
Coupled-resonator-induced-
transparency concept for wavelength

routing applications

M. Mancinelli, * R. Guider, P. Bettotti, M. Masi, M. R. Vanacharla, and
L. Pavesi

Nanoscience Laboratory, Department of Physics, University of Trento, Povo 38100, Trento,
Italy

* mancinelli@science.unitn.it

Abstract: The presence ofcoupled resonators induced transparency
(CRIT) effects inside-coupled integrated spaced sequence of resonators
(SCISSOR) of different radii has been studied. By controlling the rings
radii and their center to center distance, it is possible to form transmission
channels within the SCISSOR stop-band. Two different methods to exploit
the CRIT effect in add/drop filters are proposed. Their performances, e. g.
linewidth, crosstalk and losses, are examined also for random variations
in the structural parameters. Finally, few examples of high performances
mux/demux structures and 2×2 routers based on these modified SCISSOR
are presented. CRIT based SCISSOR optical devices are particularly
promising for ultra-dense wavelength division multiplexing applications.
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1. Introduction

Photonicdevices based on coupled optical resonators present many novel effects [1, 2]. In
particular, electromagnetically induced transparency (EIT)-like effects can occur in coupled
optical resonators due to coherent interference [3]. This effect was recently demonstrated in
side coupled integrated spaced sequence of resonator (SCISSOR) composed by two microres-
onators [4], and can lead to a high variety of applications in advanced photonic devices [5, 6],
and in integrated all-optical chips [7]. SCISSORs have a rich optical phenomenology due to
the interplay between the coherent feedback of all the rings when the wavelength of the signal
satisfies a Bragg-like condition and the resonant behavior of the rings which form a resonator
stop-band [8,11].

The coupled resonators induced transparency (CRIT) effect in a SCISSOR structure occurs
when the input signal has a wavelength which is resonant with two or more rings. In this case
the signal is coupled to the side waveguide through two or more rings. If this light interferes
constructively, it is coupled back in the input waveguide and CRIT is observed. Constructive
interference is achieved if the round-trip phase between two or more rings is a multiple of 2π.
This condition is satisfied when the center to center distanceLc between adjacent rings (coher-
ence length), is a multiple ofπR, where R is the radius of the rings [4]. If the CRIT condition is
satisfied, the transmission spectrum of the SCISSOR exhibits a very narrow transparency peak
inside the resonator stop-band.

In this work we study the CRIT effect in SCISSOR devices in order to demonstrate a novel
way to exploit it for signal routing. A new design will be presented where modified SCISSOR
structures are used to control the spectral position of the CRIT resonance. The coherent in-
terference among the resonators will be carefully detailed. Two methods to control the CRIT,
which are based on different principles, will be studied. In addition, we will consider the con-
sequence of the limited resolution in current lithographic processes on the router performances,
in particular on the insertion losses and crosstalk.

All the results are obtained through numerical simulations based on a Transfer Matrix al-
gorithm. The methodology is quite general and it is carefully described in Ref. [8]. The input
parameters to the simulations are the geometry of the SCISSOR (ring radii, coherence length
and ring number), the effective index of the waveguides and the coupling coefficient between
the waveguide and the ring. Polarization and waveguide to ring gap distance are then deter-
mined to get that specific coupling coefficient with that particular effective index of the mode.
The effective index used in simulations is obtained and reported in Table 1 by using a mode
solver to simulate a SCISSOR device fabricated with the following characteristics [8]: silicon
on insulator (SOI) waveguide (waveguide width 500nm, waveguide height 220nm, buried ox-
ide thickness 1µm) with ring resonators of radiusR= 6.75µm,Lc = 21µm and waveguide to
ring gap 300nm. Table 1 gives the simulation code parameters.

Table 1. Optical parameters used in the transfer matrix (TMM) simulations.

Wavelength Effective Index Coupling Coefficient Round Trip Loss
λ (nm) nef f κ2 α (dB/90◦)

From 1540 To 1550 1.718−1.2×10−3(λ −1540) From 10% To 80% 0,0.006 Or 0.013
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2. Design of the structure

2.1. Fundamental

Figure 1(a) reports thenewSCISSOR design which is composed by 7 resonators with different
radii. The fourth resonator has a radiusR, while the others have either decreasing or increasing
radii. Each resonator differs from its neighbor by∆R (detuning). All the resonators are coupled
to the input and drop waveguides with the same coupling coefficient. The difference in radii
between nearby resonators leads to a spectral shift of the single ring resonance and creates the
condition for the creation of CRIT [4]. Indeed, if the two rings have the same radius, the signal
is channelled into the drop waveguide by the first ring. In this case, no signal reaches the second
ring preventing the formation of the coherent feedback which yields the CRIT. One needs to
slightly detune (∆R6= 0) the resonances so that enough signal reaches the second ring allowing
a significant coherent feedback. The detuning, on the other hand, must be small enough in order
to keep the spectral overlap of two adjacent ring resonances.

Fig. 1. (a) Schema of the new SCISSOR for 7 ring resonators:R representsthe radius
of the central resonator,∆R the detuning andLc the coherence length. The resonators are
labelled from 1 to 7 starting from the left. (b) Simulated spectra of the through signal for
each resonator. The black rectangles and red arrows correspond to the possible wavelength
where CRIT might occur.

Having different radii, each resonator is characterized by a different resonant wavelength.
If we consider the through signal when all the resonators are acting independently, i. e. are
isolated, we find the sequence of spectra shown in Fig. 1(b). However in the SCISSOR structure,
the single resonators are coupled through the drop waveguide: it is the choice of the coupling
length which determines the coherent interaction between the signal resonant to the various
resonators. IfLc satisfies the constructive interference condition we have CRIT. If not, we do
not have any through signal. This is demonstrated in Fig. 2 where we plot with the black line
the through signal when the condition for destructive interference is satisfied and with the red
line the through signal when the condition for constructive interference is satisfied. Note that
since the radii of the rings are all different,Lc is different for each pair of rings. The coherence
length is obtained using the mean radius between the two resonators:

Rm(n) =
R(n)+R(n+1)

2
,
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whereRm(n) is the mean radius of thenth pair of resonators andR(n) is the radius of the
nth ring. Then, ifLc(n) is the distance of thenth pair of rings,Lc(n) = πRm(n) is the condition
which has to be satisfied for constructive interference for that ring pair andLc(n) = 3

2πRm(n)
for destructive interference.

Fig. 2. Example of the through port response for a CRITAD made with 7 ring resonators in
whichall pairs are in constructive (red line) and destructive (black line) interference.

In this case we have a flat stop-band which is typical of a sequence of rings. Note that the
spectral position and the presence of each one of these CRIT peaks is carefully controlled by the
choice of ring radii and of coherence lengths in this new tapered design: each single CRIT peak
forms only via the coupling of a single pair of resonators. This avoids the random formation of
CRIT peaks which might occur in more complex situations where more than two rings might
be coupled [8].

Since only one pair generates a single CRIT resonance, the maximum number of available
CRIT resonances for N resonators will be N-1. In addition, in the proposed structure, all pairs
are formed by adjacent rings to minimize the effective length of thecavity that generates the
CRIT.

Figure 3 compares an add-drop filter (named RAD) based on a single resonator with an add-
drop filter made with the proposed SCISSOR design (named CRITAD). The design parameters
are the same in the two case, i. e. the same average ring radius, coupling coefficients, losses etc.
Note that, for the CRITAD, the CRIT condition has been imposed only on one pair of rings in
order to have a single CRIT resonance. In Fig. 3, the through signal is reported in the two cases.

It is interesting to note that:

• the RAD has a blocking characteristic when in resonance, while the CRITAD is transpar-
ent;

• even if the Q factor of individual rings are the same, CRITAD has much narrower
linewidth (∼0.1nm) if compared with RAD (2nm).

• the series of coupled rings in the CRITAD form a large stop-band whose width can be
controlled by the number and sizes of the rings;

• the single CRIT resonance can be understood as the single channel in the add-drop while
the other wavelengths within the stop-band are channelled into the drop ports.

Finally, let us note that the spectral characteristics of the single CRIT channel depend on the
propagation losses, the coupling coefficientκ2 , the coherence length and on the detuning of
the resonances (Fig. 1) [4]. In particular, the insertion losses (losses of the signal in resonance
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Fig. 3. Schematic representation of the two types of structure, RAD (structure a) and
CRITAD (structure b) with the wavelength response of the through signal in equal sim-
ulation conditions. The black (red) arrow represent the passive (active) state. The CRITAD
is composed by 7 resonators in which the active couple is the fourth (not shown in the
schema).

with the CRIT channel) are mainly due to the radiative losses of the cavities that are related to
material type and the fabrication imperfections (surface roughness).

2.2. Control of the interference

Consider the case with all resonators in destructive interference condition (Lc = 3/2πRm) and
”open” a CRIT channel by putting in constructive interference only one pair of resonators
(Lc = πRm). This method will be calledlocal method.

Figure 4 shows how to create two different transmission channels in two different CRITAD
by using thelocal method. We start from a basic block (blue line) made by 3 resonators in
destructive coherent feedback condition. The effect of changing the phase from destructive to
constructive interference of a single pair allows the creation of one CRIT channel (Fig. 4 for
channel A (red line) and channel B (black line)).

Another method to control the positions of the transmission channel is to change the spectral
position of the Bragg stop-band formed by the coherent overlap of the reflection of the various
rings. This can be done by changing the coherence lengthLc among the various rings. In fact,
theBraggstop-band is centered at the wavelengthλb defined by:

λb =
2Lcne f f

mb
,

wheremb is the order of the Bragg band andne f f is the effective index of the optical mode
in the waveguide [8]. This method will be calledBraggmethod.

In order to understand theBraggmethod, we show in Fig. 5(a) the schematic of the CRITAD
and in Fig. 5(b) a sketch of the through response for two different values of the Bragg stop-
band determined by two different values ofLc. Note that also in this case the radii of the various
rings differ by∆R.

Within this method, to have a CRIT channel, the spectral position of the Bragg stop-band has
to overlap with the CRIT condition of a pair of neighboring rings, i. e.λb = 2π Rmne f f/mb. This
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Fig. 4. Schema of the 3 ringslocal CRITAD structure (a) and spectrum of the through
signal (b) for: (Top) destructive interference, (Middle) constructive interference of the first
pair, (Bottom) constructive interference of the second pair. The radius of the rings differs
by ∆R .

Fig. 5. Schema of the 7 ringsBraggCRITAD structure (a) and spectra of the through signal
for different coherent distancesLc1 (red) andLc2 (blu). (b) Schematic view of the position
of the Bragg band inside the stop-band and (c) spectral response of the through port for the
2 differentLc . The radius of all rings differs by∆R .
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is demonstrated in Fig. 5(c) where the through signal is reported for two SCISSOR structures
which differ only forLc.

3. Performances of the new SCISSOR design as an add/dropp filter

3.1. Performance of the structures

We compare the two methods to form a CRITAD by computing the bandwidth (defined as the
resoannce linewidth at -3 dB in GHz), the channel losses (defined as the intensity in dB of the
through signal when the wavelength is equal to the channel wavelength and the input intensity
is 1) and the crosstalk (defined as the difference between the channel losses and the intensity
in dB of the through signal when the wavelength is different from the channel (resonance)
wavelength).

For both cases, the schemes of the structures are similar to the one shown in Fig. 1. Both have
7 rings of radiusR= 6.75µm, and for each method, we used two values of∆R: 5 and 10nm. The
coherence lengthLc is equal toπRm or 3/2πRm depending on the design. Since it was reported
in sub-micrometer SOI waveguides a bending loss of 0.006dB/90o for a bending radius of
5µm which translates into a propagation losses of 6dB/cm[9], we vary in our simulations the
propagation losses: 0, 6 and 12dB/cm. Since in the microring resonator the coupling section
(the section of the bus waveguide coupled evanescently with the resonator) is very short, almost
punctiform, we have neglected the coupling losses. In the case of a racetrack resonator the
coupling losses will become larger since the coupling section is longer (for racetrack with a
coupling section of 10µm the coupling losses are of the order of 0.1dB) [13].

In addition, we changed also the bandwidth of the CRIT channel, which is mainly controlled
by the coupling coefficient (defined as the percentage of the optical field which is coupled into
the ring resonator). This is shown in Fig. 7(a). The over-coupling regime (κ2 > r2 wherer2

is theroughness-induced reflection) allows to avoid the problem of the mode splitting induced
by surface-roughness that becomes critical when using resonators in the under-coupling regime
[10]. Values of coupling coefficient from 10% (wider gap width) to 50% (narrower gap width)
were used for the∆R= 5nm design and from 20% (wider gap width) to 80% (narrower gap
width) for the∆R= 10nmdesign.

Figure 6 reports the values of channel losses and crosstalk as a function of the channel band-
width for different values of the bending losses. Figures 6(a) and 6(b) refer to thelocal method
for two different values of∆R. Figures 6(c) and 6(d) refer to a structure designed by using the
Braggmethod for two different values of∆R.

We found that:

1. if the losses are zero, both methods yield negligible channel losses which are independent
on the bandwidth;

2. if the losses are different from zero, the channel losses depend on the bandwidth;

3. the dependence on the channel losses to the bandwidth is stronger for thelocal than the
Braggmethod;

4. the bending losses limit the range of bandwidts where negligible channel losses exist;

5. the cross talk is larger for theBraggthan for thelocal method;

6. the crosstalk depends only slightly on the losses;

7. once fixed the process (i. e. fixed the losses), both designs are able to achieve the same
bandwidth;

#139924 - $15.00 USD Received 20 Dec 2010; revised 4 Feb 2011; accepted 1 Apr 2011; published 9 Jun 2011
(C) 2011 OSA 20 June 2011 / Vol. 19,  No. 13 / OPTICS EXPRESS  12233



Fig. 6. Cross talk (red line) and losses (black line) of CRIT channel as a function of the
bandwidthfor 3 different values of the bend loss: 0dB/cm(Square), 6dB/cm(Triangle) and
12dB/cm(Circle). (a) Local method with∆R= 5nm (b) Local method with∆R= 10nm
(c) Bragg method with∆R= 5nm. (d) Bragg method with∆R= 10nm . Other parameters
are detailed in the text.

8. thelocal method shows a significant lower crosstalk but higher channel losses.

These results show that the choice of∆Rand coupling coefficients allow to adapt the perfor-
mance of the CRITAD to the different routing requirements, e. g. for coarse wavelength division
multiplexing (CWDM, bandwidth> 500GHz), dense WDM (DWDM, bandwidth∼ 100GHz)
or ultra dense WDM (UDWDM, bandwidth< 50GHz) [12].

The crosstalk of CRITAD designed by theBraggmethod can be decreased by increasing the
number of rings in the SCISSOR while that of CRITAD designed by thelocal method is almost
insensitive to the number of rings in the SCISSOR (see Fig. 7(b)). This is due to the fact that an
increased number of rings in the SCISSOR sharpens the Bragg stop-band. Hence, the crosstalk
is decreased for the CRITAD designed by theBraggmethod where the Brag stop-band rules its
behavior.

A final comment is about the footprint of the CRITAD: for the same number of rings, the
local method yields SCISSOR which are 1/3 longer than SCISSOR obtained by theBraggone,
since in thelocal method the coherence length is 3/2πRm instead of theπRm length needed for
theBraggmethod.
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Fig. 7. (a) Bandwidth of a CRIT channel versus the coupling coefficient used in the sim-
ulation.These values are for the local method and a∆R of 5nm. (b) Crosstalk versus the
number of rings that compose the CRITAD for different values of channel bandwidth (re-
ported in the legend) and different design: (black) Bragg method, (red) local method. The
losses were fixed to 6dB/cm.

3.2. Phase and group delay

The very narrow bandwidth of the CRITAD is reflected in short pulse dispersion. This property
can be used for slow light studies or for making delay lines [14]. Figure 8 reports the phase
shift and the group delay for the through signal of a CRITAD. The phase shift was evaluated by
the transfer matrix method while the group delay was computed via the dispersion of the phase
shift:

τg =
dφ
dω

,

whereτg is the group delay,φ is the phase shift andω = 2πc/λ is the frequency. The group
delay is related to the group velocity (vg = L/τg, where L is the SCISSOR length) and, in turns,
to the temporal broadening that a pulsed signal suffers while being transmitted by the CRITAD
to the through port. Therefore,τg limits the data rate that can be sent in the CRITAD.

Fig. 8. (a) Spectral response of the through signal for a CRITAD with thelocal designand
a∆R= 5nm: signal intensity (black) and signal phase shift (red). (b) Group delay (blue) of
the through signal.

Figure 8 shows the results for a CRITAD designed by thelocal method with a 7 ring SCIS-
SOR where the pairing occurs between the 3rd and 4th rings (Fig. 2). The various parameters
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are: bend losses of 6dB/cm, coupling coefficient of 25% and∆R = 5nm. It is observed that
the phase changes by 0.8(2π) across the CRIT resonance, that the maximumτg is 28pswith a
bandwidth of 12GHz. This value of group delay limits the bit rate to 30Gb/s. If we increase the
bandwidth to 22GHzby using a coupling coefficient of 55% and a∆R= 10nm the maximum
τg decreases to 17ps, which in turn means a maximum bit rate of 50Gb/s.

3.3. Robustness to fabrication random errors

The CRITAD is a building block which needs to be repeated for multi-channel routers. The
fabrication processing errors during the manufacture of the router can become relevant. It is
therefore necessary to look at their influence on the proposed designs. To study this effect, we
added random lengths to the nominal radiusR and coherence lengthLc of each ring and ring
spacing in the SCISSOR. These random lengths are normally distributed with zero mean and
with a standard deviationσ of the order of few nanometers. Note that in processing, the length
specification errors are usually given as 3σ from the average. We define the channel width
(bandwidth) as the FWHM of the resonance, and we center the channel at the CRIT resonance
wavelength of the ideal case (no errors).

Fig. 9. Through port response for 2 CRITAD devices made with local method: (black) 3th
channelopen, (red) 4 th channel open. The multiple red (black) curves represent the effect
of 3σ = 3nm fabrication error. The parameters used areR= 6.75µm, coupling coefficient
20%,Lc = 3/2πRm.

Table 2. Table showing the average value for channel losses and crosstalk with relative
standard deviation for 3 different values of structural errors, 3,6,9nm, and two∆R, 5 and
10nm. The parameters obtained with 0nmof error represent the values obtained from the
ideal structures. The parameters were obtained from a sample of 100 CRITAD.

Error (3σ ) Bandwidth 11GHz (∆R= 5nm) Bandwidth 22GHz (∆R= 10nm)
(nm) Losses (dB) Crosstalk (dB) Losses (dB) Crosstalk (dB)
0 −04.44±00.00 −19.56±00.00 −01.61±00.00 −18.56±00.00
3 −06.45±03.77 −17.80±06.74 −01.70±00.41 −18.59±02.43
6 −12.48±07.98 −12.86±12.11 −02.37±01.74 −19.32±05.98
9 −13.39±09.48 −13.18±13.90 −04.50±04.86 −16.50±09.45

Figure 9 shows the results of various simulations where the random errors have a standard de-
viationof 1nm. Here two CRITAD with two different channels and∆Rof 5nmwere simulated.
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Unwanted peaks or spectral shifts caused by the pairing of other rings are avoided by imposing
the condition of destructive interference between the resonators. In fact, to have a paring the
coherence length between adjacent rings should change by 1/2πR ≃ 10µm. If the coherence
condition would have not been imposed, random pairing of rings would have occurred and un-
wanted CRIT resonances would have appeared in the stop-band, as experimentally observed
in [8].

A summary of a statistical analysis over 100 realizations of CRITAD with different ran-
domness and various∆R is reported in Tab. 2. Here we show the losses and crosstalk induced
by fabrication errors. By increasing the fabrication errors we note an increase in the channel
losses due to small random fluctuations of the CRIT resonance: the error value at which the
losses increase by 3 dB with respect to the ideal case is the error at which the CRIT resonance
statistically shifts more than the defined channel bandwidth.

In addition, the channels are completely smeared out when the losses and crosstalk have the
same value.

A good robustness to fabrication errors of 3nmis observed for both bandwidths. The 22GHz
one shows a very good strength up to 9nmof error. The performances deteriorate for larger fab-
rication errors, especially when small bandwidths are required. These simulations show that the
application of these devices in UDWDM requires an extremely accurate and stable processing.

4. CRIT based passive multiplexer/demultiplexer

The possibility given by the CRITAD to have multiple narrow channels inside the same stop-
band suggests to look for applications in Wavelength Division Multiplexing. Here, we discuss
a design which yields a compact mux/demux.

Figure 10(a) shows a schema of a 4×1/1×4 mux/demux. This structure consists of a com-
bination of 4 cascaded CRITAD. Each SCISSOR is designed to have only one CRIT channel
by pairing only two resonators in constructive phase condition (Lc = πRm) while all the others
are coupled in destructive phase conditions (Lc = 3

2πRm). Figure 10(b) shows the transmitted
signal out of the four output ports when no propagation and bending losses are considered. Fig-
ure 10(b) shows the same when 6 dB/cm of propagation and bending losses are assumed. When
the input signal has a wavelength within the stop-band but different than the CRIT condition for
the various SCISSOR, it crosses all the SCISSOR. On the contrary, when the input signal has a
wavelength which satisfies the CRIT condition for anyone of the 1-4 channels it is transmitted
in the corresponding output channel. Clearly, the structure can also work as a multiplexer if the
four outputs are used as inputs: in this case four different wavelengths within the SCISSOR
stop-band are channelled into the single output waveguide (from right to the left in the figure).

Note that the channels have similar insertion losses (channels balanced) and also that the
effect of sizeable propagation losses are to slightly increase the crosstalk (<20dB) while
keeping acceptable insertion losses of 7−8dB. These figures are obtained for channel sepa-
rations< 30GHzand a channel bandwidth of 12GHz. If larger bandwidths are acceptable, (e.
g. 38GHz which is obtained by a∆R = 10nm), similar crosstalk values are obtained but the
channel losses decrease to about 3dB. It is straigthforward to expand this design to a 1×N
mux/demux by increasing the number of rings and SCISSOR.

Finally, it is also possible to turn on/off one channel, whitout disturbing the others, by chang-
ing locally the refractive index of a ring in the couple that does CRIT. Control of the ring refrac-
tive index, can be achived with an integrated heater or an integratedp-n junction. By modifying
the refractive index, the CRIT condition is no longer met and the transmission channel vanishes
in the SCISSOR stop-band [8].
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Fig. 10. (a) Schema representing a 4×1(1×4) multiplexer (demultiplexer) based onlocal
method CRITAD, composed by 7 resonators, in which the colored circles identifies the
pair that does CRIT and then creates a channel. (b) Simulated spectral response, without
considering losses, of the 4 channels in which the colors are linked to the schema of the
structure. (c) Simulated spectral response, considering losses of 6dB/cm. The parameters
used areR= 6.75µm,∆R= 5nm, coupling coefficient 23% .

5. CRIT 2×2 router

Another possible application of the proposed new SCISSOR design is the realization of a 2×2
router.

Table 3. Table of routing of the structure. The parameters used areR= 6.75µm,∆R= 5nm,
coupling coefficient 23% and bend losses 6dB/cm.

Out
a b c d

In

a × × λ2 λ1

b × × λ1 λ2

c λ2 λ1 × ×

d λ1 λ2 × ×

To build a 2× 2 bidirectional router one needs four SCISSOR, each couple of which has
the same CRIT resonance. The four SCISSORS are arranged as in Fig. 11(a). Each SCISSOR
is composed by 5 rings and, in this implementation, it is designed by using thelocal method.
In the sketch, the SCISSORs which have the CRIT resonant on channel 1 (λ1) are circled in
black while the other two in resonance with channel 2 (λ2) are circled in red. All the inputs
a, b, c, dare bidirectional. For each input is associated only one output where the selection is
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Fig. 11. (a) Schema representing a 2×2 router based on local method CRITAD, composed
by 5 resonators, in which the colored circles identify the pair that does CRIT and then
creates a channel. (b) The black (red) curve represents the simulated spectrum obtained
with λ1(2) that passes through the transparency of SCISSOR 1(2) and the resonance of
SCISSOR 2(1).

determined by the input signal wavelength. If the signal is injected at inputb with a wavelength
λ1, it is dropped by the first SCISSOR it encounters and it is transmitted to outputc by the next
SCISSOR. Figure 11(b) shows the transmitted signal from porta andb to port c andd as a
function of the wavelength. It is observed that only a specific wavelength entering in a given
input port can be routed to a given output port.

The Table 3 shows the correspondence among the various inputs/outputs. This structure is
bidirectional and antisymmetric with respect to a change of the inputs with the outputs. For the
assumed parameters, it can handle signals of 12GHz bandwidth with channel losses of 7dB
and crosstalk of less than 21dB.

6. Conclusion

The presence of CRIT effects in SCISSOR can be exploited to realize new designs for high per-
formance add/drop filters, multiplexers/demultiplexers and routers. These new types of struc-
tures are able to reach very narrow bandwidths, low crosstalk and insertion losses while keep-
ing reasonable requirements on fabrication tolerance and design complexity. In particular, they
show properties that makes them preferable to single ring resonator based scheme for UDWDM
where the bandwidth requirements are so stringent that only rings in the under-coupled regime
can satisfy. [15] These interesting properties are counterbalanced by the increased complexity
of the proposed design which scales with the number N of channels according toN× (N−1).
This, however, should not be a problem from a technological point of view since the robustness
of the design to fabrication errors.

In addition, CRITAD allows:

1. to obtain an effective cavity length which is two times longer than the single ring cavity.
This yields an higher Q-factor. Let us note, than in the CRITAD as in the RAD, the free
spectral range (FSR) is determined by the ring dimension. In other words, the CRITAD
compared to a RAD has larger Q-factors with the same FSR;

2. to achieve a sub-nanometer linewidth in the over-coupled regime while a ring resonator
would have to work in an under-coupled regime to have the same linewidth. However, in
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this working regime, ring resonators are affected by a mode splitting nuisance which is
inducedby surface roughness [10,15];

3. to define a transmission channel which is robust to fabrication errors. In the worst case
of many fabrication errors, the CRITAD resonance is mainly depressed without moving
out of the given channel;

4. to reduce the channel crosstalk since the sharp CRIT resonance lineshape cuts out the
tails of the typical single lorentzian lineshape of the single ring resonance;

5. to get a structure which is more insensitive to fabrication errors than ring resonators. For
a single ring with the same radius of those in our CRITAD, 3nm of variations in the
radius (i.e.σ = 1nm) yields to a resonance shift of 0.22nm. From Table 2, it is inferred
that, for∆R= 5nm and forσ = 1nm, the resonance of the CRITAD shifts by 0.09nm
(the channel bandwidth), a value 2.5 times smaller than for a single ring.

The challenge left is the fabrication of these designs and the demonstration of their superior
performances.
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