬁlhmbcronhﬁsulﬁtoamhoasxdsmmmrm}tah it hecordance

I nvention is sche al | lystrated in
C R Sheut s oA eRon ol Usthe 190 A PUSH BUACEGH- 10
|ncludes a substrate 1gmmg&§bggﬁﬂmwn5|l|con an
i nsul ator that preferably conprises buried oxide |ayer

14, anla Fagdre dsa fisst pinbedimeayefraniopticfimeddatpt 10 in accordance

with the present invention is schematically illustrated in cross-section. As shown,

the optical modulator 10 includes a substrate 12, preferably silicon, an insulator that
preferably comprises buried oxide layer 14, and a first silicon layer 16. Preferably,
the first silicon layer 16 and the buried oxide layer 14 are provided as a silicon-on-
insulator structure, as conventionally known. However, the modulator 10 does not
require use of silicon-on-insulator technology and may be formed by other
techniques including in particular those described below. Silicon-on-insulator
structures are preferred because of their compatibility with conventional
complementary metal oxide semiconductor (CMOS) processing. As such, the

optical functionality of an optical modulator (which itself is an electro-optical
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not require use of silicon-on-insulator technol ogy and
may be formed by other technigues including in
particul ar those descri bed bel ow. Silicon-on-insul ator

SAeviged eanes integratdey kb theer'asbiical Smetonalinept devices such as
o I . .

Rt o B AR a8k GRS HE Rl Th clectro-
aypticalaind felacoidabdeices yarobe fommed biy msing rtixcesinahan provkssoly
itself is an el ect.rg-opt.j cal device) can.be_ integr.ated
ARG B e oBLiFe PRI BHATS by breaBiP e
UGS gl@@n-m%sﬁtawrsechﬁam?p pkdVidos afiRdsy WaHG!R6$ideR high
the sane substrate. These el'ectrooptical” and
aluaityrsinglé coysipl lager andro plectrigalheigolate pluiahdevi¢rs thas e he
g%oce SH gipech@#qﬂ¥s L9 PL gide optical circuits that

8“?n¥%§r% & WEH B &Y circuits. Moreover,
si | i corheafiodulstot B0 Slko fy&fdﬁmﬂy gYudes a\hidFHmadicleasiy 1yay 18
to provide a high quality single crystal |ayer and to
e wh%bfftye%tglp dirg spicap dyeq g@ﬁ%% secpid sifigdn layer 2% dp@ne
i ibie . f . r . . I
else Bk aR AT R e PP U B ae
18yesaddsu, diecfirstelicondayer 16 ptéferabl ysdohiprises dreglentrid#blyasulatad

second, silicon_layer 20.. I n_one prefer enmbodi nent, .
RGP s PrpiFal Buer it PI/@ROY B EOH e DY g vl g dipteral
Gh @¥dedl 8o a8 Slly arf ReRricallP Ssoldté Bie sPidoh 3R 1 &Y BFefdfbly, as
preferably conprises an electrically ’isolated | ayer.

Tdeacritied in ntpge déthil belawl agidiconten-irsupatesfsabsitate/is siged andraded
terial, in der to |latera

b i | i | d
 RopPhulchRt RiEsTIRbRtRth |5l Block caf bELE S 188Gy

asoldreskd siliesh lafermarfront 6thai 4djBehodévides formed on the same
silicon-on-insul ator substrate is used and a

cwhetEre.i bhrburiediensiiaxsn af thswilicormennpuyphstiushirp e bys
c}ﬁﬂviﬁ@ vﬁéi%gl i dcﬂatlicfht. A uch, thé Qki@&?laggel 65('tok1 5ifi0h isﬂﬁﬁ&f cahbe
er aaqj on € Ssane

f'rom ot acent evices r1orne

- suinsturatyasoldied bip uive thoh-Bbo dielectricdnyarfl 8tahé a surrounding oxide

e AL P BicPiosgbetiene S e kS e e oo apetion.
si |1 coRthcugRpedfes@) sitigombh Hsutitat thohnbfRl Ao8Fndebd'® be used.

thin-filmdielectric |ayer 18 and a surfoundi ng oxide
fAny eanventeoneHy knownar fre deyalered teadwntque sepable effgnct®ning in
t e _se L. _er =S [ refterged
B R e e

ustidal rAcdulfonve atdoaduabd witk nispressht fnventicnh «ha\be luegk din
techni que capabl e of functiqnig& in the same manner to
hrqularesiich pirpctpres gencgrly reguits suht¢ightdaterabas well As heyizontal

Qg BUEARKOPIHER deIRANHBRSh biheAFRSRAGE, thd "
the present 1 nvention can be used. In

contemplated that conventionally known techniques such as deep trench isolation or
local oxidation of silicon (LOCOS) can be used: to laterally isolate device structures.
Regarding vertical isolation, any technique that is conventionally known or future
developed for sufficiently vertically isolating the silicon layer 16 in accordance with

the present invention may be used.
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particul ar, such structures generally require
sufficient lateral as well as horizontal isolation to

wo movsisaal |y i sol ate devi ces from each ot her. PEDUS2005/028391

exanple, it is contenplated that conventionally known
techni ques such as deep trenth-isolation or |oca

oxi dation of silicon (LOCOS) can be used to laterally

i sol aten gede fayes4 w@ﬁ?rpé%fer bpipwidady aselustiaged, and is preferably
[

S0 g LSS, e | SoFRINETIG i

| predepdrimmepdt digtasielin @ direttaynent pi@algmtmc@ﬁmMemm@dmctﬁQd

hGER s BRI AP0l Pekds, BEEIF P STSfetebl S @nline lightn

Rh@(v%(z@éﬁlldé AESA gfb%qéat&g@l&%nﬁgn&k A ARt alRAC RN Y as light

defi ne a waveguid O that extends for a predeterm ned
diestimnde showm thi wevguile 36fis prefiyalyjaial leastphrtably defined by the

ECHDTRAREL 3 e AR ol e GRS 1F D20, ipetively

int herhw;ﬁ@gmde 38 Guncfiof RRREAAE A la@hmwgamﬂg through a
field is also referred to as Ilggt erein. As

t8veding vagien Heofgbe raveguidecttainprdar to dhustraty alis galldln,g and
RS S AR Pl OPEABEA T 00 bl

Wamgh ttebegudding mg@dnhmsf the gxaoasg‘undees(&@ dlllgstma?ad sﬁhegﬂiﬁ:tically
pr.opagat.i_n a idin n.32 .
Meggmﬁa@cgty *1] %ﬁa@fig 381%1? g{?&%%é esigngd Orgiwai? A$dsnd

CRREiNsTOg. THAGE) |e Wabé%ﬁqd@mg?efgﬁb@fdeﬁ'@ned so that the lowest
el ectromagnetic field that can propagat€ through the

gurileti bognd ewido falgpcatied threfundaneantd] do1dsd nicgleior tappadanedt) can

schena ically. r ecif | I the equi de O S
Bl e taelieth eIl g i PR LR Gattonp o

I @steinl@ ewiRNagtlsdr thitthebSinfagt@perblol ofl i litednigndtitabectrum

the | owest order bound node (also called the

f i Bpiaahy aedy ol e¥ampig e relangtis peeing o) MEEHPNSHT pRIGEOE:

at th

commun Eet oL land B GHs o B dah) Gtk oLBLERbor optica

[ \mi\regunklesjarp ovelli lmo“mfanti laey eﬂnmtnlre mamﬂtediﬁ aonﬁpexgtandl puiireg light

For exa eIe hs aro .55

typi ca d
B Gimdanke ST G Bieoen TAE S PSS (P D e, suc

t RERBLAEE A %hﬂfé%@ﬁhé& béwelan %1ﬁ—lmltn%ﬁ§r1£19 haiRg aicf@kem
wavegui des are wel | known and any structure capabl e of

d@ﬁ‘ﬁcrtmengdeanwhgbumﬁtfgcels cghbe used ar oxsted torgrademndreonfine light in
Pr.es [ ._Far ex I such

e scDF RS RReRR ol e Fosce® s RIInErabeh pogh oscan
gt forrhéd By suiitioligbldlivhfydigetht copsstidn ofta maexl, makibehsed to
interfaces can be used in order to guide and confine

| gwidst andrropipelightiae & Well knaie present inventi on.

Mor eo r?{ %ll‘i’r%‘ﬁ lbﬁ,&*% thé E{n?rf‘i?m d?éi&é?né‘ﬁay&afk Bfia s E&ﬁ:d

by con ol y varying the conposition’of a mate

nalycondayes @0 atemalso preferably designed to be capable of modulating light that is
traveling through the guiding region 32 of the waveguide 30. More specifically, at
least a portion of the guiding region 32 of the waveguide 30 is preferably designed
to include an active region. Accordingly, the first silicon layer 16 and the second
silicon layer 20 are preferably operatively doped to form active regions (or doped

regions) in the first and second silicon layers 16 and 20. Preferably, the first and
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gui de and confine light as is well known. The first
silicon layer 16, the thin-filmdielectric |ayer 18,

war@eims4second silicon |ayer 20 are al so pref € BDBE3005/028391

designed to be capable of nodulating Iight that is
traveling through the guidin@ZFegion 32 of the

wavegui de 30. More specificallly, | east a portion of
t35eonshikigoRdayesyi 16rng 20 gre fiwéedeé@epe &r grga wdere it 1s desired to

%@ggdﬁgk Miedf?%'h%ﬁfé# chfcenR&tictiSr S tﬁ@&ﬂt%ﬁl ;Elaglg bﬁ@e Sl,l

ngly, Irst silicon a écond
Sirbpagating ﬁlymghaﬁe guidingrregien 8B loy tlmpmvagumle B9. depestribed

dripvedhoilican Fuclh ook Papeohe ot BB opbPepdmpe Thae or

fViESTerd dnepiMly, 3hd A8 rdgiorlape sukficiently d&bedadh 6I(Q9Mhleve a |

in aregion or area where it is desired to rapid
alesized mhdulptiereorcayitching speascent r at | on across the

oui i bt oy ouRBLRRRAL 43! dEHR chitGpo for

b edingtd @nsdct iox@e sﬂha()‘rﬁrayér@(ﬁzaﬁ absec&rd sledriedl dohth@ 28 for
silicon |ayer 20 can be n-type or vice versa.

mrewémm gpntachto siliqomjeyer é@. s shewe tl@momaétsaﬁtamgl 286pred

ef%ga%ﬁAf&aQeé‘&%gefYn&;g # d«}%gxké q%—ng}r?g aggﬁ’d?ngfe ol d?fezglﬁg)?&r to

fmrrsmlzelopntsﬂ ilesaés thatrdaa b c2Ged by nmmv asalare preferablytised irt sich

the silicon | ayer 20 and a second.e trical contact
BRI \HOSIOH ST SBHES ey P%%ferfgwa% Fuckconfgcts that can
SR hhﬁccﬁf?iﬁh@eqvﬁh AR pdnd8valien RS 1880Y%n SPRRRHly owned

apart fromthe active portion of the guiding region 32
i go-pandmg W.6. RatantrApmdiceen anitled bowdsoss ﬁ?antace?ftnwrcsaliwed

U Bt B R BB M B R WG Sl e

Clondvaiet. s t hat can be used in accordance with the
present invention are disclosed in comonly owned

co- penfiFfsgably. ghe eatack 20419 38caae fasmed as fayy e‘éiSLa@W plygic
t .

(I\%%ﬁ%%t%%&g%g“%}gt ho‘ggshr%fal lk/hn uf tisi gc?v%l 1 e Cordmg\}e the
ommdmnm' Iayer 2Ppedferblyl iycluddse: lighty doped 2ionrds tBA anfeast
for m1re3|s e ohm.c cantacts erei.n

T s (he Bt (KoY s pPIE ARy doped Mgton i preferably
AespRd &) Bhv¥en $ hqogm%&lﬂ 18898m?. amew?sg tIHE &S rsﬂi%ﬁ/ layer 16
i ncludes a highly doped region 36 that at | east

preferadly includens highly dopad pto® thmt lesstpastialy fars tislopntact

S S SRS BRI RETR e M or

| r@ytetivbsi REdf 18y eab Miat 1@,thlﬂ3‘ﬁrstésﬂivoghi}§ér de pasltypeahe fegléh 38 is
that at | east partially fornms the contact 28. The

r¥f) BASTabdy Bripes Simplarlyyi bthe serong stispe dven2@ smrwppdheiregion
Wd afsB%rQQﬁb%-%e.t IA‘?ly contacts capable of providing an electrical bias to

the guiding region 30, thereby forming an active region in accordance with the
invention, are contemplated and can be used. Such ohmic contacts are well known
by those in the art of complementary metal oxide semiconductor (CMOS)
processing.

In operation, a phase shift can be produced in light passing through the

waveguide 30 by applying an electrical bias across the structure. This bias activates
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respective silicon layer. That is, if the first
silicon layer 16 is p-type, the region 38 is also

woe@bei bty p-type. Simlarly, if the second sPCT/USI005/028391

| ayer 20 is n-type, the region 36 is also preferably
n-type. Any contacts capabl el®df providing an

b APReg i3 486 ErenBa SR IR B At S hhereby fpguses charge
| MR {09 Ro Vb & akORE %Y@écﬁi@ﬂy@ﬂ@ Qﬁlﬁglks?igulﬁ %@Rtaﬁlécﬂa an? 28 can

ohm c contacts are well known by in the art
d@npbéuambaMyamﬁmamnmxﬂméhs@md@gnmd@ﬂmpn@Gmﬁ§n6and20zmthe

rocessi n i hift ca e .
ST uks Pual T iR rBidho e Cis ks 415 Crapeqgprier
aRPhe/dchige @dbtp@a)exeglbhg 8t thbifidst aAg EQDAd kiliGors fayb&! 14 Shd 20) nfove
bi as acti vatesthe doped first and second Silicon

Itayardghe dr@leam!; layer 18tand Butléup epgs loauewde tzangef charge
{ O\Nar | C
Bnbihal falBiRLPER oAk SHRARIL I nE IR s aiganin

a&ah iba%sabtbQﬁ@duﬂdtellghtr\ﬁﬁeraﬂﬁ nsRtutuict K ik ipﬁm’ldddaaseahslnnb@a
and 20, as the node 34 passes through the guiding
Mafhohepepnter frEomplct (i famBls: Char ge carriers in the

activ qggggg | f : [

Iayergn& an &ﬂm%gggﬁlak %?@ﬁg§§§§%9?§1£e9

aﬂodn huioptcal deace a&pabka ob pmﬁndiag A dgsxmdsphasfe shiﬂatogleght passing
ncentrati on that eth uce a hase shift

RRR e e e SREGee Sh FincuSh ke reBalo Hil achs

I deBsH thw&ﬁlegetcal%em%b@fowaml@xe Id&l&mwagl&oin 3&spBhscAb Fh @pplied
a Mach-Zehnder interferoneter, for exanple. The firs

ani@:tmaﬁddd The Bﬁrm;«rellay@fegablx BOTth?@lgB@d fog mlae ashecharge storage
e%%c%ég.r{ elzlgctng %El a]f: or %recr:rellu%Q st%j‘rage eemg)gx%ﬁglrg contact

providing a desi hase Sh

trhetaLsRitidned ﬁéarrwhﬁ Atti®e pa'xhlen%lf fhd:Qiech \ahlah) nfdwn @hm 6f18e optical
| i ke a capacitor, at least in the sense that charge
dasses-eMorGengie thesliairre pldhei preset invieptionpreferably P@@B’aﬁ%@

tQndWich @F’;/étﬁ%tc%h‘@g{sfng%ctfﬁﬁélﬂco H%ﬁladdé)ﬁa}]fageﬂs father than a

preferab ed for use arge storage
dmdwdae(amusﬂéamhtjpi&aﬂtranqmimltor) because such a

near  CREVSIE R e Fraatison 8" (et pEa bl oL P adayer o

C41REOrOFH-irS@htok 9ESRere bYPAROVIR sillddR-ohlihstAHF §nRturtdiste
present invention preferably conprises a sandw ch

seadibr ayedahle pgrpingictadlyaith w@p@lllqoed«we( Hiag porypaesp e gingle
| h
PR M8 IR o RS A RSP B

I Highpfre¢ edraibd niobititynie gedrally gehtaxyman af least 500 cm?/V-s at room
silicon-on-insul at.or stru&pure because such *
SPMPEgRUSferinniyDE stiern andral cqag 200 ca eV ShEomy CHPATA B I P-

g?ﬁ%g‘%ﬁg&dﬂl % ndtddth@ thQR vatukd fo? Brek @YSier MBIt APk GRefRrred

values for the bulk material (or initial starting material) that is used to form the first
silicon layer 16. That is, as described below, the first silicon layer 16 is preferably
formed from an initial silicon material that has a high free carrier mobility and is
subsequently doped to provide a functional device layer or active region for an
optical modulator, which doping may change, typically by lowering, the free carrier

mobility of a portion of the initial silicon layer. Accordingly, an active region of a
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crystal silicon |ayer, which can have a high free
carrier nobility. For exanple, a high free carrier

woRleloi18y7 i s generally greater than at | east 5BO1/US2005/028391

cnk/V-s at roomtenperature for n-type silicon and at

| east 200 cnR/V-s at roomtemperature for ptype

silicon. It is noted that these values for free

clevice dayerphin ontigal mpdwatenin aseedanceatitly iepsesentgpvenien may

%k;g ?%E ?5&1@ {nt(ggfl%t* Pfsa’lt ls% gf%l?trﬁc}rg gg(?fﬂ%rgﬂ rﬁ‘lﬁr) ?11 Ljﬂggaxhg‘ device

used orm | con
dewer ibad, daet,aws ptd’ferabiyrts tagtivittco slhbcaymlateilﬁl thst has a h1 gh free

ly f tial I t
By PR G B P e S8 FERE! ) s i
sHhsgguent |y doped to provide a functional device
| ayer or active region for an optical nodul ator, which

dopi ndnregorddnengath thy pieseit iy ehtjon, dheesilieng, laydr@0fis preferably

lity.of th al _sjli
] suf b e GFondePS 2 b Rl et b ibisig e o
Ghe ABe OREECAbLINBLL BE Silichi 2360 BRSELMI(A mbfareAnRERA

invention may have a free carrier nobility that is
dlopingrte fernt aasive davich layeisdon aroeptise! mpdulatanie Foeoxaneple, in one

' & Bldiméd! o of Y optftif mo fihll% or, RESi gfllgé{??&gr i(Pca%th%rf%m\Mdta'} A

Icon nma as’ a ee car

I’ﬁmlmrblhdtm silken $8fer fhat isBubdequentlyangbtdl hred aalbaaqiam/ﬂly within the
region from(or in) that initial material. In
dupgioaahrdica) mepﬁ@wbr K I Proyide Ampryed fiige caier mghility. In

| A% fer &ngﬁmﬁﬁ%ﬁﬁé‘&'v&tﬁfnobﬂe%ﬁ% ﬁ:ﬂ%r téﬁ g{m bormbd | bv‘ftﬂ An

l'ayer 20 has a free carriéer no is as close
taffectiec ¢rygiel stmcureby sabdsitive Byltaxﬁaltgtmmhi\d'hewm ektapded 14t6ral

PRV G R el BB At vt B 5 s b B e 20

IR sﬁé}ﬁox%?fﬁ)&cﬂt MRt soffe AtheRin- SR dimdtﬂcabye"r,lst D@ ofek teeRRique
| ayer 20 can be forned as an anorphous silicon |ayer

tfhaproviling the stigemidygr 20 iy arsinig Adwngding| pseesss etes¢riiedyin
V&!oh{}h 1§f B%nEAJE‘oC Eé%u@%bt‘éﬁﬂ Aé}%&ﬁ uIS’{ 5&}{{%5 éo%}igcggi;u%-mm

provi carrirer n-ano
Sthmdlrwlmr (D;ftlchhModﬁll‘d&alﬁ andrMethbés of Mamdictlugy Bled 24 evamdate
be formed with an effective crystal structure by

dth-ve epi taxial growth wherein extended | ateral

over greyidal &Bdél%?s 1%%@&3&&6@ vﬁﬁ’x‘ tBé‘iSfe@ént gx'i\%%!i‘n 'sﬁclil%etge

to provide the silicon layer as such overli'es
| apdisal sadvdatorf 1G shownhin friguird iy Qanéleemtdmas deseyibed h@ow

her tech d t h I
TR R RN SO Brahues ehniged crn B8 Sro X Bty
Q& kn6Wn PE AN diéheld tézhnidatLetin bRREA Fidich®Br Rokibiion.
Bonded Thin-Film Structures For Optical Mdul ators and

Neefpmiag to Figuemtifafdliqoneon-inpylatgr grctire A0 dhat encludes aisebstrate 42
%e&@& SHRQHJ Bﬁr‘?%cgm{ ﬁee BEGAIRNE BrsWhiliPort 1FerHeqS Bltistrated.

suc
Such 5111c0n -on-insulator substrates are commercially available. The thickness of

the buried oxide layer 44 and the thickness of the silicon layer 46 are preferably
selected by considering certain desired properties of the particular optical modulator
to be made, such as the dimensions and/or structure of the device, as well as the
processing techniques to be used. Also, the silicon layer 46 preferably has a high

free carrier mobility. Preferably, if n-type silicon is used, the silicon layer 46 has a
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opti cal nodul ator 10 shown in Figure 1, can be nade as
descri bed bel ow. Preferably, conventional CMOS

wW@e@eessing techni ques can be used al t hough anpCODUR®N5/028391

known or devel oped techni ques can be used instead or

in conmbination. Referring tolf¥igure 2, a
silicon-on-insulator structure 40 that includes a )
dipssarier eobplity of i leat PYO e/ VeoHah)rooBisnedawss. dé prtavefflhcon is

;h??d’ Mifiéc{nsﬁi I4|6 ?éjfgrab@'%rs a%e'c%rrielr Irﬂ'b%'ilf ?to?g legtl 950 cm?*/V

Pcon- on-1 ASUl ator suBstrates are comme
awardombtempethreret hi ckness of the buried oxide Iayer 44

and t kness of the .sili.con |ayer 46 are

o olgubBoR sorisn AfhBRaTEr 46 Y ke iSeied e form a

FHrRQﬁ‘eWcle e5yePhs wgmwlhwgur@ts 8ntH Gléétnﬁﬁqwlﬁi&lrfa&ﬂtab& the
such as the di nensions and/or structure of th

(felvmat@n od pluell devmss omthepamc esbsimaty. the theilysieated emltzmhment an

b hi.gh
ARt i Raeh B9 ssed B 0er BN aPgicn Rl ety BinPedydhicr
107 diki&sthic mBRrigl drbGRItht Ay dte f&irh@sr. ¢ SRwHdh Ickdk-section, the
nmobility of at |east 500 cnR/V-s at roomtenperature.

lofids-trapsh 48 iingludep okigle pertipns A and P2 pepart piihe pum@inding trench

Qngﬁ%rlgcﬁ%%s ﬁﬁ%sﬁr de{n%g la&@f ES ﬁérrnrfﬁp %én% 1¥de9fof Qilc{)r{eﬁﬁér %0 Ol"he

room tenpera éra
tineied bkide Myek 44 &ovlabs3 thsfist &e&m«d lapdrl48 fmm Ibalbeﬁbotthatfanr m

afirs er. 48 a Fjgure 6.. Suc
Sttty otk ohshider sambrcsisds bR apure Brer 48. This
RlaH ‘B@ldoﬁce\ﬁ')lce@(%mgfk b eha3RWR &R $dolaMoB (ST1) ok Mal ox1dat10n of

illustrated enbodi nent, an oxide filled trench 49
sslednt(bOFEIS) peocetheres asrlgto“dremcoevetnayeal QMOfSypl‘O@Sngg a
bor der. of d| lLectric ﬁrater al ar

oot o1 StyPtad R eSIeRoR Plobls AL A Hob e S % Figwra)

4Qch Bcd sidesn sixidégayee)it et defdditadon §2 sAscopadyer ab. Nagt,
surroundi ng trench 49 that isolates the fi rst devi ce

|capeentiggaliy kavirhpaskinegsandiching prepessessie nepdde forgn traneh 49 as
I
%gf’#vrﬁgﬂmﬁﬁeggﬁéﬂ?’? fHhs! gﬁ %lé@ 8 dre QBSTVP ifi Bfos ?éé'ng ! S’ﬁ%éﬁ{élrled

W SO ctrica I sol ate
afxidd lnyarad, ssshotyve, drrfmai; te dapthtdfehd tlrafr&h 48eAccerdiryethe trench

48. Thi C be .dao for exanple, b hal | ow trench.
@&rg{g«‘r@w ?%*ﬂeit fl}ﬁ&@é’dce AVCHAS PO 6¥an§1 ?\ﬂ&éﬁdeders‘eé@)ls then
RiroGae s ﬁr% tHEREV | hJ’sh%%\{ﬁ PRl wiMRep aRE %%a%r' ddder the

I'n at &I cal trench isolation process, an etch St op

| eéghestorb y61(534e es ﬂlog{mr Ny, theioridakayer &0 over e frst silichm device

B ol IS RO SISk gt e Banarizec,
RL6lE RS EEsing Eherfied nicehdrdéalpidcesitty MRS Hiea)the iefthfstdp. layer
4 (trench portions 56 and 58 are shown in

0514(1%‘5*»“@’9‘(6?1!16 mefenrwéf b uelptbeelpxery dhinygasybeggmoyed, sudygs by, for
t r en @ ES 2{59 pr e ghb %En %ée]%tln el?Q‘%lﬁgé?ﬁth é@ﬂgﬁgﬂ lg%r$§yf¥edl}§

asslicon layer 46dnd ﬂu& fosti déeich dayer 4& 0T hessttueame shown in Figure 6 can
thus be provided wherein the first device layer 48 is electrically isolated from the
silicon layer 46 by the oxide trench 49 and the buried oxide layer 44. While shallow .
trench isolation with silicon-on-insulator technology is preferred, other techniques as

described above, can be used. Moreover, any known or developed methods for
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provided to fill the trench 49 as shown in Figure 5,
whi ch step also may cover the etch stop |ayer 54, as

wa@baer178iext , the oxi de | ayer 60 over the firspPCEHUB2009028391

device layer 48 and silicon |ayer 46 of the structure
shown in Figure 5 can be plab&ri zed, such as by using
chem cal nechani cal processing (CWP). Then, the etch
Naypriciagor ragovinhmaierigls Aracoaratgs andisuch progessesmgy be
\Y ' [ .exanpl e, an
Bt 1Y ol ETE e ST FRule RBEUEDTE O
| ayer Pydfefabbmtienirssddviaedaydr 4§ éy dep@d am tbrirhepftypesictive region
devi ce | ayer . 48. The structure sho i n Figure can
tiRL&n %‘cﬁt/‘BQ?‘ﬁ%tef RHARE et Gacq oy A Scrmay Bedonggdde Rorg fren-type
ot 3@ ' hite ®ht beRR:
SECLIGIA oA 30, S GhL ot hatei R By o
stfigt thewrencleisdhrmesi hawi e, suich Hoging icematerably perfdratediin a

technol,ogy.i.s.preferred,. other, t.echnique descrj bed
AR e e Porppin) g o S v 4 et
ke DIpanidl saftpad Bdrbd e bd @B YD BmIPREYDE rédiéns¥ng dopants such
contenpl ated, and such processes may be conduct ed %y
ASWSshirbirospliorus ehd Atemenyegsn hsfused,fo fopna-type hestviegegions.

R ir ' : i f .
T e T
tdn@table fatusel @voptieal ydulatid. rGonhvbstichalie dndwn phstBlithography and
n-type active region if desi{ed. Such doPing can be _
demENRaRiatien pIREesFesIRRhbYeseAiof gxamrie & PEfqrEythe paterial doping.

i &okedl tﬁatfsﬁEm&Bin%ﬁ\ﬁ?\éﬁz{nge R SORH S bBi1IRY cﬁftgelr ﬁlgt gevice

performed in a manher that” mnimzes the poss
dhyend8enily thb ieistibienont freth tieuséeorarnér raip tytofsipeinited silicon

ants.such as .pboron c be us o.form.p-type
TR IR w3 iR e el oSt Rl et ROEh RiiB el gugh as the
HilidoRDaNEr 366 REMUBE frst Bevii 18V é-48Y PeddEGEdiaNg, 4s88énRidGed above,
Preferably, the first device |layer 48 is doped

she first devies \ayerds predsrpllu seffisionily doped terfpran aw agtivgsegion or
. ! s . | _
3B o PRI H HPHLLAL W BR RERb AR ForlBMe, by staring

usitidthefstlicor Xgppi € with tixeatiooe motel éreoehueier alobilivpianctivd region

Is noted that .such dopi may. change the free carrier
3B o if?‘V‘eE}ftﬁ*’ct jincapaplec! adusviad ml} Shodydation perfprmance fgreager
dhiif1ef eftheltzpm the free carrier nmobility of the

initial silicon |ayer 46. In any case, it is preferred
t o st d¥extyastshown ki kigureohalthinsyfilmedielestak laygr B0 mprefiambly

ArapR e 5% i Bt RO SggbESH oRBYe Per M, pBustraea

| Eeahint Binpdieleetria bayer 60 bfdvides Atfhyctidapedvice 14y2F Poridn over at
active region capabl e of achieving the desired )
st pat plothe Hiest sdican dewce layer 4Sxfanpleetro-ppticaily crqatpg on epfical
¢ el ) o . r .
b 0 BN AR OB LB, R0
ahmpabileangitrandhimay ba thehnglly grodul aidepositoé niag pameational low
(greater

pressure chemical vapor deposition (LPCVD). Moreover, the thin-film dielectric
layer 48 may be formed from or include other dielectric materials, or combination
thereof, such as silicon nitride, aluminum oxide, aluminum nitride, as well as those

material generally characterized as titanates. Any deposition techniques may be
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that 1 x 109 hertz). Next, as shown in Figure 7, a
thin-filmdielectric layer 60 is preferably deposited

wor@ec/0i1se7 first device | ayer 48 and the oxi de PCT/U8ZN05/028391

trench 49, as illustrated. The thin-filmdielectric

| ayer 60 provides a functionaf-device |ayer portion

over at |least part of the first_ silicon device |ayer

a8eq Bichap grase anchpting ghamjcal vaparidsgoation physiea! vapor deposition,

2or . For exanpl e, silicon dioxide having a

{Eﬁ?cﬂhﬁ@% that is preferably | ess than 100 angstrons

may beAftdreherdlin-yilm dmlertria lagamdss tiepbsited toga deired fiinctoml

| ow pressure chem cal vyapor deposition (LLPCVD). .

NBickesseran aE‘Pﬂ%P]?‘_rHSﬁﬁFPP ook tar QB_YF’fyétail”éI_Veﬁghcﬁo{W) igéhen

fchJEfEPd‘ElJ dpabidd, Fﬁ?én%?d@ﬁe'a?ﬁndjdt G Rt A1y Al Pro Bfm a
onmbi nation thereof, such as silicon nitride, alumnum

oxtatd, siladonrdemgmlayiet 62,dud tasventially faftar lspseurmhprrcessing) define

ener al | haracterized as titapates...Any deposi,ti on
LT e e 7 g T 20 B gk RAICE WIRCI ASPSG OF i resgnt
Wﬁ@&ﬁioﬂ.e BOSArtiEwlAy, aﬂ@é@ !a‘f;@hiofﬁaﬂ @écdﬂ_ﬂ RORbA device &wr 49@at
like. After the thin-filmdielectric layer 60 is

Fepwsisesctiparboiza astienafioptinabmiodwator {wWher Hesfirst apd second device
D L Li o .

PEEPROUR B b0 BTy SRS RNCHRIRE B BBl i

aiRdnaffettbasingdactysal dtyucary fdrahdreased cartief mobilidy sadsetribed

silicon devjce |ayer 62, anpd to eventually (after =
SRelQYE inmgre aalcePs%thgl}g 1HRY prdong bt anydengivaag derelgred silicon

éﬂeﬂo%‘lrt_@clf%iddl& t8BRPGHRY CReald dlisBRd BFAREIN &thd BRond

pr ese t 1 nventi pn. n partl cuI_ ar, at | east a pprtl on
afeviedayed 621 Diopimg ofl éhe seeoridadearce 4@y er hamaydepions gsaryy manner,

art of a.function opti cal dul at or ere the . .

FRbR ¢ st e B2 e 45 6 e Sleer e Bt Setipve o

tdtsifed mbdigticd @&forinandeayer 60 in between) is

crystallized as an effective single crystal structure

for i n¢daenadlycaean layerpdbsuchay siisonidiorideios theddedspieferably
. I n - -

JBEr 8% s natBlrk B sioRd dEY: BFT PR B E R RE, dopine,

pand feeysadilizing stepd @ndre pesfoanet] iafangidesicdrorda altheughahe petond

Y SO L e AP Ohn st parkly S lheed e e loppige minimize

Vﬂn%r!bore%ﬁmﬁffuﬁen EfrEcd od8Y UGSint. aWReretBe Kifst QEABE 12/ 48 is p-
achieve a desired nodul ati on performance. -

Ak, theosadniddevicedayer 63 yethe®fore oiype, and vick iversa Bredorilly, the

or the. like is preferably fo d over the patter.ned.
St Tas® PR EIoPRE uici R proYige ph AP imuraf it
dfopidedn opfichl @fodataibhi zi ng steps can be performed in
any desired order although the second device |ayer 62

i s pr efhersaliop mateniad famorphgusicxpplyceysipdiing) fortbeisasenddevice

Oi%’é'r%g chi bE'héBdE]'téchy any technique such as low pressure chemical vapor
deposition, for example. The second device layer 62 is preferably patterned to
create a structure wherein a portion of the first device layer 48 can be accessed for
forming a contact 64 to the first device layer 48 such as illustrated. The contact 64
is preferably an ohmic contact and can be formed by conventionally known
techniques that may include forming an opening 65 through the cap layer 63 and the

dielectric layer 60 to provide access to a surface of the first device layer 48. The
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any potential diffusion effects of the dopant. \Were
the first device layer 48 is ptype, the second device

wo aye011B827 i s therefore n-type, and vice versa. PCT/US2005/028391

Preferably, the second device | ayer 62 is doped
sufficiently to provide an nigype material suitable
for use in optical nodulation. The silicon materi al

(coRBE kol Preferablyl ayeatsrsata noiH ey fficintly ispaced deomea guidingaregion

lé%ytg 1m1%§§otgﬁtla[q gg&g%ﬁcﬁ%ef%}’edq Q’s etfﬁ?‘& %zﬂlégn B ?ghsgihiﬂlvgtal
essu e C eposi t1on, for exanple.

Sﬁmemls dihéisecondaleeice a:‘agzer 62 psraﬁoe}frafetnglyppzttteareal&d cteate a

create a structureﬁg\/n rein a g(g %on of .the f rst

VPUE Joshira pgtach beRrayid P S?CQP%dﬁb‘C%I Y8t %aend such
?ﬁatttﬂe E8Mead b6 galgﬁéﬂfﬁﬁeﬁtﬂyﬁiac&lsﬁ&ﬁ(iﬁk Sfdink U@Bﬁ 8% &fminimize

e cont act I's preferdably an ohm ¢ con can
hmtefrmahzéntowﬁon ozlatediase nﬁbdts'tha‘ncambetceumdl hyusmsh td)mactsraijhe

R LR B gt 49t BEBRByEAYGaSn,
%Iomqeclﬂtquteb fhat Ina$ inchQM f6RNINAYNE b?érﬁng dbarepicastayéied ©
preferably created at a point sufficiently spaced from
Providepergsy tedhosecesl deyieri layerioZe pot ential absor pti on

rel at elg alcgo%?ﬁ]n%fe ‘iﬁ&ta% C'flsg&tt of hd p?e%er?tEI§§§1%oBytlhg§éc%hd device
mat eri‘al’s evice Fayer I's al'so

Aapdr &2 adprefepatily &feﬁﬂdll)t procéseed Qich as by usihg hdusacd, bpit re@ctor,
contact 66 can be provided to the second device Ia
gepigibermgbproeesser. heatedelgingity orglgser sysiera &0 ateast patial! Y y

S&?s‘iﬁﬁzé heRdong dGHhQIa?rQﬁ 629%&9{% ttge ScDhdhARee layer 6 isat
entl a sorptlon ate oss effects that can
claams pattibly snysthllized s@thiasa crijsallime ot pclycBtailmeatgon with
fer bI . an m ¢ cont act an be fornme
P oied ot BTG Car PR Afitad BEe TRt a Ok RBftiget the suiding

fregidheg. mc&ﬂﬁ@m @heﬁsﬁcéﬂu dil@naayer l6ayeprefedabl fdHidiffben
access to the second device | ayer 62. |In accordance

wilidenamatersgl drat hagt a mebilily Bhabistat JeasteldPs-8776 afitee mebibifiof the
OI%Xt'BSS dlﬁXseﬁse‘é?o bt th g ARiYe fapaf zf?ﬂrtﬂé’siigéo%ﬁﬁfé %ﬁ). SHgh
as y using a rurnace, epl reactor, apl t herma
pﬁuﬁﬁﬁs&@mvehﬁtﬁﬁl@dul&hﬁnﬁmfommmd aseprefyraile m havealie deeast

part| aI ly crysta the second devjce I er 2.0
ligomrlaysr ¢2 m@éltgé&@wt i ¢ mas) ereferablyc S o 2%% Thus,
poF tﬂlt@z{llsMwal Yrﬁﬁéi‘lall f&qgrnﬁﬁ% Hﬁaatctlae fé‘gﬁtcﬁ{tlllé steot] sﬂlcont layer

ycrystalline region w enhancéd carrier nobil
c@?rprbérqbﬂwhascbsdolplht}mf abeutst0%a rand adsy prefasatily olesofo 10086 of the

e n 6 Accord I
Pyl Mo BB Raltdr RS iR o s e i R ehr
t hat h&asy grob®Bichn byudedahatiiScaphble 085t le? Yartialty @xfysttahﬁmg a
mobility of the material that is used to formthe

fsﬂn@m laieyi sveh pugreamarphoysiidlicon|layesrio pegyéde udgsiredgmobility.
of egql'&?;sallr% ig Earl Qeecg(ﬂ}é%%g é@g frllrgg aR&/ tBQ 6{BRG §1’11cbr§ la'ygr is formed.

era ave
Moreover, any process capable of improving the free carrier mobility of a silicon

material, whether crystalline or not, rhay be used. Moreover, such a technique can
be used to improve the crystallinity, such as by reducing defects or the like, of a
crystalline, polycrystalline or partially crystalline silicon layer for the purpose of

improving free carrier mobility. For example, crystallization of deposited silicon



silicon layer 62 nobility at about 50% and nost
preferably close to 100% Thus, the initial silicon
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silicon |ayer 62 preferably has a nobility of about

50% and nost preferably closg to 100% of the initia

silicon material for the active region of the first

Sfillis@gfulyeE Nams, andgsepreclatgises Gan siiicieae@dnipdaturt Snd time to
abl e of at least partially crystallizing a silicon

|6&§@V€ a dawirpddegren of FOFIIHIEAUCL N Bedtsetayer, to provi de

a desi [

at any ey oBer ot n%ﬁ%%"%tsifﬁ‘% &3 B cfith, A5ecion can

I\lmnesed'me;nhamge qnysma:lbszmomaqﬁ alsilzop imaterpal. oﬁomahipm tefering to

rrier nobil f a_silicon material
Bl p PRB e ol Gt o ioind s b Y uiliRed Singne added
tlﬁsmﬂoﬁ b€ a S8 BfioH 56d The seRESYR 7 hsmgﬁye%taaldpemhg ¥2 through
such as by reducing defects of the
cthgz éteéﬂcmqieyerpﬁﬂltw reymsas b iswréacgpopzant 1 4enﬂt!9ze ﬁrsy siligdn dgvéce

Sla 91 and can {‘ égy a gsueg tec%m)%n? sHqh. a;%tylpgﬁergfng and

d&ﬁﬂﬁg W&H aﬁpﬂobﬁﬁtefpkdo@’s?seb)/TlﬁéJflﬂﬁ@e pottidf 74 padterabBshctions to
technlgues at a sufficient tenperature and tine to
hesibigan sragaliiggiasepregestp “5@@ a¢qond silicem devige lgger 62.
I f nt
(BB hERGERRERNE Sl & b AR ECIREA YR b8 debAPER TR
Ochylsd:tab layza60 emd arf tha ssifadeqontiomai4ess QﬁbwnFFmFlgaxeal‘ml 'Ehe silicon

re 9, a, structure sinmlar to
it bt Sharm Y Processfi B deaeRoRPE Y bysder 18 Lfeast partially
R!r?éfhlﬁk@ﬁhe@fhc@n $58A74, ?géf@ﬂﬁbl@oat 1ehBEp3RH Witteth @Kk 14%er 76
conpri ses an openi ng through the dieéelectric |layer

awmwa&latewﬂbmmr&e part Phthe fpmuon@lrglrrdb I@Elonh)é af pplagal

b i Y i Bl o R0 PR PR et Rporion 74 s
W difigla p@rsapmmhal @rsickesike $ayefr h®), s mmgmcz@ysm stutfade pMnon 74
preferably functions to enhance the_sil

cqaga@fl%h ¢ sipgleicaysta) epvgbdn g silirondaes g dgmlg @’éﬁfﬂ&}h%ﬂéon
X@ﬁrs 6%he s-ll-ﬁ'?l gfaﬁtal Surfdck gSgﬁnlﬁ.ysﬁg%c?r@’ cr %é:lblg pment and

nDrp ous sl can b eposi t PREET
| faytber fB€ilitated abgnmbie of thef developed tnystalthlasﬂsadmvlmyar f16 to those

e S|I|con | ayer 76 can be thernmally
ﬁ#gﬁﬁﬁgé%“a§na$§ Bi bed above in order to at |east
parti ahft thé ¥ifitdd lab&erctib et 18hst p&@iay exyyaf allZRd, thé @ims&@tawr 76
at least partially within the Iagry Fortlon t hat
&

vﬁspref@relvﬂwrplag@rngbmfocﬂ atspeonfl digeice 1783u lefestrustyire pangthen be
) RE plj;g ss¢ agldle&S'J[% d al%(/e 5?ovrind§m ] n?a(hulac’tgr g?uv u%?

| 'ayer esur ace Ion as a sin

Csfhwhah Figﬁteerl als §Hawrs theckwctoﬁe $(np'xeferab$9 als@irludgs Eontacts 82
crystal surface portiaon. 74 can_enabl e S|ngle cr¥stal
géwé\/sﬁha PP leer 863 P‘Pdc%)&mfhé‘%?gl% 83 feFthef Vhigh can be formed as

Cc{e)ééh%h'oh}ﬁ@%%&@d Bb Ve Kitern 5%@31&&?&?1]&5&&4 hb%%ﬁé‘&ﬁer

portion pports cryst opnent
patterning to create the second device layer 78 W1th subsequent processing as

desired.
The seed region 70 is preferably spaced from where the guiding region 88
will subsequently be located. This is done so that when the silicon layer 76 is

patterned to create the second device layer 78, the second device layer 78 can be
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further facilitates alignnment of the devel oped
crystals of the silicon layer 76 to those of the first

walencoershayer 48. After the silicon |layer 76 iBCHUS2005/028391

| east partially crystallized, the silicon |ayer 76 is
preferably patterned to formg_second device |ayer 78.
The structure can then be further processed as

dgesiiédgdsafted Goiahé Grsndavicofercss torppeeheth@Ifirsttant GEdone
80 shown in Fi%ure 11.. As ghomn the structure 80
pjfeé‘fcérl%)ﬁlf%r 48 ad 73 Frepefdivelye BANSEPEINGD Afrithown, indFigus 11, the

d BQicedr 98 Wi idRe T, SB128d §8m tﬁ@‘f'l?st(aifevﬂé@'la%r 5&By the
?grneé descri ﬁ ?ﬁ

gested above
Ahtreﬁlnadiuelceﬂny layer ¢81 Alldoj ﬁatqpemng aa olf thedsoexbregfdneio can be filled

nin ate t secon Vi ce Ia er_78 w
Ay b g 8o 05 Rgledah GUSEF Dt BrrsecLlon Wjap bereeated
I a%y%@k%qg{ gyas%paﬁfsd ald QEON&S Gcel 1BFer g Wsdina 8! @agll e%m§§ny be
wi 'l subsequently be |ocated. This is done SO

weatricahly isnlatpd prorfenyte formea modplatar devied int @cord@afceewnh the
second device | ayer 78, the second device |ayer 78 can
@%?58Pr|cally isolated fromthe first device | ayer 48

t o pr emenbthtNémbddisbntandtabaeinoel BeyileeystaNLitidn (WBLEYEan be
78 respectively, fron1short|ng As shown, in_Figure

1used fhprogwiseryetallization proeqss Ban amepheysqrpartiajly crystalline

AP A0P M dlindceRto Bk g ah ZHEn amXphdlf shitb i
sfileds asag:rmssmsetfam wil khowhed tiypicbyMIID@ pepsd iayladesdfirst
I%?IS not ed, Smeve{ t.hat tp eed r |on é &an be
gtitine ahgpreheusligonfayerdo ppgs F‘}‘?Pt ﬁﬁ’s‘é‘ g A low
AeMbERAMrEYLHS layfBis WG pfSferdbBNdBSiddUset bhek%?norﬁ)hous silicon

electrically isolated in order 'to forma nodul at or
deydrc én crpeamgomh ae @ chanmil, usﬁ@nnﬁd/mhﬁ tonw tempegateretoarde
enbaodi net al- i hduced t eral st.al | zation
CRREy R Bhposk S TR B BBl ply S R af @ AR 2 meta
PhERES isl dépédited O (tHAD ésnérs] flar édv@fs| the é:ymbs&ﬁidrfae@portlon of the
silicon material. Metal-induced |atera

caarpheussiigop GYebf AaAb RIS nigkel %’rfbet llfﬁeﬁ’rf Thergtrygdurg is then
Pl{e‘%r%ﬂg)é/sa' sﬁxlﬁf?@% tﬂézzragﬁlrl)cég M the élétéll thﬁqjilgrl\%c!tscas&rﬁ?gﬁac‘lﬁzanon

i nc ting an anorphous I con
t agehefos vhsagueystdlyzatioy of del anmephoud siliwan figmper at u re

gﬁ%?gﬁla ccgfizlmscg g\ﬂht‘a é}%ﬁ gSrR%?tld%-é]ilﬁ ﬁ—gsselng Sgﬁr?t\éch éelectlve epitaxial
Q@Q’ﬂ?&m Heﬁlsé@for[ﬁﬁilatergrb\hﬁl SN dFREPRS sﬁﬁ%lé Bryatal @8 near single
material to expose a surface Ortl on t he anorp hous

sérystelp pilicerylayer. ﬂélxa progesgreambe mdmo pltimatgly pd)éfpt@sthc eefond

P¥lop NEr TR bRt RHP IF PRARPER RIS riths e

C@ﬂfab@pdtﬁ&ﬂ 74 dhhe Stdduefioh §0ican filiktion as an area for ep1tax1al growth.
The silicon can start growing from the surface portion 74 and grow outward away
from the surface 74 (in a direction perpendicular to surface portion 74). As the
silicon layer continues to grow away from the surface, extended lateral overgrowth
of the silicon can be used to provide a high quality silicon layer on the thin-film
dielectric layer 60. Because the overgrown silicon layer is epitaxial in nature, its

carrier mobility can be close to single crystal. Deposition temperature could be

between 800 degrees Celsius to 1000 degrees Celsius depending on the system
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heated by a suitable thermal process and the netal
thin-filmacts as a crystallization agent for causing

wa@eystadshi zat i on of the anorphous silicon fil nMPCT/NS2005/028391

accordance wi th another aspect of the present
i nvention, selective epltaX|§\ growth can be used to
initiate grovvth of an effective single crystal (or

NR8ign S SREL@s Eriepitatidl gbwicae tHemselves Woil knOWACHI%NG KAown or
be used to ultimately provide the second device | ayer

®velppedeystent eapebie of gveh ehpilicon Enherused1. Referring
to Fi t e seed I on
70 can pee ot e RE Tl s Weclbe b G BT B,
Sdohipees cétranaélahdt i9idjydengtofand rsp:tdeé apart fraﬁﬁthe Girictional Gftical
and grow outward away fromthe surface 74 (in a
oW%V@swris humswﬁaqi BEAr 5%10%1 tQ BFIVA la?ofﬁrt hayg pmi)etenngleflhe
|

Sr AR SRR ANER, bR RSPl DR oG

tamymam/ tlnteseal feigyin T@ua brdfgralslyldlemgmad sythat amystthihne overgrowth

thin-fil ele ic |layer 60. ause the over grown
B e srtihe SYeruRRor b o So B e S Sventually
ekt it s)éc&ﬁihé?ﬁ:e%y%? €8 iR I&liNOAS Gh&Padbmi hﬁér%ﬂeps such
tenperature coul d 'be between 800 degrees | sius

1290 sdégg@é@d@etﬂ desgsbetbahondi Hglesined, lthf: ss9d reginted) @n be
%ég \ﬁﬁ% SO t%%t il Ig%(o%vxth %te ?f @18 sh1c§£ g%g glggﬁlgyﬁl]\f)%g)e\/\@ﬂcglar %o the

osuefatdpdifions 74 alﬁthhe Qadwiheatd D€ the sﬁhfbnﬁﬁé adire@inaranéerSethereto
be fornmed as descri bed above and %r ef erably conprises

AreFEmisel Aespadingly. Bijsaedriveiond V«am b gligred aiffud erystabpgraphic
t [

e(%gegfg %{; girg‘??\’/’ | oggﬁ éaﬁ@as)}er \ﬁﬁggéé qgr zﬁ ter ﬁqltth’etgygegd #ibn 70
cxrapibb dbimedes alvharmet tat bdsiaggeddterstisaidength phdieskndsyin of

d b
BFG SO iR 0P APy BaL g lBSR Bt R SR enpel e ek with
Oé/&&ﬁalwgribhﬁ@éﬁén%loﬁme@tﬁarf STtA® Hrst diiGorc layet 49,1 i ne
overgrowt h portion can be used to eventually formthe

secondl eareseat llnaglmon?@s newE [beert degcrabrd withheaferpagette seveny
F s n
énsl{:olrﬂlréglgg th%}e%P Tlilﬁ";:‘ éhg al%clémg ﬁf §r§g;gag§ tt%g 8 1% lcl:%lartlloge
ddentified thesin ishateby icogcpated by &tfereﬁée tTie fSrdgbmgmetaJile@
d rectJon gerper}dl cular to th rfac:‘e portion 74 and
ORERd F3ATepIgY havedeen given priderstanqing only. No
tlﬁﬁ’i@&‘é&ﬁ% ﬁn‘ﬁt@ﬁ&%t é?e e lﬁid@}skdfi‘ﬁ th&@ﬁ‘%d 'Itn\gillybe Jﬁpgreﬁ@t%qmse
region 70 can be aligned wth a crystallogra
cnkllmdtlathecmt thatreartyl dwangds cambe friade in thie Iemdoodlmmysedesdtﬂzed

For, ex eed re on 70.ca e forned a
SR A e HO Bt SR AR ST e PP o Bheresent
dnPdrtidh khad abt WXk t8Mhe éfhx%tdi'ésr REEMA Hefei® bueoHHly BK the
of the channel can be aligned with a crystall ographic

dtiuetyrastdesniibad bu¢hd langugge phidie tlaims ard the eawivilgyts of h@se

structures.



The present invention has now been described with

reference to several enbodinents thereof. The entire
walewelosur e of any patent or patent applicati OPCT/US2005/028391

identified herein is hereby incorporated by reference.

The foregoing detail ed deSC[z@Lion and exanpl es have

been given for clarity of understanding only. No

UWRECIESBathed Isi m tations are to be under st ood

therefrom |t will|l be apparent to those skilled in the

art thiat nehpedniasakingn gucemnbased Hin-Aim speuiedentsoptical
%é&nattzfe%y@hﬁggk?ﬂgﬁﬁ%m&%@&tgget he scope of the

inventi dn. pe o present invention
shoul d not previlingiatsatisttate ¢dmeprsiimgiattlenses ficke siticobger having a

herein, but qnl t he ruct ures, descri bed by the
angudge ey of & ket ah et a4 Srspad Bropmemperature;
struct ur es. \W@lingS thincfi R diclctiriclayef hARhE QP rfetdiRideny 2
silicon based thin-filmstructure for an optica

nmodul ahiskness loa ahdsasi eportompefithe firpt siheoslaggrofglie substrate;

providing a substrate comprising at . ]east a.fir .

silicon | ayBPV ARG Y cséniﬁ)crolnsel?ye?ﬂ%iaf 1"'?%32‘ %é(fn ?éggfhm'ﬁlm

200 ceditlesBt ahs SverBiing fe€RNapation 0O HelfRFNREIRIULRT to make an
athin-filmdielectric |ayer having a

providin%il

pr edet@eHRRRE strustatenad on at | east a portion of the
first silicqn.d - . r : i .
second i | 1 SanrRA e HpRe Rl Bl GHceBpBprising a
t hi n- fledsta gaialy tryisallardieoice pbitiong f e deedst sikcopdayer ovith at
of the first silicon Layer to.nake an overl apped,

st r uct %2 dS¥ES porEaR Ph@eg{rwgga e an e ﬁeor_twn of the
over | aRReMn® dieldetrie By s QFRIat $hBYa 3b1td R3S hpicRAEL &Ik Y
crystalline device portion of the seconJ)S|I|con I ayer

wi t h avavegaide, apldewshil cpobe produedd to hight énexdy rrbpageting within
| ayer ﬁnd at Lfast a portion of the thin-film

di el ed V@V%%§é? so that when a voltage is applied

acr 0s2.t he maueghbdlef clanphasiershitid st§aer fr6vifingdueeshd Mlicon
| i ght energy propagating within the wavegui de. 2. The
nBYH SaMEFise| dgpositing yhaperphoysridlicopdayes pn gieghingilydiglectric
qgﬁgnd silicon | ayer conprises depositing an anorphous
stiicon layer on the thin-filmdielectric layer. 3.

The met.hod Tife méthodwXlaifn2 tthehercomprisiag agleadt pheaily

Tt oo b e RS IS aching e
amorphous silicon layer to create the partially crystalline device portion.

4. The method of claim 3, wherein the crystallizing is done by thermally
annealing at least a portion of the amorphous silicon layer.

5. The method of claim 4, further comprising the step of providing an
exposed seed surface of the first silicon layer before depositing the amorphous
silicon layer on the thin-film dielectric layer.

6. The method of claim 5, wherein the step of providing an exposed
seed surface comprises the providing of at least one opening through the thin-film
dielectric layer.

7. The method of claim 6, further comprising electrically isolating the

amorphous silicon layer from the first silicon layer.



anor phous silicon layer to create the partially

crystalline device portion. 4. The nethod of claim3,
wob@ceiTs4t he crystallizing is done by thermal | pCT/US2005/028391

annealing at |least a portion of the anorphous silicon

|l ayer. 5. The method of claiyg4, further conprising

the step of providing an exposed seed surface of the

first ssili cor hayet ofuddior B wiepds iid st dffirovitgaivecd silicon

silicon | ayer on ﬁhe_th{ﬁﬂ-fi | mdielectric |layer. 6.

TRIEST RYNABRES Selee ehhEIaXIRHY BETINE Rleagt @portionpidhs shicard

: j : ding of at
B o
| ayer.9.7. Tihe nnabdrbef addimcs, avherdin tieustephafiseleotive épstianigl growth

electrically isolati t . .ph il I e
B EIsEr e Endingdt 1KFLPE B R BP KL ghe S aTdhiticon
WRE 86 that 1R seéd sitfcoRN Bt giom AePRAORHa Pbitio OF tHeAURLfilm
conprises selectively epitaxially growi ng at |east a

ploeledtoe toformisa oyergoewthpiortianaf thasesend silieerelayer. t he at
| east parti-all rystal.li Vi orti,on, 9 .
et hodvor - cisie aed Sl R chRpAghL R e’y 1 ding

%R'Fbs’t&isééd @ifavé &f 1Bo Mpst sBie6n laybeindl Jupsebiien@til élg
selective epitaxially ﬁ,rovvth of ‘the second silicon .
|epiferialbngronang the second sHigon 1ayer Bpam the sged spidags of g fingt silicon

I 1 gxrﬁ}f i N ielectric to form an
&\%"?B’P’%Rﬁ%{‘%é?n onOfg Steﬁé“(g%%%dﬁghgélrl icon layer. 10.
The ndtlhod Tfe nodthodwBlaifrul, vduerecrothersiepi af praiding e pxpfsed

provi ding an expased seed surface of the firs i ]ic

Regb il STpEen QY Ao Lot easope apriog napvep B iRl

tdiQesiERREr.Si I icon layer fromthe seed surface of the

first sil'icon layer by epitaxial growth of the second

si | i cd?- | aylde method afrdaimel In Serthst cempiismg electigalbwisplatipgthe

st.ep ,0f.. provi di n d surface conprises

°RE néirs&%/é.%&?%?/&gg‘?g‘a‘?engég?‘%gﬂéa grgeni ng through the

t hi n- i3l m diteleshdd 6f dlayer, whkzein THeastdped fpehtiaf achAegnide

11, further conprising electrically isolating the .

sonwRigessdaping 15agiaporfipp pf the dirstistichn dayer oierm deedevicps

Jfg)%&p‘gl}(}ggﬁggsi%@dgy , Wherein the step of creating a
vegul de conprises”doping at |east a portion of the

first €| i cldwe mhethat off daifrol3ymiheidteistep qf ordating a sfavedede

P B0 s I RS ST e dvie
portion of the second silicon layer.
15. A method of forming a silicon based thin-film structure for an optical
modulator, the method comprising the steps of:
providing a substrate comprising a silicon-on-insulator structure, the
silicon-on-insulator structure having a first silicon layer and a buried oxide
layer;
depositing a thin-film dielectric layer on the first silicon layer of the
substrate, the thin-film dielectric layer having a predetermined thickness;

depositing a second silicon layer on the thin-film dielectric layer;



conprises doping at least a portion of the second
silicon layer to formthe device portion of the second
wa@Rloboo1341 ayer. 15. A nethod of forming a silieOnUbAS®2S391

thin-filmstructure for an optical nodul ator, the

met hod conprising the steps. 1 provi ding a substrate

conprising a silicon-on-insulator structure, the

si licon-on fbﬂﬁlﬁgat\@ivegdlayﬁwﬁgsa galwirfgqeg.oﬁlthétvaségm&eon

| ayer and a burred oxid e05|t|ngath|n-f ilm

di el e@PﬂIpélSInaWéIea&irﬁ ROHEOTf ‘Pfrtg? figst ISIII@@IN laygsy ére thin-filgedielectric

substr l ric layer having a

pr edetlgée? andgﬁ?% dngelilesJH ‘gg‘%ogu‘{u ng a second silicon

| ayer 03 thledakupmrtialllyméyhtﬂhﬁﬁg the@eb@meﬁh ho‘o@rlmjvel_ﬁg a

wavegui de having a gui din reglon t he wavegui de .

conpril$ ng He m%h%ci oLL1yBy ?ﬁ Shcesin theeirsy qﬂg{ongayq’r EQRPprises
n-filmdielectric |ayer, and the second

sﬁ%?corxgt?%}g% "and at least partially crystallizing

t he seldond Hielmabed diolam 161 Gurtlikn eomptifiog thefstep cif dmpih@ the

erei.n the first silicon | er ri.ses
CHSLigonaer by eardh pirign ot ey GRE Rk tBe “asavisto form
%‘H&flIréfe@gant&%e?ﬁﬁpmﬁéorﬁl@?érn9 the first silicon |ayer
in at |east a portion of ui ding region of the

vvavegull8de tleefmthﬁxhﬂf daitm I/Se wlﬁml@ﬁlecsteptq@feiepwtmg a thin-film
cpelccm la Y &m nssdeo in con dioki |m15 wherein the
S 50? a'SpOSIIf ﬁg é)ﬂ%ﬁfh%glé(l |clayer
conpriiges defeafndthodef Aaifi 13, ddidrdih thei sd@ dfagpssitinigda thihilm
nmet hod of claim 15, wherein the step of depositin

tdielpctie [ayereompsises flepositipg e diglegiris &aagr bpingss thi Crkge%fqess than
I | ayer having a thickness | ess than 100

gfr?gsat%ggtfdn% 20. The nethod of claim 15, wherein the

st ep dX0. depldeimétheyd of daoohy wdietdic e sk@wfrdepmqmg swsond

t h I I 21. Th t hod
GHRRF YA DTS s s B PR SSE par i |y

Cf ystalil i ziTHe héiRoSECAMEh B, WHeRn tR%E) JFAMRAstHARIally
selectively crystallizing the second silicon 'ayer "in

st@h@ng éhegf@mndcmhqw layes cgmpmqs geleetgichnerystaliigiang the second
USRI el BB AP RSB O PR T
SI i ca. | ayffe meahypd oSedsint TIS?IW]‘EHH)/ thersepasait kgsttpagially
Sc??s(t)aﬂﬂzing the second silicon layer comprises thermally processing the second
silicon layer.

23.  The method of claim 15, wherein the step of at least partially
crystallizing the second silicon layer comprises at least partially crystallizing the
second silicon layer so that the free carrier mobility of the second silicon layer is at
least 200 centimeters’/volt-second at room temperature.

24.  The method of claim 23, further comprising the step of doping the
second silicon layer in at least a portion of the guiding region of the waveguide to
form an active region of the second silicon layer.

25.  The method of claim 15, further comprising the step of providing a

seed region that can help to at least partially crystallize the second silicon layer.



silicon layer. 23. The nethod of claim 15, wherein the
step of at least partially crystallizing the second

W@ 20060018417 ayer conprises at |least partially  PCT/US2005/028391
crystallizing the second silicon |layer so that the
free carrier nmobility of theysecond silicon layer is
at | east 200 centineters2/volt-second at room
t enper2at ur &he2dethddhet alathzid wiiereth tierse@Bregfonrdobhgrises at least a

conpri sj the .step of doping the second silicon |ayer

iﬂﬁggF“ﬁgggﬁmé“BSW1a&ﬁ'of_the gui di ng region of the

waveguizde t1oefiiRAEY Aitd 262 WiREHiPheQfepldTRr&8R8Yeed region
er

silicon layer. 25. The nethod of claim 15, furthe
comprisesi axgosingatdeasp sahe pf e ifidst sgican savetbefersi dspositiag the

! I I al | lLi h d
SPRdaHReh Rt s SRLicar B el B oa R RS e

SepthlliRothe Becof@Pllicoemyat | east a portion of the first
silicon layer. 27. The nmethod of claim 26, wherein the

step @8- cr ddeimgihed efcdainy Fgmdwredn thsstepef cargring Hdeast some
| f e i L : :
FEELEIEeh a9 SoliSks tbritfObne 8 HorP Bidihfes in the hin-film
rddgleqaric tdyat. can help to at |least partially crystallize
the second silicon |ayer._ 28. The nmethod of claim 27,
wher ei3f- t he h§trRgsheg o w&éurmer PUHEHSIEY e stap aligpositing the
fsbEcifd shiidoh G bANR exp OSBRI irS&iRhINeti Ng one or nore
openings in‘the thin-filmdielectric layer. 29. The

met hodOof A aietho2®f ffronngesilicomrpased itny-ftlimestwtwpe ff an optical
de iti t econd.silicon | ayer on the exposed
ﬁ?&gﬁmg$p%%gaﬁ?iﬁ%??nﬁﬁgﬁﬁfgﬁfﬂgd of formng a silicon
based t hi npréoViding talsubdttatecdniristiy Dftiechadn-RAMtcR R icture, the
the nethod conprising the steps of: providing a . )
subst rs#t@n©yipsylaphgruste haviag a SpstisHisan Javer ansk 3 burtadraxide
the sijljgon-on-insulator structure having a first
siliconwihyer and a buried oxide |layer; depositing a

thi n-fil m diepbsiting a thid-&lre dicdsrtdidiayénd ansthe $irdt sidioon layyesf the
of the substrate, the thin-filmdielectrjc |ayer, .

havi ng“_“ﬁ“fﬁ‘t‘%&&tgfﬁ&%@‘e SRiredps bavige pose clfgnjfed thickness;
epi taxi al | QI PEpitix BB YRk lal seQhd! sA¥Bh 1ay@Phnd
laterally extending the épitaxially growh of the
second si | ilaterally gytendigg thehepitaxially gewvdhef diclseewd silppadayer

grows 3\t t}?et seLgnacPstilic%nqg}getr Ig?orl’vsoofvetr Qtelegsrt] Ia%_oiticjnrgf the thin-film

dielectric to form an overgrowth portion of the second silicon layer.

31.  The method of claim 30, wherein the first silicon layer comprises a
single crystal layer.

32.  The method of claim 36, wherein the step of depositing a thin-film
dielectric layer comprises depositing a silicon dioxide layer.

33.  The method of claim 30, further comprising the step of forming a
waveguide having a guiding region, the waveguide capable of guiding light in a
propagation direction and comprising at least a portion of the first silicon layer, the

thin-film dielectric layer, and the overgrowth portion of the second silicon layer.



dielectric to forman overgrowth portion of the second
silicon layer. 31. The nethod of claim 30, wherein the
wo eoos18it i con | ayer conprises a single crystabPCl/agmns/028391
32. The nethod of claim 36, wherein the step of
depositing a thin-filmdielegtric |ayer conprises
depositing a silicon dioxide layer. 33. The nethod of

cl ai m330, f’lflfetlhahoctﬁfmmhﬁimguﬁm cetn@fisiaf teastdp G@O@mg the
wavegui de havi ngi gui dj ng .regi on, the waveguid

clipleablicondrysgin o lpast ri pgHon;of ﬂ%; PHYPAFEIHH ta? Wéz%gum to form
[ ortion of the first silicon

a%%gﬁg io§1 (ﬁgh@{]rsr rgnﬂgclgne %:}t ric layer, and.the

over grisw h Thermetbod of clbine34; dartinea cembnsmg tHeasyagr of3bpinghke

met hod.of c¢laim3 further ri.si t he :
etadsilfaon Tt 4 aidbest € BpioR oL e apiding fesiah ofhe Baftgyide to

%rrﬁﬁﬁa&We‘%é‘ignB?Gie%@c&fd siiftenWgéggui de to form an
active region of first sili'con layer. 35. The _
rret h0d360f clhei m¢t13dd Of dainhdt, vdenpn e step Qﬂfenmngp vafvegulde

econd silic i n.at, l.east .a
PRl e P sk rt S i Pl di0eof aliscti ot
acght }éﬁ)pﬁ iofifin m‘e duiding RspdicbfIhd wa@egut@yer 36. The
met hod claim 33 erein the step of formn

wavegLﬁ de cW?tb@%OM@léh%ﬁ Wﬁle{ﬁh@thﬁm’g?fSG@CtilY??hepltaXIally
Slﬁids t

opaé s{gg o ﬁﬁ‘(l[ el@%kgl% n@esg;ég\ﬁ&tng%p %get O\I}lvg\g}geggurc on adjacent
36 theTwevegrideod of claim 36, wherein the step of
sel ectjvely epitaxially grow.n secon lic ayer
conpr i ¥es pr'}t?\fflﬁtﬁ?é; é\?lzl%é\”gt‘”}@ Q@eséepr(gg“F{(?ﬁ“ %@ﬁtally
%o@vh‘% MRUGHHB&on 13¢er cSRBriSRiHeWin ?fth@ie%bﬁﬁ §17e:0d"fﬁ§ér%d?n the
the step of selectively epltaX| al 'y growi ng a second
sitllgastornel sagbregmmnpr i ses growi ng the second silicon

ot hodbi o1 mege SERPERR IRE Y Rl At sedlBgion

[ @GipRiReLa st 5p<smah of Brdirstailpentiayen of the first
silicon layer. 40. The nethod of claim 37, wherein

pr ov. d40ng t Hhe methpdatelaighd’. dseein é{ﬂ"&ﬂﬁ%ﬁ’ﬁﬁ leagongpeed
ﬁg{a&% falt Yelagt)iﬂﬁ?f%l% V\h%%eé thE SJ?'trst§il c'oﬁ ? el‘ ayer. 4 1.

arm |"east artlally
expos | 4ig t HEnefmethod ef ¢laioo40, Iwiye&nn anlmmt paially oxpusing thd first

Ieast one opening in the thin-filmdie]ectr l.ayer .
IR GORBES DR AR f 1351 O eReEiTE o Ot faver
one opNi NOrHemétASd of claim 41, wherein forming at least one opening in the

thin-film dielectric layer comprises etching the at least one opening in the thin-film
dielectric layer.

43.  The method of claim 30, further comprising the step of forming at
least one electrical contact to the first silicon layer.

44,  The method of claim 43, further comprising the step of forming at
least one electrical contact to the second silicon layer.

45. A method of forming a silicon based thin-film structure for an optical

modulator, the method comprising the steps of:



thin-filmdielectric | ayer conprises etching the at
| east one opening in the thin-filmdielectric |ayer.

wd 3006/0ms4met hod of cl aim 30, further conpri si nECT/082005/028391
step of formng at | east one electrical contact to the
first silicon layer. 44. Thgz?gthod of claim 43,
further conprising the step of form ng at | east one

el ectrical Gontmgta shagfalf@c@ﬁ%m@ skilitePonimYiRkor shBetufd, the
met hod of formng a silicon based thin-filmstructure
for arsiligenianainsyiaign statcsire haviag adirsiicen dpier sy bemies oxide
st eps lgf .providing a substrate conprising a

N yer, .
silicontoh-insulator structure, the
si I'i con- on-fofisingatwaveghide hivinga lgaidinporegioh) the twastguid®capable
| ayer and, a buried oxide |ayer; forming a wavegui de

havi ngPf@uisinghigy 11 a gramasatiomeligaiytndrectendiigiosa gredetermined
gui di Ngrddi&in thd o Qéﬁgﬁgﬁ%%. di rection and extendi ng
for a preéeternlﬁeg Irection I'n the propagation

di rection; dbpposng a thgn-filmhlieledtri¢ hayel letverg a predéterysined

havi ngq, a, predeterm ned thi ckness on the first silicon
ayer RihisE O8 LR Beondae of P st axi al | y

growi g a s@refvkly bpitaly R¥RMmghysetdtd dikddnN 8y b9 Wiaiig
the second silicon layer "at a Seed regi on spaced apart
f r om tgrewthuwefdhmgpecordibibporplayeras awesdaggiod spacgddpart from the

IateraILg extend%qgethe eﬁk;ax'ally growt h of the

second” &Y %8%%”1%yer“%83 at “the second silicon | ayer

grows over laferdll§astendingdhd épiaxilylgh@vthvif thef debdnd silicon layer
dielectric to forman overgrowth portion of the secon

si i cow thalyke secam silrprn layarteser HoveE phlepst aportiai ¢fithe thin-film
conpri : .

cxposi S A b (R e QR R SRR R I lowr
the sedd r €fhieanethdd of clhien 4% tfindlebr cbmphsingthbGtepdfforning a

exposi ng .a port.ion of.the first .silicon |ayer :
CORDFRIEDY SPRYAG 2 FOITNAEIR fst HECQR laYEee 19 sredieegian
| ayer.478. THan&RéDOLIfn 44, B exfRMY dYbrBoVbNEHO Wrdt N
the dielectric conprises aligning a direction of

estlicond pyss comprises foiming awandaw w the dislegincogimaphm yer.
orientgiio [ ' f fi.r i#i on, | [...49.

o Loniat SRR S A AR A,
Veviggse sl gt difsedoih of eltergich ofakewitidde wikp ehsiallgg@phic
| east a portion of the first silicon

orentation direction of the first silicon layer.

49.  The method of claim 45, wherein the step of forming a waveguide
comprises forming a waveguide comprising at least a portion of the first silicon
layer, the dielectric thin-film layer, and the overgrowth portion of the second silicon
layer.

50.  Asilicon based thin-film structure for an optical modulator, the thin-
film structure comprising:

a substrate comprising a silicon-on-insulator structure, the silicon-on-
insulator structure having a first silicon layer and a buried oxide layer;

a thin-film dielectric layer on the first silicon layer of the substrate,
the thin-film dielectric layer having a predetermined thickness;

a second silicon layer on the thin-film dielectric; and



| ayer, the dielectric thin-filmlayer, and the

overgrowth portion of the second silicon |layer. 50. A
w@edoboomis4based thin-filmstructure for an optiPBel/US2005/028391

nmodul ator, the thinfilmstructure conprising: a

substrate conprising a SI|ICQ€ on-insul ator structure,

the silicon-oninsulator strucCture having a first

silicon | aysyagdide hbﬂhg@%uﬁﬂmgj&ﬁioﬂ}’ﬁ%,waa'eglﬁltl@ccﬁﬂlbﬁ@,mg at
dielectric layer on the first silicon |ayer of th

subst rleasea periontof the-firsy milwnémeea the élln-igb@rdlﬁaqmﬁ dpyar, and the

pr edet ness; a second silicon |layer on the
t hi n- fslg{ondgiﬁe O‘ie]mil}?el?c anda wavegui de havi ng a gui di ng

regi on, thevhéasieghs sdaeombmﬂcrdnslay"@ igdt lbapirtiallporystalize®in at
t he flrst silicon |layer, the thin-filmdielectric
| ayer ,leashd p?lﬁ@n%&fmy ding reginn 9fdhevavegiidesi n t he

secondsi | "lgfér?stllué%ﬁ{ of Faiff Sd SeleiPRib r?(l slecon lz(ljyer comprises a

crystallized in at least a portion o
r@gy@ayaﬁlhye:mavegU|de 5 1. The structure of clalm
rel the first |I| on.l ayer canplis Sl ngl e
orystan | aydie sttt SF Prdtbhe SRR GeIeg camrses
tgm%dhmmgqaéln1d|electr|c conprises silicon dioxide.
. The structure of claimb50, wherein the thin-film
d| eI ecﬁt3r i ¢ Terauptyessolrlaim Yk whersin e shinHim dielectric comprises

gﬂks ﬁ% §Be s&ructure of claim50, wherein the
maveQU|8 & s PR 80 rection of |'i ght propagation

for a ja edetirrsiubace @Hcsztlﬁmoe whofein the@vavtguiaé etendifin a
cl.aim 54, wherein the mavegU|de i s designed to guide

Alirecieme light PropreatieafrngPrrdgiavarehdsiinth the near
i nfra-gsed pgld E‘tufé oftéﬂ%éle:l@%&%mw mélﬁﬁceﬁtc%k@ll%é@

The structure o arm Wwherei n the wavegu
c@mdegmdototlﬁnglug}délaamg acmvelengthlin gietnehainifiragred portion of the

mq ? en q bout 1.55 nicrons: 57. The structure of
N rr‘?f'?g“e {EP

'™t he wavegui de i s designed to include

an actjeve rpsaictflamos, Whdkhpihk Mehvbsahd isRRSigh&bto
t hrough the wavegui de at frequency of at least 1 x

18viderandicenfisglight §V1Ing@cWﬁVI§b9§fdi of bentfliI5Srmerensct ure f or
an opt§7cal ”fB%dSWu@tﬁlpe of ctlg‘ f 5td1 \ fer'ekn the waveguide is designed to

include an active region capable of modulating light passing through the waveguide
at a frequency of at least 1 x 10° hertz.

58. A silicon based thin-film structure for an optical modulator, the thin-
film structure comprising;:

a silicon-ihsulator-silicon thin-film structure comprising a dielectric
layer sandwiched between first and second silicon layers, the first silicon layer
having a free carrier mobility and the second silicon layer having a free carrier
mobility that is at least 20% of the free carrier mobility of the first silicon layer
wherein the thin film structure is capable of modulating light at a frequency of
at least 1 x 10° hertz.

59. The structure of claim 58, wherein first silicon layer comprises a

single crystal silicon layer.



structure conprising: a silicon-insulator-silicon
thin-filmstructure conprising a dielectric |ayer
waanditshed bet ween first and second silicon | BgEUS2005/028391
the first silicon layer having a free carrier nmobility
and the second silicon layer ﬁgvi ng a free carrier
mobility that is at |east 20g of the free carrier
mobi igy of THelserubtufeséf c¥dimi I8) W heAiie the\ 6@ 1aky BEcdnkpirizes a
film structure is capable of nodulating light at a
fsilicpnanide layerat | east 1 x 109 hertz. 59. The structure
of clgmb5 r
si ngl e cr yglg gWEﬁ%#ég%ﬂél{l 5e8? w&S&mwquet% ractur g bﬁﬁ 3 of'the
Cdeadrndh sbifconvinger &5 at I¢ases Wio ef thetfrdeaalriey erobilatgof ttedrstasilicon
silicon oxide layer. 61. The structure of claim 58,
¥tlein the free carrier nobility of the second
silicaop | ayffe ddicite d&dsh ﬁo%h‘éfelﬁhl% ffere%ﬁrrfeﬂh{dbﬁfty of the
mobility of the first si l'icon layer. 62. The structure
ofecaridadilmopgayentiscat déast 139 of thedresaarries mabligy loff the fost siliren
slecond silicon layer is at |least 75%of the free
i er nobi lity of the first silicon layer. 63. The
st ructgy. e OfheGdtratbtides, cldib 39) Girthe@ bBhpHdinga Q/a\ﬂ@giﬁ&%:ﬂ'ﬁq a
havi ng a_gui ding regi on, the wavegui de conpri sing
| BUdng Fegingh theokavseuidp €omprsng 8 lr«iisg érportayléaf the fagst sﬂlcon layer,
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