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This document provides supplementary information to “Gigahertz speed operation of epsilon-near-zero
silicon
photonic
modulators,”
https://doi.org/10.1364/OPTICA.5.000233.
We
provide
additional
experimental results, namely, additional high-speed modulation results, DC modulation versus
wavelength, and a characterization of hysteresis in the modulator.

S1. High-speed characterization
In Fig. S1 we show high-speed modulation in the epsilon-nearzero electroabsorption modulator with oscilloscope traces of a
50 ns frame from a 1 Gb/s pseudo-random binary sequence
(PRBS). The yellow trace is the electrical drive signal from the
pattern generator and the green trace is the modulated optical
signal received by an avalanched photodiode. The voltage signal
across the capacitive device is increased to 2 Vpp due to reflection.

of 2.5 Gb/s. Generation of the open eye diagram of Fig. 5 in the
main text then demonstrates that the ENZ device operates as a
modulator across at least the 42 MHz – 1.25 GHz frequency band.
S2. DC electro-optical transmission
Optical transmission data is provided at gate bias voltages from
+3 V to -3 V as a function of wavelength in Fig. S2. For the range of
gate voltages tested, the variation is less than 3 dB across the 60
nm measurement band.

Fig. S1. Digital modulation of 1 Gb/s PRBS signal.

The 231-1 long PRBS used to generate the eye diagram in Fig. 5
of the main text contains frequency data from 1 Hz to beyond 1.25
GHz for the measured data rate of 2.5 Gb/s [1]. A more
conservative estimate of the lower frequency bound represented
in the eye diagram can be derived from the longest constant-value
sequences in the PRBS, corresponding to 42 MHz for our data rate

Fig. S2. DC electro-optical characterization of a 4 µm long modulator.
Transmission values are normalized to the value at Vgate = +3 V to
remove the wavelength dependence of the grating couplers.
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S3. Hysteresis
In Fig. S3 we characterize the hysteresis of the ENZ modulator
by measuring the optical transmission of a 1530 nm optical input
as the gate bias is increased and decreased in two successive
sweeps. While some hysteresis is observed, the maximum
variation in optical transmission for a given bias is 0.5 dB with an
average value of 0.3 dB.

Fig. S3. Characterization of hysteresis effects in the ENZ modulator.
The gate voltage was first increased (green curve) from -3.5 V to +3.5 V
and then immediately decreased (blue curve) back to -3.5 V.
Transmission values are normalized together to the value at Vgate =
+3.5 V.
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