WD 2006/ 034181 PCT/ US2005/ 033456 Sem conduct or - | nsul at or - Sem conduct or
Structure for H gh Speed Applications BACKGROUND OF THE INVENTION 1. Field
of the Invention 5 The present invention relates to the field of

sem conduct WO 2966/43¢888 and, nore especially, to PCT/US2005/033456

sem conduct or -i nsul at or- sem conductor structures with inproved doping
profiles for high speed applications. 2. Description of the Related Art 10
By definition, optical nodul ators are devices that can change the phase,
intensity, pol aenféhiRdor-Misilgtt-SemicofductodBeruaiurefor High 8pded Aipplicationy | i ght.
Modul ati on of any of these optical characteristics by a nodul ator can be
advant ageously used to load an optical streamw th encoded data. Using an
el ectro-optic nodulator, electrical signals can be directly converted into

optically encoded data. Suchpacgeriotan@EOFaquE INVENIBONNT or mati on to be passed
between el ectrical integrated circuit devices using an optical nedium

t hereby avoi difg gid& ofkht iveitidyy of transmtting el ectrical signals over
relatively large distances wthout substantial |osses and interference.

I ntegrated pptical Thd Bl ifEsioh 3Qkibd foohé fiblaGfisERRSHdRE 0P fevilRE Bndd @loreen
el ectrical and optical nediunms by allow ng the nodul ator and optical

pathvays to beg il a6 dehidbiulthCinSRAG BhicShtRshf &hinds wifh ifffovedbgakAL €d

circuit. In sone cases, this transfer is further aided by the use of simlar
materials in botf.dBensl Seld dopati@Rd nodul ati ng devices. One type of

i nt egrated opB?cal nnd%%giorp?s the capacitor-based optical nodulator. This
type of nodul ator generally utilizes a sem conductor-insul ator-

2. Description of the Related Art
10 By definition, optical modulators are devices that can change the phase,
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
15  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 sub§trate of
20 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

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



sem conductor (SIS) structure, which specifically my be a
silicon-insulator-silicon 25 stack. One side of the stack contains silicon
with a p-type dopant while the other sideis 1 - - ---------- - WO

2006/ 03418 w@eies3905/ 033456 doped n-type. In this nmo@grakbdisosyst em
setup, the light travels parallel along a SIS stack bordered by oxide
regions. The difference between the optical refractive index of the silicon
and that of the oxide is sufficient to maintain optical confinenent within
the silicon reqions. -.a vl 1 IS | ed. ac t stagk, the
refractive i ngio xdcl)’fnt’%ﬁ‘ m’é lssf}?oldg%tﬁ&gs HeBe g‘ﬁhﬁggﬁ% %%Elréé)g%ﬁarr% 356"&?}%9 t he
ntensity of LAG kol AR NGichlr AR LINE LARKLCRe odii SRURG: Bho i © change
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.sion, eff. An
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the SIS stack, resulting in counter-doping of each region with

opposi te-t ypeﬂH(Slﬁ‘éFﬁ' sthe$gpge pid f an$esmée%§é ey bedys to ke Sanesin ‘tgel‘?é“ys‘%}(/i t chi ng

capabilities qf the npdul ator due to the formation of speed-limting

junctions wit Feacarpras mahegilicpn ppthe resilt ofi s freg cpricprlpaadispersion gffahve a met hod

of achi eving and maintaining an optinmm dopant distribution in SIS

structures, speci f4®aPpoptantirgauderation i i brcations eliSIN Hctush éscla Teaiptrigal

nodul ators. Such an optinmal distribution requires the creation and
well-defined dopant concentrations in the respective p-type and n-type regions

10 throughout the manufacturing process. Because of thermal processing steps and other
manufacturing variables, the respective dopants in the p-type and n-type layers may
diffuse through the insulating layer of the SIS stack, resulting in counter-doping of each
region with opposite-type dOpant;s. The result is a severe retardation of the switching
capabilities of the modulator due to the formation of speed-limiting junctions within the

15  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.



sust ai nment of abrupt diffusion profiles. 2 WD 2006/ 034181 PCT/ US2005/ 033456
BRI EF SUMVARY OF THE | NVENTION I n general the present invention relates to a
device for optical nmodulation including a

sem conducWer2006/8¢d8at or - sem conductor (SI'S) stack, and RCTHER2PB@33464
fabricating the same. In one aspect, the invention relates to a SIS device
that includes: a 5 | ower sem conductor layer that is laterally bounded by

i sol ation regions; an upper sem conductor |layer that at |east partially

overl aps the | ower sem congrEHFSUNMBMERY ORTHRUINVESESONpParti ally overl aps a
| ateral isolation region; and a central dielectric region |ocated between

the | ower sem congiigéRral |tﬁé/?fese%ﬂ%v"eﬁﬂmox§éﬁfds appd QevieOtdri e fmddRrtistpper
sem conductor |ayer, where the central dielectric region is nitridized. The

central 10 dijgli@fidg =Csehf@h@ioMMbuRBr-sdnBiomBicks GOl HEROReted By a
chem cal vapor deposition (CVD) process. The central dielectric region my

be infused W &licRHidotROGHe Dih ont 9b&Oht bPGibARIAd W SR Rvied thitirkdiegn, duri ng
the growt h/deposition process, or by using an inplantation process

followng 4 helo@ér"é’é@xfh’oﬁ&i&fb?ﬁ&jef’ haP {0 3Tty Bdind@aOhy &b1aASP Ratons; LhCuphy €Nt i ON

relates to a nethod for creating an SIS'device “15 iIncludes: providing an

act i ve seni ARGl Aol AYS PR 180 An) Bldfifh BURSIS AhionBloaR1uG anQf 1 ONS Of

the active sem conduct o ayer t create a laterally 1solate ower

sem conduct Orlezlsg%aﬁ%lgzogé ' 991&&&1}%0?4&011 AL bty Eﬁﬂggicﬁgfieectgi}f{e%&ﬂo@{t@d l'y bound

the lower sem ayer, formng-a tentra region over a

portion of t h’%t‘i’cﬁgﬁfﬁe- 1&&%@%{3%&8% }]Jyé&y%{d’ W&lefafpity SR Bt afll GpeFtric

region is nitri and

semiconductor layer, where the central dielectric region is nitridized. The central
10  dielectric region may be thermally grown or deposited by a chemical vapor deposition
(CVD) process. The central dielectric region may be infused with nitrogen by
controlling the flow rate of nitrogen during the growth/deposition process, or by using

an implantation process following the growth/deposition process.
In another aspect, the invention relates to a method for creating an SIS device
15 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
20 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

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



20 upper sem conductor |ayer that overlaps the central dielectric region. In
one enbodinent, the central dielectric region may be fornmed by thermally
growi ng silicon dioxide in an atnosphere having a controlled flow of

ni trogen su¢R2%4%4%¥he silicon dioxide is infused w thPETUSHYEM3436n anot her
enbodi nent, the central dielectric region may be forned by depositing a

| ayer of silicon dioxide using a CVD process having a 25 controlled fl ow
rate of nitrogen, such that the silicon dioxide is infused with nitrogen. 3
WO 2006/ 0341 28dHcTIYSRe @bdve 3idfind makdidiltdectha btey of inffising iy eentratdiedettrivay i ncl ude
the step of infusing the central dielectric region with nitrogen using an

i mpl ant at i on rggioncweigisnitrbgen asiog e imdaritedich potss. hanothppembodswmt, dlengpert or | ayer
may be poly-silicon and the above nethod may include annealing the device
at a hi gh tesgeicaiducter hyer aiagide pbly-siliecn el ¢ abave hethod atay écluda ahdeslingpper pol y-
5 silicon sem conductor |ayer. 4 WD 2006/ 034181 PCT/ US2005/ 033456 BRI EF
DESCRI PTI ON @ke dEvice BIRAMERN(SIpErataeinroedet S @fiuck it bovRddreoin the eppdepaly- bed bel ow
in conjunction with the appended figures, wherein |like reference nunerals
refer to Isi keiliebiesdBidosdictor taper. vari ous figures, and wherein: 5 Figure 1 is
two cross-sectional views of an optical nodul ator that includes a

sem conduct or-i nsul ator-sem conductor (SIS) device with a nitridized central
insulating |layer, according to an enbodi nent;



Figure 2 is a process flow diagramillustrating a process for creating an
SIS structure having a nitridized central isolating barrier, according to
an enbodinment; and 10 Figure 3 is a section of a process f1ow di agram

i |1 ustratinyO2063438} ocesses for forming nitridized di ACIERISOBHFErs. 5 WO
2006/ 034181 PCT/ US2005/ 033456 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s
invention relates to the inprovenent of diffusion profiles in sem conductor-
i nsul at or-sem conductor (SIS) stacks, specifically silicon-insulator-silicon
stacks, which can be usedsn RmppE%@@ﬂﬂ\logg@mmmssd el ectro-optic

nodul ators. The central 5 insulating layer of the SIS stack is infused with
ni trogen, thereby BalbhpdiRents of Miecit®aitioh e deictliedt belbw af colgRRAGS wirkttheen

sem conducting layers in the SIS stack. The reduction in the perneability
of the insul atdypendbdHigires] Whditih Jike Pefebnce Rlunhig sferwilike Bleants BB Varichy f or

any nodul ati ng deV| ce that includes the SIS stack. Figure 1 provides two
Cross-sect i onafliguydseand wléreian oOptical nodul ator 100 that 10 includes a

sem conduct or - i nsul ator-sem conductor (SIS) device 116 with a nitridized

central inslatingrlgager islh@, crdG G Bhdl Fidw@ o2Man PR niTaRhtor fHaf efides a
illustrates a process diagramfor creating the structure 100. The opti cal

modul at or 100 J@%Ycoi?cﬁ:cﬁf Sahggk- tho&l&d&& WI8PdeRice With GAfaiaRed Oathidh@fatifg>O )

substrate with the top (active) 1 con substrate [layer conposing the | ower

sem conduct or lhx‘}’e)‘%co%n%g‘in%l%&h afk 116. Alternatively, a 15 different base
substrate material may be used at’ i s conducive to the optical. properties

required of electresgpty & IMAURRGSdiagt iBEMRL Lol &0 i rdiily 2 sfg1e SO

substrate may
structure having a nitridized central isolating barrier, according to an embodiment; and

10 Figure 3 is a section of a process flow diagram illustrating three processes for

forming nitridized dielectric layers.



be between about 0.5 and about 2 microns in thickness, although other

t hi cknesses may be used that allow optinmal optical performance. The active
silicon substrate |ayers 106, 114 of the SO substrate nay be divided into
several dif b%i ons by lateral isolation 20 regi onBCT/O&00510B8456 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 |ayers 106, 114 and the

i solation regions 108, 1DETHIED®OHCRIEHONGIOUHEINYENTIONbout 0.4 m crons
in thickness. These |ower isolation regions 108, 110 nay be defined by first
creating a pattern TEbinvesionddlatésap tiefimpiloeentent bidiffissidni pesfilesin bsdicamtiectdray er
206. This pattern nask may be a 6 WD 2006/ 034181 PCT/ US2005/ 033456
patterned resi sisulauediniadndpbion (SIS)Stadits, Specifib2g silidon-Meifor-&i$dos ktacks, which
Alternatively, the pattern nmask may be a patterned hard mask, such as a
nitride or m xesh ®¥iled ht intedRtedayBhcitorbase® lelebirdigptiel RGAHA0RY Th1@enthE used
to renove sections of the active silicon not covered by the pattern mask.

The et chi ng5pr aReRAngMYer € (HRHIS SthdkEe inhSb A FitR nitdherS teRbp BéIpihi @ prevent the
Alternatively, a dry etch process nay be used to renbve the exposed active
silicon; the @Yt d%ﬁﬁse%wééaxemieﬁidudﬁ%n@gﬁtm e -SIPfackt Ak RAudiich & .

i nducti vel y-coupled-plasma reactive-ion etching (ICP-RIE), or a simlar dry

etch process UsheN@rhlddfity BEMO insEIRifY 1hRe res@iSs i8An SpEPBEM swilehBl €&dabili§y fORL er i al
may be used to fill areas where the active region has been etched using one

of many techni %ﬁﬁxo&ﬁ&ﬁ’i{%i%ﬂcéﬁlﬁiﬁdines’-tﬂ?SIStslfh%fc.eby creating lateral 10

i solation regions 108, After the | ower sem conductor region 114 and the
lateral isolation reg@ns,hfes two cross-sectional views of an optical modulator 100 that

- &

10  includes a semiconductor-insulator-semiconductor (SIS) device 116 with a nitridized
central insulating layer 118, according to an embodiment. Figure 2 illustrates a process
diagram for creating the structure 100. The optical modulator 100 may be created by
utilizing a silicon-on-insulator (SOI) substrate with the top (active) silicon substrate
layer composing the lower semiconductor layer of the SIS stack 116. Alternatively, a

15  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

20 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

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



110 have been defined, a nitridized central insulator (dielectric) region
118 may be forned. This central dielectric region 118 forns the central

| ayer of the SIS stack 116. The nmaterial of the central dielectric region
118 may be ¥P ¥/a181specifically silicon 15 dioxide, al PEHUSAOTA3BSE
insulating materials may be utilized in addition to or in substitution of
the oxide. The benefits derived frominfusing the central insulator with
nitrogen are described belowin nore detail. The central dielectric region
118 may be forpieénby résist,SduclgaDphof@esist ofl elpcifintbemnid résist.| ayterhatbiely] ths whiadm Ng
material onto the substrate 210. The insulating |ayer used to create 20 the
di el ectric regh&k nhdBbd@yatiRened hatdmaik, sich snenitide bhfided lokidwhinifefdayer esses:
chem cal vapor deposition (CVD), plasma enhanced chem cal vapor deposition

(PECVD), hi gh-etéh@ips piloyesp hia§ fien ®8 D&dGe fbnole sectichs of fp adtivel eifiesi ot @vereHBPECVD) ,
| ow- pressure chem cal vapor deposition (LPCVD), or a simlar process to

create a thin haysferiimask! elerdtéhtlg proteds tiaptot Pecfotlke big a wed-elcheolgiRCi ficC
case that oxide or silicon dioxide is used, 25 | owtenperature oxidation

(LTO, |ocadi zggbrxtwifl b@fy &éh frokdss iy bb- (X refYe fhk $RpIREI active/RicsRORE 034181
PCT/ US2005/ 033456 wused. The resulting dielectric interface 118 shoul d be

thick enough t@yBi8YERbessnBStinlde FaGRSRAT bt R1€8, ahéhcligy-Pdugle@bla@ha OF
dopant speci es&l{rom (ﬁ)ﬂr?eessingag 1of teheaSI S staglﬁﬁgi&G §to tche }(I)t ﬁgf%ﬁowaever,

the insul ating.ra9:qhy éféﬁng (eBlEefl 3 9 sBfilat By et@NRHQEs dsthgudMhds chiprthd | ci ent
capaci tance and therefore 10 allow a reasonable shift in the carrier density

of 5 the sem canduGti.R0 PRIEEE Hatdrill hBFLPEES BEEaRls PP LR pRhiage; this
shift in carrier density permts a change in the refractive index of the
material. A cepbf 8fchbd8i#hPded? many techniques known in the art 208, thereby creating lateral
10  isolation regions 108, 110.
After the lower semiconductor region 114 and the lateral isolation regions 108,
110 have been defined, a nitridized central insulator (dielectric) region 118 may be
formed. This central dielectric region 118 forms the central layer of the SIS stack 116.
The muaterial of the central dielectric region 118 may be an oxide, specifically silicon
15 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
20  the dielectric region 118 may be grown using one of the following procesées: 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,

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



region that is too thin or thick considering the material of the SIS

sem conductor regions nmay severely interfere with the optical nodul ating
capabilities of the structure. Generally, the thickness of the central

di el ectric MEY8%034188 shoul d be between about 10 10 and BEHUS208W3MIGSt r ons,
al t hough di fferent thicknesses may be used depending on the dielectric
material used in the insulator region. The insulating | ayer nay be grown or
deposited and patterned. If patterned, known nmethods may be used, such as
creating a nmaskedofThea@ssuRing (eleaidy @eirfate DIS shbwlad be drick dwagh togedvsit)eleatich t hen
etching the exposed portions of the insulating |ayer using a wet or 15 dry
et ch process. thaAspohend fsed OF naigreion ef dépapt Pecissiror ofotidd ofake SiSrtaak midg
dilute hydro- fluoric acid (DHF) or buffered hydro-fluoric acid (HF) nay be

used. The nmasko MR\bthet. NHowdEr, fledriivaltingaBgiol MES sHOIHEIalsortg tiin Eddugin toogrotiie
insulating |ayer may conpose the central dielectric region 1 18. As

descri bed abowgfficichcapiigice b ittiefdrkQo @flow BecaSbiabktshifkin Yidocaftiy dogitpef y- 20
silicon, although other sem conducting materials nay be used. To create the

upper regipn timicdnl@yifg meriaPih 16 pieséick iof @M apiad RelteneE ishiedn 2ddepbove
the regions of the active silicon layer 114, the isolation region 108, and

the central di&h%g/}gé}nﬁtsrae&iaﬁ)% Inlfhe reffR8va!RIAGK oP B Ynaldrial. CANcehRd iRladd May be
deposi ted using , PECVD, HDPECVD, LPCVD or another process by which

silicon can beedapmsiil £ 1RR6ALALTRNERL the hl&E BV he B8 £hRBAduBEr feiBnd/PPEN
sem conductor region 120 of the SIS structure 116. 8 WD 2006/ 034181

PCTI US2005/ 033456 sevifafy URBREe WAMET O ophiQP Reu¥aink | dasitiBYort fiENulGupat t er ned
usi ng known net hods
' Generally, the thickness of the central dielectric region 118 should be between about 10
10  and about 80 Angstroms, although different thicknesses may be used depending on the
dielectric material used in the insulator region.

The insulating lay’er may be grown or deposited and patterned. If patterned,
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

15  dry etch process. Inthe 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-

20  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 depo\sited using CVD, PECVD, HDPECVD,

LPCVD or another process by which silicon can be deposited onto a substrate, thereby

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



216 to create portions that overlap the active silicon substrate regions
106, 114. The thin dielectric interface 118 of nitridized dielectric
material forms an interface in areas where the top poly-silicon (upper

seni conduct B0 PMM3418420) and the active silicon subst ratRCTAUS288588346¢ ower
sem conductor | ayer 114) overlap. The top poly-silicon region 120, thin
dielectric interface 118, and active silicon |layer 114 conpose the SIS
stacks 116. These stacks are the capacitor structures that allow for the
modul ati on of optiTiluppérdayat of tdPpbly-b11RuR kiap ghenlteatdinddsing khywis nkthedsn and
silicon areas. In the SIS structure 116, the thin dielectric interface 118
acts as an i soli@pictatepefiofdthitdadrlap fry futive sititsrestibsteeaBgiogsel 061141 Dheethinct ri cal
speci es between the upper 120 and | ower 130 sem conductor |ayers. Foll ow ng

the formati ondifectibterppe 18 mitGdid Wlitle¢trit agtepial fbrAfk andntBifgh in dredypeieat ur e
annealing step may be perfornmed to reduce the effects of grain boundaries

in the poly-silel t6ppoRailRbn dlpper [feicoAdudtdi Reri 120y kAd Mhebptidslisonefubgates al | ows
for better transmttal of optical energy through the poly-silicon and hel ps

to prevent sadgiytd @V semidomBétbiCiader [ 235 86erlapn BHEALH hEIR-siliz¥h teglohNQo SEREdS can
be increased. In general, the |ower sem conductor region 114 of the SIS

structure conyRiedsicRtert P €1 8RR Nédn8ajd @14 BRRFosS BRISEPRLUE I BT Thegi on 120
of the SIS structure contains n- type dopants. Alternatively, the upper

sem conduct or g, agi.anhd E8haBY sREnAQReM: Pidw Bt théVoliflattdicorlopHal sigkild ponduct or
region 114 is doped n-type. The dopants may be 20 introduced during the

gr owt h pr oces $&®in@ BRbdeh theyly diidol 8haRicBH bids| QR 1R A8 §8%ARe 114, thel Al ant ed
by ion inplantation techniques; or the regions nay be doped using a

conbi nati on ofy;elhgic ahRME e B8 NRHSIs ahN GoRtby Q@gi&?%@ rVEYs GRS ei’cﬂlaﬁge! & nal
doping concentration of 1 x 1016 atons per cnB. avily doped regi ons of
the devi cegmayeffical species between the upper 120 and lower 130 semiconductor layers.
Following the formation of the upper semiconductor region 120, a high-
temperature annealing step may be performed to reduce 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
15  optical losses. In addition, switch@ng 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
20 introdﬁced 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 10'7 to about 5 x

25 10" atoms per cm’. The n-type region may have a doping concentration of about 1 x



formed through inplantation techniques to a concentration of about 1 x 1017
to about 5 x 25 1018 atons per cnB. The n-type region may have a dopi ng
concentratign of about 1 x 9 WD 2006/ 034181 PCTI US2005/033456 = 1017 to
about 5 x 10PPYUBHE per cn8. In general the poly-silicdf BP3%5
(whether p- type or n-type) wll have a doping gradient that increases
toward the dielectric interface. Thus, the doping concentrations will be

hi ghest at the upper surface of the | ower seni conduct or region 114 and at
the | ower surf a(lt‘gtocaboutrsec l.@bgp:mmss:emmoridgmemal theegﬂyamhﬁomgon C¥hiwdether 1£22 and
124 may be fornmed on the p-type and n-type -regions, respectively, with the
n+ contact regiypeohaiype)gvi heercieping gtadent that iabeases tbwardlbd Gielectric altefate.5 X
1020 atons per cnB, and the p+ contact region having a concentration of
about 1 x 1019hisp ttebdopingScoxceh@@idna tvalisbe pléghestrt thyY tipper essyf@et oft the tisweerdopi ng
concentrations and gradients discussed above, 10 ensuring sharp diffusion
profil es perm te&nitdnéucsairegidti g anliat thetlewdrsturface off the hipperselnicatdactor tegiohe

optim zed, allowi ng for increased nodul ati on bandw dt hs. Optimal diffusion
profiles cap bexobtGunmes 13y &dsid ngy rienfomled ndrgiat paypeoind appmt regpasi es
into the 1isolation region, and by preventing conditions that all ow opposite

type dopants f fegpBetively) Saihnge hhcomah rédiéh haGh@hioRcehtgioarofaibdutCoMNMErtodopi ng
sem conductor nmaterial on the 15 reverse side of the SIS stack 116. One way

to prevent dif hntat 91 107 2@0PpsitcE’ | did iR HIBANREE refies Giiviles calbenRtibSoflabout Make
the isolation barrier (or oxide layer) |ess pernmeable to dopant species. It

i's known that 1Ri10PegfeuetdRe ddndfet finoxi de | ayers retards the diffusion of
boron t hrough oxi de.

With respect to the doping concentrations and gradients discussed above,

10  ensuring sharp diffusion profiles permits the switching characteristics of the modulator
to be optimized, allowing for increased modulation bandwidths. Optimal diffusion
profiles can be obtained by ensuring minimal migration of dopant species into the
isolation region, and by preventing conditionns that allow opposite type dopants from
crossing through the isolation region and counter-doping semiconductor material on the

15 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

20 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

25  through several methods, depending on the process used to create the insulating layer of
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Because boron is generally used as a p-type doping species, the use of
nitrogen in the 20 oxide |layer helps to m nimze dopant cross-diffusion
resulting fromboron atons mgrating into the n-type silicon |ayer of the
SI'S struct uM® 20f/%94188 3 shows three processes for creat i PG/EFRROHAIB456 di zed
central dielectric region 118. As illustrated, each of the bel ow processes
woul d be inplenented between markers 209 and 211 in Figure 2. N trogen can
be infused into the thin insulating film 25 through several nethods,

dependi ng on tte SI8 ewease. UL the tdicl@irRalagert M€ it mgerhdlyi fgmedy®itrogen may) b¥\D
2006/ 034181 PCTI US2005/ 033456 the SIS structure. If the dielectric |ayer
118 i s ther malinyodubsdintb thai drowifiechabey dueing ithet grodthc pebekds) or afterwgrdsyvinha chanber
during the growth process, or afterwards, in a subsequent annealing step.

In this methodsubdef®entd @MealingOdtepni In' Miemethed; HivdarhduinDd of itroge) Foin@ti i@ thayer can
be controlled by adjusting the flow rate of the nitrogen-containing 5 source

into the grow fsgdapheer cbbe chitlied by hdhsting tHelod rateyf the @ltrdgen-odiaahgd, i f
desired, using nitric oxide, nitrous oxide, or another nitrogen containing

anbi ent 3115 | ourck hto itRSpto@ih @mbér! 310 SThE GG IRENE! SivaY nthy ABHOBE hinRAle®riPCESS OF
pl asma enhanced process, nitrogen can be introduced during the growth cycle

to deposit nitiR@eNudMORic oRE&InRrous H8de, 6eABtheYniRbgen dohRBATY AlLXT® 3 LaNs be
controlled by the flow rate of nitrogen into the 10 deposition chamber 312.

The di el ectri cyl a%ehtigAHint REBmRA RAL hedepOitior lecess abla¥ma eftahéc@RELefRY be
introduced into the thin dielectric |ayer after the growh or deposition

process 314 usifg-ARal FRhREHuELd RBnPhE %% R to d&hBsiT ANESRBE LBk, UgaiRf el t r 0gen
inthe dielectric region may be between 1 to 10 atom c percent, although
different density of nitrogen atoms can be controlled by the flow rate of nitrogen into the
10  deposition chamber 312. The dielectric layer can then be patterned 313. Finally,
nitrogen may be introduced into the thin dielectric layer after the growth or deposition
process 314 using an implantation process 315. The concentration of nitrogen in the
dielectric region may be between 1 to 10 atomic percent, although different
concentrations may be used depending on the dielectric material used in the insulator
15  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

20  to fabricate the above-described optical modulator on the same substrate as current 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

25  drawn to scale and are approximations of an exemplary embodiment. For example,

11



concentrations may be used depending on the dielectric material used in the
i nsul ator 15 region and other process variations. The nethod descri bed
above of creating a nitridized insulating layer in the SIS structure 116
may al so beW@s288p/636181L npr ove t he switchi ng performance ofpeEUSIehsseYi ces,

i ncl udi ng opto-electronic transceivers and opto-el ectronic nodul ators. Using
silicon and other MOS-conpatible materials, along wth MOS-conpati bl e
processes, it is possible 20 to fabricate the above-described optical

nmodul ator on tdigers ANP LS HARAI3h 8n Sfenfpibiy SfbodihERt, rhth@NBinSdhaiphs a S8iG&S, and
circuits. Exenplary enbodinents of the present invention have been

illustrated apdon dgiﬁ&ﬁer $R&H) folrt ar¥RAttiEn BCeabIPdl @k RArestivE €T ARKitk @Sy Skt st for

the functions and specific conponents of the present invention. It should

al so be not edgjshghcu k&ﬁyféowgteéf MGt BicHhRWOr trﬁ’atéﬁﬁl fusREH S Silicon,
approxi mati ons of an exenplary enbodi nent. For exanple, 11 WO 2006/ 034181

PCT/ US2005/ 0334mfiny GR4r0& ﬁEﬁVcl{ﬁﬁ‘geﬁ HHRE Ehfbthafidh FXGHPORAY 1S FRRGLEGRE T at her

than straight as deplcte as long as the general formand function of each

el ement is 5PI &iRfi'cK ges ﬁgq{téﬂdgc{]l%l ﬂeymﬂ{nli"ﬁie § &,5, 0? tﬂ%céstgﬁxa‘&ﬂpﬁéfé{n OI]ft Wll] mor e
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be nmade to thEM?%%gﬁnﬁﬁgﬁgﬁqgkgﬁﬁggh%g%ffﬁ% ‘?%#gthe spirit and scope of the
invention. 12




VWE CLAIM 1. A sem conductor-insul ator-sem conductor device conprising: a

| ower sem conductor |ayer laterally bounded by | ateral isolation regions and
conprising an active silicon layer of a silicon-on-insulator (SQ)

substrate; an upper sem conductor |ayer, having a first portion that at

| east partially overlaps the | ower sem conductor |ayer and a second portion
that at |least partially overlaps a lateral isolation region; and a central
di el ectric reWEoGLAIYBt ed bet ween the | ower sem conductor |ayer and the
first portion of the upper sem conductor |ayer, wherein the central
dielectric region is nitridized. 2. The device of claim1l wherein the | ower

sem conduct or].| ayex sémichiudBe itiilatorSEMRbhAIGtoR dPEEd ®nipridhgk on top of the
active silicon layer of the SO substrate; and etching the portions of the

active silicon | aykelowsbsenpenduetgr layer Iaterally bownded ydateral iolatipn prgiangand ower
sem conduct or o an activa&ilflEN | ot BhTh 2 g5 asBpal Rt t he portions
of the activémgﬁpgbgﬁ F%&gﬁlﬂs ;§§€g%ﬁﬁkghgﬁ ﬁ%@ﬂgqgaer efb’ process that
utilizes fluorine aor ugdel cemivendistagnayr chaiig a fist féreonlahdtce ledst phaiptty 1
wherein the u r sem conductor |layer is poly-silicon ro usi ng.
cheni cal vapdheaesoBe ipes rticaductdiclayer e feednd gpriin e & i Pt e
| ower seniconﬂ@ﬂﬁgglmgMgﬁohﬁQ@r xﬂemﬁnq the upper senjconducpor Iayer !s
n-type. 6. The device of claimI wherein the central dielectric regionis
grown using a a central dielectric region located between the lower semiconductor layer and

- the first portion of the upper semiconductor layer, wherein the central dielectric region

is nitridized.

2. The device of claim 1 wherein the lower semiconductor layer is formed by:
creating a pattern mask on top of the active silicon layer of the SOI substrate;
and
etching the portions of the active silicon layer not covered by the pattern mask

to define the lower semiconductor layer.

3. The device of claim 2 wherein etching the portions of the active silicon layer is

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

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

grown using a chemical vapor deposition process.

5. The device of claim 1 wherein the lower semiconductor layer is p-type and the

upper semiconductor layer is n-type.

6. The device of claim 1 wherein the central dielectric region is grown using a
thermal growth process, and wherein the central dielectric region is nitridized by
exposing the device to a nitrogen-containing source during the thermal growth

process.
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thermal growth process, and wherein the central dielectric region is

nitridi zed by exposing the device to a nitrogen-containing source during
the thermal growh process. 13 7. The device of claim1l wherein the central
dielectric region is grown using a thermal growth process, and wherein the
central dielectric region is nitridized by exposing the device to a
nltrogen contai ning source after the thermal growh process. 8. The device
of claim1 wierei nierevicerf e md. wéfhf‘éemrth%C%r@?eﬁlep@%rsglﬁ%as gerRgisie a

deposi tion PrRGRSS grodill pARES i and WRrGR MhE Rbntfll Rli@&did ?eg'i&ﬂisoﬂltﬁcﬁzé’d' pyidized
by exposing the deV|ce to a nitrogen-containing source during t

deposi ti on prespessg thodevitedo deitiagen-eontginmigrspurcenitar dhathermml gromith aﬂOC@SeI ectric
region is nitridized using a nitrogen inplantation process. it 14

8. 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 nitrogen-containing source during the deposition process.

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

nitrogen implantation process.
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