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1. Device Layout

A pitch reduced optical fiber array (Chiral Photonics) with 12 um core-to-core pitch and 2 um
mode field diameter was used to couple light into and from the devices. The discrete core spacing
resulted in waveguiding sections of 11, 23 or 35 pm length. The width of the waveguide section is
4 um, the width of the grating bars is 8 um, and they are anchored with a larger metallic patch at
their ends. The device presented in the main part of the manuscript has a grating period of 800 nm,

with a fill factor of 30%.

In case of the active devices, the bottom electrode has been structured such to accommodate
an electrical ground-signal-ground probe, see Figure S4(a). Furthermore, the top gold electrode has
been electrically connected with a narrow contact, Figure S4(b). Due to the large width of the MIM
waveguide, this contact hardly influences the plasmonic mode and the insertion loss of the device.
2D simulations indicate an excess loss of 0.05 dB due to a contact of 1 um width connected to a
3-um-wide plasmonic waveguide. In experiment, the influence of the contact could not be

determined, as it was smaller than the setup and device-to-device uncertainties.



2. Device Fabrication

The passive device has been fabricated as follows. 120 nm of gold has been e-beam evaporated
on 6.2 um thermal SiO> on a Si substrate. After that, 100 nm of silicon oxynitride (SiOxNy) has
been deposited by a physically enhanced chemical vapor deposition (PECVD) process. As a last
step, the metal gratings and waveguide sections have been deposited in a lift-off process, where
200 nm of gold were e-beam evaporated on top of a 1-nm-thick titanium adhesion layer. Finally,

the sample was cladded with 500 nm of PMMA.

Fabrication of the active device

120 nm of gold has been e-beam evaporated on 6.2 pm thermal SiO; on Si, and structured with
a lift-off process to separate the individual device on one chip electrically. After the lift-off, a
10-nm-thick TiO; layer has been deposited as a charge-blocking layer.! A ~140-nm-thick layer of
HLD1/HLD2? was spin-coated, and 200 nm of gold were e-beam evaporated on top of a 1-nm-
thick titanium adhesion layer. A negative resist was exposed in an e-beam lithography step and
used to define the gratings and waveguides in a physical dry-etching step. Although the structuring
of a gold film on top of an organic electro-optic material posed challenges to us and resulted in a
lower coupling efficiency as for the passive devices, these issues are not of fundamental nature and
should be solved by improved fabrication processes, or the integration of ferroelectric (solid-state)
materials. After the fabrication, the sample was cladded with 500 nm PMMA. Before the electro-
optical measurements, the device was electric-field poled by heating it to the glass transition
temperature of the employed electro-optic organic material (HLD1/2) while applying the electric
poling field.>?



3. Simulations

Two-dimensional Finite Difference Time Domain (FDTD) simulations were used for all
simulations carried out in this work.* Perfectly matched layer boundary conditions were used at the
domain boundaries. The model was excited by launching a fiber mode through a waveguide port,
and a second waveguide port was used to determine the transmission into the plasmonic slot (S;1).
The fiber-to-slot coupling efficiency (CE) has been determined by subtracting the plasmonic
waveguide losses from the port-to-port transmission S,;. The time-domain excitation was chosen
such that a spectral window from 1250 to 1650 nm was covered. Spectrally resolved, complex
refractive index data of the employed materials was retrieved from in-house ellipsometry

measurements (SiOxNy, HLD1/2, Au) or literature (SiO2,> PMMAS®).

Simulation parameters

The measured coupling efficiency spectrum shown in Figure 1 of the main manuscript has
been recorded with a device with a grating period of 800 nm, and a fill factor of 30%, that is the
fraction of the grating period filled with metal. The simulation in the same plot has been achieved
with the same parameters, but the period has been reduced by ~5% to 750 nm to achieve a good
fit. We attribute this change of period to fabrication imperfections (such as precise film thicknesses,

particularly of the PMMA cladding), and inaccuracies in the used refractive index data.



4. Explanation of Transmission Spectrum: Bragg Resonance

The measured spectrum of the coupling efficiency shows a transmission dip at A = 1430 nm,
see Figure 1 of the main text. In the following, we relate the transmission dip to a Bragg resonance

of the grating.

Figure S1(a,b) shows the simulated out-of-plane H-field component at the transmission
maximum (1530 nm) and minimum (1430 nm), respectively. At the left side of the structure, an
additional MIM waveguide (labelled MIM Control) has been introduced, to monitor energy that is
not directed into the actual MIM waveguide at the right of the structure. We excite the fiber port,
and indeed, energy is directed bidirectionally to the left and right at the transmission minimum.
This indicates that the grating might have a Bragg passband at this wavelength. To test this
hypothesis, we launched a mode from the right MIM port and recorded both the transmission to
the fiber port and through the grating towards the second MIM control port. Figure S1(c) shows
both transmission spectra. The transmission through the grating (MIM Port to MIM Control), has
a maximum exactly where the coupling efficiency has a minimum, and hence shows the behavior

of'a Bragg passband.
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Figure S1: Modulus of the relevant out-of-plane H-field component. (a) The fiber port is excited at the transmission maximum at
A = 1530 nm. Most of the energy is transmitted to the right MIM waveguide. (b) At A = 1430 nm, the energy is interacting more
with the grating, less is transmitted to the right, and more to the left. (c) Transmission spectra from the right MIM waveguide to
the fiber, and to the left MIM control waveguide, through the grating. The transmission maximum occurs at the coupling
efficiency’s minimum.



5. Study of Finite Grating Dimensions

The devices presented in this paper feature a waveguide width of 4 pm and grating bar widths
of 8 um. The grating consists of five bars, and the fiber has a mode field diameter of ~2 pum. It is
interesting to investigate how the finite extension of the involved components influence the

coupling efficiency, and how narrower and smaller gratings and waveguides would perform.

In a first simulation study, the number of grating bars has been swept from 0 to 5, and for each
bar, the optimal lateral fiber position has been sought. In a second study, the fiber core diameter
has been changed from 1.5 to 5 um, and again a sweep of the fiber position has been carried out
for each diameter. Figure S2 shows the results. It is interesting to note that a grating with only three
grating bars has the highest coupling efficiency, with only little changes for more bars. In terms of
mode field diameter, the smallest fiber core diameter of 1.5 um yields the highest coupling

efficiency, with only a slight decrease for larger diameters.
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Figure S2: Maximum coupling efficiency of the grating (a) for a sweep of the number of grating bars and the lateral fiber position
(negative shift: towards the MIM waveguide, positive shift: towards the grating), and (b) for a sweep of the fiber core diameter,
influencing the mode field diameter of the incident fiber mode together with a sweep of the lateral fiber position.

Figure S3 shows the dependence of the maximum coupling efficiency on the width of
waveguide and grating bars, as obtained by 3D simulations. A grating and waveguide width of both
2 um vyield the highest coupling efficiency, that plateaus at slightly lower levels for wider
waveguide or wider grating. The results follow expectations, as the grating should be of the size of

the fiber mode field diameter, which is 2 um in our case.
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Figure S3: Maximum coupling efficiency of the grating for a sweep of waveguide and grating widths.



6. Optical Characterization

Two tunable laser sources (TLS) and optical power meters were used to determine the device
insertion loss from 1270 to 1370 nm (covering the O-band), and from 1460 to 1640 nm (covering
the S-, C-, and L-bands). Due to the fiber array's discrete core-to-core distance of 12 um, only three

device lengths (12, 24 and 36 um) were available for optical cut-back measurements.

Electro-Optical Characterization

The devices were optically probed as described above, while an electrical probe in ground-
signal-ground configuration was used for the electrical probing. Figure S4 shows a schematic of
the measurement. The devices were characterized in the O- and C-bands. An optical spectrum
analyzer (OSA) was used to detect the optical sidebands induced by the applied radio-frequency
(RF) signal. When the amplitude of the RF signal is known, the power ratio between optical

sideband and carrier provides a direct measure of the phase modulator’s -voltage.’
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Figure S4: (a) SEM image of the active device, highlighted in yellow. Two passive devices are shown next to it, blue. (b). The
narrow signal contact is highlighted in the zoom-in. (c) Schematic of the electro-optical characterization setup.

Electro-Optical Bandwidth

The electro-optic bandwidth of the device has been measured in the setup shown in Figure S4,
where the wavelength has been kept constant at a value of A = 1531 nm and the frequency f;, of
the applied electrical signal has been swept. After calibrating for the losses in the RF branch (cable

and GSG probe), the electro-optic frequency response of the device is found to be flat up to f,, =



70 GHz, see Figure S5. The 2-dB dip at 50 GHz stems probably from the electrode design. Future
designs should incorporate a smaller spacing between signal and ground electrodes. RF simulations

indicate an electro-optic 3-dB bandwidth of 400 GHz with an improved design of ground and signal
electrodes.
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Figure S5: Electro-optic frequency response of the presented device. The electro-optic 3-dB bandwidth exceeds 70 GHz.



7. Data Measurements

The data modulation experiments were conducted in the C- and O-bands in a self-homodyne
scheme. A random, 2!7 bits long data sequence was loaded to the memory of a digital-to-analog
converter with an analog bandwidth of 35 GHz (Micram DAC4®). The generated non-return-to-
zero on-off keying (NRZ-OOK) electrical driving signal was electrically amplified. The applied

peak-voltage at the modulator was 2.6 V.

Light from an external cavity laser (ECL), either at 1550 nm or at 1310 nm wavelengths, was
coupled to the phase modulator was fed through a polarization controller and then coupled to the
chip. The weaker output power of the ECL at 1310 nm has been compensated by a semiconductor
optical amplifier (SOA), so that the incident optical power amounted to 7-10 dBm in both bands.
The modulated light was amplified by fiber amplifiers (erbium-doped in the C-band and
praseodymium-doped in the O-band), before it was guided to an optical coherent receiver and
detected in a self-homodyne way. Balanced photodiodes with 70 GHz bandwidth were employed
and fed two channels a real-time sampling oscilloscope with an electrical bandwidth of 63 GHz
and a sampling rate of 160 GSa/s. All digital signal processing was performed offline. After timing
and carrier recovery, an LMS equalizer with 101 filter taps was applied. The bit errors were counted

and used to calculate the bit error ratio.
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