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Abstract

Modern integration technologies including system in package (SIP) and through
silicon via (TSV) make it possible to put more devices in a single IC design.
More powerful and complex systems can be developed within small areas.
In addition to the advantages brought by these technologies, new challenges
are revealed. Increasing the number of devices in a given area often results
in higher power density. This causes thermal problems which can severely
degrade the reliability of modern electronic systems. Low power architecture
design and thermal management scheme are required. Also, more complex
fabrication processes are required for-modern integration technologies. How
to improve the yield is a critical design:issue for IC industry. In this dis-
sertation, architecture .designs and; optinization technologies are proposed
to improve power, reliability; and yield in“cache, niemory, and interconnect
levels.

First, in cache level, a low power cache designed called run-time recon-
figurable expandable cache is introduced. Fxpandable cache proposed by G.
Bournoutian and Orailoglu is very efficient in reducing miss rate and energy
consumption with small area overhead. However, the original ezpandable
cache with only one expansion scheme may lead to thrashing problems. In
this work, based on the structure of expandable cache, we will introduce a
new cache design which has many expansion schemes to fit different run-time
program behaviors. The expansion scheme of our proposed cache is dynam-

ically changed by executing configuration instructions which are inserted at



compile time. The experimental results of SPEC CPU2000 have shown that
our proposed cache design effectively improves the miss rate by 14.74% as
compared with the original expandable cache. In terms of energy improve-
ment ratio, our method is 5.62% higher than that of ezpandable cache when
the baseline is set as the energy consumption of 2-way set-associative cache.

Second, a thermal-aware memory mapping technique for 3D designs is
proposed. DRAM is usually used as main memory for program execution.
The thermal behavior of a memory block in a 3D design is affected not only
by the power behavior but also the heat dissipating ability of that block.
The power behavior of a block is related to the applications run on the
system while the heat dissipating ability is determined by the number of
tier and the position the block locates. Therefore, a thermal-aware memory
allocator should consider the following two peints. First, allocator should
consider not only the power behavior-of adogic block but also the physical
location during memory mapping;,second,. the' changing temperature of a
physical block during execution:of prégrams. In this thesis, we will propose
a memory mapping algorithm'taking into-consideration the above-mentioned
two points. Our technique-cair-be.classified as static thermal management to
be applied to embedded software designs. Experiments show that, for single-
core systems, our method can reduce the temperature of memory system
by 17.1°C as compared to a straightforward mapping in the best case, and
13.3°C in average. For systems with 4 cores, the temperature reductions are
9.9°C and 11.6°C in average when L1 cache of each core is set to 4KB and
S8KB, respectively.

Finally, the recovery of failed TSV is discussed. TSV provides commu-
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nication links for dies in vertical direction and is a critical design issue in
3D integration. Just like other components, the fabrication and bonding of
TSVs can fail. A failed TSV can severely increase the cost and decrease
the yield as the number of dies to be stacked increases. A redundant TSV
architecture with reasonable cost is proposed in this thesis. Based on prob-
abilistic models, some interesting findings are reported. First, the number
of failed TSVs in a tier is usually less than 2 when the number of TSVs in
a tier is less than 1000 and less than 5 when the number of TSVs in a tier
is less than 10000. Assuming that there are at most 2~5 failed TSVs in a
tier. With one redundant TSV allocated to one TSV block, our proposed
structure leads to 90% and 95% recovery rates for TSV blocks of size 50 and
25, respectively. Finally, analysis on overall yield shows that the proposed
design can successfully recover mest-of the failed chips and increase the yield

of TSV to 99.4%.
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