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to the field of sem conductor devices and, nore
especially, to sem conductor-insul ator-sem conduct or
structures with i nproved doping profiles for high

SB)F/) g%g%c%ﬂc!t(ﬁ@fn'sﬂgﬁ)r-sgﬁiﬁggﬁ&bp gfrg&upé fok Iiﬁglf@i) &l @q)pﬁ'éﬁtions

rnitron, optica ulators are devices that can
change the phase, intensity, polarization, direction,
or sone other characteristic of light. Modul ati on of

any of these opt Bg@#%’%@@gﬁt&% ﬁhi@Emlglm)dul at or

can be advant age cal stream

L th e d.data. Using an el ectro-optic nodul at or,

e 'ecF‘reP%glqﬁ%Pd'ﬁgﬁ%n can be directly converted into
optically encoded data. K Suc vi.ce all f.or. ]
Pt or bt Eveno e bR eBaa e hecisi® BF ESvPrdi Sy iflisss apgror
circuit devices usin n opti.cal, mediu t her.eb .
AGBPER g 19 A TR aiaF e CRaR o1 TG eSSt [Rgpved doping
signals over relatjvely large distances w t hout
sB‘@ﬁeéﬁ‘?rihéghﬁngfl Hﬂgﬁ" nterference. Integrated

optical nodul ators facilitate the transfer of data

bet ween el ectrical and optical nediuns by allow ng the
modul at or and optical pathways to be included into the
génePascriptipn of thedRelfted AE i ntegrated circuit. In sone
cases, this transfer is further aided by the use of

si mi | aBy rdgfinition] eptical mesdhlafone agg deviegsc Hiat AR change the phase,

nodul ati ng devi ces.
intensity, polarization, direction, or some other characteristic of light. Modulation of

any of these optical characteristics by a modulator can be advantageously used to load
an optical stream with encoded data. Using an electro-optic modulator, electrical signals
can be directly converted into optically encoded data. Such a device allows for
information to be passed between electrical integrated circuit devices using an optical
medium, thereby avoiding the difficulty of transmitting electrical signals over relatively
large distances without substantial losses and interference. Integrated optical
modulators facilitate the transfer of data between electrical and optical mediums by
allowing the modulator and optical pathways to be included into the general substrate of
the integrated circuit. In some cases, this transfer is further aided by the use of similar
materials in both the electrical and modulating devices.

One type of integrated optical modulator is the capacitor-based optical
modulator. This type of modulator generally utilizes a semiconductor-insulator-
semiconductor (SIS) structure, which specifically may be a silicon-insulator-silicon

stack. One side of the stack contains silicon with a p-type dopant while the other side is



One type of integrated optical nodulator is the
capaci tor-based optical nodul ator. This type of
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sem conduct or - i nsul at or sem conductor (SI'S) structure,
whi ch specifically may be a silicon-insulator-silicon
stack One side of the stack contains silicon wth a
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to maintain well-defined dopant concentrations in the

r es pecAnvmpgrany gensigdqrition iy the abrgasias of ¥ sEHEUes isHe maintamn

manuf act uri ng process. Because of thermal processing

stePsletmd dbprest avasenfratioms r inn ghey agspedbive sp-iyipheand n-type regions

respective dopants in the p-type and n-type | ayers

ditfrbugheutt the owgifattimng mreessat Bagpubcaylchenfal progessing S@pa@ndy other

resulting in counter-doping of each region with

oppasfhtierihy paiatiegatht sespddiee rdeparits in fegp-tyew @nd n-type layers may

retardation of the switching capabilities of the

maiftisatiesugt vl inaliting Ifyer oftihe SIS wickspaddag inmotitergdoping of each

junctions within the Si layers. It would be benefici al

t geghveitia opfishedpoldogatsl eMengsuiind aneiet astadatipnaot the switching

opti mum dopant distribution in SIS structures,

s pgsabilitieabt e Md@HRot dueGa fRGbintohas gtediiigiting junctions within the

Si layers. It would be beneficial to have a method of achieving and maintaining an
optimum dopant distribution in SIS structures, specifically those in capacitor-based high
speed optical modulators. Such an optimal distribution requires the creation and

sustainment of abrupt diffusion profiles.



speed optical nodul ators. Such an optimal distribution
requires the creation and sustament of abrupt
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general the present invention relates to a device for
optical nodul ation including a
sem conduct or-i nsul at or - sem conductor (SIS) stack, and

a method for faﬁ@h@ggUﬂ@}§£§(§aﬁﬁE¥¥§$9ﬁ€0$§p60t’ t he
i nvention rel at ' a udes: a
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i solatio regi on an upper sem conduct or

ast partlall overlaps the e ond ctar
LRk e Orﬁ%s%‘¥a|t°§| mws%%? Sl Pafiera°d Hhetod for
and a entra
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central dielectric re |on may ermal |y grown
depesdagionlpyes thah atde Parva}yoqveﬁaﬁd q W&hsemﬂﬁ)iucwr tayer and at
process, The central dielectric region may he infused
wieest mrtally qusilapy 2 daisiel isplptiongeging oweflgeléhﬂﬁcfw tegiog derated
during the growth/deposition process, or by using an

i hgtvegt & owep rseI@@gacP toF | Tayer rigdt the QYeBWPHIZIBYIESR Of dhe upper
process. In another aspect, the invention relates to a
medrhendpgier dveatwhere e sngalgdigleetsici lagipy degitrigizeds| dihacpentral
an active sem conductor |ayer on an insulating
sdisktirigtregioremgh ba ¢hepoiltyi oawn of defvsitedchy 4 ehemical vapor deposition
sem conductor |ayer to create a laterally isol ated

| 6éD) pewesondilet @ntrilagielectrif oregiongmbatber mifused oritht nidrogen by
regions that laterally bound the | ower sem conductor

| egrewo]ling aherflony rate ©€ nitrogén diirmlalbd griowth/dspositiorop®ress or by using
portion of the | ower

an implantation process following the growth/deposition process.

In another aspect, the invention relates to a method for creating an SIS device
includes: providing an active semiconductor layer on an insulating substrate; etching
portions of the active semiconductor layer to create a laterally isolated lower
semiconductor layer; forming lateral isolation regions that laterally bound the lower
semiconductor layer; forming a central dielectric region over a portion of the lower
semiconductor layer, where the central dielectric region is nitridized; and forming an
upper semiconductor layer that overlaps the central dielectric region. In one
embodiment, the central dielectric region may be formed by thermally growing silicon
dioxide in an atmosphere having a controlled flow of nitrogen such that the silicon
dioxide is infused with nitrogen. In another embodiment, the central dielectric region
may be formed by depositing a layer of silicon dioxide using a CVD process having a

controlled flow rate of nitrogen, such that the silicon dioxide is infused with nitrogen.



sem conductor |ayer, where the central dielectric
region is nitridized; and form ng an upper
waemsosniduct or | ayer that overlaps the central PCT/US2005/033456
di el ectric region. In one enbodinent, the centra
dielectric region may be formed by thermally grow ng
silicon di oxi de in an atnosphere having a controlled
Isteh P il & ht§a1 dielectri
FsRfleBin i eha%ﬁ‘?%“m?;%é% e A P R TP el diclecrc
central diel ec I f qF 0B, g@thgﬂﬁgl
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a control |l ed ro rate of n -
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use rogen ti ona

t he. above . e ste n
SR S B dePretisgh S e e S el tﬁegugpgp poly-
|nplantat| grocess I n anot her enbodi nent, the upper
%%ﬁﬂﬁ@gﬁF 11&X°Er may be poly-silicon and the above
nethod may i nclude annealing the device at a high
tenperature in order to reduce grain boundaries in the
upper polysilicon sem conductor |ayer. BRI EF
DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the
i nvention are described below in conjunction with the
appended figures, wherein |like reference nunerals
refer to like elenments in the various figures, and
wherein: Figure 1 is two cross-sectional views of an
opti cal nodul ator that includes a
sem conduct or-i nsul ator - sem conductor (SI'S) device
with a nitridized central insulating |ayer, according
to an enbodinent; Figure 2 is a process flow di agram
illustrating a process for creating an SIS structure
having a nitridi zed central isolating barrier,
according to an enbodi nent; and



Figure 3 is a section of a process flow di agram
illustrating three processes for formng nitridized
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I NVENTI ON This invention relates to the inprovenent of
di ffusion profiles in sem conductorinsul ator -
sem conductor (SIS) stacks, specifically

Tt egrat ed. capERIEE DRI PIACOE TR VARELTD VoS,
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t he insulahin%_layer results in an optim zed sw tching
c &igu551 38 VPSR any nodul ati ng devi ce that includes the

SIS stack. ' Figure 1 provjdes t cross-sectional. .

Vi ows. BiEtiEnt dpDit SOSHEITEL SVI00 TPHARCR I (Y (e includes 2
sem conduct or -i nsul at or - sem conductor. (SI.S)..device 116 .
wisethicandyicoF-ingplpioa sepiserdyrtor (Yg) ‘g‘t"icﬁ dVIThaf’y’éleding,cemal msulating
according to an enbodinment. Figure 2 illustrates a

praies gecaidingjioamendpdigteahit i ng the structure 100. The
optical nodul ator 100 may be created by utilizing a

si | i coligure 2 nsalmesss {loo diagsup dysgrEna PEPCe§sefof sfsating an SIS
(active) silicon substrate |ayer conposing the | ower
setricwrdedngsa nitddiesd cohtral irelangbastiers kecemigng to an embodiment; and
Alternatively, a different base substrate material may

be usedfiguteal is & setinu @€ a\peocess fidve dppraimc Blustpatisp dires prpcesses for
required of electro-optic nodul ators. The insul ator

r eginging Aidddict ddetrSOhyesubst rat e may be bet ween about

0.5 and about 2 microns in thickness, although other

t hi cknesses may be used that allow optiml optica
performance. The active silicon substrate |ayers 106,




114 of the SO substrate may be divided into several
different regions by lateral isolation regions 108,
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with an oxide, specifically silicon dioxide, or
another type of electrically insulating (dielectric)
material. Both the active silicon substrate |ayers

106, 114 and yhe dipehasi@ippahent HASVAGmEY be
g, g b A
o1 PRPE A BRIt o R e
e o
Db A biShsgAS R s R, P08 cen

oSt Dbt EAEE SSRGS Rl R v e
covered by the patter k. The_ etchi L
ook o S Se e o B0 A SRRk pecon

a dry etch process may be used_to renoye t

2t pesRGont 10t WV B9S BYEH<BH6 S 88 ORMGIZH BT G capabilty for
reactive-ion etching (R E), inductively-coupl ed-plasnma

r esnytradalatiog deYi@mihﬁfgin‘gIP@S’)ﬂRI $F stagk- a siym' I aP dr ypet ch
process using fluorine or chlorine as an etchant,

Di el ectkigwenpervides trayrosesagient! visweiqf|anggniigd Mpdiylator 100 that
the active region has been etched using one of many

t embhilgue sekivomncion-inshtasemzoglucton éPI8hylevdiee i ¢ mgth a nitridized
| ateral isolation regions 108, 110. After the | ower

s ecanaehidsidatng laegil b8 atdotdiagth arhambodineans| Figuts| 2aiflpgrgtes a process
regi ons 108, 110 have been defined, a nitridized

cedibgrain fonstéhtitothe (stiairectoni dheropyéad motiaBtord 0 iy be created by
formed.. This central dielectric region 118 forms the
centilizadg h ayleonoh-ihduentdl (SOSt aubkirdtd 6vith the top (active) silicon substrate

layer composing the lower semiconductor layer of the SIS stack 116. Alternatively, a
different base substrate material may be used that is conducive to the optical properties
required of electro-optic modulators. The insulator region 104 of the SOI substrate may
be between about 0.5 and about 2 microns in thickness, although other thicknesses may
be used that allow optimal optical performance. The active silicon substrate layers 106,
114 of the SOI substrate may be divided into several different regions by lateral isolation
regions 108, 110. These isolation regions 108, 110 may be filled with an oxide,
specifically silicon dioxide, or another type of electrically insulating (dielectric)
material. Both the active silicon substrate layers 106, 114 and the isolation regions 108,
110 may be between about 0.1 and about 0.4 microns in thickness.

These lower isolation regions 108, 110 may be defined by first creating a pattern

mask on top of the active silicon substrate layer 206. This pattern mask may be a



The material of the central dielectric region 118 may
be an oxide, specifically silicon dioxide, although
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to or in substitution of the oxide. The benefits
derived frominfusing the central insulator with
nitrogen are described below in nore detail. The
C?zg‘}eﬁ‘iaéd disgl eqlf QSCPI{O%}EQ%I O]'JB%CH&%/ b0 [REMEH 1N advelys the pattern
g omnn% or gegoslt ngoa ﬁyer 0 | I nsul ati ng materi al
ontq the .substra [ y / :
e SR T A B it el G B RO B BUE o e, An
one .of the follgw racesses: ] :
GBS rrteer Bopfhh B yRH36 SRER e PR aotRflicon not covered by
deposi tion EGVYD) , .hi ghdensi t | as han .
R Pasbr HEPIOTE B RO B e g e <rch soluion.
chem cal vapaor deposition (LPCVD), or a,simlar . ..
prYEBadively, & ARt BIOPHT ey &weﬁo TEPRYE PF 8’&?‘15%/‘{ active silicon; the
insulating material. In the specific se that oxid
oFirYs‘?t‘thﬁgced?’ &ay daclpde gragyvee vﬁt%h&%p@iﬁgl dP‘%JCg%?l%rg?‘fPi?ﬁl‘Plasma
(LTO), localized oxidation of silicon (LOCOS y. al so . .
beuglege-iorhickiag (JCPTHE) direr Smylpy dry iehf grgcgisasitggiiuopige og chlorine
be thick enough to prevent electron_ _transport _and, = .
r e an gichhet. Riglealric arpterfal gy etusebiedilbacss ol aglivggesion has
of the SIS stack 116 to the other. However, the
i hewl ctchedgusingyinsrof 1By $esbuiduesdinewn iethe AR08 Hherghy qrepting lateral
provi de sufficient capacitance and therefore to all ow
aisokasanapbes K8 110.in the carrier density of the
sem conducting material in the presence of an applied
vol t agesftdrhhe loster S¢emiconduator regiondBsAnt yheplaterdl tisplagion regions 108,
change in the refractive index of the material. A
cent halveitesnldafihaug ar witfidiaedt deatrali ispsulaser (dinlevtrey) regipeR18 may be
considering the material of the SIS seni conductor
I egihiedls TiEY catmedieleytricntgod &S efonns thetchmrad prtyercef] the SIS stack 116.
nodul ati ng capabilities of the structure.

The muaterial of the central dielectric region 118 may be an oxide, specifically silicon

dioxide, although other insulating materials may be utilized in addition to or in
substitution of the oxide. The benefits derived from infusing the central insulator with
nitrogen are described below in more detail.

The central dielectric region 118 may be formed by first growing or depositing a
layer of insulating material onto the substrate 210. The insulating layer used to create
the dielectric region 118 may be grown using one of the following processes: chemical
vapor deposition (CVD), plasma enhanced chemical vapor deposition (PECVD), high-
density plasma enhanced chemical vapor deposition (HDPECVD), low-pressure
chemical vapor deposition' (LPCVD), or a similar process to create a thin layer of
electrically insulating material. In the specific case that oxide or silicon dioxide is used,

low-temperature oxidation (LTO), localized oxidation of silicon (LOCOS) may also be



Generally, the thickness o f the central dielectric
region 118 shoul d be between about 10 and about 80
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depending on the dielectric material used in the
i nsul ator region. The insulating |ayer nmay be grown or
deposited and patterned. If patterned, known nethods

Mg b%héJ ?eesﬁjl in% ?ﬁﬁlc%ﬁc ﬁlrtquatcé n¥s thﬁﬁf'?e Qlficlé'&%lhgcﬂ to prevent electron

(phot orési's el 'ectronbeamresist) and then etching
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cess. a wet etc

progces sol uti.on. cont.ai ni n il : ' .
RS e P SRR, AR R g rovi
used.. The nmask nm hen be d d . i Qi :
pgﬁ%lgﬁ ca?acitzwé:e iarhci foeg?fi%ﬁegtol %@g/? é/ }?Fﬁ§/on2a§lﬁps%§t:mtrtﬁée]@e{n%rn&%nsrcy of
central dielectric.regi 1 18. d i bed X .
e o oS o 8}t 8331 0 i e
pol ysilicon, although other sem con ting. materi als. .
nesyisie Pergelg 2 chgnger @g{}@ Iieﬁécq)’ﬁﬁgﬁlexr %fgtﬁg I]il!laE%@ﬁTa éeﬁgei,ggglfmsulatmg
of top poly-silicon can be,de%osited 214 ahove.th .

r eegionikat éfffop Fin erctigkecoppidpringthy gipdsriah qifhe pipese oot fesions
region 108, and the central dielectric region 118. The
uppﬁﬁwwaﬂy-EWﬁ&EDﬁWKEQﬁQNXIQ@»ﬁﬁ@“@@n@éﬁﬁgﬁ¥%ﬁ ofs fhifg structure.
CVD, PECVD, HDPECVD, LPCVD or another process by which
siGenazdly, tharthiblncsiepb thietcentral giedecariosighion ld$ shouldps feghyjeen about 10

creating the upper sem conductor region 120 of the SIS

strdugtout 80 Adgtrdine, altiegh |dafferentghickusgses aay-bsi uspd depepdiye on the

then be patterned using known nethods 216 to create

pdieiekwiasnatdriat ued &1 kepnyieoaegione silicon substrate

regions 106, 114. The thin dielectric interface 118 of

ni t ri dikethsdatilgelat/ei magdieegioah drodepssited andtpettfraeke [fhpatterned,

areas where
known methods may be used, such as creating a mask of resist (photoresist or electron-
beam resist) and then etching the exposed portions of the insulating layer using a wet or
dry etch process. In the case of a wet etch process, a solution containing dilute hydro-
fluoric acid (DHF) or buffered hydro-fluoric acid (HF) may be used. The mask may
then be removed, and the remaining portion of the insulating layer may compose the
central dielectric region 1 18.

As described above, the upper region 120 of the SIS stack 116 may be poly-
silicon, although other semiconducting materials may be used. To create the upper
region 120, a layer of top poly-silicon can be deposited 214 above the regions of the
active silicon layer 114, the isolation region 108, and the central dielectric region 118.
The upper poly-silicon region 120 may be deposited using CVD, PECVD, HDPECVD,
LPCVD or another process by which silicon can be deposited onto a substrate, thereby

creating the upper semiconductor region 120 of the SIS structure 116.



the top poly-silicon (upper seniconductor |ayer 120)
and the active silicon substrate |ayer (I ower
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region 120, thin dielectric interface 118, and active
silicon | ayer 114 conpose the SIS stacks 116. These
stacks are the capacitor structures that allow for the

dul at,| f ical s ' )
R

e onhan con areas.
struycture thi i el. Lo i )
e Run N R PGP LU AOLRALRERR I, 2Lt o

of. el ectrical eci.es. between.the u 0.
ettt ATER T E e R AP Rl &7 Rpeg RiRps vhere
t he upper sem conductar region 120 hi ght e rat ur
cHinaal PAY-arep (" BeperREI o ol i & RARE st Substar
of grain boundaries_ in E ol y-sil.icon terial. .Th )
PRIt SPTICGRAEIR Bt ity DR e p - rpepipL 20, thin
transmttal of optical energy through the _poly-siligon
wdicleP eSS e £ e g Kio0 ier b PaposF JEtS siapky 1107 These
addi tion, sw tching speeds can he increased.ﬁ#n i )
gesmeks are, the [sapackvlesirug@ion danicriiororor iRy meduiston of oRiifel symals 122
structure contains ptype dopants while the upper X
stmebog thuetgbrthe pgfy-ehicipandsilicpe asps dn il BAF BrugwH Kion e thin
ntype dopants. Alternatively, the upper seniconductor
r digleotnic 1i@rfaeey 1 eadopedn plspgapgn WPEiPR that revgifis rdirect exchange of
sem conductor region 114 is doped n-type. The dopants
melycthienl ispitcies tetweeh tenppeg 12Aend kovar A3 G saieensiseior laygt-i ed
using thermal diffusion processes, or inplanted by ion
i npl anFaloiwony tiec fningties ofothet hppareginoamdnetyr begieiogd® a high-
using a combination of the above nethods . The p-type
r egipenturaynivalne asp mny b patfooagl togeduce the effects of grain boundaries
in the poly-silicon material. The reduction in grain boundary effects allows for better
transmittal of optical energy through the poly-silicon and helps to prevent additional
optical losses. In addition, switching speeds can be increased.
In general, the lower semiconductor region 114 of the SIS structure contains p-
type dopants while the upper semiconductor region 120 of the SIS structure contains n-
type dopants. Alternatively, the upper semiconductor region 120 may be doped p-type
while the lower semiconductor region 114 is doped n-type. The dopants may be
introduced during the growth processes, applied using thermal diffusion processes, or
implanted by ion implantation techniques; or the regions may be doped using a
combination of the above methods. The p-type region may have an original doping
concentration of 1 x 10'® atoms per cm®. Heavily doped regions of the device may be

formed through implantation techniqques to a concentration of about 1 x 10" to about 5 x

10'® atoms per cm’. The n-type region may have a doping concentration of about 1 x



concentration of 1 x 1016 atons per cnB. Heavily doped
regi ons of the device may be forned through
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x 10 17 to about 5 x 10 18 atons per cnB. The n-type
regi on may have a doping concentration of about 1 x10
p to about 5 x 1018 atoms per cnB. |In general the

polloy* [3} a%ou(‘f 91 lroagato eﬁa?%{nh\l\'t]] %telﬂgfal % 9510&1 }e%ﬁﬁ)uﬁw(xlvlllether p-
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concentratl on of about 1 x. 10 19 blwut 5 x é)

o GoRoEngl 2aHH {#b THY BoPEBed By on PHERR ARC d-ivpe regions,

concent ration of about 1 x 10 19 to about 5 x 1020
tr@quctp@}y, Py thwf-wop@gtpr@glpnth@\qqgea &g?ﬁeﬁ‘aatlon of about 1 x 10"
concentratjons and gradi ents di scussed above, ensuring
s ke o 19°Uarma PR | dshppt pentactipgion fipvipsp ﬁ@memaﬁom of about
characferistics of the nodylator to be optim zed,
al 1 0¥ ntp abowt 5 nEY eatemeparstil at i on bandwi dt hs. Opt i nal
di ffusion profiles can be obtained by ensuring m ninal
m gr at iVéith aéspawplanthesgmdige soicantrations ablgzadiconts disgissed above,
and by preventing conditions that allow opposite type
dopantng sharpriifusosgiraet parmity thet $ngitéhnd eltarasterisien @rthamgdulator
count er-dopi ng sem conductor nmaterial on the reverse
SitdebeobptintigedSlaBowingdkr Intfasednmovalatidn bendwidths. Optimal diffusion
di ffusion of dopants in the manner descri bed above is
t rofille cirh®e iobtinal ibgnervaring evinifroal migradien | ayéophnt gesies into the
perneabl e to dopant species. It is known
isolation region, and by preventing conditionis that allow opposite type dopants from

crossing through the isolation region and counter-doping semiconductor material on the
reverse side of the SIS stack 116.

One way to prevent diffusion of dopants in the manner described above is to
make the isolation barrier (or oxide layer) less permeable to dopant species. It is known
that nitrogen added to thin oxide layers retards the diffusion of boron through oxide.
Because boron is generally used as a p-type doping species, the use of nitrogen in the
oxide layer helps to minimize dopant cross-diffusion resulting from boron atoms
migrating into the n-type silicon layer of the SIS structure.

Figure 3 shows three processes for creating the nitridized central dielectric
region 118. As illustrated, each of the below processes would be implemented between
markers 209 and 211 in Figure 2. Nitrogen can be infused into the thin insulating film

through several methods, depending on the process used to create the insulating layer of
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di ffusi on of boron through oxi de. Because boron is
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may be_ introduced into e ow h chapber during,the .
QPR Sece Tosegbpicy Uar SaS TioHa S HHEh gt o bb Mncaled, it
anneal ing step. In this nethod, fhe anount of .nitragen

f dpshied, USHEGIIEIR @XTdRdUOYs ORge A yRIhE HTIgEn CORPIBRS %Hblgv% 1. If
adjusting the flow rate of the nitrogen-containing

s dher meulatmedfiliis fgvoenst YFingi ASROPItiaN OrocTierti RIgsPa ephpgoed process,
| ayer may then be anneal ed, if desired, using nitric
oxitehgen eAntheguigodyg¢dadiring thegaw theclpiia fapgai nitERen oM fgagain, the
anbient 3 11. If the insulating filmis formed using a

d dpwsty t dfomitrpgencaiews srn e aconfoléadhbn dlesd flpvo gatg ©f nitrogen into the
nitrogen can be introduced during the gromh cycle to

d éppsitionnibemberedl 2at Fhe dicdagtricnlay¢rtheanders ibtey pejfernadt 3 Bgedinally,
atons can be controlled by the flow rate of nitrogen

i miteogtin enagiéyp dstrdducad iatvahdthin 8itRctrit Heyed pfbre tiergrewthagredeposition
can then b e patterned 313. Finally, nitrogen may be

i pedcesEiddusingt an intpéantation peticedseldtr | Thel @perntedtion rof trifeogen in the
growt h or deposition process 314 using an inplantation
praagest Jddon They aendeantemtli aa bi awvrhicogercenty ilthough different

concentrations may be used depending on the dielectric material used in the insulator
region and other process variations.

The method described above of creating a nitridized insulating layer in the SIS
structure 116 may also be used to improve the switching performance of related devices,
including opto-electronic transceivers and opto-electronic modulators. Using silicon and
other MOS-compatible materials, along with MOS-compatible processes, it is possible
to fabricate the above-described optical modulator on the same substrate as cutrent MOS
transistors, devices, and circuits.

Exemplary embodiments of the present invention have been illustrated and
described. It should be noted that alternatives exist for the functions and specific
components of the present invention. It should also be noted that the figures are not

drawn to scale and are approximations of an exemplary embodiment. For example,
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dielectric region my be between 1 to 10 atom c

percent, although different concentrations may be used
waleweiaiiag on the dielectric material used i n POEUS2005/033456

i nsul ator region and other process variations. The

met hod descri bed above of creating a nitridized

i nsul ating Iayer inthe SIS structure 116 may al so be

used to ' }/ugedt 19 @n %}Q@&@Fﬂg%ﬂagﬂﬁf VARG ShA st{a?éhtaﬁ g Qlieplcted

é@gpglnﬁflnc ctroni ¢ transcelvers and

95 g ona e
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aﬁgsgg%gé@% cbo&als g? S I a?%a da?ml?%{dlugtﬁ} tqﬂgtgﬁls instead of silicon.
bst r at t
S u S Eﬁr 3? gleorgggwgf”’d\? ghaélﬁ%sola }F?gcirﬁ])?l}ggud‘%ﬁ(fnhof%omg%néan%s a?enlgosmble and

|nvent|on have be |l ustrated an descn
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functions and specific conponents of the

threhe uaderstpad BROETHUGISE 108N 168 AT PhE ?am invention
are not drawn to scale and are_approxi mati ons of an

exidhmpt devjetiaaibon thesnitit and soaps ahi5P EVeRiPer s may be

rounded i n an exenpl ary enbodi nent, rather than

straight a s depicted, as |long as the general form and
function of each elenent is preserved. Additionally,

the SIS stack may consist of alternative sem conductor
materials instead o f silicon. Simlarly, nore

significant changes in the configuration of conponents
are possi ble and such changes are intended to be

within the scope of the systemtaught herein. It wll

t hen be understood that variations in formand detai

may be made to the invention wthout deviating from

the spirit and scope of the invention. WVE CLAI M



1. A sem conductor-insul ator-sem conductor device

conprising: a |lower sem conductor |ayer laterally
whowadedsby | ateral isolation regions; an uppePCT/US2005/033456

sem conductor layer, having a first portion that at

| east partially overlaps the | ower sem conductor |ayer

and a second portion that at |east partially overl aps

ral isolation region; and a central dielectric

EE&%&Q%@ | ocat ed between the | ower sem conductor | ayer

and the first portion of the upper sem conductor

h 2y femi¥L &bRinkNBo £ &Ri¢Aliudbralefie Edripris@@gt on i s
nitridized. 2. The device of claim1l wherein the

bot 1 Omo%méfﬂ&gl‘dﬁ@t&r 1@@%&&%@@@%@ |@BraPiblatich Bgibhsg ON
| ayer of a silicon-on-insulator (SO) substrate. 3.

The dgnvlgp(})?r &fmlgln%h&&%a}y@? GaGinp o (R tpbﬁl‘éﬁ tha$ 81Me4@ ATy verlaps

| ayer | or me creating a pattern mask on top of

t h% @fokver o?m@%r%actef 1a39ﬁn§9 se SRS o ¥ BhataR ‘i’ea@ctﬁ%?tﬁaﬁlg ovBaps a

por I ons e act| ayer not covered by t
pat plqgﬁnnﬁo geflne the | ower sen1conductor Iayer
%ﬁ@ g Te e ™ €1a|n13 wherein etching the portions

f h |
gr OE: eg ggrﬁ'ﬁg%( %]L?f & er(gz%(l)nslfo é%&?b%ée%qge lﬁ)Uv%{ %lgong{léﬁlelgfé? and the

UOfI ne or C ne as

et chant The device of m 1 wher

se r#rétd;ﬁattf’é’t <t YRPEF semicqrgy Ora}?}fe’r U glv?/r? eﬁt?ﬁ d%ﬁ)e%{c region is
chen1ca| vapor deposition process. 6 The deV|ce of

cl didZedherein the | ower seniconductor region is

p-type and the upper

2. The device of claim 1 wherein the bottom semiconductor layer comprises an active

silicon layer of a silicon-on-insulator (SOI) substrate.

3. The device of claim 2 wherein the lower semiconductor layer is formed by:
creating a pattern mask on top of the active layer of the SOI substrate; and
etching the portions of the active layer not covered by the pattern mask to define

the lower semiconductor layer.

4. The device of claim 3 wherein etching the portions of the active layer is accomplished

using a dry etch process that utilizes fluorine or chlorine as an etchant.

5. The device of claim 1 wherein the upper semiconductor layer is poly-silicon grown

using a chemical vapor deposition process.

6. The device of claim 1 wherein the lower semiconductor region is p-type and the upper

semiconductor region is n-type.
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sem conductor region is n-type.7. The device of claim
1 wherein the central dielectric region is grown using
wa@2a0a@84ml growt h process, and wherei n the cenPCBIUS2005/033456
dielectric region is nitridized by exposing the device
to a nitrogen-containing source during the thernal
gromﬁh process. 8. The device of claiml mherein the
usi.n

di
o o es s SLEET L bR e R PP i thomal
{ the .d i
L??%ngél'ﬁepeﬁi %P‘ﬂwﬁedelg%Csa@aiﬁteﬂﬁgﬁ}cwg@?ﬁéﬁfﬁﬁw& Bupgosing the

ess. 9..The deylce of cIa|n1 g@ in the centra
O OFRE N R oA R Ot ST e S SR Bipoce

process, and wherein the central dielectric region is
nitridi zed by exposing the device to a a

% A AN R B e

dl el g%hr IrI éeﬁs, grrng xévléesrem q)etcreﬁtgall éleyec%%lrggon is glit}‘l(rilggdeby exposing the

device to a nitrogen-containing source after the thermal growth process.

9. The device of claim 1 wherein the central dielectric region is formed using a
deposition process, and wherein the central dielectric region is nitridized by exposing

the device to a a nitrogen-containing source during the deposition process.

10. The device of claim 1 wherein the central dielectric region is nitridized using a

nitrogen implantation process.
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