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Abstract: We demonstrate an all-silicon-photonic coherent link, including a hybrid tunable laser 
with <100kHz linewidth, >45dB SMSR, and <-135dB/Hz RIN as light source for a BGA-
packaged 64Gbaud coherent transceiver with direct edge-coupling to 10µm-MFD fiber.  
OCIS codes: (060.1660) Coherent communications; (130.3120) Integrated optics devices  

 
1. Introduction 

Silicon photonics has proven to be a compelling platform for next-generation coherent optical communication by 
integrating complex electro-optical circuits onto a single silicon chip [1]. High-speed modulators and 
photodetectors, low-loss filters and couplers, and high yields on low-cost SOI wafers have allowed for multiple 
successful commercial ventures based on this technology.  However, the principle challenge of many silicon 
photonic platforms is still the cost and complexity of packaging and lack of a native light source. Moreover, the 
packaging and light source must be in a form factor that can conform to the size, power, performance, and price 
point that future coherent applications, such as 400G-ZR, require.  In this paper, we address both of these points 
with our silicon photonic platform for advanced hybrid integration and packaging. 

Approaches to laser integration in silicon have included epitaxially-grown III-V-on-Si [2], III-V chips bonded 
onto Si followed by wafer-level processing [3], and hybrid integration [4].  The first two approaches pose significant 
process development challenges and preclude compatibility with commercial CMOS foundries.  In contrast, hybrid 
integration allows the product to keep the complexity (and, ergo, challenges of yield) in silicon and use standard 
silicon processing tools. In order to take advantage of existing multi-chip module assembly infrastructure, though, 
optical modules must also accept manufacturing tolerances that have been “good-enough” for leading-edge 
electronic assembly: Lateral alignment tolerances of ±0.5 µm for critical steps (and ~10 µm for everything else), 
compatibility with reflow assembly processes, and wafer-level processing.  Once a platform demonstrates this 
compatibility, many more options for packaging and assembly become available, such as high-speed and high-
density BGA form factors [5].  

In order to keep the III-V processing as low-cost and high-yield as possible, we elected to use a simple, 
internally-designed reflective-semiconductor-optical-amplifier (RSOA) Indium Phosphide chip with spot-size 
converters, monitoring, and an external cavity on the silicon chip.  For integration, we use standard pick-and-place 
tools, passive alignment, and solder-based bonding.  

To fit into a compact BGA form factor, our silicon photonic platform leverages the ability to bump copper pillars 
onto silicon wafers, optically couple light without lenses to standard 10-µm MFD fibers, and high-performance 
devices fabricated in a commercial CMOS foundry. We show a scalable, cost-effective Coherent Silicon Transmitter 
And Receiver (CSTAR) multi-chip module for next-generation coherent optical communication.  Our coherent 
transceiver in a BGA package is assembled into a CFP2-ACO but tested with an external narrow-linewidth silicon 
hybrid tunable laser as the light source instead of the commercial µITLA and then characterized at 64Gbaud.  

 
Fig. 1: (a) Block diagram of the tunable laser. Microscope images of (b) the external cavity and (c) hybrid integrated RSOA (backside).   



 
Fig. 2: Measurements of one sample of the silicon photonic hybrid integrated laser: (a) linewidth vs. wavelength, (b) SMSR vs. wavelength, (c) 

lasing wavelength as a function of ring tuning powers, and (d) lasing spectrum at various points across the C-band. 

2.  Hybrid Laser Integration and Performance 

A 600-µm-long Indium Phosphide (InP) multi-quantum-well reflective semiconductor optical amplifier (RSOA) is 
passively placed and bonded into an etched pit in a silicon photonics chip. Hard-stop layers on the PIC and InP 
allow for tight vertical alignment, while the bonding tool enables ±0.5 µm lateral alignment with the aid of a 
computer-vision system and on-chip fiducials. The external cavity structure on the PIC consists of a dual-ring 
Vernier filter which supports a wide tuning range.  Figs. 1(a-c) show the cavity structure, dual-ring filter, and RSOA 
chip bonded to the silicon PIC.   

We tested the silicon hybrid laser for parameters critical for coherent-communication light sources.  Linewidth 
was measured using coherent heterodyne detection [6]. Fig. 2(a,b) show linewidth <100 kHz and side-mode 
suppression ratio (SMSR) >45 dB at several wavelengths across the C-band.  Relative-intensity noise is measured to 
be <-135 dB/Hz, limited by the measurement system.  High SMSR and consistent output power is shown across a 
60nm wavelength range. Tuning the power applied to the resistive heaters in both rings allows for a wide tuning 
range, as shown in Fig. 2(c) with example spectra in Fig. 2(d). 

 
Fig. 3: (a) Block diagram of the CSTAR PIC, (b) underside of the CSTAR package (footprint 15 x 18 mm), (c) populated CSTAR substrate pre-
fiber attach, (d) CSTAR assembled into a CFP2-ACO, and (e) VNA measurement of the CFP2-ACO transmitter showing 40 GHz electro-optic 

bandwidth. 
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3.  Performance in a Coherent Link 
The hybrid tunable laser is characterized in two links with different optical engines: a first-generation Integrated 
Modulator and Receiver Assembly (IMRA) in a ceramic package with peripheral leads and a second-generation 
Coherent Silicon Transmitter and Receiver (CSTAR) in a BGA package. The IMRA is composed of a silicon die 
with integrated modulator, optical hybrid, and high-speed photodetectors and is wirebonded to two dual-channel 
TIAs. The CSTAR consists of a a low-temperature co-fired ceramic substrate with flip-chip-attached silicon 
photonic integrated circuit (PIC), two custom dual-channel MZ-drivers, and two custom dual-channel TIAs (similar 
to what is presented in [7]). Standard 10-µm mode-field-diameter (MFD) optical fibers are actively aligned to the 
PIC. See Fig. 3(a-c) for an overview of the CSTAR. 
 Several of the CSTAR devices were assembled into CFP2-ACOs, as shown in Fig. 3(d). Vector Network 
Analyzer (VNA) measurements in Fig. 3(e) of the CFP2-ACO demonstrate >40 GHz electro-optic Tx bandwidth 
with a 200 mVppd stimulus. The dual-polarization CFP2-ACO transmitter constellation is shown in Fig. 4(a) for 
34Gbaud DP-16QAM. The CFP2-ACO, with our external silicon hybrid laser used instead of the on-board 
commercial µITLA,  is also characterized under 64 Gbaud QPSK operation one polarization at a time with a 
Tektronix Optical Modulation Analyzer (OMA). Resulting BER vs. OSNR measurements are shown in Fig. 4(b).  
The transmitter is driven with a DAC evaluation board and cabling with 14 GHz 3-dB bandwidth and tested in a 
CFP2-ACO module compliance board. Test equipment limitations prevent the characterization of the CFP2-ACO at 
64Gbaud using higher-order modulation formats. The IMRA is also characterized with our hybrid laser at 34 Gbaud, 
16QAM in a loopback configuration with the same ADC and DAC evaluation boards, as shown in Fig. 4(c).    

  

 
Fig. 4: (a) A 34 Gbaud DP-16QAM constellation using the CSTAR.  The silicon-photonic hybrid laser is used as a light source in two 

applications (b) Single-pol 64 Gbaud QPSK BER vs. OSNR of the CSTAR-based CFP2-ACO, measured on an OMA. (c) Dual-pol 34 Gbaud 
16QAM BER vs. OSNR of an Integrated Modulator and Receiver Assembly (IMRA) comparing our ECL to a commercially available low-

linewidth µITLA. 

4.  Conclusion     
In conclusion, we have shown coherent links based on a silicon photonic transceiver at speeds up to 64Gbd QPSK 
using a narrow-linewidth silicon photonic hybrid tunable laser.   Once the transceiver and laser are integrated on the 
same chip, this will be a powerful platform for next-generation coherent communication.  The performance of the 
hybrid laser is comparable to that of commercially available micro-ITLAs.  The silicon photonic coherent 
transceiver is built with a BGA package, including custom drivers and TIAs, and is assembled into a CFP2-ACO 
module operating at 64Gbaud.  
 To our knowledge, this result represents the first reported all-silicon-photonic coherent link, including the laser.  
Flip-chip assembly, large MFD coupling, and passively-aligned III-V chips enable ultra-dense low-cost silicon 
photonic coherent multi-chip modules.  
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