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Design and Analysis of Silicon Antiresonant
Reflecting Optical Waveguides for Evanscent
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~ Abstract—Silicon based antiresonant reflecting optical waveg- compared to other schemes [2], [3]. For sensing use, the optical
uides (ARROW's) have been designed in order to obtain a high waveguides that form the Mach—Zehnder interferometer have to
sensitive optical transducer for sensing applications. The designed verify two conditions: a monomode behavior and a high surface

sensor has an integrated Mach—Zehnder interferometer configura- itivity. Th h teristi k ial the desi d
tion. The optical waveguides that form its structure have to verify SENSIUVIly. 1hese characterstics make crucial the design an

two conditions: monomode behavior and high surface sensitivity. analysis of the optical waveguides before their fabrication for
In this paper, we present a theoretical modeling of the propagation the development of a high sensitive optical sensor.

characteristics and surface sensitivity of the ARROW structure. In this paper, we will focus on the design of single-mode
Index Terms—Antiresonant reflecting optical waveguide integrated optical waveguides with a very high surface sensi-
(ARROW) theoretical design, evanescent wave sensors.tivity for their application in optical sensors. The waveguides are
Mach—Zehnder interferometer, silicon technology. based on antiresonant reflecting optical waveguide (ARROW)
structures and are fabricated with standard integrated circuit

l. INTRODUCTION (IC) silicon technology. The fabrication and characterization of

. . _these sensors has been already performed and results will be
NE IMPORTANT step in the development of Chem'c"”‘l)ublished somewhere else.

sensors is the design and fabrication of a physical trans-
ducer capable of transform, in an efficient way, a chemical or
biological reaction in a measurable signal [1]. There are several II. THE ARROW STRUCTURE

physical methods to obtain this transducing signal like those.l_he optical sensor is based on the ARROW structure [4]-[7].

based on amperometric, potentiometric or acou;tlg SySte'ﬁ]ﬁ'e optical confinement of light in these waveguides is based on
However, transducers that make use of optical principles offer

; . . : the total internal reflection at the air-core interface and a very
more attractive characteristics such as the immunity to equc-

o . ) . gh reflectivity, of 99.96%, at the two interference cladding
tromagnetic interference, the use in aggressive enwronmeln

. . o . ayers underneath the core. The refractive indexes and thickness
and, in general, a higher sensitivity. Moreover, optical sensor ; .
. : of these layers are designed in such a way that they behave as a

based on integrated optics add some other advantages a . . .
abry—Perot resonator operating at its antiresonant wavelengths.

better control of the light path by the use of optical wavegu|def.his structure is a leaky waveguide (it does not support guided

a higher mechanical stability and a reduced size. In senscr>nrsdes) that have an effective single-mode behavior, that means,

b"?‘s?d on thg evanesceqt field, although light trave!s COhflnﬁl her order modes are filtered out by loss discrimination due
within the optical waveguide, there is a part of the guided mog

. . . .10 the low reflecting of the interference cladding. Other impor-
(called the evanescent field) that interacts with the surroundlpaq]t features of thig structure are that it presenqcs low Iossgs for

environment. When there is a chemical reaction at the wav%— L - . .
guide surface, as it can be understood as a refractive inqeﬁ fundamental mode; it has pplanzatlon se.lect|v§ characteris-
variation, the evanescent field detects this change and indué(és’ that is, transverse magnetic (TM)-polarized light presents

a modification of the optical properties of the guided mode. . |g%1er losses than tr'ansverse e'lectrlc (TE)—poIaUzeq light; there
is a large tolerance in the election of the refractive indexes and

W:rggcg ;T‘iszlge;enmmtg ??erllgrlrjﬁri::o Iﬁ:ﬁgg tg';gg”szo?héckness of the cladding layers. The conventional ARROW—a
Mach—zehnder confiquration due to its higher sensitivits ructure based on silicon technology is depicted in Fig. 1: the
9 9 dore and second cladding are silicon oxide layers with a refrac-

tive index of 1.46 and the thickness of the second cladding is

Manuscript received October 28, 1999; revised March 28, 2000.This WoHg|f of the core. The first cladding is a silicon nitride |ayer of
was supported by the Comisién Interministerial de Cienciay Tecnologia, Proj

C . .
TIC97-0594-C04-01 and AMBY8-1048-C04-02. 812,:m and a refractive index of 2.00.

F. Prieto, A. Calle, and L. M. Lechuga are with the National Center of Micro- This ARROW waveguiding concept came to solve the two
electronics (IMM-CSIC), Isaac Newton 8, 28760 Tres Cantos, Madrid, Spaiain limitations of the conventional TIR (total internal reflec-
(e-mail: cnmar03@fresno.csic.es). . . . . .

A. Llobera and C. Dominguez are with the National Center of Microele(gon_) Wavegwdes. the re_duced dimensions for mlonomOde be-
tronics (IMB-CSIC), Campus UAB, 08193 Bellaterra, Barcelona, Spain. havior (an important subject for further technological develop-

D. Jiménez is with the Department of Electronic Engineering, Universidagent and mass-production of the sensors) and the high inser-

Autébnoma de Barcelona (UAB), Campus UAB, 08193 Bellaterra, Barcelon . . . X . .
Spain. (UAB) P fion-losses in the optical-interconnects fiber-waveguide. With
Publisher Item Identifier S 0733-8724(00)05755-8. ARROW structures we can have monomode behavior with a

0733-8724/00$10.00 © 2000 IEEE



PRIETOet al: SILICON ARROW'’S FOR EVANESCENT FIELD SENSORS 967

Rib depth=0.6-d,,,, um
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core

Fig. 1. Conventional ARROW—A structure. /2

. . . -
core thickness of the same size as the core of a single-mode => d1=0.12um

optical fiber, suitable for efficient end-fire coupling.
Fig. 2. ARROW structure.

A. Design of the Optical Waveguide for Sensor Application

3
As we mentioned above, these ARROW structures will k e

the basis for an integrated evanescent field sensor based or __ 10 x\\
Mach-Zehnder interferometer. In its integrated version, anc § ;o1 ks, - T
tical waveguide is split into two arms and after a certain distan @ m F )
they recombine again. Only one of the arms (sensor arm) will =
exposed to the surrounding medium during a certain distance o 10";
(interaction length). For that reason, the interferometer has to ‘“ 1042:_
covered with a protective layer that will prevent any interactio & 5 §
between the interferometer and the outer medium. In the sen & E
arm, certain area of lengthwill be opened to bring into contact 107k
the waveguide and the environment. When a change in the 0" F -4 e e,
fractive index of the outer medium takes place, light that trave 1.5 20 2.5 3.0 3.5 4.0
through the sensor arm will experience a change in its prc Core Thickness (um)
agation characteristics via the evanescent field. At the sensor
output, light coming from both arms will interfere, showing &ig. 3. Attenuation versus core thickness of ARROW structures for the
sinusoidal variation that can be directly related to the changeftfdamental TE and TM, mode (> = 1.46, dz = dcorc/2).
the refractive index in the surrounding medium. The protective
layer is a 2um silicon oxide layer with a refractive index of attenuation losses for a design wavelength of 632.8 nm for the
1.46. Therefore, the core refractive index has to be higher thARROW structure depicted in Fig. 2: the waveguide core is a
1.46 in order to obtain a guiding structure. nonstoichiometric silicon oxide (SiQ layer with a refractive
The homogeneity in the deposition processes of the differentlex that can be modulated accordingztoThe technology
waveguide layers together with the small dimensions of tlod growing SiO, by plasma-enhanced chemical vapor depo-
sensor (the interferometer arms are separatedub@Oassures sition (PECVD) has been developed previously in our group
that the optical waveguides of the two interferometer arnfi$2] and we are capable of varying the refractive index between
are equal and, subsequently, the sensor response will ohl¢6—1.72. The core thickness will be varied between 2+
depend on the refractive index changes that take place at T first cladding is a silicon nitride (§\.) layer with a thick-
sensor area. Moreover, a second area of ledigtfan also be ness of 0.12um and a refractive index of 2.00 deposited by
opened in the reference arm to keep the optical differendesv-pressure chemical vapor deposition (LPCVD). The second
between the branches as small as possible. This will make tdt@dding is a Thermally grown silicon dioxide (Sifdayer with
device potentially little sensitive to environmental fluctuationa refractive index of 1.46 and a thickness of:&1. Finally,
(i.e., temperature) that normally limit the performance of #the waveguide substrate is Silicon with a refractive index of
Mach—Zehnder sensor. ns = 3.85 — j0.01 at the working wavelength of 632.8 nm.
Nowadays, as far as we know, there are not commercial pro\We evaluated the attenuation losses for the fundamental trans-
grams available for the theoretical study of ARROW's, probablyerse electric (TE)and transverse magnetic (ThMnodes as a
due to the leaky behavior of these structures. For that reason furection of the thickness and refractive index of the core. Re-
had to develop a home-made computational program basedits can be seen in Fig. 3. As the refractive index of the core
one of the several theoretical methods available for the simulaereases, attenuation for the fundamental mode decreases. In
tion of the propagation characteristics of the ARROW structurgeneral, the TM mode always present higher losses (more than
Among them (multilayer analysis [8], perturbative methods [9ne order of magnitude) than the JEode due to the pres-
spectral index [10] or nonuniform finite difference method [11]ence of the high index first cladding [4]. When the core and
etc.) the latter has demonstrated to have a greater computaticealond cladding have the same refractive index, losses for the
efficiency compared to others. This method was used to mak&M , mode are very high and the device can be considered po-
one-dimensional simulation of the effective refractive index andrization selective. However, when the core refractive index is

10° g

10°k
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Evanescent field Adsorbed film
Cover / Cover

Core w Core @

Second cladding Second cladding

Attenuation (dB/cm)

Core Thickness (um) Fig. 5. (a) Homogeneous sensing. (b) Surface sensing.

Fig. 4. Attenuation versus core thickness for the three first TE and TM modes

of an ARROW structure with a core refractive index of 1.485. SquarEd field magthde at the core-cover interface [See

Fig. 5(b)].
In the next sections, we will evaluate sensitivity for a conven-

higher than the second cladding refractive index, attenuatiggnm ARROW structure with..o.. = 1.46 and for an ARROW
for the TM, mode decreases being possible, for certain thicksin a core refractive index of 1.485.

ness, that both the TEand TM, modes propagate through the
waveguide structure. Moreover, as the core thickness increagesHomogeneous Sensing
higher order modes also present lower losses, being possiblethri\t . e
o . ._In this case, sensitivity is evaluated as the rate of change of
the ARROW structure would lose its single-mode behavior. Th|ﬁ : . .
. L the effective refractive index of the guided modé, under an
fact would be a drawback for sensing applications and, there-

fore, the refractive index of the core has to be precisely co'rrll—dex change of the outer medium,). The analytical expres-

) rion for the homogeneous sensitivity is obtained in an analogous
trolled. To come to an agreement between a core index valu

e : o )
higher than 1.46 and elevated losses for higher order modes,v\\//vaél as in references [14] and [15]. Considering a waveguide
have chosen a core refractive index of 1.485 (Fig. 4). In this case

structure of five homogeneous layers, thg field (TE modes)
an comparing wihne funcmerta o, osses exceedy 7 191,14 o0e5) i expessed ae uperpostion
more than one order of magnitude for the J&hd first higher P ginary arg

order T mode and more than two for the T\nd the second core, first cIaddmg qnd substrate. For the second cIaddmg, the
. arguments are imaginary when the core and second cladding re-
higher order Tk mode.

-fractive indexes are equal or real when the second cladding re-

Finally, in order to obtain a lateral confinement of light, a ri L :
. : . ractive index is lower than that of the core. For the cover the
structure has to be designed (Fig. 2). Propagation characteris-

. . . . ﬁr ument should be real corresponding to a confined field. By
tics, as well as lateral single-mode behavior, will depend on t lication of the boundary conditions at the waveguide inter-
width and depth of the rib. Experimentally, we have observeofa RP y 9

good lateral confinement for rib depths in the order of 60% aces we obtain a set of linear equations which resolution leads

the core thickness. Regarding the rib width, a lateral dimensioonthe modal equation

lower than 7;m would be enough to obtain a single mode be- l N
havior [13]. ¢y =k, - d. + arctan <—°> —c]
Ne Yo
ll. SENSITIVITY CALCULATIONS [( ni >2p % y2k. 1 ]
— arctan 3 p
For sensing purposes, the optical waveguide structure has to T2 ki (tan(kzdz))
be designed to assure a high sensitivity, that is, the sensor re- =m-7
sponse for changes in the optical properties of the cover medium Q)
has to be as high as possible. This sensitivity depends on the
strength and distribution of the evanescent field in the outdhere
medium [3], [14], [15]. We can distinguish between two dif- 0, TE mode
ferent sensor sensitivities depending on how is the refractive P= {17 TM mode
index change in the outer medium. and
1) if this change is homogeneously distributed in the cover 0, na<ne
we refer to homogeneous sensing. Sensitivity is related o= { 1, no=ne
to the power of the guided mode transported in the cover
medium [see Fig. 5(a)]. and with k;, = k,\/n? — N2, v = k,/N2—n?
2) if there is an adsorption of molecules from a gaseous @r = ¢,10r2) and k, = 2x/X. We have assumed that

liquid sample on the waveguide surface we talk abothe first cladding thickness verify the artiresonant condition
surface sensing. In this case, sensitivity is related to the - d; = (2m + 1)(7/2). This equation is also known as the
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0-0061"'|"'|""|"'|
Structure:

n,=1.33

d, =012 um, n, = 2.00

d,=d_ /2,n,=1.46

B. Surface Sensing

This sensing scheme is of great interest for the detection of
(bio)chemical reactions. The interaction between a receptor
molecule adsorbed on the waveguide surface and an analyte
can be understood as a mass change in the molecular adlayer

0.005 -

2
n = 3.85-0.019i

A r

SRS N
0.004 - .

—c—TE,, n_ =146

>
2 0.003- ——TM,, n_ =146 4 and, therefore, as a variation in its refractive index. Surface
a - --o---TE,, n_, = 1.485 1 Sensitivity is then related to the value of the evanescent field at
& 0002+ - e > --e---TM, n_.=14857 the waveguide surface. Assuming that the adsorbed molecules
T ‘\; 1 form a homogeneous adlayer of thicknegsand refractive
0.001 | o S 1 . o
oaﬂ\gzé\ index n¢, sensitivity is evaluated as the rate of change of
0.000 . , , R ° | the effective refractive index of the guided mod¥, with
2.0 2.5 3.0 3.5 40  respect to the thickness of the adsorbed fifi;n, The analytical

Core thickness (um) expressions are obtained by following the same procedure as

in the homogeneous sensing case. First, we obtain the modal
Fig. 6 Homogeneous sensitivity for an aqueous solution=£ 1.33) for the equation of the Waveguide
TE, and TM, modes of an ARROW structure with: —(solid line),.. = 1.46

- - -(dashed lin€)rcor. = 1.485.
¢ ) bg ~k.-d.+ arctan

1o\’ k.
e Yo

transverse resonance condition where the first addend is related
to the phase shift that light experiences on the core layer and the

second and third addend are the phase shift on the reflections Yo
at the core-cover medium interface and at the core-interference
cladding interface, respectively. Homogeneous sensitivity n2 \2 ook 1
can be obtained as the partial derivativ®'/dn, by implicit — arctan [( L ) ’Yé z o]
differentiation of® T2 ki (tan(kzdz))
=m-m
ON 0%y /on,
on, 00y /ON’ where
After some algebraic calculations and expressing sensitivity as p= { 0, TEmode
a function of the fraction of the total power of the guided mode 1, TMmode
at the cover medium, we obtain and
0, n2<n.
ON  n, [2<N>2 . " P, @ "—{1, Ny =1
oo N o b and withk; = k,/n? — N2 andy; = k,\/N? — nZ, assuming

with thatk; - di = (2m + 1)x/2. Subsequently, surface sensitivity
is obtained by implicit differentiation ob s
_ [0, TEmode
p= {1, TM mode ON _ 0®5/0d,
ad;  9®s5/ON
where
n,  outer medium refractive index; and after some algebraic calculations we have
N effective refractive index of the guided mode; ) )
P, power of the guided mode at the cover medium; oN ~ o <ﬂ> " _ <@> " s B (4)
Pr  total power of the guided mode. oad; N Mo o m K Pr

In Fig. 6 (solid line) the sensitivityN/dn,, for a conven-
tional ARROW structure with a core refractive index of 1.46 i¥ith
shown as a function of the core thickneds,., for the fun-
damental TE and TM, modes. The cover medium has been
considered as an aqueous solutiap & 1.33). Sensitivity in-
creases as the core thickness diminishes due to a less confines
ment of light within the core, which implies an increase of the P,  power of the guided mode at the cover medium;
power of the guided mode transported in the cover medium. ThePr  total power of the guided mode.
dashed line shows the case for an ARROW wiith.. = 1.485. When the core thickness increases, surface sensitivity de-
Now the refractive index difference between the core and theeases due to a higher confinement of the mode within the core
outer medium is higher and, consequently, the guided moddager (see Fig. 7). Again, when the core refractive index is 1.485
more confined. This fact implies a decrease in the penetrati@ashed line) the optical power transported in the cover medium
depth of the evanescent field and, therefore, sensitivity is fis-lower than in the case of a conventional ARROW structure
duced. (solid line) and, therefore, sensitivity decreases.

refractive index of the adsorbed adlayer;



970

JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 18, NO. 7, JULY 2000

010 T T T T 0'050 T T T T T T T j T
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L d,= 012 pm, n, = 2.00 ol & dw-e;mumm = 208
— 0.06 d,=d_ /2,n,=1.46 ] - 0.030 =0 pm, n, = 2.0
o . —o—TE_,n___ =146 = i d,=2pm. n, =146
- 005 & n, = 3.85-0.019i o 4 Z 0025 h = 3.85-0.019i
%I Q 0.04 N _._TMO' Neore = 1.46 g 0.020 K
.*E’ 0.03 --o---TE, N, =1.485 &S oo1s5]
= R A T T™M,, n_, = 1.485] 0.010 [
0.02 N F
5 I -o-\.g_\-&\l. 0.005 .
@ 001y R 0.000 E==t - =
0.00 [ L . 10 20 30 40 50 60 70 80 90 100
2.0 2.5 3.0 3. 5 4.0 Overlay thickness (nm)
Core thickness (um) @
07 T T T T T T T T
. P . Structure:
Fig. 7. Surface sensitivity for adsorption of moleculas & 1.45) from an n= 133 ]
aqueous solution, = 1.33) on the waveguide surface for the fundamental N =200

TE, and TM, mode versus core thickness for an ARROW structure with:

id li i . d,=001um, n=145_|
—(solid line)ncore = 1.46 - - -(dashed lin€)rcore = 1.485. 9

d..=4um

(10 nm-")

\ d,=0.12um, n, = 2.004

T %|§N \ d;=2um, n,=1.46
C. Sensitivity Enhancement e \n, = 3.85-0.010i
>
As it has been shown previously [16], sensitivity can be in- §
creased by overcoating the surface of the sensor with a highre $

fractive index layer. In Fig. 8, homogeneous and surface sensi
tivity are shown as a function of the high index layer thickness
(with an overlay refractive index of 2.00) for an ARROW struc- Overlay thickness (nm)
ture with a core thickness ofidm and refractive indexes of 1.46 ()

and 1.485.
. . 8. Sensitivity versus overlay thickness for the,Té&hd TM, modes of
Asthe Overlay thickness increases, the ARROW fundamengﬁiARROW structure with different core refractive indexes: (a) Homogeneous

mode is transformed progressively to the fundamental modesefsitivity. (b) Surface sensitivity.
a TIR (Total Internal Reflection) waveguide with the high index
layer as the core. There is a thickness value where the guic

First cladding

Overla
mode is no longer an ARROW mode, but a TIR mode (fc  Substrate  d,=0.12um, n, =2.00 a =220
d, > 40 nmin Fig. 9). Before reaching this point, the ARROW i : =
fundamental mode is distorted in such a way that the field per d =25 nm i
tration into the cover medium is high compared to the uncoat ¢ d =2n 2
ARROW and, therefore, sensitivity is enhanced (Fig. 9). The 2 NS T N
it is essential for sensing applications tHat remains below 40 g /
nm. However, the distortion of the ARROW fundamental mocg 4 Dson N
implies a decrease in the coupling efficiency between the war g R AN
guide and the optical fiber. We can also see in Fig. 8 that t“; d =40 nm/./
overlay thickness where sensitivity is maximum is higher fc:2 = - \
the TM, mode that for the TEmode. o S I =

In Fig. 10 we show the behavior of attenuation as a functic™ Second cladding Core Cover medium
of the overlay thickness for the same ARROW structures as d = 0.12pm 3o = 4 a3
Figs. 8 and 9. Fig. 10(a) shows the attenuation for the func n, = 2.00 n,,, = 1485 o
mental TE and TM, modes for two core refractive indexes of Depth

1.46 and 1.485. We observe the same behavior as in the uncoated

case: losses for the T)Mmode are more than one order of magElg 9. Transformation of field profile of the fundamental JEhode for an

nitude higher than losses for the JEode and, when the core ARROW structure (withnco,. = 1.485 andd.,.. = 4 pm) as the thickness
of the overlay increases.

refractive index increases, losses diminish significantly. How-

ever, we observe that when the overlay thickness reaches the

value where sensitivity is maximum, losses experience a d]tl|on point, t?]e ?econd higher order ARROW modes is also trans-

continuity. This behavior can be explained in Fig. 10(b). At th i)rmed to the first order ARROW mode.

thickness, the fundamental ARROW mode is transformed to the

fundamental TIR mode, while the first higher order ARROW

mode is transforms to the fundamental ARROW mode, with the The optical waveguides that will form the basis of a high sen-

subsequent abrupt increase of attenuation. At the same trasgive sensor based on the integrated Mach—-Zehnder interferom-

IV. DESIGNED STRUCTURES
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10° -—e-- TM, BT DV (Ad, is related toA N via the surface sensitivity). The structure under study

isin, = 1.33,n;, = 1.45, ny, = 2.00,d,, = 34nm, deore = 4 pm,
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T e ness ranging from 1.5 to 4m. The core is overcoated with

‘

3 vy paa e S S E a silicon nitride layer of 34 nm#,, = 2.00) and with a sil-
10"°me%,)\\/‘%“‘“*“ omcnc-0-omcremmomcmonceno ] icon oxide layer of 2um and a refractive index of 1.46. For the
50 6

Attenuation (dB/cm)
>

-
(=]
&

, , , , , , L chosen overlay thickness, the fundamental ARROW friede
0 20 30 40 o 70 80 90 100 presents low attenuation, while losses for the ,Tamd higher
Overlay Thickness (um) order modes exceed more than two orders of magnitude. At the
®) same time, sensitivity for the TEnode is much higher than for
the TM, mode (see Fig. 8). The rib structure has a depth in the
Fig. 10. Theoretical simulation of attenuation versus overlay thickness for: @yder of 60% of the core thickness and different widths from 4
e s e i 71 o a9 84 Concerning the interferometer, several Mach-Zender
structure under study ist, = 1.33, no. = 2.00, d.o,. = 4 um,d, = configurations were designed, varying the separation between
0.12 pm, ny = 2.00,d2 = 2 pm, np = 1.46, n, = 3.85 — 0.0194. arms and the Y-junction parameters. Finally, the sensor area has
a longitudinal dimension of 6 mm. The optical characterization
such structures will be presented somewhere else.

10°
1

eter have to verify two conditions: first, we have to assure theCfF . ; . .
single-mode operation, that will depend on the core thicknes Finally we present a theoretlcal' simulation - of .the
and rib parameters (depth and width). Conventional ARRO ach-Zehnder mterfgrometer behaV|or_ for the designed
structures are monomode even for core thickness in the orde(f}gi?ROW structure, with an overlay thickness of 34 nm

a few micrometers. The need of increasing the core refracti g9- 11). We show the phase shift in the sensing arm of .the
iterferometer respect to the reference branch (covered with a

index over that of the covering layer (1.46) can affect the wav o . . o
-um silicon oxide layer o = 1.46) when there is a variation

guide monomode behavior, although it can be controlled wi the thick f the adsorbed adl for th ‘ .
the rib parameters. We will assure this single-mode operati8 e thickness of the adsorbed adlayer (for the surface sensing

with rib depths in the order of 60% of the core thickness and r&?se)' Simulation is _performeo_l for the ;I'End _the ™ _modes
widths lower than 7um. and we can app_rem_ate the higher sensitivity of th|s_ structure
On the other hand, optical waveguides should show a hi il the TE polarization. We also show, for comparison, the

surface sensitivity. This condition can be obtained decreasi éer:(irr]or?r?t?r respofnsenvxgg\t/ai? t\r/]vi V\ﬁf gruu?e 'Shlimﬁc;a;?d' t:\t/ IS
the core thickness, although only to a certain limit (i.ewr) clear the Increase ot sensitivity when there 1S a high retractive

due to the increasing losses of the fundamental mode for Iovx'/%?ex overlay on top of the waveguide.

core thickness. However, we have shown how sensitivity can
be enhanced, more than an order of magnitude, overcoating the
waveguide surface with a high refractive index layer. ARROW structures are promising waveguides for the devel-
Taking into account all these conclusions, we have decidedment of high sensitive integrated optical sensors. Their fab-
to fabricate optical sensors with the following waveguide strucication process, based of standard IC Silicon technology, and
ture: a silicon substrate with a;2m second cladding layer of the large tolerance for the design of the refractive indexes and
silicon dioxide 2 = 1.46) and a 0.12:m first cladding layer thickness of the waveguide layers, makes them very appropriate
of silicon nitride ¢:; = 2.00). The core is a nonstoichiometricfor low-cost mass production. Moreover, they have an effective
silicon oxide layer with a refractive index of 1.485 and a thicksingle-mode behavior even when the core thickness is of the

V. CONCLUSION
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same order of magnitude as the core of a monomode optieincisco Prieto received the B.S. degree in physics from the University of
fiber; this characteristic makes them suitable for efficient colaragoza, Spain, in 1994. Presently, he is working towards the Ph.D. degree in
. . . . physics at the National Centre of Microelectronics (IMM-CNM, CSIC), Madrid,
nection with optical fibers. Spain.
For sensing applications, ARROW structures must verify twoHe has worked as a Researcher at the R&D Department of Tele Danmark
conditions: they have to be monomode and they should show"d Swisscom, Switzerland, between 1994 and 1996, where he was engaged in

hiah f itivity. To obtai inal de behavi the research of nonlinear optical effects in optical fibers for telecommunication
Igh surface sensitivity. 10 obtain a single mode behavior, V&ﬁplications. His current research interests are integrated optics and optical sen-

must assure large attenuation losses for the higher order modes.
For that reason, the refractive index of the core should be kept
under a certain value, i.e., 1.485.

Concerning the second condition, sensitivity increases as the
core thickness diminishes. However, we are limited by the at-

¢ fi di tion | hen the si fth is | Andreu Llobera was born on February 26, 1974. He received the degree in
enuation and inserton 10sses when the size of the core IS Ovﬁﬁyysics from the Universitat Autbnoma de Barcelona, Spain, in 1997. He joined

than a certain value, i.e.,;2m. We have shown how sensitivity the National Centre of Microelectronics from the the Spanish Council for Re-
can be increased by overcoating the core with a high refract@%aghd(c“’\"tcs'ﬁ)' Spain, in the same year, where he is working towards the
. .D. degree in physics.

index Iayer' His research activities include the characterization of Si-based integrated op-
tical devices and the development of new Si-based materials for optoelectronics.
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