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Abstract—In this paper, we propose and analyze an electri- y
cally modulated silicon-on-insulator (SOI) submicrometer-size 450 nm
high-index-contrast waveguide. The geometry of the waveguide - x
provides high lateral optical confinement and defines a lateral SiO, z

p-i-n diode. The electrooptic structure is electrically and optically
modeled. The effect of the waveguide geometry on the device
performance is studied. Our calculations indicate that this scheme
can be used to implement submicrometer high-index-contrast
waveguide active devices on SOI. As an example of application,
a one-dimensional microcavity intensity modulator is predicted
to exhibit a modulation depth as high as 80% by employing a dc Buried oxide (BOX)
power consumption as low as 14W.

Index Terms—Device modeling, integrated optics, plasma dis-
persion effect, silicon optoelectronics.

|. INTRODUCTION
ILICON as a photonic medium has unique advantages. W, W, 450 nm W, Wy
It is transparent in the range of optical telecommunica- ~
tions wavelengths (1.3 and 1.58n) and has a high index of Sio,

refraction, which allows for the fabrication of high-index-con-
trast submicrometer structures [1]. In addition, the mature
Si integrated circuit [bipolar or complementary metal-oxide P
semiconductor (CMOS)] technology enables the implemen-
tation of dense silicon-based integrated optics and electronic *
on-chip. In order to achieve low-loss compact (submicrometer
size) devices, high refractive index contrast is required. For this
purpose, silicon-on-insulator (SOI) strip waveguide technology
may be employed [1] [see Fig. 1(a)]. The use of crystalline Si
(c-Si) instead of polysilicon or amorphous Si as the waveguide
core reduces scattering and absorption losses [2].

Passive submicrometer-size structures such as ultra-low-loss (b)
strip waveguides [3], efficient couplers [4], microring resonatokSy 1. schematic cross-section of (a) a typical SOI high-index-contrast strip
[5], and nanocavities [6] on SOl have been demonstrated. Activeveguide for 1.55m wavelength and (b) the counterpart rib waveguide with
waveguide devices (modulators and switches), however, ha&pdntegrated lateral p-i-n diode for electrooptic modulation.
been proposed only on large micrometer-size SOl waveguides
[7], [8]. Very little work has been reported on high-index-contiowever, the thermooptic effect is rather slow and can be used
trast (high lateral optical confinement) waveguide active dénly up to 1-MHz modulation frequencies [10]. For higher
vices despite their high demand to manipulate light beams fé¥dulation frequencies, up to a few hundreds of megahertz,

information processing (e.g., coding—decoding, routing, mLﬁeJ_ectrooptic dev_ic_es_ are required. Unstrained pure crystalline
tip|exing' t|m|ng, |Ogic Operations' etc_) in h|gh_dens|ty inteS| does not exhibit linear eleCtrOOptIC (POCkeIS) effeCt, and the

grated-optic circuits. refractive index changes due to the Franz—Keldysh effect and
The main methods to alter the refractive index in Si are tHeerr effect are very weak. Therefore, the free carrier dispersion
thermooptic effect and the electrooptic effect. The therm@ffect [11] is used to change both the real refractive index and

change of the real optical refractive index in Si is large [9pPtical absorption coefficient. _ _
The free-carrier concentration in electrooptic devices can be

varied by injection, accumulation, depletion, or inversion of car-

250 nm
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dc power consumption. However, for either depletion or accwhere

mulation, significant large concentration variations are possibleAn, refractive index change due to elec-
only within small distances (a few tens of nanometers) beneath tron concentration change;

the insulated gate region. This produces a small overlap betweer\n;, refractive index change due to hole
the optical mode and the nonequilibrium charge (index change) concentration change;

distribution in the waveguide, leading to a small effective index A N electron concentration change in
variation. In contrast, in a p-i-n configuration, carriers can be in- cm—3;

jected in a larger area (intrinsic region) in order to maximize the A P hole concentration change in cri
aforementioned overlap, increasing the effective index changeAq, (in cm1) absorption coefficient variations due
In this case, the p-i-n diode should be designed in such a way to AN;

that the highly doped p- and n-regions should neither signifi- A, (incm™1) the absorption coefficient variation
cantly affect the optical mode confinement nor introduce exces- due toAP.

sive losses. In addition, the electrical power needed for changing

the index should be low in order to minimize the thermooptic eB. Electrical Model
fect. A
In this paper, we analyze an electrooptic configuration foy, .
varying the complex refractive index of high-index-contrast S

waveguides by using a lateral p-i-n diode. Section Il describ
the waveguide structure. Section Ill presents the electrical

optical models. In Section 1V, the results from the simulatio
are presented and discussed. In Section V, an intensity mo
lator based on a one-dimensional microcavity is analyzed as
example of application. Conclusions are given in Section V.

commercially available two-dimensional simulation
age, ATLAS from SILVACG, was employed to achieve
Ilwe electrical calculations. The suitability of this device
deling software to analyze electrooptic modulators in SOI
an veguides has been demonstrated by other authors [13],
4]. This program simulates internal physics and device
Haracteristics of semiconductor devices by solving Poisson’s
eac?uation and the charge continuity equations for electrons and
holes numerically. The software allows a complete statistical
approach (Fermi—Dirac statistics) when, for example, heavily
doped regions are considered. Carrier recombination models
Fig. 1(b) shows a schematic cross-section of the proposadlude Shockley—Read—-Hall (SRH) recombination, Auger
configuration. It consists of a high-aspect-ratio [rib heightecombination, and surface recombination. A concentration
(h.) > slab height k)] rib SOI waveguide with apregion and temperature-dependent model has been used for the
and an i region defined in the slab at each side of the rilzarrier mobility. The simulation package also includes thermal
The silicon layer (device layer) has an n-type backgroumdodeling, which accounts for Joule heating, and heating and
doping concentration of 0 cm~3, whereas a uniform doping cooling due to carrier generation and recombination. The heat
concentration of 1 cm=2 for both p* and n* regions is flow equation is solved for specific combination of heat sink
considered. We have assumed typical values for the height atdictures, thermal impedances, and ambient temperatures.
width of a 1.55um-wavelength high-index-contrast strip SOl In our calculations, a carrier concentration dependent SRH
waveguide, 250 and 450 nm, respectively [4]. The width e&combination model has been employed, with an estimated car-
the doped regions and their distance to the rib sidewalls afer lifetime in the Si device layer (intrinsic region) of electrons
referred to asw, andws, respectively. A top Si@ cladding and holes ofr,, = 700 ns andr, = 300 ns, respectively, for an

Il. STRUCTURE

layer covers the whole structure. n-type doping concentration of ¥0cm~—3 [15].
Ohmic contacts without additional contact resistance or ca-
lll. DEVICE MODEL pacitance have been assumed. In addition, the electrical contacts
A. Optical Model (electrodes) were considered to act as thermal contacts (heat

. sinks) at a fixed temperature of 300 K. The main parameters
We used the beam propagation method (BPd) the calcu- ysed in the simulations are shown in Table 1.

lation of the modal-field profile and optical losses due to carrier

a_bsorption. Frgm the valqes of the electron and hol_e concentra- IV. RESULTS AND DISCUSSION

tions at any point of the p-i-n structure (calculated with the elec- ) _ _ . . )

trical model described below), the induced real refractive index !N this section, coupling efficiency from a strip waveguide to
and optical absorption coefficient variationas and Aa, re- the waveguide modulator, losses due to absorption in the wave-
spectively) produced by free-carrier dispersion (highly dopéﬂ"de’ and the effect of the overlap between the optical mode and

regions and injected carriers) at a wavelength of JE6are the high absorption regions are analyzed. Then, the optimum
calculated by using [12] optical design is studied in order to determine dc power con-

sumption, device temperature, and transient response.

An = An. + Any,
— —22 = —18 | 0.8

h [8'8 x 10 AN +85x 10 (AP) ] (@) 1) Modal Behavior: Both waveguides shownin Fig. 1(a) and

Aa =Aae + Ay, (b) exhibit single-mode operation for both TE-like and TM-like
=85x 10718 . AN 4+ 6.0 x 1072AP (2) modes and slab thicknessestaf = 30, 50, and 70 nm. The

A. Optical Characteristics

Ihttp://www.rsoftinc.com/fullwave.htm. 2S|LVACO International, Santa Clara, CA.
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TABLE |
MAIN PARAMETERS USED IN THE SIMULATIONS

Si refractive index (A=1.55 um) 343
Si0, refractive index (A=1.55 um ) 1.46
Electron carrier lifetime 1, (ns) 700°
Hole carrier lifetime 7, (ns) 300°
Surface recombination velocity for electrons S, (cmy/s) 10*°
Surface recombination velocity for holes S, (cm/s) 10°°
Si background carrier conc. (cm™) 1x10"”
Thermal contacts temperature (K) 300
Si thermal conductivity k¥ (W/cmK) at 300 K 1.55
Si heat capacity C (J/cm’) at 300 K 1.67

" For an electron concentration of 10 cm™ at 300 K (From Ref. 15)

® For a thermally oxidized Si surface (From Ref. 16)
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Fig. 2. Optical losses in a straight high-index-contrast rib waveguide as a function of the slab thi¢kneissthe oFF state (solid line) andN state (dashed
line) for a distance of the highly doped regions to the rib sideguall) of 200 nm (square dots), 100 nm (circular dots), and 50 nm (triangular dots).

calculated optical mode overlap between the strip and the higiing efficiency from (to) the high-index-contrast rib waveguide
index-contrast rib waveguides was as high as 99.7%, 99.3%, amig (from) a fiber-to-waveguide coupler implemented in a strip
98.6% for slab thickness of 30, 50, and 70 nm, respectively. Thaaveguide [4].

is, the introduction of the thin slab does not affect significantly 2) Loss Analysis:The distance of the highly doped regions
the mode distribution in the rib waveguide as compared to thethe rib sidewall§w;) should be long enough to reduce the
strip waveguide. This is important in order to obtain a good cooverlap of these highly absorptive regions with the guided op-
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tical mode but short enough to minimize the power consum 0.6
tion and switching time. Similarly, the thickness of the sla -
(hs) should be thin enough to provide a high lateral optici 4]
confinement and to reduce the overlap of the highly doped 1
gions with the optical field but thick enough to facilitate its prac
tical implementation. Fig. 2 shows the calculated optical loss £ 027
due to carrier absorption for a high-index-contrast rib wavi 2 7
guide as a function aof, for different values ofv,. Two cases > 004
are considered: 1) no carrier injectionrf state) and 2) uni-
form carrier injection ON state) of N = P = 3 x 107 cm™3
throughout the whole intrinsic region, which induces a real ri .
fractive index change oAn = —10~2 (1) and an absorption 7] SiO,
coefficient variation ofAa = 4.35cm™! (2). The validity of 04 41T
consideringV = P with a uniform distribution will be sup- 06 04 -02 00 02 04 06
ported by the electrical analysis in Section IV-B. The variatio X (um)
of the real part of the effective refractive index of the waveguide @)
is approximately the same as that in the intrinsic Si core, that is
Aneg = —1073. Itis seen in Fig. 2 that the losses are high for
w, = 50nm (38-95 dB/cm in theN state and 1776 dB/cm 1 SiO,
in the oFF state) and all the considered valueg9f even when 0.4
no carriers are injected. This is because of the proximity of the ]
highly doped (highly absorptive) regions to the rib, which in- ]
creases the overlap with the optical mode. On the other hand, th E '
losses are significantly lower (21-29 dB/cm in threstate and
1.4-9.7 dB/cm in theFFstate) when the doped regions are sep- 0.0
arated from the rib sidewald, = 200 nm. Fig. 2 also shows that -
the losses increase Agincreases for a givem, . This is due to 0.2-
the fact that the thicker the slab, the more the optical mode-fielc
profile extends laterally and overlaps with the highly doped re-
gions, increasing the losses. In all cases, aremarkable increme 04 T T T T
of the optical losses is observed when carriers are injected. Thi 06 04 02 00 02 04 06
increase is higher as the thickness of the slab increases becauo. X (pm)
of the larger absorption area due to injected carriers. (b)

Another requisite thaty, andh, should fulfill is being able Fig. 3. TE-like fundamental optical mode-field profile in (a) a high-index-
to implement bent waveguides with a small radius of curvatufghirast rib bent waveguide, which turns to the-axis (left) and (b) a straight

. . . . L . Igh-index-contrast waveguide. The mode distribution in the bend is shifted to
without introducing significant losses. This is important in ordfe convex side of the bene-¢-axis).
to produce high dense photonic circuits. Fig. 3(a) and (b) illus-
trates the optical mode distributions in a bent waveguide turning . ) i
to the left (~z-axis) with a radius of curvature of 5m and a _These results show that, from the optical point Of.VIeW, aslab
straight waveguide, respectively, in thel state.w, = 50 nm thlc_kngss less tha_n or equal_to SQ nm should be desirable. It must
andh, = 200 nm for both cases. It is observed in Fig. 3(a e indicated that in a practical |mplement_at|0n, the slab_ th|<_:k-
that the optical field shifts to the right side-¢-axis) due to €SS could be accurately controlled by using thermal oxidation
the bending effect, overlapping significantly the doped regicﬁ'fter a rlp etching process. Thermal oxidation is also desirable
placed on that side of the bend'(megion). The straight wave- [OF reducing surface roughness [3].
guide counterpartin Fig. 3(b) is shown for comparison purposes. . o
Fig. 4 presents the calculated optical losses for high-index-cdh- Eléctrical Characteristics
trast rib straight and bent (radius 5 pm) waveguides as a The electrical analysis was performed on a high-index-con-
function of b, for different values ofw, in the oN state (car- trast rib waveguide havinly, = 50 nm andw, = 200 nm.
rier injecton N = P = 3 x 1017 cm=3). The losses due to 1) Static Characteristics:Simulations reveal that both
the bend become important as the slab thickness increases fimjected electron ;) and hole ) concentrations are nearly
givenws. This is because the highgy is, the deeper the lateralequal and highly uniform throughout the waveguide core for
penetration of the optical mode into the convex (outer) slab sifteward bias voltages between 0.8 and 1.1 V (high injection
of the bend is, increasing the overlap with the highly absorpenditions). We have assumed a surface recombination velocity
tive regions. It is also seen that the difference in loss betweeh1®? cm/s at the interface between the Si waveguide and the
the straight and bent waveguides increases adecreases for surrounding Si@, which corresponds to Si surfaces passivated
a given slab thickness. This occurs because the closer the dopét thermally grown Si@ [16]. A carrier concentration of
regions are to the rib, the higher the overlap is between thepproximatelyN = P = 3 x 10" cm™3 (An = —1073) is
and the shifted optical field. predicted for a forward bias of 0.87 V. The drive current for

SiO,

egion

0.2
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Fig. 4. Optical losses in a straight rib (solid line) and in a bent (dashed line) high-index-contrast waveguide as a function of the slak(thigkneke on

state(An = —10~2) for w, equal to 200 nm (square dots), 100 nm (circular dots), and 50 nm (triangular dots).
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Fig. 5. Transient behavior of the refractive index change in the high-index- ) . ) o
contrast rib waveguide for a voltage pulse wita¥ = 0.87 V and Vorr =  Fig- 6. Maximum device temperature transient response when the device is
—1V. In both cases, the voltage pulse is 300 ns long for bothndorrstates  SWitched off from \ox = 0.87 V10 Vopr = —1 V. The temperature of the
with ramp and fall times of 0.1 ns. thermal contacts (electrodes) is 300 K.

0.87 V was calculated to be 1.78\/um, which corresponds to 1.76uA /um, if proper contact metallization is achieved. For ex-
a dc power consumption of 1.58N/um. This low dissipated ample, if Co/Si contacts are assumed on both electrodes, the cor-
power leads to a negligible increase of the device temperaturesponding contact resistance values, after a rapid thermal an-
less than 102 K. nealing process, on the highly dopetl and p regions should
If the Si waveguide surfaces are not passivated, both thearound 1.6 10~ Qcm? and 8.9x 10~ Qcn?, respectively
power consumption and carrier concentration are significanfl7]. This would lead to a negligible increase of %20~ '° W
affected. Thus, fof, = S,, = 105 cm/s (no surface passivationper zm-length in dc power consumption far; = 1 um.
[16]) and a bias voltage of 0.87 V, the drive power is increased2) Transient CharacteristicsFig. 5 shows the simulated ex-
to 7.66W/um whereas the carrier concentration is decreaseifation voltage pulse and the calculated refractive index varia-
to 7.3 x 10'® cm3. tion in the intrinsic Si core due to free-carrier dispersion effect
The effect of the contact resistance of the electrodes on trsus time. For the voltage excitation, the duration of lusth
total power is not significant for a forward injection current ondoN states is 300 ns, whereas both the rise time and fall time
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Fig. 7. Straight waveguide modulator based on a microcavity (1-D photonic crystal resomé&ahe period of the photonic crystal ang is the “defect” length.
The complex refractive index of the resonant region is changed by free carrier plasma dispersion effect produced by a lateral integrated p-i-n diode.

for the voltage bias step are 0.1 ns. For the refractive index vanave been defined in order to provide a high-index-contrast pe-
ation, we define the turn-on timeon) as the time required for riodic structure [one-dimensional (1-D) photonic crystal]. De-
An to change from 10% to 90% of its maximum absolute valueils about its principle of operation and typical dimensions can
(|An]). Likewise, the turn-off timétorr ) is defined as the time be found in [6]. The studied lateral p-i-n diode configuration is
needed for the refractive index change to vary from 90% to 108g8ed to change the refractive index in the cavity regioby=

of its maximum absolute value. The valuestek andtorr —10~2. w, andh, are equal to 200 and 50 nm, respectively.

for a voltage pulse with ¥x = 0.87V (An = —107%) and  An estimation of the performance of the device shown in
Vorr = —1V are 1.11 and 0.18 ns, respectively. As pointeglig. 7 can be made assuming that the microcavity is equivalent
out in our previous work [7], carrier diffusion and carrier depleg 5 Fabry—Perot (F—P) cavity defined by distributed Bragg re-
tion due to the reverse electric field are the limiting mechanismgctors of reflectivityR, diffraction losse9D, cavity lengtha,,

for carrier injection(fox) and carrier removafliorr ), FeSPeC-  and internal lossed,. We calculated the spectral characteris-
tively. Due to the small volume of the guiding intrinsic region;ics of the resonator by using

the calculated switching timédx + torr = 1.29 ns) is one
order of magnitude smaller than those reported for larger rib
structures [7], [18]. T(A) =Tim(1-D)

Anincrease in the device temperature for a p-i-n/rib structure _ A.(1-R)? .(1-D) (3)
occurs during the transition from theN state to theoFF state, - (1—A.R)2+4A.R sin? (WTW&)
due to a significant increase of the transient reverse current [7].
The maximum device temperature in the studied device iSShOWHereT is the transmittivity, A is the wavelengthZ},, is
in Fig. 6 for Vopr = —1 V. The maximum increase is 0.12 Ky, spectral transmittivity of the lossless-mirrors F—P cavity
and drops by one order of magnitude in 1.17 ns. This |nd|cz;1(;lx=1

ficient heat  th h the th | tact QJ] and n.g is the effective refractive index of the wave-
rirelgigliglznthe(reriocr)?al;ri]:\gfectroug € thermal contacts an g@ide. We considered the following value® = 97%,

D = 17% (both values were estimated from [6)q =

9.14 pum [~ 15(\,/2neg)], with A, = 1.55um andA,. equals

4.08 and 23.86 dB/cm for therF state(An = 0) andoN state
The transmission near the resonance wavelength of an 6pn = —10~3), respectively (Section IV-A2). The modulation

tical cavity is highly sensitive to small index changes, makindepth, defined agPorr — Pon)/Porr (Where Porpr and

it ideal for intensity modulation in a short length [7]. Thus, aPonx are the transmitted power in therF and ON states,

immediate application of the studied configuration is a straightspectively), is predicted to be 80%.at= 1.55um. The dc

waveguide intensity modulator based on a microcavity [6] (se¢ectrical power needed to achieve this high modulation depth

Fig. 7). The device shown in Fig. 7 consists of a high-indexvould be around 13.98W (Section 1V-B1), with a switching

contrast rib SOI waveguide in which air (or Sidllled) holes time of ~1.3 ns (Section 1V-B2).

V. EXAMPLE: ONE-DIMENSIONAL MICROCAVITY MODULATOR
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TABLE I
SILICON ELECTROOPTICMODULATORS RECENTLY PROPOSED IN THELITERATURE (FCAM = FREE CARRIER ABSORPTIONMODULATOR; F—P =
FABRY—PEROT; M = AMPLITUDE MODULATION DEPTH, ¢, = switching time)

Year Author Electrical Optical M Power t Length (um)
structure | structure | (%) (mW) (ns)

1997 | Cutolo et al. [18] p-i-n Bragg 50 4 24.7 3200
reflector

1997 | Cutolo et al. [15] BMFET FCAM 20 126 6 1000

2000 | Iraceetal. [21] BMFET Y-junction | 92 ~350 16 5000

2001 | Coppolaetal.[23] | p-i-n Bragg 94 0.3 5 3200
reflector

2003 | Barrios et al. [7] p-i-n F-P 80 0.025 16 20

2003 | Our device p-i-n F-P 80 0.014 1.3 10

For the sake of comparison, Table Il shows a list of proposed[7] C. Angulo Barrios, V. R. Almeida, and M. Lipson, “Low-power-con-
silicon electrooptic modulators recently reported in the litera- sumption short-length and high-modulation-depth silicon electro-optic

ture.

. . . . - modulator,”J. Lightwave Technqlvol. 21, no. 4, pp. 1089-1098, 2003.
Itis seen that the device analyzed in this paper introducess) ¢ "z zhao, A. gH. Chen. E. Kc_’ Liu. and G. z??_i “SiliCON-ON-INSU-

improvements in terms of dc power consumption, switching  lator asymmetric optical switch based on total internal reflectitEEE
time, and length as compared to previous works. In addition,  Photon. Technol. Leftvol. 9, no. 8, p. 1113, 1997.

unlike most of the other listed devices, our device can be imple-

—
©
—

G. Cocorullo and I. Rendina, “Thermo-optical modulator at 4r6 in
silicon etalon,”Electron. Lett, vol. 28, no. 1, p. 83, 1992.

mented in highly dense photonic systems due to its high laterglo] C. Cocorullo, M. lodice, I. Rendina, and P. M. Sarro, “Silicon
index contrast. thermo-optical micro-modulator with 700 kHz3 dB bandwidth,”

IEEE Photon. Technol. Leftvol. 7, pp. 363-365, 1995.
[11] R. A. Soref and B. R. Bennett, “Electrooptical effects in silicofsEE
VI. CONCLUSION J. Quantum Electronvol. QE-23, no. 1, p. 123, 1987.
[12] R. A. Soref and B. R. Bennett, “Kramers-Kronig analysis of E-O

An electrooptic SOI high-index-contrast rib waveguide has  switching in silicon,”SPIE Integr. Opt. Circuit Engvol. 704, 1986.
been proposed and analyzed. The real refractive index ariéd! P- D. Hewitt and G. T. Reed, “Improved modulation performance of a

absorption coefficient of the core Si waveguide is changed by

silicon p-i-n device by trench isolationJ. Lightwave Technaqlvol. 19,
no. 3, p. 387, 2001.

using the free-carrier dispersion effect produced by a lateral p-i-[14] ——, “Improving the response of optical phase modulators in SOI by
diode. The simulations indicate that, for a typical single-mode___ computer simulation,J. Lightwave Technglvol. 18, no. 3, p. 443, 2000.

high-index-contrast rib waveguide, the slab thickness and thi>!

A. Cutolo, M. lodice, P. Spirito, and L. Zeni, “Silicon electro-optic
modulator based on a three terminal device integrated in a low-loss

distance of the highly doped regions to the rib should be chosen  single-mode SOI waveguideJ: Lightwave Technglvol. 15, no. 3, p.
<50 nm and>200 nm, respectively, in order to minimize the 505, 1997.

losses due to thenand p" regions. The electrical analysis

16] D. R. Lim, “Device integration for silicon microphotonic platforms,”
Ph.D dissertation, Massachusetts Inst. of Technology, Cambridge, 2000.

predicts a dc power consumption of 1.68//,um for inducing  [17] O. Nakatsuka, T. Ashizawa, H. Iwano, S. Zaima, and Y. Yasuda, “Con-
a refractive index change ef10’3, which leads to a negligible tact resistivities and electrical characteristics of Co/Si contact by rapid

thermal annealing,” ifProc. Adv. Metallization Conf. (AMC 1998)ol.

thermooptic effect. The switching time is calculated tobe 1.29ns 74 \warrendale, PA, 1999, pp. 605-610.
for avoltage pulse betweenl and 0.87 V. These characteristics [18] A. Cutolo, M. lodice, A. Irace, P. Spirito, and L. Zeni, “An electrically
make the studied configuration very promising forimplementing controlled Bragg reflector integrated in a rib silicon on insulator wave-

Si-based submicrometer-size active devices and should repy

guide,” Appl. Phys. Lett.vol. 71, no. 2, p. 199, 1997.
] J. T. Verdeyen,Laser Electronics Englewood Cliffs, NJ: Pren-

resent an important step in the development of high dense Si tice-Hall, 1989, p. 137.
phOtOhiC circuits. [20] A.Irace, G. Coppola, G. Breglio, and A. Cutolo, “Fast silicon-on-silicon

(1]
(2]

(3]

optoelectronic router based on a BMFET devidBEE J. Select. Topics
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