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The top left figure shows the process sequence of completing the CMOS FEOL until contact level then the Cu-TSV (Through Silicon Via) module is inserted, followed by BEOL.  Finally the wafer backside is thinned, planarized and recessed.  Chips are stacked using Cu bonding.  The top right figure shows a cross-sectional SEM of the TSV processing with a TSV etch (A), followed by Cu plating, annealing and planarization (B).  In (C) a tilted top down SEM post Cu CMP is shown. The bottom schematic shows the DAC test circuit utilized to measure strain in the Si from the TSV based on a lower or higher  Ion measured with TSV strain is parallel or perpendicular to the transistor current flow.
3D integration has tremendous potential to alleviate performance limitations facing CMOS scaling provided it preserves the integrity of both front end and back end devices.  The impact of wafer thinning and proximity of TSV on active devices, back end structures, ring oscillators and mixed signal circuits are reported for the first time on a High-K/Metal Gate first strained CMOS technology with low-k BEOL. 

One of the major concerns is the impact of TSV processing inducing strain on advanced CMOS devices in close proximity to the TSV’s.  Results of placing high precision analog devices (high resolution DACs) at various distances to TSV’s provide a clear impact of TSV induced stress on sensitive transistors.  The results obtained give clear guidance for TSV / FEOL design rules which is essential for successful implementation of TSV’s in 3D integration schemes.
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