Optical Phase Locked Loop for Quantum Cascade Laser Frequency Combs
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Dual comb spectroscopy employing Quantum Cascade Laser (QCL) frequency combs can be used to evaluate and analyze optical absorption features in the easily accessible radio-frequency (RF) domain. This conversion from the optical – to the RF domain has great potential for integration of spectroscopic applications like chemical sensing [1, 2]. A challenge hindering fast reproducible measurements is imposed by temperature fluctuations and electronic noise leading to often highly unstable heterodyne beating signals. We present a simple, yet reliable phase locking technique based on a dual feedback Optical Phase Locked Loop (OPLL). Stable locking bandwidths exceeding 600 kHz for a heterodyne QCL frequency comb setup were achieved (see Figure 1). For loop-filter parameter prediction, a simplified theoretical model is applied. The model relies on two initial measurements, namely the measurement of the phase-frequency-detector (PFD) sensitivity and frequency modulation gain of one frequency comb.
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Figure 1. Left: Comparison of one free running beatnote comb tooth (light grey), 300 kHz locking bandwidth with slow loop-filter path active (grey) and 620 kHz locking bandwidth with slow and fast loop-filter path active (black). Right: Higher resolution plot of locked beatnote tooth with 620 kHz locking bandwidth
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