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Today’s electronic photonic integration approaches involve various trade-offs between integration complexity, cost 
and performance, with no single approach being able to satisfy both the high-performance and low cost/complexity 
requirements. Luxtera’s process [1] represents monolithic integration, which has low parasitics and customized 
photonics but slow transistors. Oracle’s [2] and ST Micro [3] integrate photonic chips and electronic chips through 
face-to-face micro-bump/copper-pillar bonding, which enables fast transistors, optimized photonics but at the cost of 
high interconnection parasitics (both electrical wirebond to the outside world and chip-to-chip bumps) which limit 
the link performance. Another monolithic approach recently demonstrated monolithic integration of photonic 
components in an advanced process node (45nm SOI) [4] and offers the promise of high-speed transistors, low-
parasitics, but somewhat constrained photonic devices. In this paper, we illustrate an alternative approach that we 
recently demonstrated, which aims to offer the best of both worlds by performing 3D integration of electronic and 
photonic wafers with very low interconnection parasitics. In Figure 1, we illustrate the process in which the photonic 
SOI wafer is oxide bonded face-to-face with the CMOS wafer (shown on the bottom). The substrate of the photonic 
wafer is then removed and connections between the CMOS wafer and the photonic wafer are established through 
tight-pitch shallow (depth less than 7um) through-oxide vias (TOVs). The parasitic capacitance of the TOV is 
estimated to be around 3fF from on-chip de-embedding structures. This is critical to improved energy efficiency of 
the transmitter and receiver sensitivity to optical power. In comparison, the capacitance of the micro-bump/copper-
pillar connection is at least 10x larger. Figure 2 illustrates one of the chip templates in this electronic-photonic 
development platform. This chip template hosts 16 complete photonic transceiver modules, each implemented to 
enable up to 8 different modulators and photo-detectors to be tested with the same electronic back-end, to aid in 
process characterization and device development. Each front-end in this multi-cell macro consists of the modulator 
driver with serializer and thermal-tuning lock circuitry, a receiver with deserializer and thermal lock circuitry and a 
common digital back-end for data-generation, link performance monitoring and configuration. This development 
platform template yields 1000s of functional photonic components as well as 16M transistors per chip module. 
Figure 3 illustrates a full optical chip-to-chip link is demonstration. The transmitter operates at 6Gb/s with an energy 
cost of 100fJ/bit and the receiver at 7Gb/s with a sensitivity of 26µA (-14.5dBm) and 340fJ/bit energy consumption. 
A full 5Gb/s chip-to-chip link, with the on-chip calibration and self-test, is demonstrated over a 100m single mode 
optical fiber with 560fJ/bit of electrical and 4.2pJ/bit of optical energy. 
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Figure 1.  Electronic-Photonic 3D integration with Through-Oxide technology 
 

 
Figure 2.  Electronic-Photonic 3D integration platform: photonic link multi-cell template 

 
Figure 3.  3D Integrated chip-to-chip photonic link result at 5Gb/s 


