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Abstract- We show theoretically and demonstrate 

experimentally that box-like response can be obtained using 2D 
arrays of microring resonator. The box-like response is 
manifested from the complementary photonic bandgap 
properties of the column and row configurations. The observed 
sidelobe suppression is ~10dB, while the usable bandwidth can 
be as high as 500 to 750 GHz.  

 
I. THEORY 

 
Micoring resonator has been extensively explored as 

switching, sensing, and filtering devices due to its resonant 
behavior [1]. Integrating each of these rings in array fashion 
has been proposed and demonstrated for synthesizing high 
order filters that has box-like response [2-9]. Two array 
geometries have been proposed for these filters.  

The first configuration [3-6], which we refer as Type 1, is 
an array of evenly spaced identical resonators indirectly 
coupled to two waveguide buses [see Fig. 1(a)]. This 
configuration is identical to Bragg grating with each ring 
cavity functioning as frequency dependent ‘mirrors’. As the 
light resonates in the ring, the light is dropped from one bus 
to the other and interferes with other dropped light from 
other rings. The flat top response can be realized when the 
intercavity interference is constructive, that is when the 
intercavity spacing is half the cavity length (ring 
circumference) or 2LB= LCAV. The limitation of this approach 
is, while constructive intercavity interference produces flat-
top spectrum around resonance, it also produces sidelobes 
off resonance in the Drop (D) spectrum. In the Through (T) 
output, one has the inverse situation in which the response is 
of high contrast but with ripples at the band of interest.  

The second configuration [7-9], which we refer to Type II, 
is shown in Fig. 1(b). This configuration is analogous to 
cascade of Fabry Perot mirrors. Here the ring cavity only 
interacts with its adjacent rings, and the input/output 
waveguide buses are only coupled to the first and last rings. 
The intercavity interaction causes resonance splitting and the 
number of split resonances is equal to the number of cavities 
in the configuration. The flat top response can be obtained 
when the coupling coefficients between the rings and 
between the waveguide and the ring are set to different 
values [9]. For the drop channel, the light will have to go 
through all the rings, hence all the rings need to have 

identical resonance in order to make the resonance splitting 
occur as expected. Since the flat band is produced by means 
of resonance splitting, the contrast is generally high. But the 
limitations are the coupling coefficients need to be tuned 
separately and the rings have to be identical.  

 

 
 

Fig. 1. Two conventional geometric array for high order filter response: (a) 
Type I and (b) Type II. (c) The proposed 2D array. 

 
The Type I and Type II configurations may be considered 

as photonic crystal structures [10], with the reflection bands 
in the Drop spectrum representing photonic bandgaps where 
light cannot propagate through the structure. The photonic 
bandgaps of Type I and Type II structures exhibit 
complementary features. First, Type I’s photonic bandgap is 
centered around the ring resonance while Type II’s bandgap 
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occurs when the rings are off resonance. Second, the 
bandgap width for Type I is proportional to the coupling 
strength between the waveguide and the ring; the stronger 
the coupling the stronger the optical feedback and this results 
in a more rapid formation of photonic bandgap. In Type II 
structure, the bandgap is formed by interference between 
successive reflected lights from the ring-ring interfaces, 
hence the bandgap width is inversely dependent on the 
coupling strength between adjacent rings, because the 
stronger the coupling strength, the weaker the ‘reflectivity’ 
(optical feedback) between the rings. 

In this paper, we show that a combination of Type I and 
Type II configurations is able to produce a flat-top response 
with high contrast. As shown in Fig. 1(c), the 2D 
configuration is composed of Type I in the x direction and 
Type II in the y directions.  The key principle of the 2D array 
is to harness the complementary features of the photonic 
bandgaps of Type I and Type II so as to suppress both the 
ripples and sidelobes in and outside the reflection bands. The 
coupling coefficients are made identical so that the photonic 
bandgap in x and y directions are complementary. The 
number of rows in the y direction has to be odd in order to 
provide optical feedback from one column to the other. 
Around the ring resonance, the propagation in the x 
directions is forbidden because of the destructive 
interference in Type I. At the same time, the propagation in y 
direction is encouraged due to the constructive interference 
in Type II. Similarly around the anti-resonance, the 
propagation in x direction is encouraged and the propagation 
in y direction is forbidden. This complementary bandgap 
suppresses the interaction between columns so as to suppress 
the sidelobes or ripples in Type I and Type II structures.  

 
II. EXPERIMENT 
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Fig. 2. The Fabricated 1D and 2D Array.  

 
In order to demonstrate the sidelobe suppression in the 2D 

array, we fabricated 1x4, 1x8, 3x4, 3x8 configurations, with 
1x8 and 3x8 shown in Fig. 2. The devices are fabricated 
using deep-UV (DUV) CMOS process [11] in silicon-on-
insulator (SOI) technology. The waveguide width is 450nm 
and the silicon thickness is 200nm. The ring radius is 5µm. 
The couplings between the rings and between the waveguide 
and the ring are introduced by racetrack coupling of length 
LC=8µm. In the measurements, the coupling from the 
external light source to the optical waveguide is facilitated 

by the use of second order grating that has been integrated 
with the device. The fiber is butt-coupled to the grating 10o 
off vertical. The coupling efficiency has a Gaussian spectral 
profile with a bandwidth of about 30nm. The device is 
excited with a broadband source. The output is then passed 
through a 90:10 splitter, where 10% power goes to fiber 
power meter (FPM) for alignment purpose and the rest goes 
to the optical spectrum analyzer (OSA) for normalization of 
the spectrum.  

Fig. 3 shows the measured Through (T) and Drop (D) 
spectrum for 1x4 and 3x4 configurations. As demonstrated 
in the right panel, the sidelobes are suppressed by ~10dB. 
Such sidelobe suppression in D corresponds to the flattening 
in the T spectrum, as shown in the left panel. The usable 
filter bandwidth is about 4nm which corresponds to 
∆f~∆λc/λ2=500GHz. The observable contrast is ~30dB. The 
slope of the band edge of the T spectrum has increased from 
12.5dB/nm to 21dB/nm. Simulations suggest that the 8µm 
racetrack length corresponds to ~50% power coupling. This 
is verified from the independent measurement of a fabricated 
one microring resonator coupled to two waveguide buses 
with the same racetrack length. 
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Fig. 3. The comparison between 1x4 and 3x4 

 
In Fig. 4, we show the measurement results for 1x8 and 3 

x 8 configurations with the same coupling (racetrack length). 
The Through response of 1x8 exhibits high contrast (~25dB) 
with the ripples ranging from ~0.5dB to ~3dB. The slope of 
the band edge increases by approximately twice to 27dB/nm 
compared with the 1x4 array, as expected from the fact that 
the structure has twice the number of rings. For the 3x8 
configuration, the sidelobes in the spectrum cannot be 
observed due to the limitation of our equipment. However, 
the ~10dB suppression still can be seen if one compares the 
drop of 1x8 and that of 3x8. This is consistent with the 
comparison of 1x4 and 3x4. Due to the limitation of our 
equipment, the observable contrast is only 25dB, however 
simulation shows the contrast can reach 50dB while the 
sidelobes is at  -25dB. The usable bandwidth of 3x8 structure 
is ~6nm, corresponding to ~755GHz bandwidth. The 
measured slope at the band edge is ~ 43dB/nm, again this is 
about twice that in the 3x4 structure.  

We note that the spiky features in the Drop spectrum for 
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both 1x8 and 3x8 arrays are attributed to the mismatch 
between the inter-coupling spacing and the cavity length. 
There are two kinds of bandgap in this structure. The first 
kind is the Bragg Gap that arises from Bragg mechanism 
whose resonance wavelength depends on the ring spacing 
distance (2nLB = mλRES). The second kind is the resonator 
gap that arises from the individual rings. This bandgap is 
located at every ring resonance (LCAV=mλCAV). These two 
bandgaps overlap only when the spacing (LB) is half the 
cavity length (LCAV), and this results in a more rapid forming 
of flat response. Simulations have confirmed that deviation 
of LB/LCAV from 0.5 could separate the Bragg Gap from the 
Resonator Gap, thereby forming narrow spikes in bandgap 
region.  
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Fig. 4. The measured spectra of (a) 1x8 array, and (b) 3x8 array.  

 
The suppression of the sidelobes can still be made higher 

in the weaker coupling situation. However, the spiky 
features from the mismatch of LB and LCAV can be more 
dominant, thus care must be taken to ensure the matching of 
the ratio LB/LCAV=0.5. Note that increasing the contrast (or 
sidelobes suppression) may decrease the usable filter 
bandwidth, since the bandwidth is proportional to the 
coupling strength. However, such changes can be 
compensated by adjusting the ring size. Thus, it is possible 
to have independent control of contrast (from sidelobe 
suppression) and usable bandwidth.  

 
In conclusion, we have verified our earlier theoretical 

prediction of realizing box-like filter using 2D microring 
arrays. We have demonstrated the sidelobe suppression of 
10dB for device that has 50% power coupling. The filter has 
usable bandwidth of 500 to 755 GHz with the edge 
sharpness of ~21dB/nm to ~43dB/nm for 3x4 and 3x8 
arrays, respectively. To improve the performance we have to 
reduce the mismatch between the ring spacing and the cavity 
length, and we could use weaker coupling strength in 
realizing the same filter.  

 
ACKNOWLEDGMENT 

The authors thanked Jean Marc Fedelli for fabricating the 
devices in CEA-LETI.  

REFERENCES 
[1]  B. E. Little, S. T. Chu, W. Pan, and Y. Kokubun, “Microring 

resonator arrays for VLSI photonics,” IEEE Photon. Technol. Lett., 
vol. 12, pp.323-325, 2000. 

[2] S. T. Chu, W.Pan, S. Sato, T. Kaneko, Y. Kokubun, and B. E. 
Little, “An eight-channel add/drop filter using vertically coupled 
microring resonators over a cross grid,” IEEE Photon. Technol. 
Lett., vol. 11, pp. 691-693, June 1999. 

[3] R. Grover, V. Van, T.A. Ibrahim, P.P. Absil, L. C. Calhoun, F. G. 
Johnson, J. V. Hryniewicz, and P.-T. Ho, “Parallel-cascaded 
semiconductor microring resonators for high-order and wide-FSR 
filters,” J. Lightwave Technol., vol. 20, No. 5, pp. 900-905, May 
2002. 

[4] B. E. Little, S. T. Chu, J. V. Hryniewicz, and P. P. Absil, “Filter 
synthesis for periodically coupled microring resonators,” Opt. Lett., 
vol. 25, pp. 344-346, Mar. 2000. 

[5] A. Melloni, “Synthesis of a parallel-coupled ring-resonator filter,” 
Opt. Letts., vol. 26, No. 12, pp. 917-919, Jun 2001. 

[6] G. Griffel, “Synthesis of optical filters using ring resonator arrays,” 
IEEE Photon. Technol. Lett., vol. 12, No. 7, pp. 810-812, July 2000. 

[7] A. Yariv, Y. Xu, R. K. Lee, and A. Scherer, “Coupled-resonator 
optical waveguide: a proposal and analysis,” Opt. Lett., vol. 24, pp. 
711-713, 1999. 

[8] J. V. Hryniewicz, P. P. Absil, B. E. Little, R. A. Wilson, and P-T. 
Ho, “Higher order filter response in coupled microring resonators,” 
IEEE Photon. Technol. Lett., vol 12, pp. 320-322, Mar. 2000. 

[9] B.E. Little, S. T. Chu, P. P. Absil, J. V. Hryniewicz, F. G. Johnson, 
F. Seiferth, D. Gill, V. Van, O. King, and M. Trakalo, “Very high-
order microring resonator filters for WDM applications,” IEEE 
Photon. Technol. Lett., vol. 16, pp.2263-2265, 2004. 

[10] Y.M. Landobasa, S. Darmawan, M.K. Chin, “Matrix analysis of of 
2-D micro-resonator lattice optical filters, “ IEEE J. Quantum. 
Electron. vol. 41, pp. 1410-1418, 2005.  

[11] W. Bogaerts, R. Baets, P. Dumon, V. Wiaux, S. Beckx, D. Taillaert, 
B. Luyssaert, J. Van Campenhout, P. Bienstman and D. Van 
Thourhout, ”Nanophotonic waveguides in Silicon-on-Insulator with 
CMOS Technology,” IEEE J. Lightwave Technol. 23, 401-412 
(2005). 
  

 
 

 

239



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


