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Mr. Mu-Piao Shih
President
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9:20 J2-2: More Than Moore’s Law - Scaling with Silicon Photonics
Dr. Young-Kai Chen
Bell Laboratories, Nokia, USA

09:50~ 09:50 J1-1 : The Present and Future of Moore’s Law
10:40 Dr. Peng Bai
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Ballroom B (10F)
Time
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CONFERENCE SCHEDULE
Joint Opening & Award Ceremony
Monday, April 25, 9:00 A.M. ~ 9:50 A.M.
Ballroom A+B
TSA General Chair and Co-chairs: Carlos Mazure, Soitec, France
CT Liu, Industrial Technology Research Institute, Taiwan
DAT General Co-chairs:
Donald Y.C. Lie, Texas Tech. University, USA
Jiun-In Guo, National Chiao Tung University, Taiwan
2016 ERSO Award Recipients: TBD
2015 VLSI-TSA Best Student Paper Award Winners
Passivation of Surface Defects on InGaAs (001) and (110) Surfaces in Preparation for Subsequent Gate Oxide ALD
Mary Edmonds, University of California San Diego, USA
Co-authors: T. J Kent, M. Chang, J.Kachian, R.Droopad, E. Chagarov, and A. C. Kummel
International Symposium on VLSI Technology, Systems and Applications, April 27-29, 2015
Digital Object Identifier: 10.1109/VLSI-TSA.2015.7117580
Publication Year: 2015
Ultrathin InAs-Channel MOSFETs on Si Substrates
Cheng-Ying Huang, University of California, Santa Barbara, USA
Co-authors: Xinyu Bao, Zhiyuan Ye, Sanghoon Lee, Hanwei Chiang, Haoran Li, Varistha Chobpattana, Brian
Thibeault, William Mitchell, Susanne Stemmer, Arthur Gossard, Errol Sanchez, and Mark Rodwell
International Symposium on VLSI Technology, Systems and Applications, April 27-29, 2015
Digital Object Identifier: 10.1109/VLSI-TSA.2015.7117566
Publication Year: 2015
2015 VLSI-DAT Best Paper Award Winners
• A 127 fJ/conv. Continuous-Time Delta-Sigma Modulator with a DWA-Embedded Two-Step Time-Domain
Quantizer
National Taiwan University, Taiwan
Co-authors: Chan-Hsiang Weng, Tzu-An Wei, and Tsung-Hsien Lin
International Symposium on VLSI Deign, Automation and Test, April 27-29, 2015
Digital Object Identifier:10.1109/VLSI-DAT.2015.7114517
Publication Year: 2015
• Clock-Domain-Aware Test for Improving Pattern Compression
Mentor Graphics, USA
Co-authors: Kun-Han Tsai and Janusz Rajski
International Symposium on VLSI Deign, Automation and Test, April 27-29, 2015
Digital Object Identifier: 10.1109/VLSI-DAT.2015.7114506
Publication Year: 2015
Program Report
TSA Technical Program Chair and Co-chair: Chorng-Ping Chang, Applied Materials, USA
Chih-I Wu, Industrial Technology Research Institute, Taiwan
DAT Technical Program Co-chairs:
Wu Tung Cheng, Mentor Graphics, USA
Jiun-Lang Huang, National Taiwan University, Taiwan
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SESSION J1 : JOINT PLENARY SESSION
9:50 A.M. ~ 11:50 A.M., Monday, April 25
Ballroom A + B
Co-chairs : Carlos Mazure, SOITEC, France
Jiun-Lang Huang, National Taiwan University, Taiwan
9:50 A.M.
J1-1 The Present and Future of Moore’s Law
Dr. Peng Bai
Intel Corporation, USA
I will give an overview of industry leading and state of art Intel 14nm technology, present key results and enabling
innovations, and highlight technology values for the products. I will briefly review the history of Moore’s law,
discuss challenges for continual silicon scaling, and describe important vectors in advancing Moore’s law in the
future.

10:40 A.M. ~ 11:00 A.M.Break

11:00 A.M.
J1-2 New Systems Opportunities in Cloud-Scale Data Center
Dr. Tzi-Cker Chiueh
Industrial Technology Research Institute, Taiwan
The world's ICT industries in the past decade have largely been driven by smartphones and various types of end
user devices. As cloud-based applications and services become more and more prevalent, data centers that
support these applications and services also present significant technical and commercial opportunities. In this talk,
I will outline emerging technical requirements and trends in cloud data centers, and then elaborate on several new
developments to illustrate exciting new opportunities in this area.

11:50 A.M. Lunch

SESSION D1 : Sub-Systems for Medical Applications
1:30 P.M. ~ 2:30 P.M., Monday, April 25
Ballroom D
Co-Chairs:
Po-Hung Chen, National Chiao Tung University, Taiwan
Tsung-Heng Tsai, National Chung Cheng University, Taiwan
1:30 P.M.
D1-1 A 13.56-MHz Passive NFC Tag IC in 0.18-μm CMOS Process for Biomedical Applications
Chi-Huan Lu,Ji-An Li, and Tsung-Hsien Lin
National Taiwan University, Taiwan
This paper presents a low power and area-efficient passive tag IC for biomedical applications. CMOS gate
cross-coupled rectifier with a diode is built to achieve high power conversion efficiency without redundant control
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circuits. The demodulator adopts the adaptive threshold generation technique to detect the small RF envelope
changes on 10% ASK signals. Inverter-based clock generator consumes only few μW to provide high precision clock
for load modulation. This tag IC is fabricated in a 0.18-μm CMOS process. Total power consumption for analog
block is 67.7μW under a 1.8-V supply and the chip size is 0.68 mm^2.
1:50 P.M.
D1-2 Multiple Output Switched Capacitor DC-DC Converter with Capacitor Sharing for Sensor-Fusion Platforms
Yu-Jie Liang, Po-Hung Chen, Hung-Pin Lu, Yuan-Hua Chu, and Wei Hwang
National Chiao Tung University, Taiwan
In this paper, a multiple output switched capacitor (SC) DC-DC converter with capacitor sharing technique is
proposed for event-driven energy-efficient sensor-fusion platforms. The converter is able to convert 1.2V supply
voltage to five different output voltages ranging from 0.44V to 2.2V to power different building blocks in the
system. A part of the flying capacitor can be shared between five SC cells according to the loading condition to
reduce the chip area. With capacitor sharing concept, 36% of on-chip metal-insulator-metal (MIM) capacitor can
be reduced. The proposed switched capacitor DC-DC converter is implemented by TSMC 90nm CMOS process. The
simulation results show the converter achieves 80% maximum conversion efficiency with less than 20mV output
ripple.
2:10 P.M.
D1-3 A Low-Power Oscillator-Based Readout Interface for Medical Ultrasonic Sensors
Teng-Chuan Cheng, Chih-Wei Chen Hsu, Hui-Chun Wang, and Tsung-Heng Tsai
National Chung Cheng University, Taiwan
This paper proposed an oscillator-based ultrasonic sensor interface that can be applied to intravascular
applications. The readout circuits are validated with a capacitive micromachined ultrasonic transducer (CMUT) and
a current-to-frequency chip. The CMOS CMUTs are integrated with a current amplifier on the same chip and the
current-to-frequency chip provides the current-to-frequency readout interface. Relaxation oscillators with injection
locking are employed to achieve low-power consumption. Also, the time-based output signal can be further
digitized with a time-to-digital converter. Both chips are fabricated in a 0.35μm CMOS MEMS process technology.
The CMUTs are designed with 1MHz to 4MHz cells for intravascular diagnosis applications. The current amplifier
consumes 281.7 µW and the power consumption of the current-to-frequency circuits is 25.4 µW.

2:30 P.M. ~ 2:50 P.M. Break

SESSION D2 : Design and Implementation for Many-Core Systems
3:10 P.M. ~ 4:30 P.M., Monday, April 25
Ballroom D
Chair:
Yun-Nan Chang, National Sun Yat-Sen University, Taiwan
3:10 P.M.
D2-1 Architecture Agnostic Energy Model for GPU-Based Design
Arthur Marmin, Chun-Hung Lai, Haruyuki Tago, Hsun-Lun Huang, and Juin-Ming Lu
Industrial Technology Research Institute, Taiwan
Since 3D graphic applications have reached mobile devices and known a tremendous expansion, graphic
processors’ power consumption has become a major challenge in mobile SoC design. We propose a high-level
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hardware agnostic model endorsed by GPU energy consumption measurements under specific 3D graphic
applications running. The modeling method comprises of two phases where the first phase is GPU hardware
dependent, whereas the second phase takes graphics API trace information only per a target application. Our
model shows an average relative error as small as -5.43% in a run-time of 2 seconds for the well-known benchmark
glmark2.
3:30 P.M.
D2-2 Sniper-TEVR: Core-Variation Simulation Platform with Register-Level Fault Injection for Robust Computing
in CMP System
Ching-Yao Chou, Yi-Chieh Ho, Huai-Ting Li, and An-Yeu (Andy) Wu
National Taiwan University, Taiwan
Technology scaling enables Chip Multiprocessors (CMPs) a promising approach to powerful performance within a
chip. However, increasing transistor density makes them more susceptible to transient faults. Even worse, process
variation due to unstable manufacturing makes the reliability problem more complicated. In recent years, there is a
trend towards exploiting the inherent core redundancy characteristic in multi-core systems for error resilience.
Nevertheless, traditional multi-core simulators lack of features to support reliability research. For fault
environment simulation, high-level fault injection techniques make soft error effect unreal. Besides, core-variation
error environment is not supported. For N Modular Redundancy (NMR) system simulation, there is no thread
duplicate and thread affinity assignment feature. In this paper, we present a core-variation simulation platform
with register-level fault injection based on intel’s Sniper multi-core simulator. In addition to modifications of
internal mechanism, an application program interface (API) is also provided. The validation result shows that the
fault model in our simulator is consistent with exponential distribution model. In case study, NMR-system is
validated. Hence, the proposed platform can be used for robust computing on multicore and other related
researches in the future.
3:50 P.M.
D2-3 Interference-Aware Batch Memory Scheduling in Heterogeneous Multicore Architecture
Chun-Hsien Lu, Hung-Lin Chao, Yi-Chien Song, and Pao-Ann Hsiung
National Chung Cheng University, Taiwan
In recent years, integrating Central Processing Units (CPUs) and Graphics Processing Units (GPUs) on the same chip
has become a major trend. When the number of processors increases, a large number of memory requests are
generated causing memory access conflicts. Due to the heterogeneity of processors, the issue has become more
serious in the heterogeneous multicore architecture. In this work, we propose a three stages memory scheduling
algorithm called Interference-aware Batch Memory Scheduling Algorithm (IBM) to address this issue. We compare
IBM against the First-Come First-Serve (FCFS) and Staged Memory Scheduling (SMS). Our evaluations show that
IBM reduces at most 4:2% memory access latency and 24:37% CPU access latency in real-world benchmarks.
4:10 .PM.
D2-4 Scalable Mutli-Layer Barrier Synchronization on NoC
Yu-Lun Tzeng, Kun-Hua Huang, and Bo-Cheng Charles Lai
National Chiao Tung University, Taiwan
Barrier is a widely used synchronization mechanism adopted in different scales of parallel systems. Being a global
operation in a system, scalability has become a critical design concern of barrier implementations. Reducing the
number of messages and hop count are main challenges for attaining a well-scalable barrier design. This paper
proposes an efficient control mechanism and communication scheme for barrier operations and exploits novel
multi-layer barrier algorithms on NoC (Network on Chip) based multiprocessor systems. A novel barrier controller
and communication unit are introduced to enable efficient barrier synchronization on NoC. The proposed modules
improve the cooperative communication between synchronization messages, and can be easily integrated into a
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general NoC swtich. For a 32x32 network, the proposed 2-layer barrier can respectively reduce the latency and hop
count up to 61.7% and 99.3%. The experimental results have also revealed in-depth analysis of different design
options.

4:30 P.M. ~ 4:50 P.M. Break

SESSION D3 : Big Data and Cloud _ Storage ( All Invited Talks )
1:30 P.M. ~ 3:15 P.M., Monday, April 25
Ballroom B
Organizer & Chair : Tsung-Yi Ho, National Tsing Hua University, Taiwan
1:30 P.M.
D3-1 Non-Volatile Memory versus Big Data
Tei-Wei Kuo
Academia Sinica, Taiwan
The emerging of various non-volatile memory has triggered rounds of innovation in storage and also evolution of
computer systems. The emerging of solid-state disks signals the shifting of paradigms in storage technology and
ways in manipulating data. In this talk, we shall exploit what implications non-volatile memory brings to the Big
Data Era. Different design concepts are urgently needed for computer systems and even algorithms.
2:05.P.M.
D3-2 Storage Consideration for Big Data in the Cloud
Yun-Ping Hsu
Institute for Information Industry, Taiwan
The big data technology platform architecture started with cluster of physical servers, where most of them are
configured with both compute and storage capability. The emphasis was on building a reliable large cluster using
unreliable commodity hardware, also aimed at optimizing the performance through convergence of compute and
storage. As we move big data processing to the cloud, there rise different concerns and priorities for the platform.
In this talk, we will discuss the architectural considerations of big data platform in the cloud environment.
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2:40 P.M.
D3-3 SDA: software-defined accelerator for large-scale deep learning system
Jian Ouyang
Baidu, China
Deep learning or deep neural network (DNN) has become an increasingly powerful and popular technique to
significantly improve quality of many important Internet applications and services, such as speech recognition,
image search, web search, and advertisements. The large-scale DNN with big training data and a diverse set of
parameters is facing challenges on insufficient computation power on traditional computing platform. To address
these challenges, industry and academia are looking at the approaches for large-scale DNN training and on-line
services at algorithms level, system level, and architecture level. We, at Baidu, the largest Internet search company
in China, have designed a production-quality PCIe-based FPGA accelerator for large-scale DNN systems. The FPGA
DNN accelerator is able to enable efficient large-scale DNN training and on-line services in a low-cost and
low-power manner.

3:15 P.M. ~ 3:35 P.M. Break

SESSION D4 : Big Data and Cloud _ Computing ( All Invited Talks )
3:35 P.M. ~ 5:20 P.M., Monday, April 25
Ballroom B
Organizer & Chair : Jiun-Lang Huang ,National Taiwan University, Taiwan
3:35 P.M.
D4-1 Unsupervised Hierarchical Clustering Based on Sequential Partitioning and Merging
S. J. Wang
National Chiao Tung University, Taiwan
In this talk, we present an unsupervised hierarchical clustering method based on the split-and-merge scheme. In
the splitting phase, we sequentially partition the feature space of the given data into smaller cells so that the
probability distribution of the feature points within each cell follows a Gaussian function. In the merging phase, we
sequentially merge cells of similar feature property into larger cells to construct a hierarchical description of the
data. This hierarchical representation is very efficient and effective in describing the inherent structure of the data,
especially data of high dimension. An application of this unsupervised hierarchical clustering algorithm in image
segmentation is also presented to demonstrate the feasibility of this new approach.
4:10 P.M.
D4-2 Big Data Analytics to Empower Manufacturing Intelligence and Smart Production for Industry 3.5
Chen-Fu Chien
National Tsing Hua University, Taiwan
The leading nations including Germany and USA have reemphasized the importance of manufacturing in the
corresponding national competitive strategies such as Industry 4.0 and AMP. The paradigm of production and
manufacturing system is shifting, in which the increasing adoption of the multimode sensors, intelligent equipment
and robotics, Internet of Things (IOT), and big data analytics have empowered an unprecedented level of
manufacturing intelligence. Indeed, various companies are battling for dominant positions in this newly created
arena via providing novel value-proposition solutions and/or employing new technologies to enhance smart
production. On the basis of our empirical studies with various industries, this talk aims to address emergent issues
and propose a strategy called Industry 3.5 as a hybrid strategy between the best practice of existing manufacturing
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for Industry 3.0 and to-be Industry 4.0 with a number of illustrations of disruptive innovations via data mining and
big data analytics. This talk will use some case studies to foster more discussions for future industrial engineering
by addressing the revolutionary industry as a whole.
4:45 P.M.
D4-3 Innovations such as Autonomous Driving Demand New Methods and Tools in Systems Engineering
Eric Sax
Karlsruher Institut für Technologie (KIT), Germany
Today, nearly every area of our daily life is influenced by electronics. Deeply embedded electronic systems are the
little helpers in industrial automation, medical support, household or transportation. The technology, the chance
for smaller and smaller memory size and processor units respectively, in addition to micro‐mechanics enable such a
development. New applications follow. One prominent example are assistant functions in cars providing step by
step automated and autonomous driving as a result. But very often methods, processes and tools fall by the
wayside – but are needed more than ever to develop save and secure systems. As a consequence this contribution
presents paradigms and methods such as model‐based design, self‐learning applications, rapid control prototyping
and virtual testing to manage those upcoming challenges.

5:20 P.M. ~ 5:40 P.M. Break

SESSION D5 : Intelligent and Efficient System Design
4:50 P.M. ~ 6:10 P.M., Monday, April 25
Ballroom D
Chair:
Bo-Cheng Lai, National Chiao Tung University, Taiwan
4:50 P.M.
D5-1 Microcontroller Implementation of Low-Power Compression for Wearable Biosignal Transmitter
Chih-Ting Chang, Chen-Ming Nien, and Robert Rieger
National Sun Yat-Sen University, Taiwan
This paper presents a low-power algorithm for the compression of biosignals (ECG, EMG, gait pattern). Sample
decimation is guided by the second derivative of the signal as a metric for signal activity. Here, we describe the
implementation of the algorithm on a general purpose microcontroller of the transmitter node of a body-area
network. The algorithm is optimized for low computational complexity and consists of 180 controller instructions.
It incorporates feedback to achieve a targeted compression factor (CF). Simulated and measured results with
different biosignals confirm that the code achieves a typical CF around 10, needs 137 controller cycles per input
sample and consumes 507 nJ per sample on the prototype hardware.
5:10 P.M.
D5-2 An Efficient and Effective Performance Estimation Method for DSE
Chen Lin, Xueliang Du, Xinwei Jiang, and Donglin Wang
The Institute of Automation,Chinese Academy of Sciences (CASIA), China
Design Space Exploration(DSE) is a critical step in the chip design. The tradeoffs and interactions among parameters
are traditionally evaluated by simulating or synthesizing a variety of designs which is intractable. For
system-on-a-chip(SoC) DSE cases, however, it is difficult to achieve high accuracy with previous predictive modeling
methods due to their limitations. In this paper, we proposed a method based on Regression Random Forests(RRF)
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to build accurate and reliable prediction models. Our method can significantly improve the prediction accuracy and
accelerate the procedure. In addition, RRF could guide the SoC design by ranking the parameters' importance.
5:30 P.M.
D5-3 A Smart Surveillance System with Multiple People Detection, Tracking, and Behavior Analysis
Chia-Jui Yang, Ting Chou, Fong-An Chang, and Jiun-In Guo
National Chiao Tung University, Taiwan
This paper proposes an intelligence surveillance system in indoor environments, which support the functions of
people detection, people tracking, and behavior analysis. Strong variation of lightness by switching lights and
frequent crossing of people are two major design challenges of the proposed system, which will decrease the
detection accuracy. Therefore, we propose a mechanism of updating background to react to the variation of
lightness. Moreover, the ORB descriptor is added to be a unique feature of identifying people. It can make people
tracking more precise during crossing. The proposed system is developed on PCs and implemented on embedded
systems. On PCs with Intel i7@3.4GHz CPU running with a single core, we can reach the performance about D1
video at 22 fps. On an embedded system with ARM CortexA9@1.0GHz, we can achieve the performance about D1
video at 8 fps.
5:50P.M.
D5-4 Design and Implementation of a Dangerous Driving Behavior Analysis System
Chun-Yu Chung, Yi-Ting Lai, and Jiun-In Guo
National Chiao Tung University, Taiwan
Dangerous driving behavior is the major factor to cause most of driving accidents. We present a novel method for
dangerous driving behavior analysis. When the dangerous driving is detected, the system will issue an alert
message to remind driver to pay more attention. The proposed system can detect three kinds of dangerous
behavior: dozing, eating, and phoning. Furthermore, since we propose a novel algorithm to adaptively detect skin
color, the proposed system can run in various light conditions with good quality. The proposed algorithm is verified
and implemented on an in-vehicle embedded system – TREK-668. The performance on PC can reach 150 fps in
average on input video with QVGA (320×240) resolution. On embedded systems, the proposed system can achieve
24fps in average on input video with QVGA (320×240) resolution.
SESSION J2 : JOINT PLENARY SESSION
8:30 A.M. ~ 10:10 A.M., Tuesday, April 26
Ballroom B
Chair : Chorng-Ping Chang, Applied Materials, Inc, USA
8:30 A.M.
J2-1 “More than Moore ” Expands the Semiconductor World
Mr. Hidemi Takasu
ROHM Co., Ltd., Japan
The more Moore approach has been brought the remarkable progress to the semiconductor industry. However,
this approach is getting difficult to produce excellent performance in comparison with the investment amount for it.
Recently, the More than Moore approach is getting more interesting to enhance the value added and it’s
differentiation on semiconductor devices. New functions have been created on Si-LSI devices by applying new
materials to Si-LSI technology. And new type of complex devices have been invented by merging plural different
technology fields such as Bio-technology, Photonics, Micro mechanics, Electronics and etc. Here, CIGS film applied
super high sensitive Image sensors, Ferro-electric film applied Non-Volatile logic devices, high efficient power
modules used SiC devices, μ-TAS technology embedded Bio-sensors and more unique devices are presented.
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9:20 A.M.
J2-2 More Than Moore’s Law - Scaling with Silicon Photonics
Dr. Young-Kai Chen
Bell Laboratories, Nokia, USA
Rapid growth of intelligent mobile devices and internet of things demand instantaneous and ubiquitous access to
large amount of data stored in remote data centers. This growth drives the need of very large capacity processors
to store, switch and route vast amount of data. With the electronics industry embracing the “More-than-Moore”
concept to increase the integration level of the data processors, future generations of CMOS technology must not
only scale transistor dimensions, but also need to embrace various heterogeneous integration technologies with
new processing architectures. The emerging silicon photonics technology, which is compatible with the main
stream CMOS manufacturing processes, promises significant enhancement in processing speed and capacity. In this
talk, we will review the current status of the silicon photonics technology and new capability it would enable.

10:10 A.M. ~ 10:20 A.M. Break

SESSION D6 : Low-Power Low-Voltage Analog Circuit Designs
10:20 A.M. ~ 11:20 A.M., Tuesday, April 26
Ballroom D
Co-Chairs:
Po-Chiun Huang, National Tsing Hua University, Taiwan
Li-Ren Huang, Industrial Technology Research Institute, Taiwan
10:20 A.M.
D6-1 A 70nW, 0.3V Temperature Compensation Voltage Reference Consisting of Subthreshold MOSFETs in 65nm
CMOS Technology
Ting-Chou Lu1, 2, Ming-Dou Ker2, and Hsiao-Wen Zan2
1 Industrial Technology Research Institute, Taiwan
2 National Chiao Tung University, Taiwan
Being operated with 0.3V supply voltage in a standard 65nm CMOS process, a new CMOS temperature
compensated voltage reference circuit is proposed with subthreshold transistors and native n-channel
MOSFET. The reference drain current provided by the gate voltage of a subthreshold n-channel MOSFET output
transistor is nearly independent of temperature due to the existence of mutual compensation of
mobility and threshold voltage variation. The new proposed temperature compensated voltage
reference circuit functions well with the output voltage VREF of 168 mV at room temperature as no extra
laser trimming is needed after fabrication. The total power consumption is about 70nW. With the
VDD power supply of 0.3V, the temperature coefficient (TC) of voltage reference circuit is 105
ppm/˚C as temperature varies from -20˚C to 100˚C. The chip size of the fabricated bandgap reference circuit is
0.0053mm2.
10:40 A.M.
D6-2 A Precise Decibel-Linear Programmable-Gain Amplifier for Ultrasound Imaging Receivers
Pei-Keng Tsai, Po-Chih Ku, Chih-Cheng Lu, Cheng-Ming Shih, and Liang-Hung Lu
National Taiwan University, Taiwan
In this paper, a novel programmable-gain amplifier (PGA) with precise dB-linear control is presented for medical
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ultrasound imaging. To obtain small gain step and wide gain range simultaneously, the pseudo- and the
actual-exponential approximation are combined as a hybrid-type. Considering the gain accuracy of each control
word, the two type controls are realized in a single stage amplifier with a proper layout manner. After the gain
control stage, a fixed-gain amplifier (FGA) is cascaded for enough gain and output swing. Fabricated in a 0.18-μm
CMOS process, the proposed PGA exhibits a 34.4-dB total gain range with a 0.73-dB step and 0.27-dB error. The
core circuit consumes a dc power of 3.42 mA from a 1.8-V supply voltage while the chip occupies an area of 0.2
mm2.
11:00 A.M.
D6-3 An Analog Front-End with Fast Motion Artifact Recovery for Bio-Signal Recording
Yu-Ting Jhong and Po-Chiun Huang
National Tsing Hua University, Taiwan
Bio-signal detection needs low-noise while high-gain amplifier. However it will suffer front-end saturation problem
if input has a large signal disturbance. Motion artifact is one case for in-vivo tests. To shorter the possible circuit
saturation period, we develop a fast recovery loop with the recovery time of 200μs. In low noise amplifier design,
this work uses the complementary leakage-balanced structure for 0.1Hz high-pass corner frequency with 60pF
input capacitance. The programmable gain is from 460 to 5600. The input equivalent noise from 0.1Hz to 100Hz is
2.3μV. Thanks to the full differential topology, this work achieves PSRR of 74dB and CMRR of 70dB at 10Hz. With a
single 1-V supply, the total power of a low-noise amplifier, a low-pass filter, a variable-gain amplifier, and a fast
recovery loop, is 17.2μW.

11:20 A.M. ~ 11:30 A.M. Break

SESSION D7 : Advances in Lithography
10:20 A.M. ~ 11:20 A.M., Tuesday, April 26
Mezzanine A+B
Co-Chairs:
Shao-Yun Fang, National Taiwan University of Science and Technology, Taiwan
Tsung-Yi Ho, National Tsing Hua University, Taiwan
10:20 A.M.
D7-1 Overlay-Aware Layout Legalization for Self-Aligned Double Patterning Lithography
Chong-Meng Huang and Shao-Yun Fang
National Taiwan University of Science and Technology, Taiwan
Self-aligned double patterning (SADP) is a leading lithography technology for sub-20 nm process nodes. For
two-dimensional features, decomposability is hard to be guaranteed for an arbitrary layout. Therefore, SADP-aware
layout legalization must be first performed prior to realizing a design with SADP. This paper presents an efficient
wire perturbation flow considering overlay-sensitive pattern edge minimization. We first perform layout
decomposition by considering pattern complexity such that assist mandrel addition and overlay-sensitive pattern
edges can be minimized. Then, a linear programming (LP)-based wire perturbation algorithm is proposed.
Experimental results show that our approach can effectively legalize layouts with less total wire displacement, area
overhead, and fewer overlay-sensitive pattern edges and assist mandrel patterns.
10:40 A.M.
D7-2 Trim Mask Optimization for Hybrid Multiple Pattering Lithography
Yin-Lu Chang and Shao-Yun Fang
10

National Taiwan University of Science and Technology, Taiwan
Due to the delay of next generation lithography technologies, multiple patterning lithography technologies are still
the most promising solutions for sub-20nm technology nodes. To enhance pattern printability, one-dimensional
grid-based layout structure will be adopted, which can be achieved with a self-aligned multiple patterning (SAMP)
process followed by a trim process. However, trim masks for arbitrary layouts have very low manufacturability
because their resolution is limited by conventional 193nm lithography. In this paper, we propose the first work that
adopts litho-etch-litho-etch double patterning lithography for the trim process. We first propose a stitch finding
approach for complicated polygonal trim patterns, and then an integer linear programming (ILP)-based layout
decomposition algorithm is proposed considering color balancing. Experimental results demonstrate the
effectiveness of the proposed algorithms.
11:00 A.M.
D7-3 A Lithographic Mask Manufacturability and Pattern Fidelity Aware OPC Algorithm
Ahmed Awad and Atsushi Takahashi
Tokyo Institute of Technology, Japan
Optical Proximity Correction (OPC) is still the main stream among Resolution Enhancement Techniques (RETs) for
printing advanced technology nodes in optical micro-lithography. However, to keep pace with the continuous
shrinkage of advanced technology nodes, OPC algorithms are getting more aggressive to obtain acceptable
pattern fidelity on the silicon wafer. This results in outputting complex mask patterns whose manufacturability is
degraded. In this paper, we propose an intensity based OPC algorithm to improve mask manufacturability with
achieving acceptable pattern fidelity following linearly interpolated intensity error model. Experimental results
show the effectiveness of our algorithm on the public benchmarks.

11:20 A.M. ~ 11:30 A.M. Break

SESSION D8 : Low-Power / High-Performance VLSI Architecture
11:30 A.M. ~ 12:30 P.M., Tuesday, April 26
Ballroom D
Co-Chairs:
Chih-Wei Liu, National Chiao Tung University, Taiwan
Tai-Jyi Lin, National Chung Cheng University, Taiwan
11:30 A.M.
D8-1 An Energy-Efficient Nonvolatile Microprocessor Considering Software-Hardware Interaction for Energy
Harvesting Applications
Tsai-Kan Chien1,2, Lih-Yih Chiou1 , Chang-Chia Lee1 , Yao-Chun Chuang1 , Shien-Han Ke 1, Shyh-Shyuan Sheu2 ,
Heng-Yuan Li2 , Pei-Hua Wang2 , Tzu-Kun Ku2 , Ming-Jinn Tsai2 , and Chih-I Wu2
1 National Cheng Kung University, Taiwan
2 Industrial Technology Research Institute, Taiwan
Normally-off computing (NoC) systems have constantly-off and instantly-on characteristics, leading to considerably
lower idle power consumption than other low-power systems. This paper proposes a software procedure and two
system hardware design optimization methods, namely a programmable restore entry decision for increasing
system recovery correctness and nonvolatile (NV) storage reduction with selective backup system states and
selective store. Thus, NV microprocessors (NV-μPs) can reduce the energy and area overhead. The proposed NV-μP
uses a 90-nm MSP430-compatible μP embedded with resistive random-access memory. The proposed NV-μP was
11

compared with three state-of-the-art NV-μP methods: full replacement, parallel compare and compress codec, and
NV logic array. Compared with the three methods, the proposed software procedure significantly increased the
restore correctness to achieve 100% stability for realistic electrocardiography applications. Regarding hardware,
the system store energy was reduced by at least 23.7%, compared with the three approaches. In contrast to the full
replacement approach, the area overhead was reduced by 42%.
11:50 A.M.
D8-2 High Performance VLSI Architecture for 3-D Discrete Wavelet Transform
B.K.N.Srinivasarao and Indrajit Chakrabarti
Indian Institute of Technology Kaharagpur, India
This paper presents a high-speed memory efficient VLSI architecture for three dimensional (3-D) discrete wavelet
transform. A major strength of the proposed architecture lies in reducing the number and period of clock cycles for
the computation of wavelet transform. This five stage pipelined architecture shares the partial load of the next
stage with the present stage to reduce computational load at the next stage and critical path delay (CPD). The
proposed architecture has replaced the multiplications by optimized shift and add operations to reduce the CPD.
Implementation results show that the proposed architecture benefits from the features of reduced memory, low
power consumption, low latency, and high throughput over several existing designs.
12:10 A.M.
D8-3 A Variable-Latency, Ultra-Low-Voltage RISC Processor with a New In-Situ Error Detection and Correction
Techniques
Chi-Chun Lin, Kuo-Chiang Chang, and Chih-Wei Liu
National Chiao Tung University, Taiwan
To overcome significant PVT variation in ultra-low-voltage (ULV) operation, a new in-situ error detection and
recovery mechanism is proposed to optimize circuit design for typical-case. The proposed technique detects glitch
of a (ctitical-path) circuit output within the setup-time duration of a flip-flop and stalls the clock source, if possible,
until the output is stable once an error is detected. Applying the proposed in-situ error detection, a test chip of an
ULV 32-bit simple RISC with a 128-point FFT has been implemented with TSMC 40 nm CMOS process. The chip’s
measurement results confirms the functional correctness of the proposed in-situ error detection mechanism.
Comparing that with the simple RISC with conventional worst-case design principle, the proposed variable-latency
ULV one reduces approximately 46% energy dissipation. And, with the similar energy consumption, the proposed
ULV RISC achieves approximately 1.16 times throughput improvement.

12:30 P.M. Lunch

SESSION D9 : Advanced TPG Technologies
11:30 A.M. ~ 12:30 P.M., Tuesday, April 26
Mezzanine A+B
Co-Chairs:
Harry Chen, Mediatek,Taiwan
Hung-Pin Wen, National Chiao Tung University,Taiwan
11:30 A.M.
D9-1 Test Coverage Debugging for Designs with Timing Exception Paths
Kun-Han Tsai
Mentor Graphics, USA
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Timing exception paths are commonly seen during scan test today and must be handled properly to obtain high
test coverage while avoiding simulation mismatches. This paper proposes a systematic approach to analyze and
debug the low test coverage issue due to timing exception paths. Experimental result demonstrates that by using
the proposal method, the target test coverage can be achieved by excluding very few timing exception paths. This
analysis is useful to derive an actionable step to optimize the design to meet the test quality goal.
11:50 A.M.
D9-2 An IR-Drop Guided Test Pattern Generation Technique
Li-Chen Tsai, Jiun-Zong Li, Yi-Tsung Lin, Jiun-Lang Huang, Ann Shih, and Zoe F. Conroy
National Taiwan University, Taiwan
The high switching activity during at-speed scan testing has been known to cause yield loss because the incurred
IR-drop can result in excessive performance degradation and cause a good device to fail. In this work, we propose
an IR-drop guided test pattern generation technique which tunes the switching activity distribution in such a way
that the resulting IR-drop distribution resembles the user-specified one. As a result, the proposed technique allows
the user to direct the test pattern generation process towards higher or lower overkill by adjusting the target
IR-drop distribution. Simulation results show significant improvement (96 % cost reduction in average) in matching
IR-drop profiles with minor test inflation.
12:10 A.M.
D9-3 On Gate Function Based Tests for Scan Designs
Xijiang Lin1 and Sudhakar M. Reddy2
1 Mentor Graphics, USA
2 University of Iowa, USA
Recently we proposed generation of tests for scan designs based on the functions of gates used in the designs. The
tests for gates used in the design are first derived based on minimal true and maximal false vertices of the
functions realized by the gates. Next tests for gates in the design are generated by a modified ATPG that attempts
to embed the gate tests in to tests for the scan designs using the gates. Often not all derived gate tests can be
embedded in to scan tests due to the constraints imposed by other gates in the designs. In this paper we propose
using what we refer to as exclusive cubes as gate tests. These tests are more flexible than the gate tests based on
minimal true and maximal false vertices. The added flexibility of gate tests facilitates embedding of gate tests in to
scan tests. We provide experimental results on ISCAS-89 and ITC-99 circuits that demonstrate the advantages of
using exclusive cubes in generating scan tests for designs using complex gates.

12:30 P.M. Lunch

JOINT LUNCHEON KEYNOTE
12:35 P.M. ~ 13:25 .PM., Tuesday, April 26
Ballroom B
Chair : Raj Jammy, Intermolecular, USA
Genomics and Personalized Medicine of the Future
Bharath Takulapalli
Founder & CEO
INanoBio, USA
13

Genome profiling is revolutionizing cancer therapy by empowering the physician and enabling precision medicine.
The standard of care is rapidly shifting to individualized medicine based on genetic profile of disease in a patient.
Towards this, at INanoBio we are developing an advanced $100 high-accuracy whole genome sequencer. We
believe that genomics based diagnostics, genomic medicine and gene therapy are going to transform all areas of
healthcare, propelling us towards an almost disease-free society in about 25 years, where 75% of current diseases
can be diagnosed early and simply preempted.
SESSION J3 : 5G / IoT
13:30 P.M. ~ 16:45 P.M., Tuesday, April 26
Ballroom B
Co-chairs : Franz Dielacher, Infineon Technologies Austria AG, Austria
Donald Y.C. Lie, Texas Tech. University, USA
1:30 P.M.
J3-1 Trend, Technology & Architecture of Small Cell in 5G Era
Chun-Nan Liu
Industrial Technology Research Institute, Taiwan
With the mobile data traffic increasing, network operators are urgently looking for new technologies for improving
capacity, user data-rates, spectrum reuse and latency to fulfill user experience and variant new applications. Small
cells will play an important role in the high capacity, densely deployed networks for future 5G networks. The small
cells in 5G will address on carrier aggregation, licensed and un-licensed band, mmWave, new
waveform/coding/modulation, multi-cell cooperation and advanced MIMO technologies, etc. for the three 5G
major use cases: Enhanced Mobile Broadband, Massive Machine Type Communications and Ultra-reliable and Low
Latency Communications.
2:05 P.M.
J3-2 Doherty Technique for 5G RF and mm-wave Power Amplifiers
Patrick Reynaert
KU Leuven, Belgium
The 5G requirements are for sure challenging for designing an RF or mm-wave power amplifier in CMOS or SOI.
This talk will focus on some of these challenges and will then discuss the Doherty technique as a way to implement
PAs with high bandwidth, efficiency and linearity. The Doherty architecture will be compared with other
architectures such as outphasing, polar modulation and envelope tracking. Finally, several examples will be
discussed in more detail to explain the design procedures of such 5G PAs in CMOS and SOI.
2:40 P.M.
J3-3 Mixed Analog-Digital Pulse-Width Modulator for Massive-MIMO Transmitters
Yannis Papananos, Nikolaos Alexiou, Konstantinos Galanopoulos, David Seebacher, and Franz Dielacher
Infineon Technologies AG, Austria
This paper presents a mixed-signal outphasing RF-PWM modulator with improved time resolution and high
dynamic range realized in 40nm CMOS. Phase shifting is implemented using synchronously tapped analog delay
lines comprising integrated L and C devices and achieving a fine-step delay of 2 ps while occupying acceptable
silicon area and consuming zero power. The analog outputs of the delay lines is converted to CMOS-compatible
square pulses that drive an AND gate which generates RF-PWM pulses with minimum pulse width of 10ps on a
50-Ohm load. According to system-integrated modulator co-simulation results, an ACLR of -45dBc is achieved from
a 40 MHz baseband signal on a 2.65 GHz carrier.
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15:15 P.M. ~ 15:35 P.M. Break

3:35 P.M.
J3-4 Ultra-low Power SoC for Wearable & IoT
Uming Ko
MediaTek, USA
With the landmark introduction of Smartphone in 2007, Mobile Internet and computing took off and the
associated data bandwidth continue to grow exponentially. To satisfy the ever-increasing computing requirements,
mobile CPU clock frequencies have exceeded GHz. However, the technology will soon hit a frequency wall beyond
which cost becomes prohibitively high. Thus, mobile clients are rapidly moving to multi-core CPU and GPU to
enable consumer applications and mobile human-interface devices (HIDs), with system-adaptive power
management, thermal throttling, and heterogeneous multi-processing, for optimal performance and energy
efficiency within thermal limits. The insatiable computation need, coupled with the explosion of Internet-of-Things
(IoT) and wearable devices for long battery operation will continue to driver the IC technology forward. But, with
the constraints of portable-device form factors and limited battery-technology improvement, the energy and
thermal gaps present major technical challenges. To overcome these challenges, many innovations are
desperately needed to enable the ubiquitous ecosystem that promises to provide ample possibilities to enhance
and enrich everyone’s life.
4:10 P.M.
J3-5 5G and IoT
Li Fung Chang
Industrial Technology Research Institute, Taiwan
As vision and service requirements for 5G have converged in the cellular industry. Three service types are identified:
enhanced Mobile BroadBand (eMBB), enhanced Machine Type Communication (eMTC), and uMTC (ultra-reliable,
ultra-low latency MTC). The latter two are more related to IoT with different flavors compared to the existing IoT
services. In this talk, I will discuss the enabling technologies and challenges in 5G and provide an update on the
3GPP standard development in cellular IoT.

16:45 P.M. Break

Joint Panel Disscussion
17:00 P.M. ~ 18:30 P.M., Tuesday, April 26
Ballroom B
Panel Topic: IOT: Evolution or Revolution? Industry Realities and Market Implications
Moderator : Raj Jammy, Intermolecular, USA
Co-organizers : Franz Dielacher, Infineon Technologies Austria AG, Austria
Shye-Jye Jou, National Chiao Tung University, Taiwan
IoT will essentially change everything we do today requiring technology changes - conversely, we will need to apply
existing technologies to build some part of IoT as we see it today and grow it further. Changes in processors,
memory, connectivity, power management, power supply (batteries or harvesting), security, etc. are contemplated.
With these changes the vast potential of IoT could be realized. But is the industry ready to change tried and tested
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devices and infrastructure so rapidly - equivalent to a revolution. Or, will the adoption be slower, building on
existing technologies, more like an evolution? Where do the experts on the panel think this is headed?
Panelists:
Patrick Reynaert, KU Leuven, Belgium
Pang-An Ting, Industrial Technology Research Institute, Taiwan
Franz Dielacher, Infineon Technologies AG, Austria
Yuan-Kuang Tu, Chunghwa Telecom Co., Ltd., Taiwan
Clement Lin, NEXCOM International Co., Ltd., Taiwan
Allan Yang, Advantech Co., Ltd., Taiwan
SESSION D10 : Data Converters and Circuit Techniques
1:30 P.M. ~ 2:50 P.M., Tuesday, April 26
Ballroom D
Co-Chairs:
Chih-Cheng Hsieh, National Tsing Hua University, Taiwan
Soon-Jyh Chang, National Cheng Kung University, Taiwan
1:30 P.M.
D10-1 A 12b 10MS/s 18.9fJ/Conversion-Step Sub-Radix-2 SAR ADC
Kwuang-Han Chang and Chih-Cheng Hsieh
National Tsing-Hua University, Taiwan
This paper presents a 12b SAR ADC with segmented sub-radix-2 DAC and embedded digital calibration. The
dither-based calibration with LMS adaptive filter is implemented to track the optimum bit-weights for
compensation of DAC mismatch. Mid-threshold comparison switching procedure is proposed to tolerate both-side
settling error by equalizing the up and down DAC transition voltage during SAR conversion. The prototyped SAR
ADC achieves an FoM of 18.9fJ/conversion-step at 10MS/s and 1V supply. The ADC core and digital calibration part
occupies an area of 0.05mm2 and 0.04mm2 in 90nm CMOS, respectively.
1:50 P.M.
D10-2 A 2.5-bit/Cycle 10-bit 160-MS/s SAR ADC in 90-nm CMOS Process
Chia-Hsin Lee1,2, Chih-Huei Hou1, Chun-Po Huang1, Soon-Jyh Chang1, Yuan-Ta Hsieh2, and Ying-Zong Juang2
1 National Cheng Kung University, Taiwan
2 National Chip Implementation Center, Taiwan
This paper presents a single-channel 2.5-bit/cycle successive-approximation register (SAR) analog-to-digital
converter (ADC). In comparison with conventional 2.5-bit/cycle SAR ADC, the proposed technique can save one
sub-digital-to-analog converter (sub-DAC) and reduce the requirement on resolution for the other sub-DACs.
Besides, the proposed digital code error correction provides a wider error tolerance range. The proposed ADC was
fabricated in TSMC 90-nm CMOS process. At 1-V supply and 160 MS/s, the measured peak signal-to-noise and
distortion ratio (SNDR) is 53.06 dB with power consumption of 1.97 mW.
2:10 P.M.
D10-3 DAC Linearity Improvement Algorithm With Unit Cell Sorting Based on Magic Square
Masashi Higashino1, Shaiful Nizam Mohyar2, and Haruo Kobasashi1
1 Gunma University, Japan
2 Universiti Malaysia Perlis, Malaysia
This paper proposes a switching algorithm using magic square properties to improve the linearity of a unary DAC
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by canceling random mismatch effects among unit current (or capacitor) cells. Simulation results and discussions
are provided for DAC linearity comparison when the proposed magic square and conventional algorithms are used.
2:30 P.M.
D10-4 Fundamental Design Consideration of Sampling Circuit
Keita Kurihara1, Kensuke Kobayashi2, Masafumi Uemori1, Miho Arai1, Haruo Kobayashi1
1 Gunma University, Japan
2 Technical Consultant, Penang, Malaysia
This paper discusses a theoretical issue of a sampling circuit to maximize SNR while keeping its bandwidth
constant, in order to realize a wideband large dynamic range sampling circuit for communication system and
measuring instrument applications. We consider two time-constants in the sampling circuit, and find the best
relationship for a low-noise, wideband sampling circuit.

2:50 P.M. ~ 3:10 P.M. Break

SESSION D11 : Digital Communication Systems
1:30 P.M. ~ 2:30 P.M., Tuesday, April 26
Mezzanine A+B
Co-Chairs:
Ching-Che Chung, National Chung Cheng University, Taiwan
Yuan-Hao Huang, National Tsing Hua University, Taiwan
1:30 P.M.
D11-1 Linear Precoding and Adaptive Multi-Taper Spectrum Detector for Cognitive Radios
Yi-Han Tseng, Terng-Hsing Chiu, Jung-Mao Lin, and Hsi-Pin Ma
National Tsing Hua University, Taiwan
In recent years, cognitive radios are regarded as a valid solution to solve the problem of inefficient spectrum
utilization. A cognitive radio system which has the ability of spectrum sensing and transmission adjustment is
proposed in this paper. An optimal detector applied for Thomson’s adaptive multitaper spectrum estimation
(AMTSE) is presented. The detector is based on Neyman-Pearson Theorem and it can adjust the detection
threshold according to the environment change. The simulation shows that the detection rate can outperform
energy detection by 40%. On the other hand, adjusting the transmission parameter is required after spectrum
sensing. By knowing the interference channel, block diagonalization is ap- plied for canceling the interference
when primary user exists. If the primary user is idle, the secondary user’s Tx may can estimate the channel state
information (CSI) due to the channel reciprocity. So the extra antennas can be used to antenna selection to
improve the secondary user’s BER performance. Further, the AMTSE spectral detector is implemented by ASIC and
the power consumption of this detector is 30.9 mW at 122 MHz. The core area is 1057×1057 μm2 and total chip
area is 1557×1557 μm2.
1:50 P.M.
D11-2 Temperature Tracking Scheme for Programmable Phase-Shifter in Pulsed Radar SoC
Yun-Jia Liao and Shi-Yu Huang
National Tsing Hua University, Taiwan
A Programmable Phase Shifter is commonly used in a pulsed Radar SoC for controlling the timing of the transceiver.
It creates a Phase-Shift Amount (PSA) proportional to a tuning code. In the heart of this design, a Generic
17

Delay-Locked Loop (Generic DLL) is responsible for creating an arbitrarily specified delay. Even though process
variation and VDD variation has been properly considered, the temperature variation is often harder to cope with.
In this paper, we present a temperature tracking scheme for this purpose. Simulation results show that, the
maximum phase error can be thereby reduced from 96ps at its peak down to only 12ps.
2:10 P.M.
D11-3 Time-Domain Characteristics of Body Channel Communication (BCC) and BCC Transceiver Design
Ching-Che Chung, Chih-Yu Lin, and Jia-Zong Yang
National Chung Cheng University, Taiwan
In this paper, time-domain characteristics of human body channel communication (BCC) are measured with an
analog frontend (AFE) printed circuit board (PCB) at different transmission distances and signal frequencies. In
addition, a 1 Mb/s to 40 Mb/s wideband signaling (WBS) BCC transceiver which uses the human body skin as a
transmission medium is presented. As compared to wireless transmission methods, BCC is more stable and has less
power attenuation. Furthermore, it is almost insensitive to the motion of the human body. However, the body
antenna effects cause interferences in human body channel communication. In the proposed transceiver, at the
transmitter part, the NRZI-encoded data are sent directly to the human body channel. At the receiver part, after an
AFE PCB amplified the received signals, the proposed 7X oversampling clock and data recovery (CDR) circuit
recovers the data with random jitter and frequency drift tolerance. The proposed WBS BCC transceiver is
implemented in a standard performance 90nm CMOS process, and the core area is 0.144 mm^2. The power
consumption of the WBS BCC transceiver is 1.21mW at 40Mb/s, and the bit energy is 0.03 nJ/b.

2:30 P.M. ~ 2:50 P.M. Break

SESSION D12 : Fast Transceiver Circuit Techniques
3:10 P.M. ~ 4:30 P.M., Tuesday, April 26
Ballroom D
Co-Chairs:
Tai-Cheng Lee, National Taiwan University, Taiwan
Ping-Hsuan Hsieh, National Tsing Hua University, Taiwan
3:10 P.M.
D12-1 A 7 GB/S Half-Rate Clock and Data Recovery Circuit with Compact Control Loop
Yu-Po Cheng, Yen-Long Lee, Soon-Jyh Chang, and Ming-Hung Chien
National Cheng Kung University, Taiwan
This paper presents a compact control loop and a digitalized stepwise control method to improve area and power
efficiency for digital-based clock and data recovery circuits (CDRs). By combining the frequency control loop and
integral path with a digital adder, some tributary circuits are removed to save total area and power. Meanwhile, the
stepwise control technique for constant system bandwidth is digitalized to enhance the system robustness. The
digital-based CDR is designed and fabricated in 90-nm GUTM CMOS process. The measured root mean square (rms)
jitter ratio of the synchronous clock and recovered data are 3.2% (9.25 ps) and 0.048UI (13.66 ps) and the peak to
peak jitter are 64.38 ps (22.5 %) and 65.63 ps (23 %) while the input data pattern is 7 Gb/s PRBS7. The core area of
the test chip is 0.054 mm2 and its power efficiency is 1.623 mW/Gb/s.
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3:30 P.M.
D12-2 A 2x25Gb/s 20mW Serializing Transmitter with 2.5:1 Multiplexers in 40nm Technology
Bo-Jing Lin, Wei-Sung Chang, and Tai-Cheng Lee
National Taiwan University, Taiwan
A low-power serializing transmitter is proposed by using a 2.5:1 multiplexer. Owing to its fractional multiplexing
operation, only a single clock is needed to simplify the clock generator design as well as hardware cost. Fabricated
in a 40 nm CMOS technology, the transmitter can generate 2-channel 25-Gbps signals. The transmitter consumes
only 24 mW from a 0.9-V power supply. Keywords—serializing transmitter; fractional multiplexer; 100GbE
transmitter.
3:50 P.M.
D12-3 A Hybrid Frequency/Phase-Locked Loop for Versatile Clock Generation with Wide Reference Frequency
Range
Sitao Lv, Ni Xu, Woogeun Rhee, and Zhihua Wang
Tsinghua University, China
This paper describes a hybrid frequency/phase-locked loop (F/PLL) in which a PLL operates as a nested
digitally-controlled oscillator (DCO). The nested DCO based on the wideband PLL not only offers a constant gain but
also enables low noise clock generation even with a very low reference frequency. A digital FLL with a 1-bit ΔΕ
frequency detector (FD) is designed as a main loop to avoid having a linear time-to-digital converter (TDC). A
prototype fractional-N F/PLL is implemented in 65nm CMOS. The proposed F/PLL achieves an in-band noise of
-90dBc/Hz at 1.5GHz output with a 15kHz reference clock and a 60MHz system clock, consuming 9.2mW from a 1V
supply.
4:10 P.M.
D12-4 The LED Driver IC of Visible Light Communication with High Data Rate and High Efficiency
Yu-Chen Lee, Jyun-Liang Lai, and Chueh-Hao Yu
Industrial Technology Research Institute, Taiwan
The Light-Emitting Diode (LED) driver is an important part of Visible Light Communication (VLC) systems. The main
challenge of the VLC LED driver is to offer a high data transmission rate with high power efficiency. This paper
presents the design of a white light LED driver that combines the LED lighting with VLC technology. The proposed
LED driver uses linear current regulation and controls the AC current signal and the DC current through a single
power device for the purposes of high speed, high efficiency and high integration. It also can support the
modulation format of orthogonal frequency division multiplexing (OFDM). In addition, this work presents an
impedance reduction technique to enhance the bandwidth of the LED driver. And a first-order pre-equalizer is
utilized to enhance the electron-optical-electron (E/O/E) bandwidth in the VLC system due to the bandwidth
limitation of the phosphor-converted LED. The VLC LED driver is fabricated in a standard 0.5μm CMOS technology
with chip area 1540μm×1250μm. It is available in a standard SOP-16 pin package. The experimental results show
that the optical modulation bandwidth of 10.9 MHz has been achieved with the forward biased LED current of 350
mA. By using the OFDM data modulation scheme, the data rate of 50 Mb/s is demonstrated.

4:30 P.M. ~ 4:50 P.M. Break

SESSION D13 : Advances in Layout Synthesis
3:10 P.M. ~ 4:30 P.M., Tuesday, April 26
Mezzanine A+B
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Co-Chairs:
Atsushi Takahashi, Tokyo Institute of Technology, Japan
Chien-Nan Liu, National Central University, Taiwan
3:10 P.M.
D13-1 An Integrated Placement and Routing for Ratioed Capacitor Array based on ILP Formulation
Pang-Yen Chou, Mark Po-Hung Lin, and Helmut Graeb
Technical University of Munich, Germany
Capacitor arrays are widely used in analog and mixed-signal circuit design. Most previous works solve the
placement and routing problem either in a two-stage fashion or iteratively in loops, which may be more
time-consuming or have less routing consideration in the placement step. To our best knowledge, this work is the
first to formulate capacitor array placement and routing problem together and solve at once. Experimental results
show that the proposed approach requires shorter time to reach comparible results to previous work. The
formulation also provides possibilities for adding more placement and routing constraints in the future if they can
fit into the Integer Linear Programming (ILP) form.
3:30 P.M.
D13-2 Automatic Synthesis Flow for Voltage Rectifiers with Impedance Consideration
Fang-Yu Jhou, Chang-Han Wang, Tsung-Yueh Wu, Yu-Kang Lou, and Chien-Nan Jimmy Liu
National Central University, Taiwan
For radio frequency (RF) circuits, energy harvesting is one of the research topics in recent years. By converting
ambient energy into the required electrical energy, the circuit can still perform its functionality without any extra
power source. In RF energy harvesting circuits, the most important part is the rectifier circuit. Therefore, this paper
proposes an automated design tool for CMOS multi-stage Dickson rectifiers to generate the required designs from
specifications to layout with power and impedance considerations. In this paper, impedance matching has been
taken into consideration to have a proper tradeoff between area and performance. Therefore, it can solve the
difficulty in previous approaches to match the impedance after design.
3:50 P.M.
D13-3 Area Minimization Method for CMOS Circuits Using Constraint Programming in 1D-Layout Style
Hayato Mashiko and Yukihide Kohira
The University of Aizu, Japan
In layout design for LSI circuits, the layout area is minimized to reduce the fabrication cost and to increase the yield
of LSI chips. In 1-D layout style, the width is shortened by sharing the diffusions and the height corresponds to the
number of tracks. In this thesis, an area minimization method for CMOS circuits using SAT-solver in 1-D layout style
is proposed. In the proposed method, the number of shared diffusions is maximized with the minimum number of
tracks. The experimental results show the layout area with the shortest width and shorter height is improved by
the proposed method.
4:10 P.M.
D13-4 ThermPL: Thermal-Aware Placement Based on Thermal Contribution and Locality
Jiaxing Song, Yu-Min Lee, and Chia-Tung Ho
National Chiao Tung University, Taiwan
This work builds a thermal-aware placer, ThermPL, to abate both on-chip peak temperature and thermal gradient
by developing thermal force and padding techniques cooperated with rough legalization in the force-directed
global placement. Thermal padding is firstly adopted to reduce local power density. To make use of thermal force,
we use the thermal gain basis to fast and accurately capture the temperature distribution of a placement, and
20

effectively calculate the thermal contribution of cells based on the thermal locality. Then, we utilize the proposed
innate thermal force assessed through thermal criticality and capabilities to spread cells away from hotspots.
With the thermal gain basis, ThermPL can efficiently obtain the thermal profile of placement with the maximum
error of 0.65% compared with a commercial tool. Experimental results show that ThermPL can provide 7% and 19%
reduction on average in peak temperature and thermal gradient respectively within only 4.6% wirelength
overhead.

4:30 P.M. ~ 4:50 P.M. Break

SESSION J4 : JOINT PLENARY SESSION
8:30 A.M. ~ 10:10 A.M., Wednesday, April 27
Ballroom B
Chair : Wu Tung Cheng, Mentor Graphics, USA
8:30 A.M.
J4-1 For Your Eyes Only? UAV and DJI
Prof. Zexiang Li
Hong Kong University of Science and Technology, Hong Kong
James Bond and the costly U-2s were needed to locate military targets in the Cold War. Later, UAVs were
introduced for reconnaissance operations. Although “they save lives”, these UAVs were still too expensive and
inaccessible to civilians. As of 2012, USAF deployed about 7500 UAVs.Starting in the 1990’s, research programs
were introduced in the robotics community to develop and miniaturize UAV technology for civilian use. Based on
this work, a final-year project was done in 2005 at HKUST, aiming to develop a helicopter flight controller. Later,
Frank Wang went on to found a UAV company by the name of DJI and introduced the Phantom family, a series of
ready-to-fly UAVs equipped with gimbal-stabilized cameras.Combining consumer-level price and good user
experience, the Phantom quickly became a popular device among hobbyists, filmmakers, and consumers. A new
market for easy-to-fly aerial robotics that anyone could use emerged. Today the Phantoms are widely utilized in
aerial photography/filmmaking, agriculture, sports, and infrastructure inspection and more. The drone market in
2015 is expected to break the one million unit benchmark.
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9:20 A.M.
J4-2 Taiwan 4G Progress and 5G Evolution
Mr. Mu-Piao Shih
Chunghwa Telecom Co., Ltd., Taiwan
* Global and Taiwan 4G Update
* Opportunities and Challenges
* Evolution from 4G to 5G
* Concluding Remarks

10:10 A.M. ~ 10:20 A.M. Break

SESSION D14 : Advanced VLSI System Design Techniques ( All Invited Talks )
10:20 A.M. ~ 11:20 A.M., Wednesday, April 27
Ballroom A
Organizer & Chair :
Shao-Yi Chien, National Taiwan University, Taiwan
10:20 A.M.
D14-1 MiraVision™ SmartScreen—MediaTek’s Approach to Power Saving for Displays
YR Chen
MediaTek, Taiwan
On smartphones and tablets, displays consume the majority of battery power. To extend the battery life, one may
choose to dim the brightness level of the display but the user experience is compromised as a result. To regain the
user experience, we at MediaTek have developed a suite of video processing technologies, MiraVision™, highly
integrated into the application processors of smartphones and tablets, capable of enhancing the viewing
experience and simultaneously reducing the power consumed by displays.
10:40 A.M.
D14-2 Electrical/Thermal Co-Design and Co-Simulation, from Chip, Package, Board to System
C.T. Kao
Cadence, U.S.A
Thermal management has always been critical to electronics designs. It is also well known that electrical and
thermal performances of an electronics device are strongly coupled. The latest 3D IC and high power application
together with shrinking sizes simply make thermal management more challenging. In this paper, methodologies
for electrical/thermal co-design and co-simulation will be discussed for chip designs, package designs, and board
designs. A novel extract and simulate approach for system level transient thermal management will also be
presented.
11:00 A.M.
D14-3 ARM Platform for Performance and Power Efficiency --- Hardware and Software Perspective
Ivan Lin
ARM, Taiwan
In 2015, smartphone shipment has reached 1.5 billion devices world-wide. As smartphone becomes the
indispensable part in our daily life, the specs of the smartphone are progressing from all perspectives, this includes
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the CPU, GPU, connectivity, codec, display, peripherals, security, sensors, memory, and software and services on
the mobile devices connecting to the world. A slick form factor design with capability of console level gaming
experience and laptop computing performance is the trend of mobile device development for the years to come.
The requirement of achieving higher performance and better power efficiency is crucial to the success of the
mobile devices. In this presentation we first take a look of smartphone trend from marketing and technical point of
view, and show the performance and power efficiency evaluation over time. ARM’s big.LITTLE architecture has
adopted by many silicon partners and mobile phone players for achieving both goals on higher performance and
better efficiency, and this is evidenced by different benchmarks we have conducted. It is also important that the
software, including the Linux kernel scheduler, is able to leverage the underlying hardware architecture for
achieving the required performance within constrained power and thermal budget. As the CPU
subsystem/topology has different architecture for different market segments and performance targets, the IPA
(intelligent power allocation) and EAS (energy-aware scheduler) are the two tasks ARM is working for intelligently
allocating power to a compute resource within power and thermal limit, and to allocate a thread to an available
CPU which contribute minimal energy increments for the overall system. The work ARM is working can be easily
adapted to different architecture like SMP, big.LITTLE, cluster SMP etc. The results and future direction are
mentioned as the conclusion of the presentation.

11:20 A.M. ~ 11:30 A.M. Break

SESSION D15 : Biomedical Circuits and Systems
10:20 A.M. ~ 11:20 A.M., Wednesday, April 27
Ballroom D
Co-Chairs:
Kuan-Hung Chen, Feng Chia University, Taiwan
Chin-Fong Chiu, National Chip Implementataion Center, Taiwan
10:20 A.M.
D15-1 A 98.6uW Acoustic Signal Processor for Fully-Implantable Cochlear Implants
Hao-Min Liu1, Yung-Jen Lin1, Yu-Chi Lee1, Cheng-Yen Lee1, and Chia-Hsiang Yang2
1

National Chiao Tung University, Taiwan

2

National Taiwan University, Taiwan

This paper presents a low-power acoustic signal processor for fully-implantable cochlear implants. The developed
processor supports adaptive beamforming, frequency-domain analysis, envelope detection, channel combination,
and magnitude compression. Power and area are minimized by leveraging dedicated real-valued FFT, register count
minimization, data allocation optimization, hardware complexity reduction, and minimum-energy-point operation.
Compared to complex-valued FFT, real-valued FFT achieves 44.36% power reduction. Register count minimization
and data allocation for FFT output reordering yields 28.07% and 27.09% area and power reduction, respectively.
Envelope detection and log-compression are realized by hardware-efficient CORDIC engines. The processor is
scalable to support various numbers of channels. This chip is implemented in 90-nm CMOS and the core area is
0.47 mm^2. It dissipates 98.6 uW at 50 kHz, 0.33 V for a latency of 3 ms.
10:40 A.M.
D15-2 A 1.4 mW Low-Power Feed-Back FxLMS ANC VLSI Design for In-Ear Headphones
Hong-Son Vu and Kuan-Hung Chen
Feng Chia University, Taiwan
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This work proposes a dedicated VLSI hardware architecture design that considers both audio signal processing
requirements and hardware costs to achieve critical real-time active noise cancellation (ANC) performance for
in-ear headphones. This new approach allows ANC systems to be operated at lower operating frequency which
results in lower power consumption, and facilitates higher performance than that achieved by conventional ANC
headphones. Compared with the existing works, the proposed design outperforms in attenuating bandwidth of
noises, and saves 99.41% power consumption.
11:00 A.M.
D15-3 A Multi-Axis Readout Circuit using in Female Ovulation Monitoring Platform
Hsin-Yi Yu, Kelvin Yi-Tse Lai, Hsie-Chia Chang, and Chen-Yi Lee
National Chiao Tung University, Taiwan
In this paper, an energy-efficient monitor, including three capacitive and two resistive readout circuits with
hardware-sharing architecture, is presented for female ovulation. The proposed design is featuring two calibration
modules: one decreases the initial offset by capacitor array, and the other reduces P-V-T variations by taking
proportion between sensing and ruler results. Fabricated in UMC 0.18μm CMOS-MEMS technology, this circuit
consumes 30μW and 49μW in 0.8ms conversion time under 1.8V supplied voltage for 1-axis and 3-axis.
Implementation results show the capacitive resolution is around 0.1fF and the sensing range of die-temperature is
0~100°C with 0.05°C resolution.

11:20 A.M. ~ 11:30 A.M. Break

SESSION D16 : System-Level Synthesis and Design
10:20 A.M. ~ 11:20 A.M., Wednesday, April 27
Mezzanine A+B
Co-Chairs:
Shih-Hsu Huang, Chung Yuan Christian University, Taiwan
Wei-Kai Cheng, Chung Yuan Christian University, Taiwan
10:20 A.M.
D16-1 2.5D System Synthesis Methodology Under Performance, Power and Thermal Constraints
Chung-Han Chou, Zhi-Yang Wang, Tsui-Yun Chang, Shih-Hsu Huang, and Shih-Chieh Chang
National Tsing Hua University, Taiwan
Although 2.5D IC, in which chips are connected via the interposer, can increase circuit density and performance,
power dissipation and thermal effect become serious concerns for 2.5D IC design. Previous researches only focus
on the power and thermal management of a single chip. Therefore, in the existing 2.5D IC design flow, the designer
has no idea on the power budget of each chip. Based on this observation, in this paper, we propose the first
approach to perform 2.5D system synthesis methodology under performance, power, and thermal constraints. Our
approach can determine the process technology and the dynamic-voltage-frequency-scaling design for each chip at
the system level. As a result, not only the performance, power, and temperature of the system can be properly
controlled at the very early design stage, but also the design closure can be achieved with low manufacturing cost.
Experiments with benchmark circuits consistently show that the proposed design methodology works well in
practice.
10:40 A.M.
D16-2 Guidelines for Effective and Simplified Dynamic Supply and Threshold Voltage Scaling
Toshinori Takeshita, Tohru Ishihara, and Hidetoshi Onodera
Kyoto University, Japan
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Scaling supply voltage (VDD) and threshold voltage (VTH) dynamically has a strong impact on energy efficiency of
CMOS LSI circuits. Techniques for optimizing VDD and VTH simultaneously under dynamic workloads are thus
widely investigated over the past 15 years. This paper for the first time shows the following properties for
simplified but effective voltage scaling; i) if VDD is sufficiently higher than VTH, tuning only VDD with a fixed VTH
maximizes the energy efficiency, ii) if VDD is near-threshold, tuning only VTH with a fixed VDD maximizes the
energy efficiency, and
iii) if VDD is subthreshold, tuning VDD and/or VTH does not improve energy efficiency. These properties help
simplify the procedure of voltage scaling, and reduce the cost for providing different VDDs and VTHs.
11:00 A.M.
D16-3 A High-Level Synthesis Algorithm for FPGA Designs Optimizing Critical Path with Interconnection-Delay
and Clock-Skew Consideration
Koichi Fujiwara, Kazushi Kawamura, Masao Yanagisawa, and Nozomu Togawa
Waseda University, Japan
High-level synthesis for FPGA designs (FPGA-HLS) is recently required in various applications. Since wire delays are
becoming a design bottleneck in FPGA, we need to handle interconnection delays and clock skews in FPGA-HLS
flow. In this paper, we propose an FPGA-HLS algorithm optimizing critical path with interconnection-delay and
clock-skew consideration. By utilizing HDR architecture, we floorplan circuit modules in HLS flow and, based on the
result, estimate interconnection delays and clock skews. To reduce the critical-path delay(s) of a circuit, we propose
two novel methods for FPGA-HLS. Experimental results demonstrate that our algorithm can improve circuit
performance by up to 24% compared with conventional approaches.

11:20 A.M. ~ 11:30 A.M. Break

SESSION D17 : Advanced Electronics Design Automation Techniques ( All Invited Talks )
11:30 A.M. ~ 12:30 P.M., Wednesday, April 27
Ballroom A
Organizer:
Shao-Yi Chien, National Taiwan University, Taiwan
Chair:
Shih-Hsu Huang, Chung Yuan Christian University, Taiwan
11:30 A.M.
D17-1 Single Layer Differential Group Routing for Flip-Chip Designs
Kai-Shun Hu
Synopsys, Taiwan
This work proposed an entry (merge point) finder for differential group pattern match RDL routing. The entry
finder includes a quick routability checker, which can filter out the unroutable merge points to reduce the
turnaround time. Besides, this work also proposed a controllable cost function to measure the routing quality of
each routing result using different merge points. Thus, the best merge point and routing solution can be easily
identified.
11:50 A.M.
D17-2 Automatic Mixed-Signal Behavioral Model Generation Environment
25

Yun-Jing Lin
Realtek, Taiwan
Building the behavioral model for each circuit is an efficient approach for mixed-signal system verification. If an
automatic model generator is available to generate the required behavioral model from the given circuit
specifications or netlist, it is useful for designers to reduce the extra efforts. In this paper, two automation
methodologies are proposed to build the behavioral models for speeding up mixed-signal system verification. For
some popular circuit blocks, dedicated behavioral model generators are developed to obtain the corresponding
models directly from the given specifications. For generic circuit blocks, a divide and conquer approach is proposed
to extract the required behavioral models from the given circuit netlist. Instead of modeling the relationship
between circuit inputs and outputs directly, dividing the circuit into several small building blocks can greatly reduce
the model construction efforts without losing the generality for different circuits. As shown in the experimental
results, the proposed model generation environment does generate the corresponding behavioral models
automatically with good accuracy.
12:10 A.M.
D17-3 Data Analytics to Aid Detection of Marginal Defects in System-Level Test
Harry H. Chen
MediaTek, Taiwan
As semiconductor feature sizes continue to shrink and outstrip lithography advances, the nature of manufacturing
defects has evolved from hard faults to a more subtle lithography-driven form where its impact results in marginal
circuit behavior, giving rise to so-called marginal defects. Due to the increasing divergence between test and
system modes of operation in complex system-on-chip (SoC) devices, marginal defects can escape production test
screen but trigger subsequent failure as the chip operates in the end-system environment. We describe
experimental research to probe the nature of marginal defects and develop techniques to expose their signatures
in production test. Leveraging the huge investment made in structural-based testing, our novel method applies
on-chip-clocked scan patterns under non-destructive stress conditions to obtain delay-informed statistical metric in
a fine-grained fashion at numerous device locations, without any hardware modification. Data analytic techniques
are used to identify statistical features indicative of marginal behavior which may cause potential in-system failure.
Experimental results from a recent mobile SoC product are presented.

12:30 P.M. Lunch

SESSION D18 : Nanometer Memory Designs
11:30 A.M. ~ 12:30 P.M., Wednesday, April 27
Ballroom D
Co-Chairs:
Shyh-Shyuan Sheu, Industrial Technology Research Institute, Taiwan
Meng-Fan Chang, National Tsing Hua University, Taiwan
11:30 A.M.
D18-1 28nm Ultra-Low Power Near-/Sub-threshold First-In-First-Out (FIFO) Memory for Multi-Bio-Signal Sensing
Platforms
Wei-Shen Hsu, Po-Tsang Huang, Shun-Lin Wu, Ching-Te Chuang, Wei Hwang, Ming-Hsien Tu, and Ming-Yu Yin
National Chiao Tung University, Taiwan
In this paper, an ultra-low-power near-/sub-threshold first-in-first-out (FIFO) memory is proposed for
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energy-constrained bio-signal sensing applications. This FIFO memory is designed and implemented using folded
bit-interleaved 10T near-/sub-threshold SRAM bit-cells, self-timed pointers and bank-level power control circuits.
The 10T SRAM cell is proposed for the bit-interleaving structure with 2.4X write static noise margin (SNM)
improvement. The folded bit-interleaving structure reduces the bit-line capacitance and avoids long routing wires
for the circular self-timed pointers. Additionally, the event-driven self-timed pointers are designed to reduce the
power consumption of clock buffers. For further decreasing the overall power dissipation, bank-level column-based
power control circuitry is proposed to switch the voltages for different banks to achieve 60.5% power saving. A
512x16 FIFO memory is implemented in UMC 28nm HKMG CMOS technology. Compared with the prior arts, 47X
power reduction and 2.7X area efficiency can be achieved by the proposed design techniques.
11:50 A.M.
D18-2 A 128-kb 25% Power Reduced 1T High Density ROM with 0.55 ns Access Time Using Low Swing Bitline
Edge Sensing in 16nm FinFET Technology
Sachin Taneja, Vaibhav Verma, and Prashant Dubey
synopsys india private limited, India
A novel high speed single-ended balanced sense amplifier using a capacitive divider based reference voltage
generation is presented. The bit-lines in the proposed scheme are precharged to zero level to mitigate non-selected
bit-cell leakage. During read-1 bit-line high level is created using a current source. Thus more number of bit-cells
per bit-line are connected. However this increases the bit-line load and thereby increasing the bit-line rise time.
The charging current source and self timing are designed to charge the bit-line to just a fraction of the voltage
supply, limited only by the offset of the sense amplifier and variations in the reference voltage. A 128-kb 1T High
Density read only memory (ROM) with 256 bit-cells per bit-line is implemented in 16nm bulk FinFET process. The
128-kb ROM macro realizes a 0.55 ns read access time at 0.85 V, with an improvement of 20% in access time and
25% in dynamic power dissipation over conventional ROM macro using the single ended inverter sensing scheme.
Silicon area overhead is just 5% as compared to conventional ROM macro.
12:10 A.M.
D18-3 A 1V 800MHz 140Kb Register File Compiler Using Variation Aware Self-Timing in 40nm Bulk CMOS
Vivek Kumar Dikshit, Prashant Dubey, and Rachit Dave
synopsys india private limited, India
SRAM memory compiler uses conventional replica bit-line based self-timing architecture, which uses logic cells to
replicate bit-cell current to discharge replica bit-line. To achieve robustness & yield in our memory design, the
replica circuit is over-designed (by calculating Read Margin Tuning(RMT) code in logic cells) to meet the worst case
margin criterion, i.e. array bit-cell is in SlowNSlowP (SS) and tracking path is in FastNFastP (FF) corner (SS FF).
However, with the same RMT, the access time (TCQ) degraded by 16% to 40% across the compiler range for SS SS
corner. Also the read power specs are calculated in FF FF using the same tuning which results in 10% to 30%
degradation.In this paper we propose a technique to achieve ﬁne granular programming range across target access
time with on chip process variation, using same number of programming bits, which uses a sub-threshold leakage
based process sensor to detect on chip process variations and re-program the tracking circuit accordingly. This
effectively mitigates extra delays in tracking paths due to process variation and results in robust as well as accurate
memory tracking. We have integrated this technique seamlessly in SRAM compiler which take up to 5% extra area
and achieve up to 30% improvement in TCQ degradation as well as 20% of the read power degradation compared
to the conventional architecture.

12:30 P.M. Lunch
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SESSION D19 : Emerging Technologies for Highly Reliable System
11:30 A.M. ~ 12:30 P.M., Wednesday, April 27
Mezzanine A+B
Co-Chairs:
Hans Tsai, Mentor Graphics, USA
Janusz Rajski, Mentor Graphics, USA
11:30 A.M.
D19-1 3D-IC Test Architecture for TSVs with Different Impact Ranges of Crosstalk Faults
Wen Hsuan Hsu, Michael Kochte, and Kuen Jong Lee
National Cheng Kung University, Taiwan
Through Silicon Vias (TSV) play an important role in 3D chip integration. Its features include: providing vertical
interconnection, decreasing the area of routing, and increasing the bandwidth. Effective and efficient testing for
correct operation of TSVs is an essential target. This work focuses on crosstalk faults with different impact ranges
and proposes a TSV grouping method to test as many TSVs simultaneously as possible. Based on the results of the
TSV grouping, we also implement a high-efficiency, low-are-overhead TSV test architecture.
11:50 A.M.
D19-2 SERL: Soft Error Resilient Latch Design
Chun-Wei (Jacky) Chang, Hsuan-Ming (Ryan) Huang, Yuwen Lin, and Charles H.-P. Wen
National Chiao Tung University, Taiwan
Soft errors, radiation-induced transient faults latched by memory elements, have emerged to be one dominant
failure mechanism for scaled CMOS designs. Therefore, this paper presents a robust design named soft error
resilient latch (SERL). Compared to BISER, one of the latest latch designs, SERL demonstrates better soft error
protection with smaller area overhead.
12:10 A.M.
D19-3 A Test-per-Cycle BIST Architecture with Low Area Overhead and No Storage Requirement
Chung-Min Shiao, Wei-Cheng Lien, and Kuen-Jong Lee
National Cheng Kung University, Taiwan
Test-per-clock BIST scheme has the advantages of very short test application time and small test data volume.
However, conventionally this scheme needs an extra parallel response monitor for response analysis that may lead
to large area overhead. This paper presents a new test-per-clock BIST method that can perform both pattern
generation and response compression concurrently in the same LFSR-based design so as to reduce the area
overhead. Furthermore, some internal nets are employed in two ways during test application to help reduce test
time and test data volume: 1) as the observation points to enhance fault detectability and 2) as the test data
provider for reseeding the LFSR. These two ways lead to the benefits that all required patterns can be generated on
chip and at-speed testing can be carried out without using any external or internal storage device. Experimental
results show that the presented method can achieve 100% fault coverage in very short time for large ISCAS (IWLS)
benchmark circuits using 0.09% (0.03%) of internal nets with 9.29% (8.26%) extra area overhead respectively.
When compared with a conventional scan-based design, the area overhead is small considering the features of
test-per-clock and no requirement of data storage or expensive test equipment.

12:15 P.M. Lunch
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DAT Tutorial 1 : Low Power Design and Predictive Failure Analytics in Silicon
13:30 P.M. ~ 16:30 P.M., Wednesday, April 27
Ballroom C
Organizer :
Lih-Yih Chiou , National Cheng Kung University, Taiwan
Chair:
Tsung-Te Liu, National Taiwan University, Taiwan
13:30 P.M.
Low Power Design and Predictive Failure Analytics in Silicon
Rajiv V. Joshi
IBM Research Division, USA
Power has become the key driving force in processor design as the frequency scale-up is reaching saturation. In
order to achieve low power system circuit and technology co-design is essential. This talk focuses on related
technology and important circuit techniques for nanoscale VLSI circuits. Achieving low power and high
performance simultaneously is always difficult. Technology has seen major shifts from bulk to SOI and then to
non-planar devices such as FinFET and Trigates. This talk consists of pros and cons analysis on technology from
power perspective and various techniques to exploit lower power. As the technology pushes towards sub-22nm era,
process variability and geometric variation in devices can cause variation in power. The reliability also plays an
important role in the power-performance envelope. This talk also reviews the methodology to capture such effects
and describes all the power components. All the key areas of low power optimization such as reduction in active
power, leakage power, short circuit power and collision power are covered. Usage of clock gating, power gating,
longer channel, multi-Vt design, stacking, header-footer device techniques and other methods are described for
logic and memory. Finally the talk summarizes key challenges in achieving low power. In addition the tutorial give
a brief overview of predictive failure analytics used in nm Technology. Process and environmental variations impact
circuit behavior it is important to model their effects to build robust circuits. The tutorial describe how key
statistical techniques can be effectively used to analyze and build robust circuits.
DAT Tutorial 2 : Hierarchical SoC Testing
13:30 P.M. ~ 16:30 P.M., Wednesday, April 27
Ballroom D
Organizer:
Lih-Yih Chiou, National Cheng Kung University, Taiwan
Chair :
Tong-Yu Hsieh, National Sun Yat-Sen University, Taiwan
13:30 P.M.
DAT Tutorial 2 Hierarchical SoC Testing
Janusz Rajski and Yu Huang
Mentor Graphics, USA
This tutorial covers fundamental concepts, recent developments and industry practices on SoC hierarchical and
modular test flow. It has two sections.
1. Core-level test technologies, which include (A) cell-aware ATPG to improve test quality, (B) test compression
technologies such as Embedded Deterministic Test (EDT), and (C) Test point insertion to reduce the pattern count.
2. SoC-level test technologies, which include (A) core-based SoC hierarchical DFT methodologies and techniques
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such as TAM, wrapper, test scheduling, and diagnosis, (B) SoC modular test flow and technologies such as
broadcasting compressed test stimuli to multiple identical and non-identical cores, (C) pattern retargeting based
hierarchical SoC test and diagnosis flow, and finally (D) IEEE 1687 (IJTAG) applications in the SoC test flow.
DAT Tutorial 3 : Approximate Computing for Error-Resilient Applications
13:30 P.M. ~ 15:00 P.M., Wednesday, April 27
Mezzanine A+B
Organizer :
Lih-Yih Chiou, National Cheng Kung University, Taiwan
Chair :
Po-Yu Kuo, National Yunlin University of Science and Technology, Taiwan
13:30 P.M.
DAT Tutorial 3 Approximate Computing for Error-Resilient Applications
Qiang Xu
The Chinese University of Hong Kong, Hong Kong
Computing has entered the era of approximation, in which hardware and software generate and reason about
estimates. Navigation applications turn maps and location estimates from hardware GPS sensors into driving
directions; speech recognition turns an analog signal into a likely sentence; and search turns queries into
information. These complex systems require sophisticated algorithms to deliver good enough answers quickly, at
scale, and with energy efficiency, and approximation is often the only way to meet these competing goals. In this
tutorial, we are aiming at providing a comprehensive introduction of state-of-the-art approximate computing
techniques at all computing layers and highlight challenges for future research.
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