Nested Ring Mach-Zehnder
Interferometer (NRMZI)

Photonics Research Centre
School of EEE, Nanyang Technological University

Presented by: Stevanus Darmawan and M. K. Chin

*Special thanks to Landobasa Y. M. for fruitful discussions

&0 Nanyang  P/irc

Technologi ical Univ ersﬂy Photonics Resea rch Centre



Outline

Introduction: Some literature review

Motivation: Why NRMZI?

Theory: Device modeling

Results: Box-like output and ultra-sharp resonance

Conclusion

nnnnnnnnnnnnnnnnnnnnnnn

Photonics Research Centre



Literature on RR + MZlIs

electrode

microring
waveguide

3-‘ So
:.,/_\ T2 /_\:., Ring enhanced Mach-Zehnder interferometer (REMZI)
P, Pout J. E. Heebner, etal ; Y. Lu, etal

Linearized micro-ring loaded MZI
V. Van etal

Serially coupled REMZI
George T. Paloczi etal

Column (M rings) re iR Row (N rings)
I..{:i-_.—_:_.—_];::";:_._.:::::"_.::I.I o ” T - . ‘1-‘ ZZﬁ
v | 1 — Row (N rings) u'T" e -
Lﬁ'Q“;Q"::;" __i_.' s i_;_m,..__“. L'_‘Columnmegs}
3 dB MMI P. Puw ' OO0
couplers : i .
Ring feedback Mach-Zehnder interferometer (REMZI) SR'BQ arrays - MZII
C.Y. Chao and L. J. Guo - Darmawan eta

William M. J. Green etal

& Nanyang  Prirc

Iechnolog:cal Unlversny Phoionics Research Cenire




Why REMZI ?

Ring enhanced Mach-Zehnder interferometer (REMZI)

J. E. Heebner, etal ; Y. Lu, etal

e Pbar = Sin [((Dring _A¢bzas)/2]
3dB 3dB 5
— m— AQpjgs m— — Pcross = COS [(¢ring _A¢bias)/2]
May function as:
e Modulator
e Switches
e Sensors
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Why RFMZI ?
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e Modulator
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Motivation: Why NRMZI ?

Feature of interest:

e Good linearity with lower pumping power (as Modulator)
e Ultra-sharp resonance (as Sensor)

e Produces a box-like spectrum (as Filter)

(1)— :.. .
Upper arm L,'=VL, e :
L, =27R

El) \//- '\/ i
/\ //\E

Lower arm Lg):;/lg) ------ > A@bias

. o
.......

-/ -
& Namyang  Plirc



p:

Basic: Dual-bus RR
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L.oaded Nested RR (NRR)
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Based on the topology of a dual-bus ring with closed loop feedback:
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Phase response of NRR

For a lossless case, the loaded phase response of NRR can be expressed as:

loaded
OPNRR = Pt T Ploading =
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Two ‘competing’ resonant loops

Inner resonant loop
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‘Reflection’ based resonance

Outer resonant loop
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Engineering a box-like transmission

By optimizing (v) and (r) values !
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Conditions of (v) for box-like transmission

e Box-like only at: v =

m-1/2 - 2pi period and v = m - 4pi period
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‘Loaded” NRMZI vs. ‘unloaded’ dual-bus coupled REMZI

/\ Ecross
e

) 0 ‘ ‘ ‘
@_yrm__,; : -1 -0.5 0 0.5 1
Ly =i Ly : : A(phias
: : Parameters:a=1;r=0.95;v=10.5 delta é/n

. ‘Unloaded’

Dual-bus CREMZI e Nan ang P IRC

Technological Univ




Tbar

Box-like output of loaded NRMZI

- v controls the effective bandwidth ; r controls the Fano lineshape
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Cascaded NRMZI: Suppress sidelobes
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The effect of loss on box-like output
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Engineering ultra-sharp Fano-resonance
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Conclusion

We have proposed for the first time, a NRMZI which is capable of
producing a box-like spectralresponse and an ulfra-sharp resonance.

The NRMZI may be treated as arn /nfegrated-optic analog of the grafing.
The box-like output is possible mainly due to the double Fano-resonances
which is caused by the multiple interference within the nested-ring.

The sharpness of these Fano resonances depends on the length of the
feedback loop ( L; (1) = =vL. ) as well as the reflectivity (r) of the coupler.

The device can be potentially used as a filter, low powered switch/
moaulator , and ulfra-sensitive sensor, at the appropriate operating
wavelength.
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