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As the technology keeps advancing, the device is miniaturized year by year. The
miniaturization makes more transistors and more modules being integrated into one
single chip. It also makes the switching of the transistors faster and faster, and hence
increases the system operating frequency. However, data transactions between
modules in a system are unavoidable, and these transactions require physical long
wires for interconnection. In contrast to the benefits transistors can get due to the
advancing technology, the signal propagation delay on long wires is getting worse. In
35nm technology node, the propagation delay on a cross-chip long wire can be dozens
of the clock cycles. Since the trend of miniaturization is mandatory and most current
EDA tools cannot handle the multi-cycle communication issue due to the long wires,
the industry definitely needs a revolutionary design methodology to overcome the
problem caused by long wires in the future chips.

According to the up-to-date literature and our analysis, the communication
latency among modules in a system greatly impacts the system performance. However,
the exact communication latency is not available until the system is floorplanned and
placed. Hence floorplanning and placement must be taken into consideration in the
early stage of chip design as well. In this project, we will develop an automation tool
for distributed register architecture (DRA) by considering the multi-cycle
communication paradigm. Designs of chips written in high level design language will
be synthesized automatically to a register transfer level version by taking scheduling,
resource allocation/binding, floorplanning/placement, routing and system performance
into consideration simultaneously.

Keywords: multi-cycle communication, on-chip communication, high level synthesis,
floorplan, placement, distributed register architecture, design methodology, design

automation.
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The success of 3D ICs requires novel EDA techniques. Among them, this paper
focuses on 3D IC partitioning, especially at the architectural level to maximize its
benefits. We first derive logical formulations for 3D IC partitioning problems and then
transform the formulations into integer linear programs (ILPs). Moreover, interconnect
delay and low power are two of the main issues in nano technology, as well as in 3D
ICs. Buffer insertion during routing effectively reduces interconnect delay; power state
management and multiple supply voltage significantly multiple supply voltage
significantly lower power consumption. However, buffering without considering
power states in multiple supply voltage designs may cause the signal integrity problem.
Thus, we consider power states into buffered clock tree construction.

In this project, we proposed a flexible and extendable 3D IC partitioning ILPs
and a zero-skew power state aware clock tree synthesis approach, respectively. In Part
I, the ILPs can minimize the footprint, the usage of vertical interconnects, and the
power consumption simultaneously. In addition, our approach is very flexible and can
readily extend to the partitioning problems with variant objectives and constraints, and
with different abstract levels, e.g., from the architectural level down to the physical
level. This flexibility makes the ILP formulations superior alternatives to the 3D IC
partitioning problems. On the other hand, the power state aware clock tree synthesis
approach considers power states into buffered clock tree construction in order to reach
zero skew. Based on our method, we can reach minimum skew and minimize buffer

numbers simultaneously.
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Due to the high design complexity, the first silicons of today’s ICs usually fail or
have very low yield. Based on these failed chips, we can collect faulty behavior,
identify and correct the failure design. However, with the nonstop increasing design
complexity and uncertainty of process variation, the failure analysis become more and
more difficult and need much time than before.

For debugging a given faulty design, the most important thing is to find the first
error cycle. Once we have the range of first faulty cycle, we can flatten the circuit into
several combinational circuits and use existing techniques to diagnosis the
combinational circuit of the faulty design.

In this project, we propose the problem of trace-buffer selection for silicon debug
and give a heuristic methodology to choose the observation flip flops for trace buffer.
We model this problem into minimum feedback vertex set (MFVS) problem which is
a well-known NP-complete problem. With our assumptions, we can observe or infer
the status almost 97% flip flops in benchmark s9234 with 32 observation flip flops.
Even the worst case of our benchmark, we still could observe or infer more than 50%
flip flops. These experimental results are not combined with the output information,
which are trivially information we can get. The status of flip flops could be inferred
more than the experimental results if we consider with the output information. The
runtime is all acceptable and do not disturb with different size of observation flip

flops.
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Beyond 90 nm process, circuit designs are vulnerable to the soft errors which
are caused by cosmic radiation. Especially under the increasing process variation, a
statistical method for accurately estimating soft error rate (SER) is necessary.
However, due to the lack of the high quality statistical models, current SER analysis
cannot reach a satisfactory accuracy. In our research contribution, radiation-induced
soft error rate under the 90 nm technology is considered. Meanwhile, statistical
high-precision look-up tables for cell are proposed and integrated with the Monte
Carlo method. Deterministic high-discrepancy quasi-random sequences are also used
to achieve better convergence. Our experimental results finally show that we can
more accurately but faster compute the soft error rate of the entire circuit designs

within reasonable time.
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Design for yield (DFY) problems have received increasing attention. Of
particular concern in DFY problems is how to formulate and reduce a critical area for
random defects. Arranging interconnections is recognized as an effective means of
improving the sensitivity towards random defects. Previous works have demonstrated
that random defects significantly influence interconnections and the effectiveness of
layer assignment and track routing to enhance routing quality and performance. This
work proposes arandom defect aware layer assignment and gridless track
routing (RAAT) to eliminate the effect of random defects. RAAT utilizes min-cut
partitioning, a conventionally adopted method for placement and floorplanning, to
place interconnections. Slicing tree-based structure improves the efficiency of wire
ordering in lowering overlapped length between adjacent partitions. Finally, a
second-order cone programming refined by considering an extra random-defect effect
determines the position and width of each iroute. Experimental results demonstrate
the necessity of the integration of layer assignment and track routing. Results further
demonstrate the effectiveness of the gridless track routing methods proposed by
RAAT. In addition to finishing each case more rapidly with higher completion rate
than previous works do, RAAT reduces about 6%~14% of the number of failures in

the Monte Carlo simulation as compared to previous works.

19



~ = % 2 3% < % % (Published )

U1
\_.
e
—\
e
a
.
s

Hp = ] ;{W‘, >

001. Ya-Shih Huang, Yu-Ju Hong, and Juinn-Dar Huang, “Communication Synthesis for
Interconnect Minimization in Multicycle Communication Architecture,” IEICE Trans. on
Fundamentals. vol. E92-A, no. 12, pp. 3143-3150, Dec. 2009.

002. Chia-I Chen, and Juinn-Dar Huang, “A Hierarchical Criticality-Aware Architectural Synthesis
Framework for Multicycle Communication,” IEICE Trans. on Fundamentals. vol. E93-A, no. 7,
Jul. 2010. (to appear)

003. Ying-Zhih Chuang, De-Shiun Fu and Yih-Lang Li, “Enhanced Edge-Based Device Migration
under Topology Constraints,” International Journal of Electrical Engineering (IJEE), Vol. 16,
No. 6, pp. 493-502, Dec. 2009.

IZE T

001.Juinn-Dar Huang, Chia-I Chen, Wan-Ling Hsu, Yen-Ting Lin, and Jing-Yang Jou,
“Performance-Driven Architectural Synthesis for Distributed Register-File Microarchitecture
Considering Inter-Island Delay,” IEEE International Symposium on VLSI Design, Automation,
and Test, Apr. 2010

002.1. H.-R. Jiang, “Generic Integer Linear Programming Formulation for 3D IC Partitioning,”
IEEE International SOC Conference (SOCC-2009), pp. 321-324, Sep. 2009.

003.W.-Y. Lee and I. H.-R. Jiang, “Variability Tolerance on Throughput and Power for 3D
Chip-multiprocessors,” International Workshop on Logic & Synthesis (IWLS), Jul. 2009.

004. Yu-Hsin Kuo, Huan-Kai Peng and Charles H.-P. Wen, “Accurate Statistical Soft Error Rate
(SSER) Analysis Using A Quasi-Monte Carlo Framework With Quality Cell Models,” IEEE
International Symposium on Quality Electronic Design (ISQED), pp. 831-838, March 2010.

005. Yu-Hsin Kuo, Huan-Kai Peng and Charles H.-P. Wen, “Removed for The Blind Review
Process,” IEEE International Symposium on Circuits and Systems (ISCAS), May 2010.

006. Chih-Ta Lin, Yen-Hung Lin, Guan-Chan Su, Yih-Lang Li, “Dead Via Minimization by
Simultaneous Routing and Redundant Via Insertion,” Asia and South Pacific Design
Automation Conference (ASP-DAC), pp. 657-662, Jan. 2010.

007. Wen-Hao Liu, Yih-Lang Li, Hui-chi Chen, “Minimizing Clock Latency Range in Robust Clock
Tree Synthesis,” Asia and South Pacific Design Automation Conference (ASP-DAC), pp.
389-394, Jan. 2010.

008.Ke-Ren Dai, Chien-Hung Lu, and Yih-Lang Li, “GRPlacer: Improving Routability and
Wire-Length of Global Routing with Circuit Replacement,” International Conference on
Computer-Aided Design (ICCAD), pp. 351-356, 2009.

20



009. De-Shiun Fu, Ying-Zhih Chaung, Yen-Hung Lin, and Yih-Lang Li, “Topology-Driven Cell
Layout Migration with Collinear Constraints,” International Conference on Computer
Design (ICCD), pp. 439-444, 2009.

21



