
行政院國家科學委員會專題研究計畫 期中進度報告

 

後次微米時代新興電子設計自動化技術之研究--總計畫
(2/3) 

期中進度報告(完整版) 

 
 
 
計 畫 類 別 ：整合型 

計 畫 編 號 ： NSC 98-2220-E-009-020- 

執 行 期 間 ： 98年 08 月 01 日至 99年 07 月 31 日 

執 行 單 位 ：國立交通大學電子工程學系及電子研究所 

  

計 畫主持人：周景揚 

共同主持人：黃俊達、江蕙如、溫宏斌、李毅郎 

  

  

  

  

  

處 理 方 式 ：本計畫可公開查詢 

 
 
 

中 華 民 國   99年 05 月 28 日 
 



1 
 

 �    
�

 

 

–  

2/3  

 

 

 

 

� �  

NSC 98 2220 E 009 020  

98 8 1 99 7  31  

 

 

 

 

 

 

 

 

 

 

          � � �  

          

 

         99 5   27  



2 
 

1.  
    

 

�  

�  

� 

 

�  

�  

 

 

(Design for Manufacturing, DFM)  (Design for Yield, DFT)

 (Design for Test, DFT)  (Design for Debug) 

 (Design for Low-Power)
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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 a random 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. 
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