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1 Extended Abstract

The NIST electro-optic sampling (EOS) system is the United States’ primary standard for high-speed waveform
calibration of photodiodes and is traceable to the SI through fundamental physics. A photodiode calibrated [1]
using this system serves as a time and frequency-domain transfer standard and allows for subsequent calibrations of
high-speed oscilloscopes [2], lightwave component analyzers [3], comb generators [4], and high-speed modulated
signals [5, 6]. While check-standard photodiodes are frequently measured to verify self-consistent operation of
the EOS system, an external frequency response measurement can help validate the measurement. This can be
accomplished by a comparison to an independently-traceable calibration such as one performed on an EOS system
developed by another national metrology institute (NMI) [7] or a heterodyne measurement [8].

At NIST, a heterodyne measurement system has been used to measure the magnitude response of photodiodes
up to 75 GHz [9]. The beat between two single-frequency lasers, known to be of equal amplitude and identical
polarization, defines the excitation of the photodiode. The beat frequency is coarsely controlled with the operating
temperature of the lasers and finely controlled with piezo-actuators adjusting the cavity length. The lasers are
mixed in beam-coupling optics and fiber-coupled to interact at the photodiode. While the EOS system is capable
of measuring up to 110 GHz, the low frequency response is limited below 600 MHz, whereas the heterodyne
system provides measurements down to DC.

Each measurement system has its own set of challenges going from measured quantity to calibrated output. The
EOS measurement requires that (1) the photodiode operate in the linear regime; (2) the on-wafer coplanar resister
structures be well characterized; (3) the laboratory environment be stable; and (4) the probe be de-embedded from
the measurement. The heterodyne system relies on a set of low-power, diode-based power meters to cover the
measurement frequency range. Measurement dynamic range can be limited on the low end by measurement system
noise and on the high end by photodiode nonlinearity. For both measurements, calibrated scattering parameters
of the photodiode must be measured and propagated through the photodiode calibration [3]. Here we present the
first-ever comparison between these methods with two independent photodiodes, both calibrated with the EOS and
heterodyne measurements up to 75 GHz. Additionally, the uncertainty analyses were performed with the NIST
Microwave Uncertainty Framework to propagate the respective uncertainties from each measurement.

* This is a contribution of the U.S. Government and is not subject to U.S. Copyright.
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