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Figure 5.15: Temperature profile of 3D-MPSoC simulating ferret benchmark (a) SRAM L » cache (b) RRAM

L, cache (c) PCRAM L cache (d) STTRAM L, cache
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5.3 Summary

The proposed WSA algorithm for the TSV placement reduced the area, interconnect length
and temperature of 3D-ICs to a maximum of 16%, 33% and 8 K respectively in MCNC’91
and GSRC benchmark suite. In addition, integration of emerging NVMs has reduced the
temperature in 3D-ICs to a maximum of 12.5 K (RRAM) compared to SRAM. Especially,
RRAM has proven to be thermally efficient replacement of SRAM with 34% lower EDP

and 9.5 K average reduction in temperature among the NVMs.
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Chapter 6

Conclusions and Future work

6.1 Conclusions

The conclusions of this thesis are as follows:

e Design-time TSV placement using the proposed WSA algorithm reduced the area,

interconnect length and temperature by 16%, 32% and 8 K respectively.

e PDA used in the WSA algorithm reduces the difference between maximum and min-
imum temperatures by 5% and improves the uniformity (1%-5%) across the 3D-IC

stack.

e TSV-PH introduced in the WSA algorithm improved the interconnect length estima-
tion compared to HPWL by considering TSV position and height. TSV-PH has im-

proved the estimate to a maximum of 1053 mm compared to HPWL.

e Investigation of emerging NVMs showed that RRAM has a maximum reduction of
12.5 K in average temperature compared to other NVMs. In addition, Liquid cooled
RRAM L, cache reduced the average temperature of 3D-MPSoCs to a maximum of

41 K.

e RRAM has proved to be thermally efficient replacement of SRAM cache with 34%
lower EDP compared to the other NVMs. In addition, RRAM provides high density
of 32 M B L, cache compared to 16 M/ B PCRAM and STTRAM with a maximum

of 3.7 K increase in temperature.
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6.2 Future Work

Future work could explore thermal via placement with different cooling mechanisms in-
tegrated in 3D-IC. In addition, the thermal impact of different materials such as carbon
nanotubes, copper etc., can be can be investigated for thermal vias. Furthermore, the per-
formance of different meta-heuristic algorithms with different micro-channel models can
be analyzed to improve the convergence rate and reduce the execution time for the TSV
placement with inter-tier liquid cooling.

The thermal and performance characteristics of different NVMs are investigated in this
work. The modeling, simulation and analysis of MLC storage property of NVMs can be
investigated. In addition, the thermal and performance impact of NVMs can be analyzed
by extending NVM to L3 cache and on-chip main memory. Furthermore, the performance
and thermal impact of different NVMs in L, cache, L3 cache and on-chip memory can be

investigated.
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