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ABSTRACT

3D-ICs based on TSV technology provide high bandwidth inter-chip connections. The drawback is that most of the existing TSVs consume a large amount of
silicon real estate. We present circuit-level design and analysis of area efficient, low power, high-data-rate 3D serial TSV links. A design space exploration Is
performed and trade-offs in terms of area, power and performance are presented. Circuit simulations of RC-extracted layouts in 40nm CMOS-technology

reveals that 8:1 serialization efficiently balances area consumption and energy efficiency. Using 10pum-diameter TSV technology, an 8Gb/s serial link
consumes only 84fJ/bit with 10X area reduction over 8b parallel bus.

TSV TECHNOLOGY
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SERDES CIRCUIT DESIGN

High speed 3D serial vertical link: N slow speed channels at a frequency f,,,- are serialized into a high speed data stream at fs.,. = N X f,,,- , where N = serialization level.
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EXPERIMENTAL RESULTS

A PRBS input stream Is sent at a serial data rate of 8Gb/s. The energy efficiency ., = B | 250 v
IS extracted averaging the power consumption over 80,000 received bits. 25 Eig% L ouTsv ' 100 TSV
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CONCLUSIONS

The potential of 3D IC stacking has a limitation caused by the large area footprint of its vertical interconnects. In this paper we propose a 3D serial link that
reduces the number of TSVs In a 3D IC maintaining the performance unvaried. A serialization scheme Is proposed In order to exploit the TSVS’ high
bandwidth. We show how the serialization level can affect both area and energy for different TSV technologies. For a mature TSV technology such as 40um,
15X area reduction can be achieved within a low power budget for 16-bits serialization. Moreover, a serialization level of 8-bit guarantees a good balance

between area consumption and energy efficiency across all the explored TSVs.
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