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Abstract A dither-free Quad- and Null-bias point locking scheme for Mach-Zehnder (MZ) silicon optical modulators is
presented. In this scheme, a pair of differential monitoring photodetectors (MPDs) (an inphase-MPD in the same phase as
the output and an outerphase-MPD with a 180° phase difference to the output) are used as the signal feedback components
for closing-loop control. The ratio of the inphase-MPD current to the outerphase-MPD current is denoted as the
normalized photocurrent, which is then used to construct the error functions for the Quad point (90° phase bias) and the
Null point (180° phase bias). For Quad point locking, the error function is the difference between the normalized
photocurrent and the responsivity ratio of the inphase-MPD and outerphase-MPD. For Null point locking, the error
function is the first derivative of the normalized photocurrent relative to the thermal power bias point of the thermo-optic
phase shifter, and the adjustment direction of the bias power is determined by the positive or negative sign of the second
derivative. Then, the theoretical expression of the algorithm is derived according to the theoretical model of the MZ silicon
optical modulator, and the proposed algorithm is verified by simulation. The verification results are in agreement with the
conclusions of the mathematical derivation formula. Finally, a 53 GBaud 4-level pulse amplitude modulation (PAM4) test
platform and a 53 GBaud binary phase-shift keying (BPSK) simulation platform are built to validate the accuracy of the
proposed algorithm in Quad and Null point locking for MZ silicon optical modulators.
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Fig. 1 Model diagram of MZ silicon optical modulator (inphase-MPD and outerphase-MPD)
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Table 1 Phase shift and absorption loss coefficients of upper

and lower arms for MZ silicon optical modulator

Index DC Istorder 2nd order 3rd order
component coefficient coefficient coefficient

Phase shift 0.0130 0.9152 —0.1255 0.0144
Absorption loss  1.2087  —0.0912 0.0131 —0.0016
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Fig. 6 Test platform for Quad bias point control algorithm in MZ silicon optical modulator
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Fig. 7 Measured results of locking performance for Quad point under PAM4 modulation format. (a) Test curves of outerphase-MPD
photocurrent, inphase-MPD photocurrent and normalized photocurrent under different powers of thermo-optical phase shifter;
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Fig. 8 PAM4 eye diagrams under cases of V,,=1.477 V, V;,,=1.357 V and corrected by proposed algorithm. (a) V,,=1.477 V;
(b) Viue=1.357 V; (¢c) corrected by proposed algorithm
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algorithm
Average optical
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power /dBm
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MPD1: outerphase-MPD;
MPD2: inphase-MPD;
ICR: intradyne coherent receiver;
SMF: single-mode optical fiber;

PMF

BS: beam splitter;
VOA: variable optical attenuator
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Fig. 9 Simulation verification platform for Null point locking algorithm in MZ silicon optical modulator
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