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Abstract: The control tolerances of large-port-count optieaitches with up to 128x128 ports
using the MZI-SOA hybrid design are investigatetie Tfirst quantitative analysis is presented

showing tolerant control requirements of the hylssidtch design.
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1. Introduction

The ever-continuing growth in data traffic is caugsincreased demands on network switching capaanity,has led
to renewed interest into high-bandwidth, high-speleat low-energy optical switches [1]. Recent ademin
photonic integration technology have scaled theneotivity of a monolithic circuit to tens of conniens for future
optical packet switching applications [2, 3]. Howevbuilding larger port-count high-speed integdassvitches
imposes stricter requirements on switch designiidatton and control. We have proposed a scalatikgration-
compliant optical switch using a novel hybrid MZB& approach [1] and the feasibility of building a@8x128
port-count hybrid switch has been demonstrated L[dtge-port-count optical switching circuits, howeypose a
challenge to their control accuracy, as variatiocosnpromise the device optical signal-to-noise rd@SNR).
Relaxed control requirements are preferable asahlew the switching circuit to operate blind withiolerances.

In this work, we therefore investigate the contalerances of hybrid switches with up to 128x128tqoThe
first quantitative analysis is presented using paydayer simulations fitted using experimentataddlhis analysis
indicates that the hybrid design also enables eelaontrol requirements for large-port-count optsveitch fabrics.

2. Hybrid Switch Design

This work focuses on the hybrid switch which plaskert SOAs at the outputs of an MZI in a dilatedcure as
shown in Fig. 1(a). The short SOAs are switchethimdem with the MZIs to pass the wanted signalssarahgly
absorb the first order leakage signals. Hence,déssgn enables suppressed crosstalk and gairetcame excess
loss, both of which are essential for large-porrtoswitches. An NxN port count hybrid switch casbilt from
identical switch modules, connected via shufflenoeks [Fig. 1(b)]. The worst aggregate crosstatioréin dB) of
such a switch is estimated by [1]:

C = 2X + 20log,4(2log,N — 1) — 23 Q)
whereX is the crosstalk ratio of a single MZI cell andd\the port number. In practice, however, uneveuptar
split ratio and excess electro-absorption loss iwithe phase-shift section of the MZI in a hybriditsh both
introduce an intensity imbalance in its two patadlens which translates into crosstalk. Moreoviee tabrication
variability and design constraints further limietheliably achievable crosstalk for a large maitmbegrated device.
Currently the reliably attainable crosstalk ratfoacsingle MZI cell within large-scale photonic égrated circuits
lies at -15dB [5]. However, the dilated hybrid dgsiprovides increased immunity to performance diggian
caused by component variability, achieving crokdbetter than -40dB [4].
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Fig. 1 (a) Schematic of operating principle of kiybrid switch building block. (b) Schematic of thealable hybrid switch.
3. Switch Control Tolerances

As indicated by the bottom figure in Fig. 1(a), thper phase-shifter of the MZI element acts agla-bpeed phase
modulator for dynamic switching while the lower oserves as a phase tuner to minimize the phaselantfo-
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absorption loss difference between the two paraliels. A feedback loop can be set up, using tregiated SOAs
as power detectors, to search the optimum operatiigts for the phase tuners during a self-learrpngcess.
Device control tolerances of the switching voltagesthe high-speed phase modulatof®/,j and of the bias
currents to the short SOA&AI) can thus be determined by the allocated subsyptnalties. The investigation of
the control tolerance is based on the worst casehith all signals entering the switch fabric hahe same
wavelength and the device is fully loaded. The getlicrosstalk penalty, P, can be calculated bexbeession [6]:

P = —5log;o(1— 4q?10¢/1%) 2)
whereC is the aggregate circuit crosstalk in dB, 8.9 for an error rate of 10 Therefore, the required crosstalk-
level of a hybrid switch building block for 1dB-paty operation can be achieved and the switchingage
tolerance can be evaluated using the commercialsuRulator with parameters fitted from experimerdata [7].
Here is assumed that the MZI elements have a atssttio of -15dB and that 1740m-long SOAs are integrated at
their outputs. Th&V, is studied for 10Gb/s operation using both singld &0 input wavelengths (with 100GHz
spacing) in the C-band. The variation \gf with wavelength compromises the extinction ratiottef MZI under
multiple wavelength operation. The tolerance ofallewed control voltage as a function of port coisnplotted in
Fig. 2(a). It can be seen that the voltage toleratecreases as the port count increases. Howeyd28x128 port
size hybrid switch still achievesAd/, exceeding 0.7V for 10-wavelength operation.
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Fig. 2 (a) The tolerance of allowed control voltagea function of port number. (b) Penalty mapb#bx64 hybrid switch as a function of input

power and bias current (key shows penalties in @)nput power and bias tolerance of hybrid shéts with 8x8 to 128x128 port count.

The tolerance of bias current of the short SOAe dipends on the input optical powers. Tihés determined
for 100x10Gb/s operation under worst case operation whenent sources are offset from optimum in thene
sense. Figure 2(b) shows a detailed penalty map ®4x64 port count hybrid switch as a functiorboth input
power and bias variation [1]. The white rectangldlines theAl and input power dynamic range (IPDR) for a
penalty less than 1dB. Figure 2 (c) summarizeslaindata for 8x8, 16x16, 32x32, 64x64 and 128x1@8 gount
hybrid switches. It shows that thd and IPDR are 12mA and 16dB respectively for an &yBrid switch,
decreasing to 5mA and 5dB respectively when themonber increases to 128x128.

4. Conclusions

Large-port-count high-speed integrated switches oy impose strict requirements on switch desigrd a
fabrication but also on control accuracy. This pdpe the first time investigates the control teleces for large-
port-count optical switches using the hybrid switgproach. Quantitative analysis using physicadaymulations
fitted with experimental data is presented. A 1ZBkxport count features a relaxed tolerance of Gl 5SmA on
the voltage and bias current respectively for 18GbA0-wavelength operation with sub-system permlgss than
2dB. This demonstrates that the hybrid switch esgbbth very good scalability and control tolerance
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