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Fig. 2. Signal amplitude versus RF carrier frequency for (a) Thru port (b) Drop port. (c) Balanced output (Thru - Drop)

Double-sideband suppressed-carrier (DSB-SC) amplitude
modulation is used for the RF carrier modulation. The optical
carrier frequency is chosen to be exactly centered at the
resonance of the MRR to allow symmetric weighting of
the optical sidebands. At the Drop and Thru RF outputs,
the RF signals are converted to baseband using a square-
law RF detector implemented in software but which may be
implemented in hardware using a mixer followed by a low-
pass filter. To obtain the actual weights, the output of the Drop
port is subtracted from that of the Thru port.

III. RESULTS

Figure 2 shows the weight of a signal as a function
of its carrier frequency. As expected, for lower RF carrier
frequencies, most of the light is being routed to the Drop port
hence imparting a negative weight on the signal. On the other
hand, for higher RF carrier frequencies, most of the light is
being routed to the Thru port which corresponds to a positive
weight.
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Fig. 3. Normalized summed output versus number of carrier frequencies for
(a) Thru port (b) Drop port.

Figure 3 demonstrates the ability for several weights to
be implemented using one microring. Increasing number of
integer spaced carrier frequencies are combined and the output
amplitude is measured. The carrier frequencies are chosen
such that 5 carrier corresponds to carrier frequencies 1,2,3,4,
and 5 GHz and 20 carriers corresponds to 1,2,3,...,20 GHz.
The amplitude at the Thru and Drop ports are compared with
the expected sum of the amplitudes of each weighted carrier
as obtained from the single weight experiment. We observe
good agreement between the predicted and actual output.
Deviations may be attributed to slight changes in the position
of the optical carrier relative to MRR’s resonance and phase
deviations of each sideband at the output. Phase deviations

may be corrected by calibrating the phase at the input so that
the phases at the output are aligned.

Fig. 4. Simulation result for a 1 GHz signal modulated on a 5 GHz carrier.

Finally, we simulate the weighting process in software.
Figure 4 shows the result of a series of 1 GHz pulses
modulated on a 5 GHz carrier. As seen in the figure, the
original signal is multiplied by a negative weight as expected.

IV. CONCLUSION

In this work, we present a technique for carrying out
multiple multiply-accumulate operations simultaneously using
a single MRR. We demonstrate twenty (20) simultaneous
weights using one MRR. Experimental results agree with the
expected computational predictions indicating the feasibility
of this technique. This technique can be used to improve
the compute density of the linear frontend of photonic neural
networks.

REFERENCES

[1] B. J. Shastri, A. N. Tait, T. Ferreira de Lima, W. H. P. Pernice,
H. Bhaskaran, C. D. Wright, and P. R. Prucnal, “Photonics for artificial
intelligence and neuromorphic computing,” Nature Photonics, vol. 15,
no. 2, pp. 102–114, Feb. 2021, number: 2 Publisher: Nature Publishing
Group. [Online]. Available: https://www.nature.com/articles/s41566-020-
00754-y

[2] A. N. Tait, “Quantifying Power in Silicon Photonic Neural
Networks,” Physical Review Applied, vol. 17, no. 5, p. 054029,
May 2022, publisher: American Physical Society. [Online]. Available:
https://link.aps.org/doi/10.1103/PhysRevApplied.17.054029


