Cavity modulator assisted nonreciprocal light transmission on Silicon
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Nonreciprocal light transmission is indispensable in many photonic circuits. It forms the basis of optical isolators,
which allow the propagation of light in a specific direction while blocking the propagation in the opposite direction
[1]. When placed after a laser, an optical isolator inhibits back-reflections in the laser and also alleviates multi-
path interference [2]. There are three major methods to achieve non-reciprocal optical transmission i.e. modulation,
depositing magneto-optic materials, and non-linear effects. The modulation based approach has the potential to
deliver high isolation and offers seamless integration with existing silicon photonic integrated circuit components
[31.

We propose and experimentally demonstrate cascaded cavity modulator based nonreciprocal light
transmission. The proposed design is shown in Fig. 1(a) and a microscope image of the fabricated device is shown
in Fig. 1(b). The device was fabricated on the iSiPP50G silicon platform of IMEC [4]. When the two ring
modulators are driven by the microwave signals ¥;(#) and V2(1) respectively, the transmission in forward and
backward direction is given by; TFOware(t) = TA(V,(t)) x T2(Vo(t — 1)) and TBakward(p) = T2(V, (1)) x
T3 (V1 - ’L'O)) where 1o is the optical delay between the cavity modulators. The equations clearly depict that in
case of a non-zero optical delay and distinct driving microwave signals, non-reciprocal transmission can be
achieved in our device. The measured spectrum for the device with o = 1.6 ps, and driving signals Vi(t) =
VppSin(Qt) and Vy(t) = VyCos(t) (Vo = 8 V, Q = 6 GHz) is shown in Fig. 1(c). In the forward direction, the
carrier component peaks whereas it is suppressed by 16 dB in the backward direction. The relative suppression is
denoted as the Asymmetric Transmission Ratio (ATR). The asymmetric transmission arises from the direction
dependent distribution of optical power between the carrier and the sidebands. In the forward direction, the carrier
component is stronger than the sidebands whereas in the backward direction, the carrier power is distributed to the
sidebands. This leads to stronger sidebands in the backward direction and a weak carrier. The variation of ATR as
a function of drive voltage (V,p) is shown in Fig. 1(d). The ATR peaks at 16 dB when the V,; is 8V and it reduces
to zero when the driving signal is weak (5 V and lower). Excellent agreement with a theoretical model is found.
Simulations show both ATR and insertion loss can still be improved through optimizing the optical delay.
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Fig. 1 (a) Schematics of the cascaded cavity modulators, (b) microscope image of the fabricated device, (c) measured
transmission spectra at 6 GHz modulation frequency in forward and backward direction, and (d) variation of ATR as
a function of the applied microwave Vg,
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