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The future of integrated circuits will include the integration of high performance III V electronic and/or opto-electronic devices with standard Si CMOS to create to a new class of highly integrated, high performance, ‘intelligent’, mixed signal and RF circuits. While traditional hybrid approaches, such as wire bonded or flip chip multi-chip assemblies may provide short term solutions, the variability and losses of the interconnects and the limitation in the placement of III-V devices relative to CMOS transistors will limit the performance and utility of these approaches. A more attractive approach is the direct integration of CMOS and III-V devices on a common silicon substrate.  In this way circuit performance can be optimized by selecting the ‘best junction for the function’ and strategically placing III-V devices adjacent to CMOS transistors and cells. The devices and subcircuits can be interconnected using standard semiconductor on-wafer interconnect processes. In this work we present recent results on the direct heterogeneous integration of GaN HEMTs and Si CMOS on a silicon substrate.  GaN HEMTs whose DC and RF performance are comparable to GaN HEMTs on SiC substrates have been achieved.  As a demonstration vehicle we designed and fabricated a GaN amplifier with pMOS gate bias control circuitry (a current mirror) and heterogeneous interconnects.  This simple demonstration circuit is a building block for more advanced RF, mixed signal and power conditioning circuits, such as reconfigurable or linearized PAs with in-situ adaptive bias control,  high power digital-to-analog converters (DACs), driver stages for on-wafer optoelectronics, and on-chip power distribution networks.  
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