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Silicon photonics is emerging as a promising platform for the integration of high-speed 
optical transceivers and transceiver arrays. The technology allows for the realization of 
compact optical circuits integrating devices with low power consumption and high 
bandwidth. In this paper we elaborate on the realization of a 4-channel silicon photonic 
transceiver array for point-to-point Fiber-To-The-Home (FTTH) optical networks, 
operating at 10 Gbit/s per channel. In point-to-point optical networks every subscriber 
has its own transceiver at the central office side. In order to keep size and power 
consumption of such a central office manageable for a large number of subscribers, the 
realization of integrated, low power consumption transceiver arrays is of paramount 
importance. This is exactly the focus of this paper.  Figure 1a shows the schematic layout 
of the 4-channel central office transceiver, while Figure 1b shows the realized chip. A 
1550 nm CW laser is coupled to the silicon photonic transceiver, where it is split in 4 
channels, each of which has a 10Gbit/s silicon ring modulator to imprint the downstream 
data on the carrier. For the upstream O-band data signal sent through the same fiber, 
polarization independent detection is required. In order to achieve the duplexing of the 
O-band and C-band signal and the polarization independent detection of the O-band 
signal, O-band III-V photodetectors are integrated on top of the output fiber-to-chip 
grating couplers of the different channels, as shown in Fig. 2. While allowing polarization 
independent detection of the upstream O-band signal, the photodetectors are 
transparent for the C-band downstream signal, by selecting the cut-off wavelength of the 
III-V absorbing material to be 1.37um. This enables the realization of transceiver arrays 
for the central office.  

 

Fig. 1: (a) Schematic of the III-V-on-silicon FTTH central office transceiver array; (b) 
microscope image of the realized chip 

 
The integration of the III-V photodetectors was realized using a transfer printing 
approach [1,2], allowing for an efficient use of III-V semiconductor material and enabling 
the low-cost, 200mm or 300mm wafer-scale integration of the O-band photodetectors 
on a silicon photonic wafer.  



 

 

The photodetectors have an aperture of approximately 30 x 40um resulting in a 3dB 
bandwidth (at -3 V bias) of 11 GHz. Of key importance for the operation of the transceiver 
is the transparency of the photodetector for the downstream C-band signal. This was 
verified under CW conditions, as shown in Fig. 2. The responsivity for the O-band signal 
is 0.4-0.5 A/W, while that for the C-band signal was 0.025-0.03 mA/W, resulting in more 
than 40dB suppression of the C-band signal. The dark current of the photodetectors 
varied between 0.6-1.1 uA at -3V bias. 

 

Fig. 2: (a) Photocurrent as a function of optical input power for the O-band signal; (b) 
Photodetector current as a function of optical input power for the C-band signal (-3V bias) 

The ring resonator modulators had a 3dB bandwidth of 15 GHz, easily enabling 10 Gbit/s 
operation. A 2.5 Vpp voltage swing allows 12 dB extinction ratio of the 1550 nm carrier. 
Using this circuit we successfully demonstrated the operation at 10Gbit/s of all 4 
channels, both upstream and downstream. Upstream wavelengths spanning from 1270 
nm to 1350 nm were successfully used. Almost no polarization dependent loss was 
observed. Error-free operation for the upstream signal is obtained at 0dBm optical input 
power (due to the lack of an integrated transimpedance amplifier). The downstream 
signal quality was evaluated using a commercial C-band receiver, showing error free 
operation at a received power of -11 dBm. The overlayed 10G eye diagrams of the 
upstream and downstream signal are shown in Fig. 3.  

 

Fig. 3: Overlaid 10G eye diagrams of the upstream (O-band) data signal and downstream 
(C-band) data signal 
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