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Abstract: We present experimental measurements of an EAM modulator developed on an 800 nm GeSi platform. Measurements show a dynamic ER of 5.2 dB at 56 Gb/s at 1566 nm and power consumption of 44 fJ/bit.
OCIS codes: (250.7360) Waveguide modulators; (230.2090) Electro-optical devices; (200.4650) Optical interconnects.

1. Introduction
Integration of silicon photonics transceivers into telecommunication arrays can only be possible if a viable way to realize fast, efficient, and compact modulators is achieved. In the past years several designs [1-3] have been proposed to enhance the modulation efficiency of silicon-based modulators by using interferometric [4] and resonant structures [5] on silicon-compatible materials [6,7]. Among them, GeSi has demonstrated to be suitable for large scale integration of electro-absorption modulators working in the C and L band of the telecommunication window, thanks to the implementation of the Franz-Keldysh effect [8,9] and the possibility of fine tuning the operation wavelength [10]. In this paper, we present an innovative Si/GeSi hetero-structure waveguide modulator developed on an 800 nm SOI platform, that achieves a dynamic ER of 5.2 dB at a data rate of 56.2 Gb/s with a modulator power of 44 fJ/bit and 3 dB bandwidth of 56 GHz [11].  
2.  Modulator design
We propose a wrap-around PIN hetero-structure device realized in a rib waveguide, with dimensions of 1.5 µm x 40 µm, etched on selectively grown Si-GeSi cavity in 800 nm SOI wafer. The advantage of this heterostructure design, shown in Fig. 1, relies on the electric field distribution independency from the waveguide width which can also be tailored to improve, if required, the optical mode confinement and propagation of both polarizations.  
[image: ]
[bookmark: _Ref506294398]Fig. 1. Cross-section design (left) and cross-section FIB cut (right).
3.  DC and high-speed measurements
The static device performances have been measured before the High-speed tests. 
[image: ]
[bookmark: _Ref506294413]Fig. 2. Measured Insertion Loss (left) and Extinction Ratio (right) for different reverse biases.
In Fig. 2 the IL shows an extra loss due to the presence of the Ge buffer layer, used for the GeSi growth. As a result, the ER has a second peak above 1570 nm. It is expected a lower IL by improving the epitaxial growth recipe. The measured ER peak, however, ranges between 3 dB and 7.5 dB, around 1540 nm for biases from -1 V to -4 V.
	[image: C:\Users\lm1f14\Dropbox\CLEO PACIFIC RIM\eye.png]
[bookmark: _Ref506294421]Fig. 3. 56 Gbps input electrical eye (left), measured 56.2 Gb/s device eye diagram (right). [11]


The RF signal, used in high-speed measurements, is generated with a 56 Gbps pseudorandom binary sequence (PRBS) generator with a voltage swing of 2.2 V peak-to-peak or ~2.7 V rail-to-rail, a DC reverse bias of 2.7 V is also applied. The voltage at the device ports, however, is estimated to be ~4 V peak-to-peak, because the GS probes at our disposal are not 50 ohms terminated. Fig. 3 shows the input electrical eye diagram (left) and the measured optical eye diagram from the device working at 1566 nm (right). It is recorded a wide opened eye with a dynamic ER of 5.2 dB at a speed of 56.2 Gbps. The data rate is, only, limited by the setup at our disposal. We calculated the device time riseto estimate an analogue EO modulation bandwidth that ranges between 42 GHz and 66 GHz, with a current value of 56 GHz. Finally, from S11 measurements and simulation fitting we calculated the equivalent electrical circuit and retrieved the power of the EAM at 56 Gbps to bewith the swing voltage Vpp = 4 V.
4.  Conclusion
We have developed a high-speed GeSi waveguide EAM on an 800 nm SOI platform, operating at 1566 nm, with a data rate, limited by the measurement setup, of 56.2 Gb/s, and dynamic ER of 5.2 dB. Having a compact footprint (60 µm2), a power consumption of 44 fJ/bit and EO modulation bandwidth of 56 GHz, this wrap-around junction design permits, a simple, customizable and tolerant fabrication of compact-high-speed electro absorption modulators. This work was funded by EPSRC First Grant (EP/K02423X/1), EPSRC Platform Grant (EP/N013247/1) and H2020 project COSMICC (688516). This work had support from the Optoelectronic research Centre (ORC) and the Southampton nanofabrication centre. CGL acknowledges support from National Research Foundation of Singapore (NRFCRP12-2013-04).
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