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However, in MOS accunul ation the carriers are
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extinction coefficient or absorption coefficient, leading to phase-shift. Free carrier
concentration can be varied either by using p-i-n diodes, or metal-oxide-

semiconductor (MOS) capacitors based device structures.

[0003]  Pin offers high effective refractive index variation and hence high phase
modulation efficiency. However, speed rarely exceeds 1 GHz due to its long carrier
recombination process. The MOS modulation scheme, in contrast, can offer high
speed and zero DC power. However, in MOS accumulation the carriers are
concentrated near the gate dielectric in very thin region, e.g., about a 10nm thin
layer. Thus the free carrier optical overlap is very small, resulting in a relatively low
effective real refractive index change for the similar electrical field applied or power.
For a 7 phase shift to occur as required to achieve signal modulation, a long phase

shifter length will then be needed.

[0004] In relation to variation of free carrier concentration using p-i-n diodes, an

approach is disclosed in publication “Micrometre-scale silicon electro-optic



shifter length will then be needed. [0004] In relation

to variation of free carrier concentration using p-i-n
waelemdez43nn approach is disclosed in publicatiPeI/SG2007/000241

"M cronetre-scale silicon el ectro-opticnodul ator”,

Q anfan Xu et al., Nature, Vol. 435, pp.325-327, 2005.

The publication discloses a silicon electro-optic

nodul at or. The nodul ator consists of a ring resonator
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thin, so that there is a good heat sinking to the slab portion of the waveguide acting
as a heat spreader. The optical mode is well confined within the ridge in horizontal
direction, which greatly reduces loss due to highly doped contact regions and

sidewall roughness.

[0006]  Yet another similar approach using p-i-n diode is disclosed in publication
“Optical Phase Modulators for MHz and GHz Modulation in Silicon-On-Insulator
(SOI)”, Ching Eng Png et al., Journal of Lightwave Technology, Vol. 22, No. 6, June
2004. Publication discloses a low-loss single-mode optical phase modulator based on
silicon-on-insulator (SOI) material. The modulator operates by injecting free carriers
to change the refractive index in the guiding region. The overlap between the

injected free carriers in the intrinsic region and the propagating optical mode has



si dewal I roughness. [0006] Yet another simlar
approach using p-i-n diode is disclosed in publication
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in Silicon-On-Insulator (SA)", Ching Eng Png et al.
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[0008] A similar approach using MOS capacitors is disclosed in publication
“Scaling the Modulation Bandwidth and Phase Efficiency of a Silicon Optical
Modulator”, Ansheng Liu et al., IEEE Journal of selected topics in quantum
electronics., Vol. 11, No. 2, March/April 2005. The publication discloses an all-
silicon optical modulator based on a silicon waveguide phase shifter containing a
MOS capacitor. The publication discloses that shrinking the waveguide size and
reducing gate oxide thickness significantly enhances the phase modulation efficiency
because of the optical field enhancement in the voltage induced charge layers of the
MOS capacitor, which, in turn, induces refractive index change, and thus phase

change in silicon due to free carrier dispersion effects.

[0009]  Another approach using MOS capacitors is disclosed in publication

“Phase Modulation Efficiency and Transmission Loss of Silicon Optical Phase



the sane time, resulting in high speed operation.

[0008] A simlar approach using MOS capacitors is
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Bandw dt h and Phase Efficiency of a Silicon Optica

Modul ator”, Ansheng Liu et al., |EEE Journal of

sel ected topics in quantum el ectronics., Vol. 11, No.

2, March/ April 2005. The publication discloses an
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modulator including two shunt oxide layer capacitors integrated on a SOI
waveguide. The refractive index near the two gate oxide layers is modified by the
free carrier dispersion effect induced by applying a positive bias on the electrodes.
The theoretical calculation of free carrier distribution coupled with optical guided
mode propagation characteristics has been carried out and the influence of the
structure parameters such as the width and the doping level of the active region are

analyzed.

[0011]  Publication “Compact gate-all-around silicon light modulator for ultra
high speed operation”, K.E. Moselund et al., Sensors and Actuators A130-131, pp.
220-227, 2006 also attempted to enhance the optical overlap by proposing a Gate-
All-Round (GAA) sub-micrometer-scale waveguide and achieved a V#lw of
~0.45Vcm. The publication discloses a GAA MOS capacitor constisting of a silicon



Capaci tor Configuration", Xi aoguang Tu et al., Journa
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and not only the Si-NW [0012] Yet a further approach
usi ng MOS capacitors is disclosed in publication

"Model i ng and goMMARY OF THENMSRENTIONeCt r o- opti ¢
nodul ation in high confinenment silicon wavegui des

usi ng metal - oxi de- sem conductor configuration”, C A
ﬁ%ié]l OS1n one embodiment of the invention, an electro-optic device is provided.

The electro-optic device includes an insulating layer, a first semiconducting region
disposed above the insulating layer and being doped with doping atoms of a first
conductivity type, a second semiconducting region disposed above the insulating
layer and being doped with doping atoms of a second conductivity type and an
electro-optic active region disposed above the insulating layer and between the first
semiconducting region and the second semiconducting region. The electro-optic
active region includes a first semiconducting partial active region being doped with
doping atoms of the first conductivity type, a second semiconducting partial active
region being doped with doping atoms of the second conductivity type and an
insulating structure between the first semiconducting partial active region and the
second semiconducting partial active region, wherein the insulating structure extends

perpendicular to the surface of the insulating layer such that there is no overlap of the



et al., Journal of Applied Physics, Vol. 96, No. 11,

Dec, 2004. The publication analyzes the electrical and
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wavegui de nodul ator using a MOS configuration. The

devi ce performance is studi ed under different nodes of

operation of the MOS di ode and gate oxi de thickness.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In
the following description, various embodiments of the invention are described with

reference to the following drawings, in which:

[0016] FIG. 1 shows a cross-sectional view of an electro-optic device in

accordance with an embodiment of the invention;



active region in the direction perpendicular to the
surface of the insulating |ayer. [0014] h one
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manuf acturing an el ectro-optic device is provided. The
met hod includes formng a first sem conducting region
on an insulating |layer and doping wth dopi ng atons of
a first conductivity type, formng a second
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[0022] FIG. 7 shows a plot of change in efficiency and VaLw vs Vd in

accordance with an embodiment of the invention;

[0023]  FIG. 8A shows a plot of speed vs slab doping concentration in accordance
with an embodiment of the invention; FIG. 8B shows a plot of DC loss vs slab

doping concentration in accordance with an embodiment of the invention;

DESCRIPTION

[0024] While embodiments of the invention have been particularly shown and
described with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein

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



[0016] FIG 1 shows a cross-sectional view of an

el ectro-optic device in accordance with an enbodi nent
w@boovloz4snvent i on; [ 0017] FIGS. 2A to 2Q show rBGSPEGLI07@00241

top and cross-sectional views illustrating processes

for manufacturing an electro-optic device and a

phot o-detector in accordance with an enbodi nent of the

invention; [0018] FIG 3 shows a flow diagram
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above the insulating layer 102 and being doped with doping atoms of a second
conductivity type. The first semiconducting region 104 is typically a bulk silicon (Si)
substrate (or wafer) and the second semiconducting region 106 is typically poly-
silicon (poly-Si). Nevertheless, the first semiconducting region 104 may also be
poly-Si and the second semiconducting region 106 may also be a bulk Si substrate
according to chosen process technology of conmstructing the device. Any other
suitable semiconductor material can be used for the first semiconducting region 104
and the second semiconducting region 106. The first conductivity type is typically p-
conductivity type and the second conductivity type is typically n-conductivity type,
however, the first conductivity type may also be n-type conductivity and the second
conductivity type may also be p-type conductivity type, as long as the first and
second conductivity types are different according to the chosen electrical biasing

conditions.

[0027]  The electro-optic device 100 further comprises an electro-optic active
region 108 disposed above the insulating layer 102 and between the first



skilled in the art that various changes in form and

detail may be nade therein without departing fromthe
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t heappended cl aims. The scope of the invention is thus

i ndi cated by the appended cl ains and all changes which

cone within the neaning and range of equival ency of

the clains are therefore intended to be enbraced.

[
ek PRaRE 108 8 T Rl o RIRRLARLregBR 106, The clcto
acﬁh»lea\tgmhdtols intlghesphdse seffi¢onileding pavidal icgiie s*%@d 110 being

boGack b ot oo s ORI s "L Sl Miconcucing
?ﬁﬁl@?&cﬁﬁ@ tegitin 1 1Pehdikly @6eldarith ddpenge hteﬁis rofﬁ-thmidcondjmnduenwty
00 includes a starting insulati n | ayer

thipe|aad tapinsulatipg strugtaes Tld<hatagsn ige i vé'emf@?g%?lg [attia), active
g@é L8 1 { RURd 'chef Qoo QéHﬁlcgncﬁtchﬁgf BRtiaK helRre(r8hf6R) 112! wierein the

ed oxide |ayer. Nevertheless, any othér suitable
imsalating smﬁmtléﬂleatendapemeldm th ghe surack 19f l!illlfatnis‘ﬂgtmg layer

P al8 5 SSHARa L B S5 BB o 10

dﬁ’@V&‘let B&ohd Swfnﬁbd)ﬂﬁﬂcﬂlragy qfartileﬂ)Zacﬁmé bediog Hlﬂped vhet flirection

TR T AT R R

gt%ﬂésaitrblﬂ d Mﬁﬁe 4 aleQHQJIQEﬂgrlgyéil QP2 dhrdh s tHEQERY-optio Btive
a second conductivity type. e first

segiorc fotedhé tog of da eiwtmeaptuc@cmxﬁpneg@m 1084 Thg first sqniipengpeting

g;éxﬁ?a}: %cﬁl%g %{:%a}ﬁt;]el {(9 s 1%56%8%}&?%%%?@ tﬁetﬁg Rkt semlconductmg region

( region pol'ysilicon
(1 DIP lajid ie) sec&ﬂ&lvsthh&t&id&&mg falngal facti et region ]d@nd lirc tlepfgical contact

ion 104 may al so.be poly-Si and the second
§‘é t@%?ﬁ?ﬂ’é@?ﬁ’i‘b‘c‘?@@‘f’%‘}grfg’@ ﬁﬂg al so be a bulk Si

substrate according to chosen process technol ogy of
constructlngpthe device. Any other sujtable
KMABE on dhe eBetrmapty atvecmaionel Aoy 7 Bb-shis itk g larger height

%lga% i @’gsq %%:ﬁ&gn&ﬁ%g ?eg}c%mé l(ﬁpﬂldt t?@ s&®n@ Remiconducting region 106

m con I ng regl I rst conductivity type
irelatiyepioahd $urfape ofidhe disulaiting layer 102. The electro-optic active region 108

has a width denoted by W in the range from about 1000A to about 7000A and a
height denoted by H in the range from about 1000A to 4000A. Typical W/H can be
4000A/2500A. The first semiconducting region 104 has a width denoted by Warml

in the range from about OA to about 3000A and the second semiconducting region
106 has a width also denoted by Warm?2 in the range from about OA to about 3000A.
The choice of arm length is between the resistance concern and optical loss from the
proximity of the center optical profile to high dopant area. The first semiconducting
region 104 and the second semiconducting region 106 have a height denoted by h in
the range from about 1000A to 7000A.

(0029]  The first semiconducting partial active region 110 is typically of the same

material as the first semiconducting region 104 and the second semiconducting



type and the second conductivity type is typically
n-conductivity type, however, the first conductivity

W ype/ozEy2 al so be n-type conductivity and the BEDSGZI07/000241
conductivity type nmay al so be p-type conductivity
type, as long as the first and second conductivity
types are different according to the chosen electrica
bi asi ng conditions. [0027] The el ectro-optic device

pjlagrgalf H&RQGF gﬁ)%gqubsfés e G freOBhE RBEfeiiMe ab egleOBecond
ove the’insulating [ayer 102 and
g@anmémtmlgeegmm 406 &Htiecutisenticongueting ptialoastism epeionel 10, like

nd sen1 duct 10
SR SRAROIERSTE TRPATR ol DI SO o
\fﬁlé?ir%f);/ﬁldr tﬁgls@fbnﬂliﬁnb@irﬂgctd@pﬂnw adiivdapgiog dRolike dhe aecond
st conduct i vi t
ssarieqndrctingregien 4 }Sd%/ﬂ?lga!@ o C%E}@g} &)\Snﬁ\}w%’:‘é‘{‘]ﬁg@“ the first
| nsg[tﬁidgétl h arﬁa‘?QafteC%%%CMO/ ihad bMOELAPEIyST and the second

tin tructure 4 between the first
mcmgmii:gtljangié petivte ragion d 2 weayradeyi ma bully S subsiygte. Any other
sec nd sem conduct arti [
SRR b 3% 589 Bfichcins i
mrv@ edpstinc Ml d ke steb@dssmﬁcamauafngtﬂamal astiMleatgion 112y er
102 such that there is no overlap of the first
sem conducting partial active region 110 and the

nd BEThSARIYGHLAErPAYthA) b dibMetric 8o Br dnldxilldlaydref
[gl ?@Ctl on perpe#dl cular to %Ihe sulrfaéle %; rh idelayérefor

exsyplabithg Nea/yghelqaszanyrmeﬁ mteblatmwéat@tgrln@@mlézag g used for
&ﬁﬁlﬁ?}g‘%ﬁ{g{ﬁmc S 1347 fl“ﬁ? Efns%ia‘u Pestllu@t%yé ik Qs |aa§f§é'kn<1§%2m the

eet T 0- ve region 108 to the top
Oirectibe fﬁirﬁahds dhstptaxmc@fmlucm paipb acti\(eSregTdmeliG’ rttstthe second

sem conduct i ar.ti al t 110
S B R BB SR by gom sbow 2
L8%H:0bokP40a0E, tpealasuiseehesiHOn6 BOt g Trhardlelad:tnc shall be

active region 1 is in electrical contact
g]e@tun:dl}s@%q @dﬁdm@tth?]@amé@ie@ﬁlt}i%ngf %mccqqqﬁiauon or Sepletlon

%afe?cgité/%lgf%\g?%%?ptﬂgﬁy ¥E1HEBLOR tﬂ@énﬁ&ﬁh@t.r i b-shape with a

[0031]  The first semiconducting region 104 is in further contact with an electrode
116 of a corresponding conductivity type and the second semiconducting region 106

is also in further contact with an electrode 118 of the corresponding conductivity

type.

[0032] The electro-optic device 100 further comprises an oxide cladding layer
120 covering the electrodes 116, 118, the first 104 and second 106 semiconducting
regions, the first 110 and second 112 semiconducting partial active regions and the
insulating structure 114. The oxide cladding layer 120 is typically SiO, but
nevertheless, any other suitable insulating material can be used for the oxide
cladding layer 120. The cladding layer is to provide sufficient refractive index

contrast between that of cladding to the waveguide or phase shifter material, so the
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than the first sem conducting region 104 and the
second sem conducting region 106 relative to the
waobazE3nf the insulating |ayer 102. The el ece€DS6mNT/000241

active region 108 has a wdth denoted by Win the
range from about |1 OO0A to about 7000A and a hei ght
denoted by Hin the range from about | OOOA to 4000A.
Typical WH can b e 4000A/ 2500A. The fir st

dodton Wagsnvith
R e N
matanth ]sekmge durtol gt cla@dmg triven Ai0as herech foy itilasgmingdex contrast,

@gg@%%ﬁ%%ce&pgﬁ%go&tﬁ%gmcﬁg g i {ﬁ:l L %C{e%?me%a%ah% F‘Qﬁ’xt&mdmg

{08 Silrfiep d6ACcSRREEItIon A0KIdO Bbd W&t refiasivef inder adde:oplrmﬂ)mmeﬁ as
of the center(mﬁtl cal profile to R-lg‘tsh dopﬁnt ar ea. %
¢lpdding dayArcen et phflecsdsab isalping mshie aley,spectiic {act
O8edfbal RRYGod: REbEBIgdenot ed by h
%ﬁ@@g%@%%@ﬁg out ['OOOA to 7000A. ~[0029] The

f| rst sem conducting partial active region 110 is
@éﬂ]gghmg %&fzg rg\e;v el %glhf%t %dgcp&s sgrftﬁ)hal views illustrating
HRBE8 A elahi@prariig ai eleciid-uptio égii@naDlidisphoypil@edion202 in

of the sane mater as. the secon ndu
FasgTReTOR TREbImeRt CLH BETUGRNTIRG IOUT S Heepgrated

region 110, like the first semi conducting region 104

is typically a bulk silicon (Si) substrate (or wafe
[034]t heFHGchhchayerr satina semisgnistan sabsterta 30 Aﬁé@.l%&*ﬁtraﬁon

Ebseipqt g %ertBQ;Sndsuc QQb Eg 5(?4{] gsug tS'llﬂ:Q)n[(ﬁg- H‘agoQQSt)% structure.

I con Nevert ess
Thé SSOF eruamrde4 iindudsr ti mmlamtduver rdeyiconlaygi0 2ﬁéyseparated

I b | y- Si d th I
S ouB B! o ey 26 98, FRAICORLEAOR IR il an
ﬁkhﬁﬁng AR AQMAtReNEHEt 0 aedtﬁasan@l is6lates e desid lﬁyﬂfr 206
the first sem conducting partial active re 11
fi. ecomers vt 80 S50 vfsrora aPYveny Bt CORCHEd by bny
% 0l t-&’fh%ld[ 0$ Ub@h | ROw skt ¥ ghﬁ’l?ag orl4 s‘gﬁéfatl?(ﬁq 8y implantation of

ectric ayer or an oxi yer,
oxygen (SIMOX) technique.

[0035] In the illustrated embodiment of the invention in FIG. 2A, the device layer
206 is typically bulk Si but may be formed from any suitable semiconductor
materials including, but not limited to poly-Si, gallium arsenide (GaAs), germanium
(Ge) or silicon-germanium (SiGe). The thickness of the device layer 206 is typically
in the range of about 2 nm to about 1 yum, but not so limited. The support substrate
208 may be formed from any suitable semiconductor materials including, but not
limited to, Si, sapphire, polycrystalline silicon (polysilicon), SiO, or silicon nitride
(SisNy). The thickness of the support substrate 208 is typically in the range of about
500pm to about 1000um. The thickness will be typical and decided by the size of the
wafer. The insulating layer 210 is typically SiO,, processed from
tetracthylorthosilicate (TEOS), Silane (SiH,) or thermal oxidation of Si, glass, silicon
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exanpl e Si 2. Neverthel ess, any other suitable
insulating material can be used for the insulating

W@ 009020482 114. The insulating structure 114 heSI/8G2007/000241
thickness in the direction fromthe first
sem conducting partial active region 110 to the second
sem conducting partial active region 112 denoted by
Tox in the range fromabout 2 nmto about 50 ran,

triRide alSk, W, P &k VeEIeddnScibids. OTRY thibknet & rding! @&t £ti.rf§ ﬁagélj b10 is
be electrically able to induce the carrier

driplly iacthe sange f bt 500A torabdetpSien] but et e diniited] Yhe thicker

o B Bl LB 1 B i 500 €W vesuide
ﬁmDdeMmﬁmmtact wth an electrode 116 of a

correspondi ng conductivity type and the second
sem conducting region 106 is also in further contact

Y0381 an nekectprad eZﬂ 1 §hc9)tr th edlglgfthg S @%% ??ZC %ﬁé)osned £8o the

conductivit type. The electr
senicheduciardsyics ézs/eaaO@ >2rhd alicd¢chuiic layer Im/may b2an ogide ldyeg for

S8 SHOL B 110 ke 0 PaE3R0Y 40810

Neweciebascinyngthpasiitadle iagilatitg megiansar2be uk&Efor the dlle%egmc

|nsu ructure 114. The oxi de cl addi ng | ayer

53¢ o .l hesiemaicit derelav s wipred R St
ifstSetbblebroB{E th ¥ndePihe Q@mfé§ﬁ‘tﬂlcfd? rdeh*&@ 128'3 L Qme
| ayer 120. The cladding layer is to e su ent

exdmples pl thej hogery iraplpntrdose am@l@@erﬁomﬁav @EIZ;IZQdﬂevngEﬂn 100
f t | t hel i ght
KRS KBGOl ORGSRl Bl T L BBy PR e

can b"e contine

pnplpatg.athiois fblksxsed/b}t ﬂhomremsﬂsmpbﬁ@(BBS) bid ®ef ddéin.
cladding layer. Air is perfect for it |arge index
contrast, but in real device application, the

F0BTICt USﬂ)s‘équéntlp FIQERU §kbvASa RERH %@fcpﬁilaslg'lép&oﬂqddeﬂgsited on
for furthz1 devi ce integration.

therdiclestyic dayven d B2 Eﬁc&%ﬂﬁ% sy ygr a4 prosests thg diedeparic layer
a M&hbseﬁﬁexﬁ'e‘c’cﬂﬂg‘sﬁ?@% isolating filnms to allow

speci fi c ‘cont act

[0038] From FIG. 2D to 2Q, a cross-section is made through the electro-optic
device 200 along the line A-A and a cross-section is made through the photo-
detector 202 along the line B-B.

[0039]  In FIG. 2D, a photoresist layer (not shown) is deposited on the Si;Ny hard
mask layer 214. The photoresist layer is then patterned to form a Si waveguide 216
by standard photolithography techniques. Subsequently, using the patterned
photoresist layer as a mask, portions of the hard mask 214 not covered by the
photoresist mask is etched away by an anisotropic etching process such as Reactive
Ion Etching (RIE). Then, the dielectric layer and the Si device layer 206 are also
etched to form a Si waveguide 216. This is followed by PRS and wet clean.
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formations to contact with the electrical el ectrode

for biasing. [0033] FIGS. 2A to 2Q show respective top
wW@eah902@3xs- sectional views illustrating procesBeESGINT/000241

manuf acturing an el ectro-optic device 200 and a

phot o-detector 202 in accordance with an enbodi nent of

the invention when both devices are integrated. [0034]

FIG 2A shows a st arti ng sem conduct or substrate 204.

@ﬁ%@ I%llﬁgf()Zﬁt 'aﬂlax Byet 088 toP Gxatigile gfmzdié Qﬁé}ﬁlally grown for

i’sa IlconOnInsuIator %
sdmwltguueesoléﬁm 3@ tetcpmptettnl}é iplate petwieen 63)05' i layer 220 to Si

S e A e SHhES, A 80P TR SN L R e 214

hayee iddatRi 1aferl T T | pody- Sayw is ilkteequa:atly albperg whthyetype
210 electrically isolates the devi ce :ﬂl'% éeog drﬁ]

dopanisy ghishtis 9§ @@tqnap@tez@@ duetfyitydupe of tht of the 9eppd piyevice
%g?lf vl Tﬁ@hﬁg %YS GHh¥ %{ g b§ @ﬁ"ﬂisﬂ)‘ﬂegomé %ﬁﬁnﬁlés of n-type

bondi r a se tlon by 1 nmpl antation of
dogagﬁsmre(é?skdﬂtb)()Asb emdlphaqiphoruf (035] In the illustrated
enbodi ment of the invention in FIG 2A, the device
layer 206 is typically bulk Si but nmay b e fornmed from
P0¥1]S Ui habic ZEFH pmslmmtoraymef sladven) i im clleprshitady on bbb poly-Si

not limted to allium rselde

epad dhe @@t))realfst qurﬂi %ﬁerg%%tmﬁ @qé\ﬁ%bvegmde 222
2 i c@n{ the pdiRmed

gnge 0 a@-{)ﬁlﬁfgog‘ri}%ﬂtygfi%éhgmtﬁés gﬁbéeaﬁmgot sogy Lim {)edrne

Pheossipplayar as @bseskapertipoBofiy Hoby- sz%@otfqomeéhy the mask is

Fﬁch?d? g\lgae){ %? rta]glce?nqgo T Bgcr efaﬁikg (Hrg(!e%s S{I@{ F&dkﬁ‘ﬁ to %f’m riﬁé poly-Si

, yCcrys ne silicon
avdgnsdel22eon) | SlCE or S|I|con nitride (Si -3N4) . The
t hi ckness of the support substrate 208 is typically in
the range of about 500 mmto about | OOOnm The

td@hﬂk NegsFiMt. 12IG, R BelbdtAE Ckr Z20pis dieposited oyt thérpolgist e2@f313N4
he wafer. The insulating |ayer 210 is typi a”&%
B4 end swulafing tayer 210. The ielectric layer 224 is typically Si ut not so

limited.

[0043] Next in FIG. 2H, a photoresist layer (not shown) is deposited over the
dielectric layer 224 and a Si waveguide reverse mask pattern is formed. Then the
patterned photoresist as a mask, the dielectric layer 224 is etched and wet clean is

performed.

[0044] In FIG. 21, chemical mechanical polishing is performed on the poly-Si
220 layer such that about 500 Armstrong of SizN4 214 remained. Then the SisNy

layer 214 is removed by wet clean.

[0045] In FIG. 2J, the N+ 226 and P+ 228 areas for the electro-optic device 200

or modulator are etched and the respective n-type and p-type dopants are implanted.

13



tetraethylorthosilicate (TEOQS), Silane (SiH 4) or
thermal oxidation of Si, glass, siliconnitride (Si MN)
wW@eo0gioki4sann car bi de. The thickness of the i nsuPEI/BGLN07/000241
| ayer 210 is typically in the range of about 500A to
about 5mm but not so limted. The thicker insulator
is preferred for optical confinenment for the |ight
gui ded in the wavegui de in above structure. [0036]
F Brgfo Nasfer |28¥€ siEAP RS duBSkquent
@ﬁ%é he 'g}?r% é’o%ﬁc%%gyﬁ%ﬁ& l{?% 2 i.fs g‘l'ell?g di elﬁ)zcgiurl g
kddytive 2loRvthnag Gb eviadovofar dies plmyed&?tecmr exanple Si Q2
about 100 Arnstong, as pad oxide before hardnmask | ayer
deposition. Neverthel ess, any other suitable
‘omml at hlnEI('}raZ]?rth@'phﬁﬁr-ﬂdﬁ@tdtS@Q wigdowt DE2 ki epemed.r And in FIG.
ayer 212. Then the sem conduct or i ce I&a%er ZO%gsTh
amg@@ cnity 28 s5) v ABERT 1 She PRI B SRRy 256 Then
EepRer Q&e@mmﬁeves epitax
EPRE 2, MepEaRaRORL e PR W i npod e Ty a8 spitaxy
K@ZVto 1 The rBettineg N-BE36 and PO 28@ erepse Thisds fallempd bménpahng
after inplant, there is an annealing step to activate
the inplants. This is foll owed by photoresi st
Efogsp g ICIigl;“]((PE@ agﬁiill\(l\m;éledéhe aiyer cﬁlﬂ@(ﬂiﬁorﬁ-‘ﬂhﬁmﬂmm , lfgr, example
shows a Si ar nas osi.t
SH i§idepesited ifer Wa‘f&udzﬁad% 'i’ié %‘P R d&@&’ contact
t MHofe 3 ﬁé 2detndd) TRISHS ESILRRHE by etch
R o R S R fe g e g
endestdemt i on i s rrade t hrough the el ectro-optic device
200 along the line A-A and a cross-section is nmade
t hrough t he phot odetector 202 along the |ine B-B.
[0938P] Fimaly Gn BAG;. EQ,OIfmdtajrlegér$t246agrerdepnsj‘tedsihothn)re$13§0tive

deposited on the I 4.. The
sroegr st 206 ThDEHL ES5h R0 A SR U B ride (TN) or
RS Eth R 1)2 TP theSth ARSI dis @Jﬁﬂéxﬁ&d tsaerg haeYajee Ghowng bR Sop of

Subsequent’ly, using the patterned
the isolation structure 240. This is followed by etch and wet clean. Then it is

completed.

[0050] FIG. 3 shows a flow diagram illustrating a method for manufacturing an
electro-optic device in accordance with an embodiment of the invention. The method
300 begins at 302 with a starting semiconductor substrate 204. Next, in 304, a
dielectric layer 212 is deposited on the semiconductor substrate 204. Further, in 306,
a Si;N; hard mask layer 214 is deposited on the dielectric layer 212. Then in 308, a
photoresist layer is deposited on the Si3N4 hard mask 214. The photoresist layer is
patterned using photolithography techniques to form a Si waveguide pattern. Using
the patterned photoresist as a mask, portions of the SizNy4 hard mask 214 not covered
by the photoresist mask is etched away. Then, the dielectric layer 212 and the Si
device layer 206 are also etched to form a Si waveguide 216. This is followed by
PRS and wet clean. Then in 310, oxide 218 is thermally grown, followed by poly-Si
220 deposition and poly-Si layer doping. In 312, the poly-Si waveguide pattern 222
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photoresi st |ayer as a mask, portions of the hard mask

214 not covered by the photoresist mask is etched away
Whgooat2@s2 sot ropi ¢ etching process such as ReaeCT/9€2000000241

Etching (RIE). Then, the dielectric |ayer and the Si

device | ayer 206 are also etched to forma Si

wavegui de 216. This is followed by PRS and wet

clean.[0040] In FIG 2E, an oxide |ayer 218, for

Gx ffpke afil fHly eh sRYRIBPoYit& KOhard Sik 58 Bectric |
'S%]Ff?t' on fa%r tg’gclo IJOeltte &%?léo?a%reﬁ%et\%eeﬁmgdl setric fayer

3Py Ins 14, 53, dijrthep dlqlf@t@ layey Qaé if a‘ymSI’de)GThelﬂemtﬂ;ﬁolvxaV&‘gulde
%&Qréesmgs%plgaua{tﬁﬂecmf? lipd Hl%lf%l%'ﬁ%& 2%[ ?Rxé 5@%6 eg%)y etch and

and the ins ayer
smbsbqueht 318, dMiécth mdrfonmead toyi ke qiopa‘ht 20 audithé 813N4 Gbrdfhask

ARE S weF R0l ot gl Biincpnes otnletag N g g For 228 aras
didf &tels iapd) 1mﬁaﬁﬁd evaRs t10§ y Bﬁd gi}?en H%)lf?é Qtoﬁfssﬁ{”?’ﬁé a

h 00
é@i%cm%ﬁaw% O?f(gvgfie%gﬂt(?@ th%\E@ eswmdp‘@sln R, ahns tlh éollowed by
ks B e B0 R BUSDu S 1 e
ph@poletepmg}eawmﬁowwhmmgwég Tﬁmbﬁemse mésbycuvesmyge bl p-type

B8 Wb B R Bl B ot R 2 oD S agpotsgis s
anlomusby rambzﬂm@t ahi 38D, ps Qﬁﬁﬁsdﬁwﬁﬂlcaﬁ%@ agb gllsg l&’%ptgtgfﬁag for

equi de 222. [0042] In FIG
ﬁ’&v%%” C&"i addiigy d Bersin 33 Beeproduiaon andphppadetSit@44 zomtact
H(Blgs hlré%ltt@ihle@ Qhél?%@ﬁedzémi wit e rﬁfl% &éfﬁl& %& 1 1 é%_?%i are

typlcal y Si ut not solimte
deposisedpingr ﬂweergspgctmeagoarac( hales 2#2\iHy. This de fidlpinted dbymmal pad

h%%ﬁrg e?clthea(ﬁh (b cle?% ¥is Ze%fﬁg}%l'%?fg wavegui de reverse

tern1s patt er ned phot oresi st
as a mask t he di el ectri c layer 224 is etched and wet

[0bSAN | FIG. 4A to 4D show respective cross-sectional views of an electro-optic

device with different doping schemes in accordance with an embodiment of the
invention. The first semiconducting partial active region 402 comprises a first doped
region 406 and a second doped region 408 and the second semiconducting partial
active region 404 comprises a first doped region 410 and a second doped region 412.
The first doped regions 406, 410 are defined as the vertically elongated regions
adjacent the insulating structure and the second doped regions 408, 412 are defined
as the horizontally elongated regions nearer to the respective first semiconducting

region 414 and second semiconducting region 416.

[0052]  The first doped regions 406, 410 of the respective first 402 and second 404
semiconducting partial active regions typically has a height similar to the height of
the first 402 and second 404 semiconducting partial active regions. The height is
typically in the range from 100 to 500A. The first doped regions 406, 410 of the

respective first 402 and second 404 semiconducting partial active regions has a
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performed. [0044] hi FIG 21, chenmical nechani cal
polishing is perfornmed on the poly-Si 220 | ayer such

wao b@av/ozasuut 500 Arnstrong of Si 3N4 214 remnai nePCT/SGEN7/000241
the Si3N4 | ayer 214 is renoved by wet clean. [0045] hi
FIG 2J, the N+ 226 and P+ 228 areas for the
el ectro-optic device 200 or nodul ator are etched and
the respective n-type and p-type dopants are

%Qs‘gt genhﬁl%‘]'g]cfhg hﬁ@cﬂo Jit ot the Rsdbgleatuchie Uay of width

ep03|te se uent selective growh of GCe
wpﬁdﬂyymﬁthermigefwhoahmud@wdoéﬂon{HOOM] In FIG 2L, the
phot o- detect or Ge wi ndow 232 is opened. And in FIG
2M GCe epitaxy 234 is selectively grown in the
[pbS310- dEfeakond pedirsdony AB241TbLtheiresplétiie fdl 402 and second

respective n-type and p-t d t
#4t Gerleendusting PR AcRY oEp ST s B0t THEaNS tysleich
F%ng gfst 498 aﬁ'({ §‘e‘%§nd 4; g‘i s?nh&mtiﬁ&th%%%oﬁé’ ThBMEi3hi i8 Gypically in the

di elecfric ayer or
tangé ammmsm rtcudf)ﬁlm’e In4dditipoy the xaeadedopedregians 980413 afithe

f or cl addl Then

L0014 S ISR WL o 0, g

BisCa ﬂﬁﬂ&@isr&@end'ﬂgl if thesdlfenhbm\ﬁedl thy 1mud‘ah1ng rsu‘uwmrte 43B earwidth
er S

0049] F | | F
et o e iR dhe e e Bed e 08 SopgoRpgtins parial

%&ﬁ/e'}@éx@ﬁs T8y §hia 48 ﬂie%eéo\‘@'d@?éd Mgionk 308, UM l@ffHelrékpectlve first
N) or alum num (Al). Then the_ mnetal pad

#e2 ewt sesdnd 904 semisondisting partiak RS SEOPD téfplcglhém the range

|soI {i ructure 240. This is followed by etch d
0 ure y etch an
@T e@@ 2\Then it is conpleted. [0050] FIG 3 shows a
flow diagramillustrating a method for rranufacturing

e &ljle::.rtgiﬁ %‘gtsh%@g Felw{/gfwﬁl‘ng)ﬁao %ﬁeeg giﬂ%e reg10n|2}06 and a portion
of the second doped region 408 of the first semiconducting partial active region 402
overlaps at an intersection. Similarly a portion of the first doped region 410 and a’
portion of the second doped region 412 of the second semiconducting partial active

region 404 overlaps at the intersection.

[0055] The doping concentration of the first doped region 406 and the second
doped region 408 of the first semiconducting partial active region 402 is higher than
the doping concentration of the remaining region of the first semiconducting partial
active region 402. Similarly, the ~d0ping concentration of the first doped region 410
and the second doped region 412 of the second semiconducting partial active region
404 is higher than the doping concentration of the remaining region of the second

semiconducting partial active region 404.
[0056]  The first doped region 406 and the second doped region 408 of the first

semiconducting partial active region 402 are of the same doping concentration as the

first semiconducting region 414. Similarly, the first doped region 410 and the second
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300 begins at 302 with a starting sem conduct or

substrate 204. Next, in 304, a dielectric layer 212 is
waeleoswarl on the sem conductor substrate 204.PEUSGHOT/000241

in 306, a Si3N4 hard mask | ayer 214 is deposited on

the dielectric layer 212. Then in 308, a photoresist

| ayer is deposited on the Si N hard mask 214. The

phot oresi st |ayer is patterned using photolithography

t BB kdpitS4 12001 BE @b&nﬁlsefﬁ%ﬁ&&&lﬂg i } 8l ¢ #chi%)ﬁ QOﬁsﬁ%\% the

patterned photoresist as a mask ons o

Mg dapisk concgntretioncas\ibe ssdotssenticondhatingrregiva#16msk i s
etched away. Then, the dielectric layer 212 and the Si
device | ayer 206 are also etched to forma S

WeBsTYui ddre 2bpingThirentsationl dfothe dirky ddpBE RpdnWRI6, GbRaa bdoped

Eggi gn I %g thee E(S 5 Iefq%‘égpnlé]fs’}ﬂtn?gg L?ﬁ%lgl %Ptg‘gﬁg \é\ggéﬁj{) |91|H§ anrintheyﬁrst

Fdaicoh |
mgﬁ s A Ul S gt g

drEpe 39, secongl dopep1@gionmt1210f, the S&Wﬂl’fenuc:hndhﬂmgrpartlal active

h .
rrrrg%ﬁr( ?%@%ﬁ' t?er <8 Eén"fl?%nd-ﬂ 5125 eg}tog,ljzlSB ﬁ% u%g('? groglgg is
ftotddoveetlic byntedtcésiandenaid laj@assistdte’318, CVP i s

perfornmed on the poly-Si 220 and the Si N hard mask
214 is wet renoved. In 320, the electro-optic

[01!38] at The NopidgbeandshiRtion 48 RS $Rst difp@d ¢t&bn QLQQ second doped

Ianted W th respective n-type and p- type
éf%% 408 rofthe, figst (Remtiesalngting| partal 280ei @ngIpéQZ taad therfirst

et S Q? 011 El‘-lé?’:?sdfl lthglr gqsfrcfrg gg&eﬁlﬂm t0319260 01%e The

phot o- det ect Ge w ndow op enin
éppmaﬁyn@mtaucm igyrtbevfirst mlopdftbregimté‘dod &icend dopddereoN AW of the
ive n-typ d p-type.

232, Th
QRSP Ao o e PP bt S e
2@60@41105 iPn 33&amfeefddin aliits 0l ol Dlol WG PYTIRMMPEN tdghnk 06,
3@%, at EZCk dj el ectric layer 240 is deposited for
égdi 42 eroyigi tmlpw mesistnegipatb Jor fanter awrigr Howrin 240 oghffom
tiget
RO d8tBE Bkt %éﬁlc%ﬁmcﬂﬁé 1{5%2&5 grg 1%%{8%1:{16%8 dng t€ %X%Dnd

etched and wet clean. Final ayers

sgraiconducting partial active region 404 and a richer reservoir of carrier source from
the body (i.e, the regions adjacent to the vertical dielectric, 418) for higher
accumulated carrier concentration at the SiO, interface and hence better phase

change.

[0059]  FIG. 4B shows that the doping concentration of the second doped region
408 of the first semiconducting partial active region 402 is higher than the doping
concentration of the remaining region of the first semiconducting partial active
region 402. Similarly, the doping concentration of the second doped region 412 of
the second semiconducting partial active region 404 is higher than the doping
concentration of the remaining region of the second semiconducting partial active

region 404.
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deposited into the respective contact holes 242, 244.

This is followed by netal pad pattern, etch and wet
w@b@an20482 i s then conpleted. [0051] FIG 4A tRPCHEGHODW0241

respective cross-sectional views of an electro-optic

device with different doping schenmes in accordance

wi th an enbodi nent of the invention. The first

sem conducting partial active region 402 conprises a

[Bbegﬁt dﬂfées%c&gﬂa@&d%éioﬁnmsaoﬁﬁ%gt §906shdae@iOpard@Bactive

and 't he second sem conducting partial active region |

#@i6n 0875 iof e sanfd doptingl epragniraitpnoss the Girgrigmicopdpeiing region

oped reqgion 412. . The fir p ' .
S50 S5, G Pl o RS SRS Pt
ddAiQe kdpso 404 16 Of Her dagieldopirgnubntértratiec enthedemad semipoodssting
408, 412 are defined as theﬁ?orizo tally elongated . .
wEignGHS. RadreRt dopinmean be jacdh iApd SiPieCd fa Sperac gRnisgton
Fgaggg Qoﬂ%eﬁtr?ﬁ% ?ﬁﬂi@@ PatS@IY ARt b Sntt RN adl 16 .optimize the

] The first doped regions 406, 410 of the .
regisiaecst asywell ias sninitgizingniie sloparisl impept S8 rmreRpgation iqsy for light

art.i al_.acti.ve reqi P Y% ' i
Bl i S Pt ek a0 Sorfol O HiBll St
SEYiccomtisatitonduangtpantial activewegiveddons. The height is
typically in the range from 100 to 500A. The first
doped regi ons 406, 410 of the respective first 402 and
[%ﬁﬁﬂnd HR4 S5 COREhIAD oPahd kélon@ Wop¥E régh@ @08 dfiakc first
at hi'ckness extending in the direction out fromthe .
semgcoralupting parial activeregion 412 addhe firsy sprigpnduciing gegdon 414 1s
range. f u HB econd
G586« LETRRR, fpRedjoR ofiR Sont B0t BRR, FEC000e o
saeioddiudii metidl cotivtuetiond0p and fhelseent isemicprdicting region 416.
typically has a height simlar to the height of the
first 414 and second 416 sem conducting regions. The
qoemht Te Hbﬁﬂh% alohyeniratibh 6n e gecohd alvp @b Bkt 408 0DAhe first

n addjtion, the second dqggd r%gions 408, . 412 of.th$14.
pesmipendurijeg partialiactpe regiep QcaHdha dinst SER{cOBIRFTLE Frgjon 414 15
RAH' ﬁhgea%hlv%dh?QbU’nénB YR 13 £, The doping concentration in the

second doped region 412 of the second semiconducting partial active region 404 and

. . .. - 20
the second semiconducting region 416 is in the range from about 10" cm? to 10

cm”.

[0063]  FIG. 4C shows that the doping concentration of the first doped region 406
of the first semiconducting partial active region 402 is higher than the doping
concentration of the remaining region of the first semiconducting partial active
region 402. Similarly, the doping concentration of the first doped region 410 of the
second semiconducting partial active region 404 is higher than the doping
concentration of the remaining region of the second semiconducting partial active

region 404.
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has a thickness extending in the direction fromthe
insulating structure 418 or width simlar to the width
wo@Roovheo4sEspective first 402 and second 404  PCT/SG2007/000241

sem conducting partial active regions. The w dth of
the second doped regions 408, 412 of the respective
first 402 and second 404 sem conducting partial active
regions is typically in the range [0054] FIG 4A shows

a Hr i r8gion 402
[égﬁli onﬁbefrte%r%gmgérg %ﬂég Og(lglfoe S?%g‘?gor{{ dﬁ%g%c}%aﬁ?% g@tﬁér s_% o
iseof cndant i dupinaconahtratain we thedfitsh sapRondustihgpsgian 414.

an jntersection. Simlar a portion of .th j . .
Sl g iomeitts ety st opoinRieuhe 'l Keiye rogion
40k QP i1 Ldme Hopihg csemiadioneniteasecsirl seibdcopdiidting lregia 416
regi on 404 overlaps at the intersection. [0055] The

dopi ng concentration of the first doped region 406 and

[&)H@S]Se dd Hgdco'h@éﬁtll%ﬁoé Qﬁ‘ ok fiﬂ? cfobé@tregl;ion 406 of the first

em'conductingpartial active region 402 is higher
sehdooridnetintppartigl awive eagipat402ris stmildrebut eamibsi differenigirem the

f .the first.sem co ' ti ' i .
RS SPTSSRORIND ol A ARR PR ap (1R Skt (Eeop Xepitodideing
f}ﬁﬁﬁl%ﬁé@-&gﬁﬁdlot}he second doped regi on 412 of the

second sem conducting partial active region 404 is
hi gher than the dopi ng concentration of the renaining

son o tfiginse h CIANEHC fiksP Hopad trb@bn a6l YE the first
@gg@on %edf.dGFlggS%ﬁm%ﬁgﬁP% (r:]gt.q%ohesd rog i orn§4rCl)6 gpd t_3hee 1r:0
sesioomliudimephridgictve #aRnaH02tihin the range Siom ehonblt Fag to 10

agti.al active region 40 re [
g@ncéﬁ‘?r@?ﬂ% cggcq%ﬁgﬂ]?r} rléttﬁge%ﬁgéfﬁgg%? | %!g ?ﬂgi g% tlﬁelféconi
Sinficbdfukiing pdiialldetisd regivped4rie g tha raipd fendatidue 10" cm™ to 10
segonddoped regi on 412 of the second seni conducting
Partial active region 404 are of the sane doping
concentration as the second seni conducting region 416.

[ 0057] The doping concentration of the first doped )
j08G7Ion EDG, 4B showsthabedlopig encensation of fhe fipt sgmiconducting

1§eeg1nci>nCéPlrlnglsJ %}gihgxgﬂlgr?{htei cﬂbin%%%hé’e%tﬁﬁ&{ Oftné Bifst %c&ﬁlﬁc{iﬁé Pirtial
active region 402. Similarly, the doping concentration of the second semiconducting
region 416 is higher than the doping concentration of the second semiconducting

partial active region 404.
RESULTS

[0068] A 2-D electrical simulation package, Avant! MEDICI, is employed to
simulate the electrical characteristics in the waveguide with any applied bias. The
proposed electro-optic device or modulator is intended to be operating in pure
depletion mode. The device simulation suggests that the flatband voltage is VFB =
0.93V. With silicon and oxide dielectric having respective breakdown electric fields
of about 3.0e5 Vem-1 and 5.5¢6 Vem-1, simulation suggests that minimum Vd is

0.15 V in depletion mode, being limited by the Si breakdown effect.
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sem conducting region 414 is simlar to the doping

concentration of the first doped region 410, second
weloped204syi on 412 of the second sem conduct i ngPEEBG2087/000241

active region 404 and the second sem conducting region

416. The purpose of high doping is to reduce the

contact resistances and |ayer resistances. [0058] The

dopi ng concentration in the first doped regi on 406,

second doped region 408 of the first sem conducting

partial active region 402 and the first sem conducting

[0egfi]on FIA 5 shdws 4 hrensvensg elefirior(TED optical dntensity ot 2P0 for an

020 cm 3.. .The dopi i on. i i rSt ..
050 o 2B R PbbPl S1opt  pituon. T
19641086 d5Fik HaREH ChidRg tafighlgldoped stiips toegiedap 4@ thingortions

t he second semi conducting regi on 416..is i.n the nge, .
¢fr ther isbest opteat intensitt sreqpe Pesideathe diplectrp Jayery éﬁv”l%ﬁggher

L?O%S?géfbgﬁcenﬁﬁon RIaRVd ISRy | PUEd GRiPHANME B beft@ phase

. carrier fllowin and out fromcontacts to the _
éfficiehcys evardien dibsdrptien Jesst wabldadbei swplifiei oft Hoge-fokd analysis

second seni conductjn ar i+ al ' | 4
S RFORCHELL B olShh o SHLRD 4008 on
gﬂtirﬁi-zed §tH8 thicktieaNsf Abdiarsait wao addpeed/sastdediad dielectric layer.

ielectric, 418) for higher accunulated carrier
concentration at the SiQ2 interface and hence better

[@hﬂge CRARIS: sHRMRORpibl 6 pBesNRYEe tdigkibided FRIBilAGs carrier
concentration of the second doped region 408 of the
fdcnulationiapd Wepletiom §0bwhen ahogzentaleuf ignade dghe maddle of the
hj gher . t han the dopj i . , i ni .
Pl b SAAE, SOREERLIT B0 Rpke T i
E9ihan a4Bdth & abohind Ky unt. the dpfital gnadendignibution ismemésented by

second doped regi on of .the second sepjc uct,ina
B Pt ECAFE-TGPbI DO MY ROR HARCLHS o R 093V
fsox'%?l%ﬁlérﬁ&i HPRuRE JORETREBRBI &8ss @girake okidehdgaeaomde to the
sem conducting partial active

highly-doped strips adopted in the doping scheme of FIG. 4D. Because of the narrow
effective carrier modulation region, the carriers are accumulated mainly towards to

the oxide edge.

[0071]  The carrier depletion profile at Vd = 0.15V is represented by curve 606.
At Vd = 0.15V, holes on the left side and electrons on the right side are depleted,
forming troughs near the oxide edges. This is evident of carrier modulation taking
place near the regions of highest optical intensity. In FIG. 6, the highest TE electric

field regions coincide with the vertical oxide location.

[0072] FIG. 7 shows a plot of change in efficiency and VL7t vs Vd in
accordance with an embodiment of the invention. The change in efficiency vs Vd is
represented by curve 702 and the VL vs Vd is represented by 704. In Fig. 7, VaLw
figure-of-merit value is about 0.36 Vem (definition of Lp or Vp means the length of
the light travels in waveguide under Bias of Vp to achieve total phase shift of Pi, so
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regi on 404.[0060] The second doped regi on 408 of the
first sem conducting partial active region 402 is of

w0 b@osz¥82 dopi ng concentration as the first PCT/SG2007/000241
sem conducting region 414. Simlarly, the second doped
region 412 of the second sem conducting partial active
region 404 is of the sane doping concentration as the
second sem conducting region 416. Different doping can

Qﬁ‘e H§1§%te?fagessé{%§ ﬁg’% gf tli%pﬁ?i fiff ¢ %%e'l T 780! geratB Signal -0),

Graded concentrati on atera can
iwithr ¥ Efc‘éd:l* ¥FR. The pialmi Vahletshggels‘esh&ttfmmoélﬂaw digrea$ of about

T 00 YR T e R Sp b g e o
&ﬁglixesEtorth Letvestdzthertslwmbf MZISthstat 18 FEB7SRGOMIwn that the

ductlng partial active region 404. [6061] The
3%@: ‘l?dﬁ%ré?ﬁeﬁ Fithdperetsingy ds\dRInHerrsibis nosgjblerio irggrows this

ta8rel bf SherfC GRNANE tak NghoRANY f\’adnhaéit VYCof %g#&nO%Q/Z aﬁ@zgugh

the first sem conducting region is simlar t
dapsrpigsien tse mtil deivery knghtTts Redosscht dbiped. IS8 iiocaldil@edio be

d i al ac ive. re |on 4
A rC OB SR CORSH A9, AL S Gt Sodari s o
6c7dev‘Igir @qne@ntln@albm 60% dffige Peciosy TARAS dna&gh@ahséﬁﬁtl&i‘ that
active regi on 402 and

d |
PREsiFpE ha e lst SHa e by DaBicon Tuipshrrs farn citmetenrigacing the
&)6@&11@&9%5 H311 B eSithRallif stkAkafil) ﬁnpro{r tﬁg tg@ghﬁé?msshon loss. It

concentration in the second doped reg
Seporiples éqrir edeel ubisi yeJue urthien Ibyatwplavmg rthg i pohysil®én awith single

t h
%g%t%ﬁﬁggsﬂ?co en &8%%5 citérﬂ%bi%gll f())s% %flo%gl ré:dFt‘o ess4%gm about
é&Mﬂr Tlmt/oltdge -dippident losn@DI)rmet Larat ¥ £ b 5¥iik Sinteed be

the first sem conducting, partial active
8 SFs M08 nodigh dhe F R PHETHBHEAE b RRGH Saes Bie brue is

El’ﬁﬁil E@’fipdr&l ROthe G9C 06ks Othe kB irf lokSEedBQMNCIRRAN Cith&9n improving
t t
%rqulal?ty o%%r Ire\]g/)?acmg the poly-Si.

[0073]  In order to simulate the structure’s transient response, a square pulse of
Von = 0.15V and Voff = VFB = 0.93V is applied on the p-side electrode, keeping
the n-side electrode grounded. A 100 ps'time gap between the step rise and step fall
process induces a pseudo 1/(2%*100ps) = 5GHz signal, more than 1 MHz to ensure
that inversion do not occur. A transient rise time of Tr (10-90%) = 4ps and Tf (10-
90%) = 13.5ps is obtained, where Tr and Tf represents the rise and fall time
respectively. The 3-dB modulation bandwidth is then obtained from equation (1) as
shown. The intrinsic cut-off bandwidth is calculated to be 40GHz.

0.70 )D l (1)

F,
iz = 7r(10~-90%)+ 7r (90 - 10%

[0074] A MOS-based device offers the advantage of zero DC powet. Power is

consumed only during the switching process and the largest theoretical AC power
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region 402. Simlarly, the doping concentration of the

first doped region 410 of the second sem conducting
w@arwiozl43acti ve region 404 is higher than the POPEGLO7/000241

concentration of the remaining region of the second

sem conducting partial active region 404.[0064] The

remai ni ng region of the first sem conducting parti al

active region 402 is of the sane dopi ng concentration

as th Lr e n g 4, r

eI EI tfrl118 1?%(33? oljr%}'lo %hg&{see%%g a@%t%goln 5@? ﬂ%lﬁpg(%ﬁtu?%d?@ 0

@pletive chpgliave 404 nbsresistanbe tlssasteongew degletiom seatet Welt hatg the

as the seco on 6

BBt AEEomeont VAT OS5 vhE Sesisdiel e s kG RORE AT gr4es
b g, bhd slkingeproncuegisi-ng.opart pak Vi;@lﬁe M&eﬁt&ﬁédiétlcfh[)ﬁ(j pz;wer
simlar but can be different fromthe

wworhsedateratinagntodse Pare=f7%r SVSﬂO/pBH)Weébro@ 46/@“9(81‘9337%15\7))2 /

L ! ! fhol bout 4.5
BB TR o Rt iR CR L] Hooyt 4.5t
the gla@iimdAh theofetitlPat iiy fipreampehn@ iz Wng partial active

region 402 is in the range from about 1016 cm3 to
1020 cm 3 . The doping concentration in the first

[Bersd rE@. 8A $hblisafpldths speacn dlabaiapiagronhiragorpiarabeatiance
actlve reail on 404 is in_the range fro rqéabout 1019.cm 3.
wish B0 zguboftingent of s rvertian. The spRes £lARCORIRRMALN fiy carrier

ac% rﬁlﬁﬂhgﬁgs' Iggreg’écn}‘%édh%roédr(légo.f%m fopRalyiet | Hé}getfot%%e résbhited by

pi ng concentration of i rst
a&m 80410']]1@& raspequiare touates S80Q2i andl B4y jinskicar0that By nearagr| depletion

conce a | on of [
S O ST ORAgR ey PRy PR R L)t
4R8BS REEMH ehodled- 20w & $tﬂga¢hﬁdvtiblal ThetHigte speedifom d6gletion is
RESULTS
generally understood to be due to lower total effective capacitance from the extra

serial mode depletion capacitance.

[0076] FIG. 8B shows a plot of DC loss vs slab doping concentration in
accordance with an embodiment of the invention. The DC loss vs slab concentration
for carrier accumulation is represented by curve 808 and for carrier depletion is
represented by curve 810. FIG. 8B represents the trade off between higher speed

performance at the expense of high loss from dopant carrier absorption mechanism.
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[0068] A 2-D electrical simnulation package, Avant!
MEDI Cl, is enployed to sinulate the electrica
W@h@pmzer i stics in the wavegui de with any appP@CESG2007/000241

bi as. The proposed el ectro-optic device or nodul ator
is intended to be operating in pure depletion node.
The device sinmulation suggests that the fl atband
voltage is VFB = 0.93V. Wth silicon and oxide
di el ectric having respective breakdown el ectric fields
of about 3.0e5 Vcm 1 and 5.5e6 Vcm 1, sinulation
suggests that m ni num VGLAIMRA 15 V i n depl eti on node,
hei ljmted by the Si breakdown effect.[0069] FIG 5

.W%méﬁﬁggngi?ransverse electric (TE) optical intensity
pl ot 500 for an electro-optic device in accordance
w th an enbodinent of the invention. The |ocalized

L doph RGCHRPPies P VEquEBP SIS hi ghl y- doped strips to
overlap with thin portions of the highest optica
i randpsilatinglayfitons beside the dielectric layer. Wile
hi gher dopi ng concentration can induce higher speed
pex fist smmicendantingysgion dispphsedeabere the jirsylajing gﬁ! F fngy being doped
absorption | oss would be anplified. Athree-fold
anaitly dosing etoprsios i figst comdvsiiety typpieed, phase effici ency
and | oss anal ysis was done and an optim zed strip
t hi 6&da8 SeMicoadating 28gitindivpsscddiiol e dhd ésilitng heyer and being
dielectric layer. [0070] FIG 6 shows a plot of
OPidpfed hwitHafpird afdrhd bR deBbhdioRladtivity Sypear r i er
accunul ati on and depl etion 600 when a hori zontal cut
i's a i ' h@ildtinsNay?e 6Ad BaWeen the
Wi %’ﬂagﬁ“’e%%zb.% ungén{églg?l ?%gg%%/ﬂgzgf%ﬁﬁﬁﬂrhegr i}eb&vvavegui de
coke, has. a w - 0 : j -
ai 5 PEiePrefhe ribip LaRY Inetscpoh BmicigyEiy fonTRiEclectr
direct-currentc%DC..cafrier accurrul ation profile at Vvd
= QRHSASIY3IFER E’B%‘é‘gght ed by curve 604. The carrier

crests near the oxi de edges are due.to the . .
hi ghl y- &§Feenaicen tl%ﬁj?fﬁ%&cﬁl\‘? Heﬁ‘é’n&slﬁﬁgﬁ‘lép%dc?{gﬁg‘)%% atoms
FI G 4D. Because of the narrow effective carrier
noefithe firss sondugiivhy tyPeie carriers are accunul ated mainly
towards to . .

a second semiconducting partial active region being doped with doping

atoms of the second conductivity type;

an insulating structure between the first semiconducting partial active
region and the second semiconducting partial active region, wherein the insulating
structure extends perpendicular to the surface of the insulating layer such that
there is no overlap of the first semiconducting partial active region and the second
semiconducting partial active region in the direction perpendicular to the surface

of the insulating layer.

2. An electro-optic device, comprising:
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the oxi de edge. [0071] The carrier depletion profile

at vd = 0.15V is represented by curve 606. At Vd =
wW®@28N204BD1 es on the |eft side and el ectrons oPCT/B€2007/000241

right side are depleted, form ng troughs near the

oxi de edges. This is evident of carrier nodul ation

taki ng place near the regi ons of highest optical

intensity. In FIG 6, the highest TE electric field

regj- cojneide with the vertical oxide |ocation.
[nggi %lggéréhoms a plot of change in efficiency and
Virktr VS Vd.in accor | : ' :NEdoved
74 R Do S50 G0 80 IR TR ol b

represented b uryve 70 n he V7rLtr vs Vd is
r e}?ﬂﬂéémgﬁtoﬂé #@ﬂrs‘[lcﬂnécgf'%?%ypﬁ GLTG figure-of-nerit

value is about 0.36 Vcm (definition of Lp, ar nmeans .
t hes seceng tSsmigondpeiing; rggien (disposqdsahaye @ggﬁ}aagg X%’&é Pn‘? being
Bias of Vp to achieve total phase shift of Pi, sothe

| i dopted iwitheddpéitgeatoms of heecond gouduGSFVIlyREOSZI Wil | cancel

as to generate Signal -0), with VWx= Vvd - VFB. The VxLx
v ahndestuggetit ative sdgidnatispmserbaholva thernigswitingdryesfand besween the
0. 78Vpp, the device length Lx is only about 4.5mm | ong
(| fighkemitbadiihy régionmail glrestond sérhieondmtng region, lilee electro-
out put of Ml structure). In FIG 7, it is shown that

gpt}@%leﬁvyﬁég%ddﬂﬁj}@ﬁlges wi th increasing [Vd-VFB].

th
Hence it is possible to inprove this figure of nerit

to as | ﬁWrs"i‘§eﬁEBﬁﬁuchgl‘y&HMaat:ti??re%fon%ﬁ@do@ecﬁwitl%_ﬁ(e)phtl)gc atoms

al though transm ssion 1 oss w e very high.

| 0ss,.a d =.0.. is calculated to be about 1 1
firf Sl Gongtyitmypyp

dBf X of |1dB/Lx, polysilicon |oss

accounts for .about Q. 7dB/L7T. represent] %
of the BEFRdSemgondiging pagidl atcﬁge gesggol}l ntﬁ%]lg%%gﬁﬁfa}”ﬁﬂ doping
polysilicon has a | oss. rate of about 50dB/cm It is
thé%éﬁs&fé*’ecﬁe%%dctoﬁg‘f"twgiﬂﬁﬁ@?ng the polysilicon |oss
w Il be essential in significantly inprovipg.the . .
transni &siiBwlatizgsstruciury Heiyigenthe é%/rﬁtosqnéla%&mtnrﬁ pafig] ggfive
further by replacing the polysilicon with single . .
region and the second semiconducting partial active region, wherein the insulating
structure extends from the surface of the insulating layer through the electro-optic

active region to the top of the electro-optic active region.

The electro-optic device of claim 1 or claim 2,

wherein the insulating layer is an oxide layer.

The electro-optic device of claim 3,

wherein the oxide layer is a silicon oxide layer.
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crystalline silicon, with the potential total loss to
be reduced to | ess than about 5dB/L7r. The

wao eiohagre3rtependent | oss (VDL) per Lx at Vd = OPABYG2097/000241

10.

11.

sinmul ated to be about -1.5dB/Lx, negative due to the
carriers withdrawal effect. Since this value is small
conpared to the DC | oss, the key in loss reduction is
still either in inproving the quality of or replacing
{ il io Shic BOAZAbe dfinof der Lo si mul ate the
structure's transient response, a square pul se of Von
= 0.15V and.Vaoff = .= Q. I.s applied on the
p-‘gtfeaeén ey ega%?r lﬁ%g‘glle;ﬁig&%(%gy%e?si de el ectrode
grounded. A 100 ps tine gap between the step rise and
step fall process induces a pseudo |/ (2*100ps) = 5G&
signal, nore than 1 M¥ to ?nsu e that inversion do
nothesiestip-opic dpwp PRGNy § @3 of Tr (10-90% = 4ps
and Tf (10- 90% = 13.5ps is_obtained, where Tr and Tf
r eplresein thesfinstremi¢andueting regipn isynade ofsiliseBt i vel y. The
3-dB nodul ati on bandwi dth is then obtained from
equation (1) as shown. The intrinsic cut-off bandw dth
is calculated to be 40GHz. p = 070 [20l (1) 2dB
TrideQQOWoptid A600e oflf18ihd 1 or 41616V2] A MOS- based devi ce
of fers the advantage of zero DC power. Power is

C OPRLER Th Ok ¥ndiehlifihdhéimeSudibe b Mglenteenssilicond t he

| argest theoretical AC poweroccurs at the | owest

resi stance state. Since depletion regions wll
contribute to depletion capacitance but not

resi stance, .t r ion state will have
tﬁgmﬁeﬁﬁgTq¥%2§§§%ﬁg§g%i;Ogﬂgéf%.15V wher e resistance
N e e B e A e R

e theoretica
AC power can be determned to be Pac = 1 * Vss2 /
Rlowest = 1 * (V& (0.93V-0.15V))2 / (2.74e3 Wun) =

2.7755e-5 Wum For a phase-shifting length L of about
4. 'Blimglectro-optic device of claim 1 or claim 2,

wherein the second conductivity type is an n-conductivity type.

The electro-optic device of claim 1 or claim 2,
wherein the electro-optic active region has a rib-shape with a larger height than
the first semiconducting region and the second semiconducting region relative to

the surface of the insulating layer.
The electro-optic device of claim 1 or claim 2,

wherein the first semiconducting partial active region.is in electrical contact with

the first semiconducting region.
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t he maxi num t heoretical Pac is approximtely 0.125 W
[0075] FIG 8A shows a plot of speed vs slab doping

w@oememezisat i on i n accordance with an enbodi menPCDEGL00T000241

12.

13.

14.

15.

16.

17.

i nvention. The speed vs slab concentration for carrier
accumul ation is represented by curve 802 and for
carrier depletion is represented by curve 804. The
respective curves 802 and 804 indicate that by carrier
depl etion node, the device is capable to have very
hi gh speed, up to 80GHz or above, but wth
ac | : ' iJ I achi evabl e. The
Gt QPtrléo'a)éiﬁ:m gpcﬁ LA drdighl

hi gh speed etion 1s genérally understood to

be . I [ t.al effective capacitance fromthe
ext"{il gleeg%a (ra}ea e\é\gnnoddgee%}f%%}dglﬁ%p@églaﬁ?ﬁgr’fﬁ%?n [ By FCtEpas contact
8B s@ﬂﬁs a §¥ot.of DC. | oss, vs sl ab dopi ng

concerty HCPEh THC BT i t h an enbodi nent of the

i nvention. The DC | oss vs slab concentration for
carrier accunulation is represented by curve 808 and
for carrier depletion is represented by curve 810.

FI &he giectrepptissdayios of haimlaelaghf2, bet ween hi gher speed
performance at the expense of high | oss from dopant
camhirem thb figst perhicondvetihgpartind £Ctikd MgioAfiamalls ofdinddred

is: 1. An electro-optic device, conprising: an
insulating layer; a first sem conducting region

di sposed above the insulating |layer and bei ng doped

W The elo@idgptRt RIRe OF cRirh i1 lof LlaRPAUCti Vity type; a
second sem conducting regi on di sposed above the

in j j: Wt h in ons .of
e e e R ARSI b HIE RS SR yon
regi on di sposed above the insulating | ayer and between
t he

The electro-optic device of claim 1 or claim 2,
wherein the insulating structure has a thickness in the direction from the first
semiconducting partial active region to the second semiconducting partial active

region in the range from about 2 nm to about 50 nm.

The electro-optic device of claim 15,

wherein the insulating structure has a thickness in the direction from the first
semiconducting partial active region to the second semiconducting partial active

region in the range from about 5 nm to about 30 nm.

The electro-optic device of claim 1 or claim 2,
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first sem conducting region and the second
sem conducting region, the electrooptic active region

w@eopoe@sng: a first sem conducting partial aceCWeG2007/000241

18.

19.

20.

regi on being doped with doping atons of the first

conductivity type; a second sem conducting partia

active region being doped with doping atons of the

second conductivity type; an insulating structure

bt NEER HB%irld (licaRILERNAUEN AdivBAek0A!coffphikatCa gl @hed

and the second sem conducting partial active region,

wherei n_the in ' u r b GULBE;

{ ooeRn e 500 Sh0rhcrh SRR o BRARe  WBine

is no overlap of the fir sem conductin riial:

actangentraggn ataﬁaesf?\“@ag%ilg% TN ctg‘ﬁ octo 8{“.%n§° ﬁganrf%lug? of the

active region_ in the direction perpendicular to the

sutereidedoprd 14400 nsul ating | ayer. 2. An el ectro-optic

device, conprising:an insulating |ayer; a first

sem conducti ng regi on di sposed above the insul ating

| ayer and bei ng doped with doping atons of a first

c OTlkieledtrai-optictdepies oficlgisc bnrclsmmconduct i ng regi on

di sposed above the insulating |layer and bei ng doped

Wi $herdi@pths gechd wemizbnducsing paiat acttheotgivn tympyiges ;a fEmt doped

el ectro-optic active regi on di sposed above the

| NRYlAL kit al 664d ABHeD &NGE Ntht hrst idopéd seivrc dlavitigtd dgping

region and the second sem conducting region, the

el %EE&%JQiBh%QtCIs' YBedtRAY Qe GRARBT dsSihBdopthgf tdrfbntration of the
ndu

sem co cting partial active region being doped with
dogeicglgd glotp%gq;eg%n.t he first conductivity type;

The electro-optic device of claim 1 or claim 2,

wherein the first semiconducting partial active region comprises a first doped
region and a second doped region, the first doped region having a doping
concentration that is lower than the doping concentration of the second doped

region.

The electro-optic device of claim 1 or claim 2,

wherein the second semiconducting partial active region comprises a first doped
region and a second doped region, the first doped region having a doping
concentration that is lower than the doping concentration of the second doped

region.
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a second sem conducting partial active regi on being
doped with doping atons of the second conductivity

wWao 9e/02@s2 i nsul ati ng structure between the firBCT/SG2007/000241

21.

22.

23.

24.

25.

sem conducting partial active region and the second
sem conducting partial active region, wherein the
i nsul ating structure extends fromthe surface of the
insulating |ayer through the electro-optic active

g?ﬂlﬁ?egec'ir%-(%)%g dtRRe chl%}ﬂlel &' &ﬁ#ﬂrﬂ' optic active region.

el'ectro-optic device of claim1 or claim2,
wherei.n the.insul.ati,ng. | aver. i s.. q . T
eI heE. Bp e ep s girecylioh 198 b RolHR o st Weed
layer is a silicon oxide.layer.5. The electrp-optic. .
devesien B 8| 35roRds aOﬁeFeéi‘% e f%%ti g%p‘ﬁda gon; Badfy o dopine
oxi de layer. 6. The el ectro-optic device of Iainhé(?r d
c | eoinperpration diradiin higher then dhe deing GARRFRIFHAT ?fe@F Sfcqng dope
made of silicon. 7. The electro-optic device of claim
1 mpgiool ai m 2, wherein the second seni conducting region
is made of poly-silicon. 8. The electro-optic device
of claiml1l or claim2, wherein the first conductivity
type is a p-conductivity type. 9. The electro-optic

deyhEedfo-sitRidevite of clainai 61 daimvdier ei n t he second
conductivity type is an n-conductivity type. 10. The

el SRl LR 0P kiond Q¥hicBn@ictifg philalladive G@binc@mpidee adfirst doped
the electro-optic active region has a rib-shape with a

lar g, D& dhlechip g&fi rérgi&ﬁtthé S C ARPUC kigith he@he™ abfing
t he®second sen1con8 cting region relative to
concentration that is higher than the doping concentration of the second doped

region.

The electro-optic device of claim 1 or claim 2,
wherein the first semiconducting region has a doping concentration that is higher

than the doping concentration of the first semiconducting partial active region.
The electro-optic device of claim 1 or claim 2,

wherein the second semiconducting region has a doping concentration that is

higher than the doping concentration of the second semiconducting partial active

region.

The electro-optic device of claim 1 or claim 2,
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the surface of the insulating layer. 11. The
el ectro-optic device of claim1l or claim?2, wherein

wo b@of231 seni conducting partial active regi oPCT/SG2007/000241

26.

27.

28.

29.

el ectrical contact wwth the first sem conducting
region.12. The el ectro-optic device of claim1 or
claim2, wherein the second sem conducting partia
active regionis in electrical contact with the second
S e\%é‘r&%déﬁ%t #:99 s&BQbAMctids regiOE hes ACEdRn® RbhenHNdrC 6 @bout
claiml or claim?2, wherein the first sem conducting
pagﬁfalaactive region is made of silicon. 14. The

el ctPg-bptic device of claiml1l or claim2, wherein
the second sem conducting partial active region is
made of poly-silicon 15. The el ectro-optic device of
claim1 or claim 2, erein the_insulating structure
haEheeleqirocpaiiesdevics of aimy{ PEEIEI®A from the fir st

sem conducting partial active region to the second

sewhereindthet finsty spraicondiicting rpgjian hagiaoARIRS cRBCHAYN P dhout

about 2 nmto about 50 nm 16. The el ectro-optic
devo'®emdf claim 15, wherein the insulating structure
has a thickness in the direction fromthe first

sem conducting partial active region to the second

sem conducting partial active region in the range from

abept clectiibit RRREbS 3Rim Mor &ldim2he el ectro-optic
device of claim1 or claim?2,wherein the first

S e%@@ﬂldfﬁ%ts'e%dps%ﬁﬁécﬁlldu&ﬁfg' PEioh @ik ANdopAHIPEdreefration iof Sbout
doped regi on and a second doped region, the first

dog&d ﬁpgion havi ng a dopi ng concentration that is

es enflally the sane as the doping concentration of

t he second doped region.

The electro-optic device of claim 1 or claim 2,
wherein the second semiconducting region has a doping concentration of about

10" cm™,

A method for manufacturing an electro-optic device, the method comprising:
forming a first semiconducting region on an insulating layer and doping with
doping atoms of a first conductivity type;

forming a second semiconducting region on the insulating layer and doping with
doping atoms of a second conductivity type;

forming an electro-optic active region on the insulating layer and between the first
semiconducting region and the second semiconducting region, forming the

electro-optic active region comprising:
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18. The electro-optic device of claim1l or claim 2,
wherein the second sem conducting partial active

WO egpom4ennpri ses a first doped regi on and a SBCDBG2007/000241

30.

doped region, the first doped regi on having a doping
concentration that is essentially the sane as the

dopi ng concentration of the second doped region. 19.

The el ectro-optic device of claim1l or claim 2,
wher ei n férhifnd bl Sist SQHCEARRUAS IRl ALtT A ke blRe ' RBLO W
conprises a tirst doped regi%%ﬁghd a seé%%gldgp%dﬁg ®lvith

r eﬂbﬁ’iﬂ§ alolt intﬁesﬁrsp&ﬂﬁlgo&\fl\vg?itﬁ%éhaw ng a doping

concentration that 1s n the doping

concent Lon_of the second .doped.region. 20, The )
el ectr o-% Og%ltnl%ta g%C\‘/) nd Seipfcopstugting p a%}ali S%Eferﬁeﬁl,on Wigedqped with
the second sem conducting partial active region
coﬁﬁ??%@?nﬁ ﬁ# © Qﬂm%@SFﬁﬁﬂﬁhd a second doped

region, .the first doped region having a doping

concent FENEnan Fsplating |sBurre; briveqmthe fipi spgiconducting partial
concentration of the second doped region.21. The

el aetiviegepipniasd dby iserond fsemicanducting pattiahianti @, reglvar iherein the
the first sem conducting partial active region

conpriates studnire sixtadp perperdjtdar antheausfeaoofithdopadating layer
region, the first doped region having a doping
conwhrthatahdro s fdateriap ofitghrst tddaiBodduetiSlOPiriigl active region and
concentration of the second doped region. 22. The

el aetseemaehicof@Ydtig paftidt lashive teh if iR me%tioﬂ\’gs&ggﬁdlcular to
t he second sem conducting partial active region

COﬁE%hﬁﬁ%cEﬂ&hﬁéﬂﬁ%%ﬁ ;fegion and a second doped
region, the first ped regi on having a doping

A method for manufacturing an electro-optic device, the method comprising:
forming a first semiconducting region on an insulating layer and doping with
doping atoms of a first conductivity type;
forming a second semiconducting region disposed above the insulating layer and
doping with doping atoms of a second conductivity type;
forming an electro-optic active region on the insulating layer and between the first
semiconducting region and the second semiconducting region, forming the
electro-optic active region comprising:

forming a first semiconducting partial active region being doped with
doping atoms of the first conductivity type;

forming a second semiconducting partial active region being doped with

doping atoms of the second conductivity type;
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concentration that is higher than the doping
concentration of the second doped region. 23. The

webk@enem@3nptic device of claiml1l or claim2, WwWEr/8G1007/000241

31.

32.

33.

34.

35.

36.

the first sem conducting region has a doping
concentration that is higher than the doping
concentration of the first sem conducting partia

active region. 24. The electro-optic device of claiml
or cl aiﬁ%hﬁ]' AGIVAY ' GknR@ndReing Hartial
has a op|ﬁgwggﬁggﬂ?ﬁgg?%ﬁﬁg%g?ﬁﬁghﬁ?gﬁgr t han thegrlj
dopi.ng concentr.ati o N 1] 1 ;
G ot AL URisE i SO RN farSRLhERR I Mheren, the
claiml or claim?2, reip the fir sem.con '

" dBPIR TR S BB AR PTG oo EBUARE G5 idheh e
26. The electro-optic device of claim1 or claim 2,
whde@Tonontiseactys regiod dorfhe dopiplcth AlgCregPihagiXe I8! Y pi ng
concentration of about 1018 cm 3 . 27. The

el ectro-optic device of claim1 or claim2, wherein

t he second sem conducting regi on has a doping

c onhieemethad obelainf 2@odainli, 17 cm 3 . 28. The

el ectro-optic device of claim1 or claim2, wherein

t heh&emandirsalaiigoagsids imgridebiyan has a dopi ng
concentration of about 1018 cm 3. 29. A nethod for

manuf acturing an el ectro-optic device, the nethod
conprising: formng a first sem conducting regi on on

ant}, sulal isBdcd HV@fine1d doping with

wherein the oxide layer is a silicon oxide layer.

The method of claim 31,

wherein the oxide layer is a buried oxide layer.

The method of claim 29 or claim 30,

wherein the first semiconducting region is made of silicon.

The method of claim 29 or claim 30,

wherein the second semiconducting region is made of poly-silicon.

The method of claim 29 or claim 30,

wherein the first conductivity type is a p-conductivity type.
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doping atons of a first conductivity type; formng a
second sem conducting region on the insulating | ayer

w@eaodzEsng with dopi ng atons of a second condeCT/BG200Y/000241

37.

38.

39.

40.

41.

42.

43,

type; formng an electro-optic active region on the
insulating | ayer and between the first sem conducti ng
region and the second sem conducting region, formng
the electro-optic active region conprising:formng a
figst ' j il al active regi on bei ng doped

. 30 9 g aop
e

opi n e first conductivity type;

form ng_a second sem conduct | AN ive region
o e e e g SRFo el G Atli By BBt
conductivity type; formng an insulating structure
between the first sem conducting partial active region
and the second sem conducting partial active region,
whhreanethedef ¢laima%ern dhms¥0s uct ur e ext ends per pendi cul ar
to the surface of the insulating |ayer such that _ther
i swinmeinwthe Elpirobptihactive region bay @ sibcibers Wifh salargen peight than
active region and the second sem conducting partial
acthé Viest segioondidting hegidi areicthe secopd spaivondusting region pelative to
surface of the insulating layer. 30. A nethod for
meg s f@edcl lof i@ iadhl@ingtdyen- opt i ¢ devi ce, the method
conprising: formng a first sem conducting region on
an insulating | ayer and doping with doping atons of a
first conductivity type; form ng a second
seﬁ&gggﬂggé%agmgggbgﬂmgkﬁgosed above the insulating

w t

| ayer an opl ng oping atons of a second

conduct i yi type: for.m . - O- [ i ;
SRR AL b B PRSI G R e REL] et it
sem conducting region and the second seni conducti ng

r e &t SPB’:"HF‘%’EUPE gegion.

The method of claim 29 or claim 30,
wherein the second semiconducting partial active region is in electrical contact

with the second semiconducting region.

The method of claim 29 or claim 30,

wherein the first semiconducting partial active region is made of silicon.

The method of claim 29 or claim 30,

wherein the second semiconducting partial active region is made of poly-silicon

The method of claim 29 or claim 30,
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el ectro-optic active region conprising: formng a
first sem conducting partial active region being doped

waowadob/oigpt ng atons of the first conductivity tBEESG2007/000241

44,

45.

46.

47.

form ng a second sem conducting partial active region
bei ng doped with doping atons of the second
conductivity type;formng an insulating structure
between the first sem conducting partial active region

and, the secon ] ' . ' ' '
anEparR RV ReEAR il AR L BB ARR e fir
surface of. the insul.ating |ayer through. the .. . .
o BN inE Al ATk ISgRBOtE® p35and Sytisprictine partial active
el ectro-gptic active region. 31._The nethod of claim
2gregion & therrrgy, frogp @bt & b BPALAH P ng | ayer is an

oxi de layer. 32. The nethod device of claim 31,

wherein the oxide layer is a silicon oxide |ayer. 33.
The nethod of claim 31, wherein the oxide layer is a
buThetlethnd déclhiay43,. 34. The nethod of claim29 or

claim 30, wherein the first sem conducting region is
MafBerin il ihg0aing3&ruciine haeh hidkadss dh abendZection frémithe first
30, wherein the second seniconducting region is nmade

of sdRQbtdabd ia13ftivd heidietohae s@foné sainttor@ucting Phadatnctive
30, wherein the first conductivity type is a

g[gag%%gg}ﬂe%ge 4 MREbA%-5 B dethrhaf cl aim 29 or

eln the second conductivity type is an
n-conductivity type. 38. The nethod of claim29 or
cl ai m 30,

The method of claim 29 or claim 30,

wherein the first semiconducting partial active region comprises a first doped
region and a second doped region, the first doped region having a doping
concentration that is essentially the same as the doping concentration of the

second doped region.

The method of claim 29 or claim 30,

wherein the second semiconducting partial active region comprises a first doped
region and a second doped region, the first doped region having a doping
concentration that is essentially the same as the doping concentration of the

second doped region.

The method of claim 29 or claim 30,
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wherein the el ectro-optic active region has a
ri b-shape with a larger height than the first

w@eepozrsIct i ng regi on and the second seni condRCT/BGLPO7/000241

48.

49.

50.

region relative to the surface of the insulating

| ayer. 39. The nethod of claim29 or claim30, wherein
the first sem conducting partial active region is in

el ectrical contact with the first sem conducting

" ©0iein e THASHELAAMARN: ShANMAT, 2Lei) 3

wherein the second serﬁtglfg uctlirgr?ég%g%‘%l%l%‘gﬂé%%\?ea first doped

regqj IS 4 trical contact wth the second, )

s e%@g% cf]al di iyns géoﬁlggflo v % Tpeipn. i sty !ﬂ‘@& o‘feg't?flaﬂﬁ‘ﬂl% apfloping
claim30, .wherein the firgt sem conducting partia

o OB fHeF 1 I oo Saeidoptis Campenmign luthp dessnd doped
claim?29 or claim30, wherein the second

seff&®hducting partial active region is made of
poly-silicon 43. The nmethod of claim29 or claim
30,wherein the insulating structure has a thickness in
the direction fromthe first sem conducting partia

ac tlihg enatlagl cfielaim 20he ckimd0d sem conducting parti al

active region in the range fromabout 2 nmto about 50

nmwhérkin THeeseomidwethi@indtidigPatidal 260@S Rifbnt d@aprReA Bhdt MBped
structure has a thickness in the direction fromthe

fi rédiord @AY COREHGH | dpel@bioR] (RC kil Qoped! r_@%ioﬁ O a doping
second sem conducting partial active'region in the

OB Tehvl ST P9y 1B o

of claim?29 or clai
sepiganducting partial active region conprises a first
dopé%ﬁp

The method of claim 29 or claim 30,

wherein the first semiconducting partial active region comprises a first doped
region and a second doped region, the first doped region having a doping
concentration that is higher than the doping concentration of the second doped

region.

The method of claim 29 or claim 30,

wherein the second semiconducting partial active region comprises a first doped
region and a second doped region, the first doped region having a doping
concentration that is higher than the doping concentration of the second doped

region.
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region and a second doped region, the first doped
regi on having a dopi ng concentration that is

wes®enti4dt |y the sane as the dopi ng concentr at PORS©1007/000241

51.

52.

53.

54.

55.

56.

the second doped region. 46. The nethod of claim 29 or
claim 30, wherein the second sem conducting partia
active region conprises a first doped region and a
second doped region, the first doped regi on having a
doﬁfeﬁ@etﬁ@&&f%ﬂiﬁx%io‘?'&laﬁlﬁ% is essentially the sane as

t he "dopi ng concentration of the second doped region.

47.. The method of cl ai.m 29. aon ¢l al I - hi

¢ sIg O BSharaB e O B SR ek i S ARG EASh ks bigher
first doped regi on and second .doped. r eqgi.o .
ftha e Sas FEgPOrF A St s TSR Lo et e b Tesige

is lower than the doping concentration of the second
doped region. 48. The nmethod of claim29 or claim 30,
wherein the second sem conducting partial active

r éfieonetbodpf dlams2%orfclaimt3Odoped regi on and a second

doped region, the first doped region having a doping
C onlgeeih It i second h@mi¢ondhaingr reglvmnhashe ddpipgmyncentration that is
concentration of the second doped region. 49. The

nedipieg t9dn 6k dbping YovenehtiinofIBe sstoad semicoinnciing pirtial active
sem conducting partial active region conprises a first
dq@g%nyegion and a second doped region, the first

dop regi on having a doping concentration that is

hi gher than the dopi ng concentration of the second

doped regi on.

The method of claim 29 or claim 30,
wherein the first semiconducting region has a doping concentration of about

10" em™.

The method of claim 29 or claim 30,

wherein the first semiconducting region has a doping concentration of about
10'8 cm?.

The method of claim 29 or claim 30,

wherein the second semiconducting region has a doping concentration of about

10" em.

The method of claim 29 or claim 30,
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50. The nmethod of claim29 or claim30, wherein the
second sem conducting partial active region conprises
wa@2dovros3zioped regi on and a second doped regi oPCT/8GE07/000241
first doped region having a doping concentration that
i's higher than the doping concentration of the second
doped region.51. The nethod of claim29 or claim 30,
mherein the first sem conducting region has a doping
neentr ic L i of about
C a8t p&fnd ABhich Rl Rl B b aBp R RoRtntraion
act hwe segion. 52. The nethod of claim29 or claim30,
't he second sem conducting regi on has a dopi ng
concentration that is higher than the doping
concentration of the second sem conducting partia
active region. 53. The nethod of claim29 or claim 30,
wherein the first sem conducting regi on has a dopi ng
concentration of about 1017 cm 3 . 54. The nethod of
claim?29 or claim30, wherein the first sem conducting
regi on has a doping concentration of about 1018 cm 3 .
55. The nmethod of claim29 or claim30, wherein the
second sem conducting region has a doping
concentration of about 1017 cm 3 . 56. The nethod of
claim 29 or claim30,wherein the second sem conducti ng
regi on has a doping concentrati on of about 1018 cm 3 .
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