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            Abstract
The development of a real-time optical waveform measurement technique with quantum-limited sensitivity, unlimited record lengths and an instantaneous bandwidth scalable to terahertz frequencies would be beneficial in the investigation of many ultrafast optical phenomena. Currently, full-field (amplitude and phase) optical measurements with a bandwidth greater than 100Â GHz require repetitive signals to facilitate equivalent-time sampling methods or are single-shot in nature with limited time records. Here, we demonstrate a bandwidth- and time-record scalable measurement that performs parallel coherent detection on spectral slices of arbitrary optical waveforms in the 1.55Â Âµm telecommunications band. External balanced photodetection and high-speed digitizers record the in-phase and quadrature-phase components of each demodulated spectral slice, and digital signal processing reconstructs the signal waveform. The approach is passive, extendable to other regions of the optical spectrum, and can be implemented as a single silicon photonic integrated circuit.
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                    Figure 1: Illustration of the real-time OAWM technique.[image: ]


Figure 2: Details of the arrangement used to demonstrate OAWM.[image: ]


Figure 3: Example OAWM measurement of a train of transform-limited pulses (waveform A) with an overall sawtooth amplitude envelope (0.5-Âµs period).[image: ]


Figure 4: OAWM measurement of a 10Â GHz train of pulses with cubic spectral phase (waveform B).[image: ]


Figure 5: Comparison to a well-established measurement technique.[image: ]


Figure 6: OAWM measurement data for a complicated waveform pattern.[image: ]
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