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Error-free Operation of Si Photonic Crystal MZI Opt ical Modulators
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Carrier-depletion, Mach-Zehnder (MZI) type silicoptical modulators can be shortened significangly b
incorporating slow-light photonic crystal wavegud€PCWs). Sub-10Qum PCW-MZls have been
demonstrated at speeds up to 40 Gb/s [1]. In thgep we perform an in-depth study of the 10 Gb/s
operation of 20Qum PCW-MZIs, and show that they can achieve eriee-fperation. The device consists of
a pair of 20Qum-long SiQ-clad, p/n-diode PCWs incorporated into a symméta [1], where the PCWs
have a lattice constant of 400 nm, target hole-dtanmof 215 nm, and a third-row lattice-shift of 9% [2].
The on-chip insertion loss of the PCW-MZlI is 9.2 dBe device is driven by 10 Gb/&21 bit NRZ PRBS
signals, in push-pull configuration, in the speatamge where the group index is ~20.

Fig. 1 shows the 10 Gb/s eye patterns of the mastlisignal when the device is driven at differdashb
voltages Ypbc), each at a received power of approximately —1 dBsshown in (a), the eye is clearly open
atVpc = —6 V where the optimal drive voltadg, is 4.5 V and gives the lowest bit-error rate (BER)I
below 10° and is therefore error-free. Wheg is reduced to -1 V, as shown in (W), drops to 1.4 V and
BER rises to 1T. (c) shows the eye pattern of the RF drive sifpratomparison. Fig. 2 shows the variation
of V,, excess loss and extinction ratio (ER) as a fanctif Vpc. The optimalV,, drops with a smaller
reverse-bias. While the excess loss remains cdratdnto 2 dB, ER remains above 6 dB¥pe < -3 V,
but drops to < 2 dB with a weaker reverse-biadgcatohg a reduced phase-shift and modulation aog#it
resulting in an increased BER. Fig. 3 shows the BisRa function of received optical power at the
photo-detector, for variougoc. While error-free operation with BER < 0can be achieved for a strong
reverse-bias, the minimum BER rises as the biageakened since the ER and modulation amplitudes are
reduced. This work was supported in part by theSHIRrogram of JSPS.
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Fig. 1. 10 Gb/s eye patterns for (a) & \and (b) -1 b operations, and (c) RF drive signal.
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Fig. 2.Vpc dependence of driviéy, excess loss and ER. Fig\3,c dependence of BER.
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