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This dissertation reports process-variation-aware robust and high-performance
techniques of a very large scale inteéri;ted circuit (VLSI) processor design in a scaled
semiconductor process technology. More and more electronic equipment and devices
have been widely used in ubiquitous computing environments by incorporating a
high-performance and high-reliability VLSI System on a Chip (80C) device that
integrates billions of transistors fabricated with advanced semiconductor process
technology.

As the background of this research area, the objective of this study and an overview
of this dissertation are presented. Then issues related to the VISI system in the
advanced process technology are noted. The main issues are explained as four parts: 1)
operating stability degradation caused ‘byvdegradation of SRAM operating reliability, 2)
processing performance degradation in the VLSI with the synchronous clock design, 3).
the degradation of scalabilities in the operating stability and the processing
performance caused by the process variation, and 4) difficulty in analyzing VLSI
system stability. The description of each'part emphasizes the objectives of this study.

The third part of this paper describes a cache memory that can operate at low
voltage under the effect of the process variation in a scaled process technology. The
static random access memory (SRAM) is a vulnerable circuit component in the VLSI
processor against process variation. Therefore, a large-capacity SRAM macro
determines the minimum operating voltage (Vmin) of the entire VLSI processor. The
cache memory leverages 7T/14T SRAM, which can improve its operating reliability:
two pMOS transistors are appended between internal nodes in a pair of the
conventional 6T SRAM bitcells. To mitigate the variation of operating stability of the
SRAM in the large-capacity SRAM cache macro, 32-bit word-level fine-grain mode
control of the 7T/14T SRAM is introduced. The proposed scheme, designated as 7T/14T

word-enhancing, also introduces a testing method that i_mproves the efficiency of the

‘14T word-enhancing scheme. In a 65-nm process technology, the 4-MB cache

implemented with the proposed scheme can operate at 0.5 V that is 42% and 21% lower,
respectively, than a conventional 6T SRAM and a cache word-disable scheme. As a
result of a measurement of the fabricated silicon chip in a 65-nm process, it was
confirmed that the 14T word-enhancing scheme can operate at 0.4 V and reduce Viinof
the 6T SRAM and 14T dependable modes respectively by 25% and 19%. The respective
dynamic power reductions are 89.2% and 73.9%. The respective degrees of 44.8% and.
20.9% represent the total power reduction.

In the fourth part of this paper, a network-on-a-chip (NoC) is reported: it can

reconfigure its composition considering the process variation. Because NoC generally
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adopts a synchronous network design across the silicon chip, NoC is strongly affected
by process variation, which produces different effects depending on the location in the
silicon chip. The operating frequency of the network is degraded while syncing the
slowest network component in the silicon chip. A process-variation-adaptive NoC
design is proposed to adapt process variation in individual locations of network routers.
The proposed NoC introduces a variation-adaptive variable-cycle router (VAVCR) and a
variable-cycle pipeline adaptive routing (VCPAR). The proposed VAVCR adaptively
configures its processing latency of router pipeline corresponding to the procesé
variation of its location. The operating frequency of the network degraded by the
process variation is improved by an adaptive reconfiguration of the proposed VAVCR.
The proposed VCPAR is a routing algorithm that can consider processing cycle
variation of the NoC with VAVCR. The VCPAR preferentially passes through low-cycle
latency routers to minimize the packet transmission latency. The total execution time
reduction of the proposed VAVCR with VCPAR is 15.7%, on average, for five task
graphs. The proposed scheme can contribute to synchronous network fabrics such as
shared bus, ring bus, and crossbar,\not limited to NoCs.

The fifth part of this paper describes a new system-level fault-injection scheme that
can consider device level behaviors of SRAM. In the robustness evaluation of VLSI
processor system under severe operating conditions, consideration of vulnerable SRAM
blocks in the VLSI processor is necessary. An SRAM operating stability under severe
operating condition is determined by a circuit level behavior and transistor device level
variability. In the proposed system-level evaluation environment, the circuit level
behavior and the transistor level variability of each individual SRAM are considered:
Failures of the SRAM block in the severe operating condition can be injected to the
evaluation environment. In the middle of this discussion, details of the modeling of the
SRAM circuit behavior are described, along with consideration of the variability of the
transistor device and a fault case generator (FCG) that can generate failure patterns
injectable to the system-level evaluation environment. Subsequently, evaluations of the
vehicle engine control system are presented. It is confirmed that a dependable
processor with 7T/14T dependable SRAM improves system-level dependability
compared with the conventional 6T SRAM in the end of this part.

Finally, the conclusion of this study is presented in the last part. In this paper, three
techniques governing the process variation are described. The three techniques will be
much more valuable in more-scaled CMOS process technology, post-CMOS technology,
and other promising future semlconductor technologies that have much more device
characteristic variation.
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