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[Abstract] Novel CMOS wide-bandwidth 1st- and 2nd-order current-mode allpass filters are proposed in this paper. The 1st- order 
filter consists of only one transistor, two resistors and one grounded inductor. An addition of one capacitor converts the 1st- order fil-
ter into a 2nd-order filter. A 1st-order allpass filter with delay of approximately 33 ps and pole-zero location of 10GHz is designed to 
confirm the circuit operation. The location of the pole-zero pair is confirmed with a current-mode quadrature oscillator based on the 
proposed allpass filter. A 2nd-order filter with maximum achievable delay-bandwidth-product is designed to achieve a group delay of 
approximate 60 ps across a 10GHz bandwidth. 
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Héctor X. Román (Texas Instruments Incorporated), Guillermo J. Serrano (Recinto Universitario de Mayagüez) 
[Abstract] A voltage regulator architecture implemented with floating-gate transistors is presented.  The proposed approach substi-
tutes the traditional bandgap voltage reference circuit and resistive feedback with analog memories.  As an additional feature, charge 
modification of these analog memories allow for output voltage modification and circuit performance improvement after fabrication.  
Prototypes fabricated in 0.5µm CMOS process (Vthn=0.7V; Vthp=-0.9V) operate with 1µA of quiescent current and minimum supply 
of 1.8V.  Experimental results show output voltage programmability from 0.6V to 1.4V, maximum load of 0.50mA, line regulation of 
13mV/V, load regulation of 80mV/mA, and a maximum temperature coefficient of 58.2ppm/°C. 
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Paul M. Furth (New Mexico State University), Srikar Krishnapurapu (New Mexico State University),  
Sri Harsh Pakala (New Mexico State University), Mohammad A. Haque (New Mexico State University) 
[Abstract] A new technique to decrease the transient recovery time in a very low-quiescent current low-dropout (LDO) voltage regu-
lator is introduced. The new Transient Recovery Time Enhancement (TRTE) block comprises a voltage-to-current converter, current 
comparator and an NMOS output transistor. The proposed LDO using the TRTE block was fabricated in a 0.5-um 2P3M CMOS proc-
ess. The circuit operates at a total quiescent current of 5.3 uA with a maximum load current of 50 mA while supplying a regulated 
output voltage of 1.5 V to a 100 pF load. Experimental results indicate a drop-out voltage of 123 mV with an average recovery time of 
5.22 us under maximum load current changes. 
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Mihail Cutitaru (Old Dominion University), Lee A. Belfore II (Old Dominion University) 
[Abstract] This paper proposes a single-phase partially-adiabatic logic family and compares its energy characteristics with other adiabatic 
families and CMOS by simulating a full-adder and an 8-bit carry-lookahead adder. Simulation results show that the full-adder using the 
proposed family uses up to 79% less energy compared to its CMOS implementation and up to 67% less than other adiabatic families. The 
8-bit carry-lookahead adder performs at least as well as the next best adiabatic implementation while using fewer clock phases. 
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Parviz Palangpour (University of Arkansas), Scott C. Smith (University of Arkansas) 
[Abstract] Sleep Convention Logic (SCL) is a self-timed pipeline style that offers inherent power-gating, resulting in ultra-low static 
power consumption. After each pipeline stage has processed new data, control logic asserts a sleep signal causing the entire pipeline stage 
to be power-gated until the next data arrives. Due to the aggregate sleep capacitance for each pipeline stage, there is an energy overhead 
for waking and sleeping the pipeline stages. In this paper, an alternative is presented in which only a portion of each pipeline stage is put 
to sleep. This reduces the aggregate sleep capacitance for each pipeline stage, resulting in reduced dynamic energy consumption. 
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Dipanjan Bhadra (University of Utah), Vikas S. Vij (University of Utah), Kenneth S. Stevens (University of Utah) 
[Abstract] Universal Asynchronous Receiver Transmitter (UART) implements serial communication between peripherals and remote 
embedded systems.The UART protocol is defined based on fixed frequencies with a sampling method to achieve robustness under 
reasonable frequency variations between systems.  Such design specifications are natural for clocked domains.  This work investigates 
whether this simple clocked hardware protocol can be advantageously implemented using asynchronous design techniques.  A full du-
plex clocked and asynchronous UART are implemented and compared.  The asynchronous design results in average power of about 
one-fourth that of the clocked design under standard operating modes. 
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Chin-Khai Tang (National Taiwan University), Yi-Chang Lu (National Taiwan University) 
[Abstract] A new power efficient asynchronous circuit design is presented in this paper. By using new input channel restoring circuits 
and function block partitioning technique to restore only asserted input channels, the transistor area used in each asynchronous logic 
function unit and thus the load capacitance can be effectively minimized. As a result, the circuit power consumption can be reduced. 
Our simulation results show that the new asynchronous circuit consumes at least 26% less power. Thus, by applying the new asyn-
chronous circuit design technique, low power consumption and area usage can be achieved. 

Low Power Null Convention Logic Circuit Design Based on DCVSL ............................................................................................  29 
Ho Joon Lee (Northeastern University), Yong-Bin Kim (Northeastern University) 
[Abstract] Null convention logic units are the most important logic unit in asynchronous circuits. This paper propose a new design of 
Null Convention Logic(NCL) design method based on the differential cascode voltage-switch logic (DCVSL). Comparisons are ana-
lyzed on delay and power consumption between the conventional NCL circuits design methods and our proposed NCL circuit deisgn 
method. After each single NCL gate designs have been simulated and compared, the overall performance of the proposed NCL cir-
cuits design technique is compared with the previous designs with a test case of the 4X4 multiplier implementation in 110nm CMOS 
technology node. The comparison of NCL basic gates shows that the proposed design approach achieves more than 20% power sav-
ings and more than 30% delay improvement as well as transistor count reduction.These performance and power saving are also veri-
fied in 4X4 multiplier design case. 
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High-Frequency High-Efficiency Resonant Converter with Class-EM Inverter and Class-E Rectifier ......................................  33 
Hiroo Sekiya (Chiba University), Xiuqin Wei (Fukuoka University), Tomoharu Nagashima (Chiba University) 
[Abstract] This paper proposes a resonant converter with the class-E_M inverter along with its design procedure. Because the class-
E_M inverter is applied to the inverter part of the resonant dc/dc converter, the proposed converter achieves high power conversion 
efficiency at high frequencies with low cost. By using the numerical design procedure, the accurate component values for achieving 
multiple constraint conditions without any analyses. In the laboratory measurements, the proposed converter achieved 88.5% power 
conversion efficiency with 7.5 W output power at 1 MHz operating frequency. 
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Thomas R. Salvatierra (Wright State University), Marian K. Kazimierczuk (Wright State University) 
[Abstract] Pulse-width modulated (PWM) DC-DC buck converters can play a critical role in high-efficiency power management sys-
tems when operated as dynamic power supplies or amplitude modulators. However, no analysis or design methodology currently ex-
ists for a buck converter used as variable-output supply in continuous conduction mode (CCM). This paper describes a key difference 
in analysis and design for this application, namely the method for determining the optimum inductance value. New inductor design 
equations, different from those derived for fixed-output CCM buck converters in the existing literature, are presented and verified 
through simulation of an example design. 



Reverse Power Flow Study of an Isolated Quasi-Switched-Capacitor DC/DC Converter for Automotive Applications ...........  41 
Xuan Zhang (Ohio State University), Chengcheng Yao (Ohio State University), Feng Guo (Ohio State University),  
Jin Wang (Ohio State University) 
[Abstract] This paper presents the study of the reverse power flow of an isolated Quasi-Switched-Capacitor (QSC) DC/DC converter 
for automotive applications. The converter employs a QSC DC/AC front-stage circuit with a 3:1 voltage step-down ratio, and a syn-
chronous-rectifying-current-doubler post-stage circuit. The reverse power flow is delivered from the 14 V dc bus to the high voltage 
(HV) dc bus, for the vehicle starting up operation. To implement the reverse power flow, the control method is described, and the con-
verter operation principles are analyzed. The simulation and experiment results of a 1 kW prototype based on silicon carbide (SiC) 
MOSFETs on the HV side are provided. 

Analysis of the Doubler of Electricity Considering a Resistive Load ..............................................................................................  45 
Antonio Carlos M. de Queiroz (Universidade Federal do Rio de Janeiro),  
Marcelo Domingues (Universidade Federal do Rio de Janeiro) 
[Abstract] This work shows a detailed analysis of an electrostatic generator based on Bennet’s doubler, that can be used for vibra-
tional energy harvesting, considering the effect of a resistive load on the behavior of the device. Two levels of approximation are used 
in the analysis, with results compared with precise simulations. The analyses allow a prediction of the voltage multiplication factor per 
cycle as function of the load, and quick evaluation of the load that the device can tolerate. 
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Agasthya Ayachit (Wright State University), Marian K. Kazimierczuk (Wright State University) 
[Abstract] This paper presents the analysis of a pulse-width modulated (PWM) quadratic buck or BUCK-square converter operating 
in continuous conduction mode (CCM). This class of converter offers very wide range of DC voltage conversion ratio enabling higher 
switching frequencies. In this paper, the steady-state analysis of the quadratic buck converter is presented. Results pertaining to the 
operation of the converter at boundary between continuous and discontinuous modes is discussed. A 24 V/10 V, 9 W quadratic buck 
converter is considered as a design example. Simulation results obtained using SABER circuit simulator are provided validating the 
analysis presented in the paper. 
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[Abstract] In this paper, a circuit model of the memristor using SPICE is presented, which expands the hitherto methods to solve the 
memristor’s modeling equations presented by HP lab. This kind of the memristor model can not only be encoded in SPICE and satisfy 
the properties of the general memristive systems, but also use few components and simulate fast. In order to further explore the 
nonlinear and switching characteristics of the memristor model, a directly modulated patch antenna with one memristor is designed by 
using finite-difference time-domain (FDTD) simulator integrated with the nonlinear SPICE circuit solver. 

A Novel Analytical Negative Resistor Compact Model ....................................................................................................................  57 
Isaac Abraham (Intel Corporation) 
[Abstract] This paper presents the development of a compact and fully differentiable model for the input current-voltage (I-V) charac-
teristics of an operational amplifier (opamp) based negative resistor element (NRE). The model is shown to have good correlation to 
data collected from a NRE test bench employing the uA741 opamp as the active gain element. The model will help to study new ap-
plications such as load-shaping using negative impedance components. 
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Delia Torres-Muñoz (Instituto Nacional de Astrofísica Optica y Electrónica), Luis Hernandez-Martinez (Instituto Nacional 
de Astrofísica Optica y Electrónica), Hector Vazquez-Leal (Universidad Veracruzana) 
[Abstract] Homotopy algorithms to solve a nonlinear system of equation involve continuation methods for the tracing solution curves. 
The spherical algorithm is well known to be efficient and practical however the reversion problem can appear. In this paper establish-
ing a methodology for avoiding the reversion problem into the tracing solution curves. Two study cases are given by using the formu-
lation Double bounded homotopy (DBH) and the improved spherical continuation algorithm. 
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Mohamed Waleed Fakhr (University of Bahrain), Yasser Hanafy (Arab Academy for Science and  
Technology and Maritime Transport) 
[Abstract] Model order reduction (MOR) is an approximation approach where a high order complex system is modeled by a low or-
der parametric system. Power system transients, RLC interconnects in deep submicron technology, and large scale dynamical systems 
are just a few examples of MOR practical applications. In this paper, the focus is on approximating the impulse response of high order 
RLC-like systems which resemble most practical applications. The recent progress in compressed sensing field leading to the L1-
minimization Basis Pursuit Denoising (BPDN) algorithm for sparse coding has motivated the proposed approach. In this approach an 
overcomplete dictionary of damped sinusoids is constructed and the sparse coding paradigm is used to find the sparsest solution to the 
given impulse response. Two other modifications of the basic dictionary with added random atoms are used. A particle swarm optimi-
zation with constraints algorithm is employed to refine the sparse coding model, and finally, the best model is chosen adaptively. A 
system of order 24 is used with 200 realizations, and reduced models of orders 4, 6 and 8 are tested for different dictionary sizes. 

Biquadratic Approximation of Fractional-Order Laplacian Operators .........................................................................................  69 
Reyad El-Khazali (Khalifa University) 
[Abstract] This paper introduces a Biquadratic approximation of the fractional-order Laplacian operator, s^α; 0<α≤1. Initially, a sin-
gle Biquadratic transfer function is designed to approximate the fractional-order derivative over a narrowband spectrum that enjoys an 
exact gain and phase frequency response. A modular structure is then formed by cascading several Biquadratic transfer functions cen-
tered at different corner frequencies to widen the frequency band. The effectiveness and the simplicity of the proposed method are 
demonstrated against several approximation methods via numerical simulations 
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G. Subramanyam (University of Dayton), E. Shin (University of Dayton), D. Brown (University of Dayton),  
H. Yue (University of Dayton) 
[Abstract] Vanadium dioxide (VO2) thin films have an insulator to metal transition above a critical temp of 68ºC. In this study, VO2 
thin films were deposited on a sapphire substrate for thermally controllable RF/microwave devices. Presented are two thermally con-
trolled varistor designs; a microwave switch and a resonant structure. VO2 devices showed ~2 kΩ at room temp and 2Ω at 70ºC. 
Switches using a VO2 shunt varistor showed good isolation (>20 dB) and low insertion loss (<1 dB) up to 20 GHz. 

Silicon on Ferroelectric Insulator Field Effect Transistor (SOF-FET) for Ultra Low Power Design ..........................................  77 
Azzedin Es-Sakhi (University of Missouri - Kansas City), Masud H. Chowdhury (University of Missouri - Kansas City) 
[Abstract] This paper presents the concept of a new field effect transistor (FET) based on ferroelectric insulator. The proposed design 
is named Silicon-on-Ferroelectric Insulator (SOF) FET. The design combines the concepts of negative capacitance in ferroelectric ma-
terial and silicon-on-insulator (SOI) device. The design proposes that by burring a layer ferroelectric insulator inside bulk silicon sub-
strate an effective negative capacitance (NC) can be achieved. The NC effect can provide internal signal boosting. It is demonstrated 
that by carefully selecting thickness of the ferroelectric film inside the device the subthreshold swing and the threshold voltage can be 
lowered. Lower subthreshold swing is a prime requirement for ultra-low-power design. 
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R. Canal (Universitat Politècnica de Catalunya) 
[Abstract] 3T1D-DRAM cells will still be operative with 7nm FinFETs but their performance is significantly degraded when factor-
ing in variability. In order to improve the cell robustness against device process variation and high environment temperatures, we pro-
pose a Dual-VT strategy. Our results show a larger retention time, significant cell spread reduction and reliable behavior up to 100ºC. 
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Branden Long (University of Toledo), Saptarshi Mandal (University of Toledo), Rashmi Jha (University of Toledo), 
Alexander Pronin (Keithley Instruments), Peter J. Hulbert (Keithley Instruments) 
[Abstract] We report an experimental study to understand the reduction in the forming voltage with slow electro-forming of HfO2 based 
Resistive Random Access Memory (ReRAM) devices. Using a combination of capacitance-voltage and current-voltage measurements, 
we captured the change in capacitance due to dielectric polarization as a function of voltage sweep rates. The dielectric polarization was 
attributed to the charge trapping or internal redistribution of charged centers under electric field. The dielectric polarization was signifi-
cantly higher when voltage-sweep rate was slow which causes electro-forming of the dielectric at lower forming voltages. 
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Vinayak Hande (Indian Institute of Technology, Bombay), Maryam Shojaei Baghini (Indian Institute of Technology, Bombay) 
[Abstract] A CMOS process-insensitive voltage reference generator, which is based on the weighted sum of thermal voltage and differ-
ence of threshold voltages, is presented. The voltage  reference circuit uses high VTH and regular VTH transistors and produces reference 
level of 422mV. The proposed technique is analyzed theoretically and its results are compared with other methods. The circuit is designed 
and simulated in standard 180nm mixed mode CMOS technology for low-cost low-power applications. The circuit operates at minimum 
supply voltage of 1V with maximum drawn current of 577nA only. A temperature coefficient of 36ppm/°C is achieved with line sensitiv-
ity of 0.01%/V. The proposed reference generator exhibits PSRR of -60.34 dB and -37.09 dB at 100Hz and 1MHz, respectively. 

Analysis and Design of Sub-µW Bandgap References in Nano-Meter CMOS .............................................................................    93 
Kin Keung Lee (University of Oslo), Tor Sverre Lande (University of Oslo) 
[Abstract] Analysis and design of nano-watt bandgap references (BGR) in nano-meter (nm) CMOS are presented. Three different 
BGR topologies are studied and design trade-offs are discussed. Based on the analysis results, a BGR is fabricated in a TSMC 90 nm 
CMOS process. A special feature is that it can generate proportional to absolute temperature and complementary to absolute tempera-
ture current individually which enables more possibility of system co-design. Measurements show temperature coefficient and line 
sensitivity without trimming are 47.1 ppm/° C and 0.8 %/V respectively. The power consumption of the BGR core with a 1.2 V sup-
ply is 315 nW at room temperature. The core area is 0.026 mm². 

A Bandgap Voltage Reference in 0.18µm CMOS Technology .......................................................................................................    97 
A. Martínez-Nieto (Instituto Nacional de Astrofísica, Optica y Electrónica), M.T. Sanz-Pascual (Instituto Nacional de 
Astrofísica, Optica y Electrónica), P. Rosales-Quintero (Instituto Nacional de Astrofísica, Optica y Electrónica), 
Santiago Celma (Universidad de Zaragoza) 
[Abstract] A low-temperature coefficient, curvature-compensated CMOS bandgap voltage reference (BGR) is presented. The design was 
implemented in standard 0.18u m CMOS process with 1.8V power supply. The compensation is achieved generating the negative tem-
perature coefficient (TC) voltage with a quadratic temperature dependent current biasing a bipolar transistor. In addition, the design has a 
4-bit trimming circuit to compensate for process variations. The output voltage is 1.225V and shows a TC lower than 2ppm/ °C over a 
temperature range of 160° C (-20° C to 140° C). The bandgap reference consumes 620 µW and its total layout area is 217x147 µ m². 

A Bandgap Circuit with a Temperature Coefficient Adjustment Block .......................................................................................  101 
Eder Issao Ishibe (Universidade de São Paulo), João Navarro Soares Júnior (Universidade de São Paulo) 
[Abstract] A bandgap reference source with a temperature coefficient adjustment block was proposed. The topology employs current 
summation and the circuit was designed through a metaheuristic algorithm in a 0.35-um CMOS technology. Monte Carlo simulations 
show that the designed circuit has an average temperature coefficient of 27 ppm/0C, average line regulation of 428 ppm/V, and aver-
age current consumption of 3.1 uA in a 1 V power supply. The 3-bit temperature adjustment block allowed a maximum temperature 
coefficient of 26.6 ppm/0C for 90% of the circuits without interfering in the reference voltage output or the line regulation. 
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Modified Integrated Circuit Interface Based on M×N-Ary Variable Width Period Modulation ...............................................  105 
Shengyang He (Harbin Institute of Technology), Maoliu Lin (Harbin Institute of Technology),  
Guanghui Ren (Harbin Institute of Technology) 
[Abstract] A modified IC interface based on M×N-ary variable width period modulation is proposed to reduce the complexity of cir-
cuit design, and to improve the data transfer rate of a bandwidth-limited system. A demonstration system is built by using two Field 
Programmable Gate Arrays to simulate the transceiver functions in a RS232 bus, and to verify the feasibility and validity of the inter-
face proposed. Theoretical analysis and experimental results indicates that, the interface proposed can be used not only to reduce the 
bandwidth and the switching frequency requirements, thereby reducing the design complexity of a high-speed system, but also to in-
crease the data transfer rate of a bandwidth-limited system. Experimental results indicate that a data transfer rate of more than 1.7 
Mbps can be achieved using the interface proposed in a RS232 serial bus without any other change in hardware circuit. 



Energy-Aware Schedule Optimization on Multicore Systems .......................................................................................................  109 
Hassan Salamy (Texas State University), Semih Aslan (Texas State University) 
[Abstract] Optimized task scheduling with reduced energy consumption is ever demanding in the era of multicores. Power-aware 
scheduling does not guarantee thermal safety of systems components.  Temperature plays an important role in the effective function-
ing of embedded systems.  Therefore, temperature-aware task scheduling is a necessity to reduce the hotspots in such systems and to 
ensure overall thermal safety.  In this paper, we propose a genetic algorithm based solution to task scheduling of different applications 
on a multi-core system with power and thermal safety. Results on different benchmarks show the effectiveness of our techniques. 

Reliability Assessment of Combinational Logic Using First-Order-Only Fanout Reconvergence Analysis ..............................  113 
Samuel N. Pagliarini (Telecom ParisTech), Tian Ban (Nanjing University of Science and Technology),  
Lirida A. de B. Naviner (Telecom ParisTech), Jean-François Naviner (Telecom ParisTech) 
[Abstract] This paper proposes two heuristic-based approaches for assessing the reliability of combinational logic in digital circuits. 
Both approaches take into account reconvergent signals but limited to a first-order-only analysis. Our results show that both ap-
proaches lead to more accurate results since the average as well as the maximum estimation error is smaller for the studied circuits. 

Hardware and Software Design for QR Decomposition Recursive Least Square Algorithm .....................................................  117 
Sufeng Niu (Illinois Institute of Technology), Sizhou Wang (Illinois Institute of Technology),  
Semih Aslan (Texas State University), Jafar Saniie (Illinois Institute of Technology) 
[Abstract] In this paper, an embedded hardware and software system design and implementation for QR Decomposition Recursive 
Least Square (QRD-RLS) algorithm using Givens Rotation are presented. Furthermore, hardware and software design optimization 
are introduced to the Givens Rotation-based method. The computation performance is compared for hardware implementation running 
on Xilinx Virtex-5 FPGA, and software design running on two different processors (Intel i7 processor and ARM embedded processor) 
for solving least square problems. The challenges for hardware optimization and software algorithm are also presented. 

Reliable Ultra-Low Voltage Cache with Variation-Tolerance .......................................................................................................  121 
Cheng Li (University of Rochester), Meilin Zhang (University of Rochester), Paul Ampadu (University of Rochester) 
[Abstract] In this paper, an ultra-low voltage cache with improved variation-tolerance is proposed. Variable strength error control 
codes are employed to enable the cache to work reliably under ultra-low voltage. An adaptive mechanism is adopted to make the 
switching between these ECCs fast and stable, which makes the cache more resilient to variations. Our proposed method shows a 10x 
improvement on residual error rates compared to adaptive ECC method while retaining its lower power feature. Our method provides 
similar reliability under voltage variation as VS_ECC while our storage overhead is less. 
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A Synchronous LED Driver with Dynamic Level-Shifting and Simultaneous Peak and  
Valley Current Sensing for High-Brightness Lighting Applications .............................................................................................  125 
Zhidong Liu (University of Texas at Dallas), Hoi Lee (University of Texas at Dallas) 
[Abstract] This paper presents a synchronous hysteretic current controlled (SHCC) buck-type LED driver in order to achieve high 
power efficiency and high accuracy of the LED current simultaneously. A low-power dynamic level shifter is developed to enable the 
use of high-voltage power pMOS as the high-side power switch instead of traditional power diodes for significant conduction power 
loss reduction. The simultaneous peak and valley current sensing scheme is also created in the proposed driver to eliminate the use of 
any sensing resistor in the power stage for further power efficiency enhancement. Implemented in a high-voltage (HV) 0.35-um 
CMOS, the proposed driver can deliver an average LED current of 1A. When the input voltage changes from 15V to 50V and the no. 
of series-connected LEDs varies from 1 to 12, the proposed driver can achieve the power efficiency of >89% and the average LED 
current error of <1.2%. The proposed SHCC LED driver achieves significant improvements in power efficiency and current accuracy 
over traditional peak- and hysteretic-current-controlled counterparts. 

Fully-Integrated Passive Threshold-Compensated PMOS Rectifier for RF Energy Harvesting ...............................................  129 
Zohaib Hameed (University of Alberta), Kambiz Moez (University of Alberta) 
[Abstract] This paper presents an RF-DC rectifier for radio frequency energy harvesting applications. The proposed passive multi-
stage RF-DC rectifier uses standard PMOS transistors to allow individual bulk biasing without the requirement of deep nwell technol-
ogy. The RF-DC conversion circuit is based on passive threshold self-compensated topology. A design strategy to enhance the input 
voltage range and to optimize the power conversion efficiency is presented. Designed and simulated in IBM 130-nm CMOS technol-
ogy, the proposed 915-MHz rectifier shows improved output voltage and power conversion efficiency compared to recent works. 
When driving a 1-MΩ load, the RF-DC power conversion unit is able to supply 1-V output with an input power of -22 dBm (6.3 μW) 
and obtains an efficiency of 11.4% at -16.1 dBm (24.5 μW) while supplying 2-V to the output. 



Regenerative Electrostatic Energy Harvester with Improved Output Power Range ..................................................................  133 
Yin Li (University of Guelph), Manjusri Misra (University of Guelph), Stefano Gregori (University of Guelph) 
[Abstract] This paper presents a regenerative electrostatic energy harvester based on a mechanically-variable capacitor and with no 
startup battery. We developed a simple model and demonstrated the main design tradeoffs through simulations. The proposed circuit 
has an improved output power range and can be used to extract from ambient motion the energy needed by small, low-power systems. 

An External Capacitor-Less Low Drop-Out Regulator with Superior PSR and Fast Transient Response ..............................  137 
Saikrishna Ganta (Texas A&M University), Chang-Joon Park (Texas A&M University), Daniel Gitzel (Texas A&M 
University), Rafael Rivera (Texas A&M University), José Silva-Martínez (Texas A&M University) 
[Abstract] in this paper, an external capacitor-less low drop-out (ldo) voltage regulator with superior power supply rejection (psr) and 
small transient ripple is described. the proposed ldo has the advantages of wide-band psr and fast transient response while consuming 
only 18µa of quiescent current. simulation results show that the ldo designed in a mainstream 0.18µm cmos technology presents a psr 
better than -55db up to 1mhz when loaded by a 100pf capacitor. the peak-to-peak undershoots and overshoots are less than 75mv 
when load current pulses from 0 to 50ma with 1µs rise/fall times. load regulation is around 30mv/ma and output voltage deflection is 
under 75mv when sweeping the load current in the range 0-50ma. 

Session A2L-E: Oscillators and Chaotic Systems 
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Time:  August 5, 2013, 13:10 - 14:50 
Location:  Suzanne M. Scharer 

Push-Pull RC-Oscillator/Multivibrator ...........................................................................................................................................  141 
I.M. Filanovsky (University of Alberta), J. Järvenhaara (Tampere University of Technology),  
N.T. Tchamov (Tampere University of Technology) 
[Abstract] The paper considers the push-pull RC-oscillator/multivibrator. In the sinusoidal regime the circuit develops two counter-phase 
oscillations located at different DC levels. The DC level of the first oscillation is close to the power supply level, the DC level of the sec-
ond oscillation is close to the ground. The transition from sinusoidal oscillations to the relaxation ones is achieved by changing the value 
of the capacitor present in the circuit, so that for small values of this capacitor the oscillations are sinusoidal; for large values the circuit 
develops relaxation oscillations. This transition is similar to that which exists in source-coupled oscillators/multivibrators. Indeed, the 
proposed oscillator may be considered as a version of source-coupled multivibrator using complementary gain stages. 

RLC-Oscillator with Smooth Transition from Sinusoidal to Relaxation Oscillations .................................................................  145 
I.M. Filanovsky (University of Alberta), C.J.M. Verhoeven (Delft University of Technology) 
[Abstract] The paper considers transition from sinusoidal to relaxation oscillations in the RLC-oscillator the frequency of which is 
tuned by the resonator capacitance. The active element of this oscillator is a transconductance amplifier with limited output current. 
When the tuning capacitor is large the oscillations are nearly sinusoidal. Diminishing the tuning capacitor value one moves smoothly 
from sinusoidal to relaxation oscillations, and when this capacitor is reduced to zero value the oscillator becomes an RL-(magnetic) 
multivibrator. The transition is illustrated using two root loci; the first is called the placement root-locus, and it describes the location 
of characteristic equation roots when the tuning capacitor changes but the oscillations have not started yet. The second root locus is 
called the dynamical root locus, and it represents the periodic movement of the root locations within one oscillation period, and the 
oscillator is in steady-state oscillations. The oscillator was realized using a bipolar transconductance amplifier and then tested, and 
smooth transition from sinusoidal to relaxation oscillation was confirmed. 

Circuits with Mixed Mode Oscillations in VHDL-AMS .................................................................................................................  149 
Wieslaw Marszalek (DeVry University), Michał Melosik (Poznan University of Technology) 
[Abstract] We use VHDL-AMS in modeling of oscillatory systems with mixed mode oscillations. Both the VHDL-AMS behavioral 
and structural models of a specific generator with mixed-mode oscillations are considered. The generator has interesting properties 
with MMOs following the Farey arithmetics of integer numbers. A special circuit of simulated inductor is used in the analysis. The 
VHDL-AMS codes and simulation results are included. 

Simulative Characterization of the Stability for Second Order Voltage Switched CP-PLL .......................................................  153 
Ehsan Ali (Aix-Marseille University), Wenceslas Rahajandraibe (Aix-Marseille University), Fayrouz Haddad (Aix-Marseille 
University), Christian Hedayat (Fraunhofer ENAS), Christian Hangmann (Universität Paderborn) 
[Abstract] The Gardner’s stability theory is vital for linear modeling and empirical design of the charge-pump phase locked loop (CP-
PLL). This criterion is general to identify the stability boundary in the steady state. In some applications a voltage switched charge-
pump (VSCP) is implied, which offers design simplicity and low cost. The VSCP architecture delivers an unequal amount of pump 
currents to the loop filter (LF), which introduces the curious non-linearity in the behavior. In this paper Gardner’s stability boundary is 
investigated by making iterative transient simulation using the event driven model in the locked state. 



Variability Analysis of Tent Map-Based Chaotic-Map Truly Random Number Generators .....................................................  157 
Hamid Nejati (University of Michigan), Ahmad Beirami (Georgia Institute of Technology),  
Aria Ghassemian Sahebi (University of Michigan), Warsame H. Ali (Prairie View A&M University) 
[Abstract] Although discrete-time chaotic-map TRNGs, in principle, are capable of generating unbiased and uncorrelated random bits,  
implementation variations deteriorate the quality of the output sequence as a result of variation of the chaotic map parameters (which result 
in a non-ideal map). In this paper, we introduce an analytical technique to investigate the impact of process variations on the randomness of 
the output sequence generated using tent map-based discrete-time chaotic map truly random number generators (TRNGs). We validate our 
results against the probability density function (pdf) estimated using extensive Monte-Carlo simulations applied to the nonideal map char-
acteristics. The simulation results suggest that the estimation of pdf using our simplified theoretical method is in good agreement with that 
of the Monte-Carlo simulations. Finally, the quality of the random bits have also been evaluated using the entropy measure. 

Session A2L-F: Bioengineering Systems 
Chair:   Khaled Salama, KAUST 
Time:  August 5, 2013, 13:10 - 14:50 
Location:  Rosa M. Ailabouni 

A Low-Power Low-Noise Transimpedance Amplifier for an Integrated Biosensing Platform ..................................................  161 
Khandaker A. Al Mamun (University of Tennessee), Mohammad Habib Ullah Habib (University of Tennessee), 
Nicole McFarlane (University of Tennessee) 
[Abstract] In this paper, we design a low power, low noise transimpedance amplifier for ultra-low biosignal amplification. The pro-
posed transimpedance amplifier is implemented in a standard 6 metals, 1 poly, and 0.18um CMOS process. The amplifier is capable of 
producing 215MOhm transimpedance gain, 0.615MHz bandwidth; 910fA/sqrt(Hz) input referred noise at 100Hz while consuming 
only 139uW dc power. 

A 7.8V Neurostimulator Based on Cascoded Low-Voltage Silicon-on-Sapphire MOS Transistors ...........................................  165 
Cesar Rodrigues (Universidade Federal de Santa Maria), Asish Zac Alex (University of New South Wales),  
Torsten Lehmann (University of New South Wales) 
[Abstract] Sapphire has better biocompatibility than silicon, higher mechanical resistance, it is transparent, and its lattice matches 
very well to Si and GaAs. Those unique characteristics enables Silicon-on Sapphire (SoS) technology as a potential solution for im-
plementation of implantable electronic devices, such as retinal prostheses. However, some issues are yet to be solved, such as high 
cost, and voltage supply limitations. This paper presents circuit topologies and simulated results from a neural stimulator rated for 
7.8V supply using standard low-voltage transistors in Silanna Silicon-on-Sapphire 0.5um/FC process. 

A TDC-Based Front-End for Rapid Impedance Spectroscopy ......................................................................................................  169 
Hao Huang (Texas A&M University), Samuel Palermo (Texas A&M University) 
[Abstract] A CMOS IS front-end which utilizes a time-to-digital converter (TDC) and a peak detector circuit (PDC) for rapid meas-
urement of both impedance phase and magnitude, respectively, was presented. This fast IS front-end can enable cytometry systems 
capable of fast flow rates monitoring and improve scan rate for massive sensor array systems 

A High Input Impedance Low-Noise Instrumentaion Amplifier with JFET Input .....................................................................  173 
Tan Yang (University of Tennessee), Junjie Lu (University of Tennessee), Jeremy Holleman (University of Tennessee) 
[Abstract] This paper presents a high input impedance instrumentation amplifier with low-noise low-power operation. JFET input-
pair is employed instead of CMOS to significantly reduce the flicker noise. This amplifier features high input impedance (15.3 
Gohms||1.39 pF) by using current feedback technique and JFET input. This amplifier has a mid-band gain of 39.9 dB, and draws 3.65 
uA from a 2.8-V supply and exhibits an input-referred noise of 3.81 uVrms integrated from 10 mHz to 100 kHz, corresponding to a 
noise efficiency factor (NEF) of 3.23. 
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Double Gate FinFET Based Mixed-Signal Design: A VCO Case Study .......................................................................................  177 
Dhruva Ghai (Oriental University), Saraju P. Mohanty (University of North Texas), Garima Thakral (Oriental University) 
[Abstract] This paper investigates mixed-signal design for double-gate (DG) FinFET technology using a current-starved voltage con-
trolled oscillator (VCO) as a case study. Design issues of the DG FinFET-based VCO is presented in a comparative perspective with a 
classical CMOS VCO. The DG FinFET VCO is analyzed for the figures-of-merit like center frequency, frequency-voltage (f-v) char-
acteristics. Statistical process variation analysis is presented to study the variability in DG FinFET VCO. Models are investigated for 
the f-v characteristics and width quantization-aware modeling has been presented for the FinFET-based VCO. The models can be used 
for fast design optimization. To the best of the authors' knowledge, this is the first paper that examines DG FinFET technology for cir-
cuit-level mixed signal design while presenting a comparative between classical CMOS and DG FinFET technologies. 

Two-Dimensional Eye-Opening Monitor for Serial Links .............................................................................................................  181 
Alaa R. AL-Taee (Ryerson University), Fei Yuan (Ryerson University), Andy Ye (Ryerson University) 
[Abstract] A new hexagon two-dimensional on-chip eye-opening monitor that outperforms the widely used rectangular two-dimensional 
eyeopening monitor is introduced and its design constraints are derived. The effectiveness of the proposed eye-opening monitor is evalu-
ated by embedding it in a serial link implemented in an IBM 130 nm 1.2V CMOS technology. Simulation results of the data link demon-
strate that the proposed eye-opening monitor outperforms the rectangular eye-opening monitor by providing a tightened control of data 
jitter at the edge of data eyes and by eliminating unnecessary errors flagged by the rectangular eye-opening monitor. 

Source Follower: A Misunderstood Humble Circuit ......................................................................................................................  185 
I.M. Filanovsky (University of Alberta), J. Järvenhaara (Tampere University of Technology),  
N.T. Tchamov (Tampere University of Technology) 
[Abstract] The paper considers that the source follower is the core of such seemingly unconnected circuits as the wideband amplifier, 
crystal oscillator and emitter-coupled multivibrator. It is shown that the input impedance of the capacitor loaded follower considered as a 
function of frequency has a negative real part. This allows a designer to compensate partially or completely the resistive component of the 
signal source impedance. The compensation results in the oscillating nature of the step-signal transmission. In case of inductive compo-
nent in the source impedance the circuit may operate as oscillator. The oscillations may be also obtained coupling two source followers. 

A Low Power CMOS Integrated Circuit for Differential Capacitive Measurement ...................................................................  189 
Fatemeh Aezinia (Simon Fraser University), Behraad Bahreyni (Simon Fraser University) 
[Abstract] A low power circuit topology for interfacing differential capacitive microsensors is presented. The topology is remarkably 
compact and low-power due to the heavy reliance on switches rather than analog blocks. The dynamic range and sensitivity of the cir-
cuit can further be adjusted by modifying a single capacitor value. The proposed topology has been designed and fabricated in a stan-
dard 0.35µm CMOS technology from AMS. The core circuit dissipates 40µW when biased with ±1.65V supply voltages.  Measure-
ment results show that the circuit can achieve 1 V/pF differential sensitivity with a total sensing capacitance of 170 fF. 

Fourier Transformation on an Optically Reconfigurable Gate Array ..........................................................................................  193 
Hiroyuki Ito (Shizuoka University), Minoru Watanabe (Shizuoka University) 
[Abstract] To date, optically reconfigurable gate arrays (ORGAs) consisting of a holographic memory, a laser array, and an optically 
reconfigurable gate array VLSI have been developed to realize both fast reconfiguration and numerous reconfiguration contexts. A 
large number of configuration contexts can be stored on a holographic memory and can dynamically be programmed onto a gate array 
at a nanosecond-order period.    Such high-speed dynamic reconfiguration enables a large virtual gate over a physical gate, for exam-
ple a 1 Tera gate VLSI.  However, in addition to the advantage, the ORGA architecture allows high-speed optical Fourier transforma-
tion by adding a programmable Fresnel lens.  This paper presents a proposal of a new ORGA architecture to support Fourier Trans-
formation and its demonstration result. 
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CCII Based KHN Fractional Order Filter .......................................................................................................................................  197 
Ahmed Soltan (Fayoum University), Ahmed G. Radwan (Cairo University), Ahmed M. Soliman (Cairo University) 
[Abstract] This work aims to generalize the analysis of the fractional order filter to work for the low-pass, band-pass and high-pass 
responses. So, general expression for the maximum and minimum frequency points and the half power frequency points will be 
driven. In addition, the effect of the transfer function parameters on the filter poles and hence the stability is introduced. Besides, the 
effect of the fractional orders on the frequency response will be presented. Finally, to verify the numerical analysis and the proposed 
design procedure, circuit simulation will be used 

Passive Component Stacking to Aid Power Supply Decoupling ....................................................................................................  201 
Christopher Benedik (Wright State University), Saiyu Ren (Wright State University) 
[Abstract] This paper introduces and analyzes a novel method of printed circuit board (PCB) power distribution network (PDN) im-
provement. This is achieved by using stacked passive components on an integrated circuit (IC) die to improve circuit performance by 
providing local power supply decoupling. These stacked passives are orders of magnitude greater than what is available for die inte-
gration. The capacitors reduce PDN impedance resulting in lower system noise on the device’s power supply rails. As the passive de-
vices are located on top of the die, they are not impacted by packaging parasitics which would lessen the impact of package or board 
mounted decoupling capacitors. 

An Elliptic Filter Based on MLF LF Structure for Wireless Receiver ..........................................................................................  205 
Xi Zhu (Macquarie university), Yichuang Sun (University of Hertfordshire) 
[Abstract] A CMOS fifth-order Gm-C elliptic lowpass filter based on the voltage-mode multiple loop feedback (MLF) leap-frog (LF) 
configuration is designed. The filter is implemented using a fully-differential linear operational transconductance amplifier (OTA). 
PSpice simulations using a standard TSMC 0.18um CMOS process with 1.8V power supply have shown that the cut-off frequency of 
the proposed filter can be tuned from 28MHz to 44MHz, dynamic range is about 67dB, and power consumption is about 67mW at 
30MHz. Moreover, 0.7dB passband ripple and 65dB stopband attenuation are achieved for the designed filter. 

Current-Mode High-Frequency Wavelet Filter Based on Leap-Frog Multiple-Loop Feedback Structure ...............................  209 
Wenshan Zhao (Beijing Jiaotong University), Yichuang Sun (University of Hertfordshire) 
[Abstract] A method is proposed to realize high-frequency wavelet transform in analogue filter by employing Gm-C circuits and cur-
rent-mode leap-frog multiple loop feedback structure in this paper. Also, to enhance the performance, the fully differential Nauta 
transconductor is utilized as the Gm cell in the design. The Marr wavelet is used as an example, with the design procedure illustrated. 
Using standard TSMC 0.18um CMOS process, simulation results show that the center frequency of the Marr wavelet filter ranges 
from 63MHz to 142MHz by tuning supply voltage. The total power consumption is 69mW at 100MHz. 

A Digital Bandgap Reference ............................................................................................................................................................  213 
Adriana Becker-Gomez (Rochester Institute of Technology), Antonio F. Mondragon-Torres (Rochester Institute of 
Technology), Venkatesh Acharya (Texas Instruments Incorporated), Bhaskar Banerjee (University of Texas at Dallas), 
T.R. Viswanathan (University of Texas at Austin) 
[Abstract] A digital bandgap reference that provides a programmable reference voltage output is presented. It uses the same idea as 
an analog bandgap circuit except that all the three analog operations namely differencing, scaling and addition are done in the digital 
domain after converting the operands the analog junction-diode voltages into numbers. Digital signal processing provides both preci-
sion and programmability. The computed result is converted back to obtain the analog output voltage. The voltage drop across one of 
the current-biased diodes is used as reference in performing both the analog to digital and digital to analog conversions. Both of these 
conversions are done in a short time period to ensure that the reference voltage remains constant. Thus the reference voltage value 
cancels and becomes immaterial. It also becomes easier to address issues like curvature correction in the digital domain. Simulation 
results are presented. 
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A CMOS Inverse Chebyshev Channel Selection Filter for Extravehicular Activity (EVA) Radio Receivers ...........................  217 
Jesus Efrain Gaxiola-Sosa (Texas A&M University), Hajir Hedayati (Texas A&M University),  
Pengcheng Lv (Aphasense, Inc.), Kamran Entesari (Texas A&M University) 
[Abstract] This paper presents an inverse Chebyshev filter for channel selection in the baseband section of an extravehicular activity 
(EVA) fully integrated radio receiver. The filter is synthesized from a 4th order doubly-terminated LC ladder prototype using a leap-
frog structure in order to minimize the use of active components. The cutoff frequency of the filter is digitally controlled for different 
channel bandwidths through a binary weighted capacitor bank that allows tuning from 1.1 MHz to 2.28 MHz. The derivation of the 
filter specifications from the system level parameters of the EVA radio receiver is presented. Also, the impact of the channel selection 
filter in the overall receiver performance is discussed. The circuit is implemented using the IBM 0.18 µm standard process and post-
layout simulations show a pass-band gain of -0.07 dB, an IIP3 of 38 dBm, adjacent channel rejection better than 50 dB and a noise 
figure of 30.2 dB. The filter operates from a 1.8 V power supply consuming 4.03 mA. 

Reconfigurable Analog Signal Processing for Wireless Sensor Networks ....................................................................................  221 
Brandon M. Kelly (West Virginia University), Brandon Rumberg (West Virginia University),  
David W. Graham (West Virginia University), Vinod Kulathumani (West Virginia University) 
[Abstract] The limited power budgets of sensor networks necessitate in-network pre-processing to reduce communication overhead. 
The low power consumption of analog signal processing (ASP) is well-suited for this task. However, adoption of ASP is restrained by 
the longer design time relative to reconfigurable/reprogrammable digital processing. Our solution is to enable ASP reconfiguration 
through the use of a field-programmable analog array (FPAA), which allows wireless sensor network developers to rapidly prototype 
and test ASP designs. In this paper, we present an FPAA designed for use in wireless sensor networks, and we describe its incorpora-
tion and use within a sensor node. 

Design of a Sub-Picosecond-Jitter Delay-Lock-Loop for Interleaved ADC Sample Clock Synthesis ........................................  225 
John A. McNeill (Worcester Polytechnic Institute), Jianping Gong (Worcester Polytechnic Institute),  
Rabeeh Majidi (Worcester Polytechnic Institute) 
[Abstract] This paper presents a design technique for generation of GHz ADC sampling clock phases from a low-cost low-frequency 
clock source.  Jitter of order 0.1ps is enabled using a DLL-based frequency multiplication method.  Nonidealities of the DLL approach 
are mitigated through digital background correction.  Simulated results in a 180nm CMOS process are presented. 

A Very High Energy-Efficiency Switching Technique for SAR ADCs .........................................................................................  229 
Arindam Sanyal (University of Texas at Austin), Nan Sun (University of Texas at Austin) 
[Abstract] A high energy-efficiency capacitor switching scheme for a  successive approximation register (SAR) analog-to-digital 
converter (ADC) is presented in this paper. The proposed switching technique achieves a zero energy dissipation in the first 2 com-
parison cycles and a  4X reduction in total capacitance used in the digital-to-analog converter (DAC), i.e., for the same total capaci-
tance, the proposed technique can produce 2 additional bits of resolution than a conventional SAR. The proposed method can achieve 
95\% savings in switching energy over a conventional SAR which is the highest reported in literature. The result has been verified 
through behavioral simulations. 

An Analog-Design Assistant Tool and an Example of its Application ..........................................................................................  233 
Delaram Shahhosseini (University of Calgary), M. Hossein Taghavi (University of Calgary),  
Laleh Behjat (University of Calgary), Leonid Belostotski (University of Calgary) 
[Abstract] In this paper, we introduce an analog-design assistant tool (ADA), which was used to generate a database of 56,280 three-
MOSFET circuit topologies. Having setup ADA to provide analog designers with amplifier topologies, it identified 5,103 three-MOSFET 
amplifiers based on the selection criteria given to the software. As an illustration of ADA capability of helping with circuit optimization, 
the transconductances of the transistors of each amplifier are automatically optimized by solving a nonlinear optimization problem that is 
set to maximize gains of circuits. In addition, ADA provides closed-form expressions of gain, input impedance, output impedance and re-
verse gain. To demonstrate that ADA can be used to identify and optimize new circuits, a previously unknown three-transistor amplifier 
with a high DC gain of ~40 dB was randomly chosen and fully designed in a 0.13-μm standard CMOS technology. The simulation results 
obtained with BSIM models show that the circuit topology provided by ADA is accurate and realizable. Using ADA will enable designers 
to save hours of time and provide them with range of circuits that are customized for their need. 
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Single Slope/SAR Column-Parallel ADC with Mixed-Signal Error Correction ..........................................................................  237 
Fang Tang (Chongqing University), Yuan Cao (Nanyang Technological University), Xiaojin Zhao (Shenzhen University) 
[Abstract] Conventional two steps ADC for CMOS image sensor requires full resolution noise performance in the first stage single 
slope ADC, leading to high power consumption and large chip area. This paper presents a 11-bit two steps single slope/successive ap-
proximation register (SAR) ADC scheme for CMOS image sensor applications. The first stage single slope ADC generates a 3-bit 
data and 1 redundant bit. The redundant bit is combined with the following 8-bit SAR ADC output code using a proposed error correc-
tion algorithm. Instead of requiring full resolution noise performance, the first stage single slope circuit of the proposed ADC can tol-
erate up to 3.125% quantization noise. With the proposed error correction mechanism, the power consumption and chip area of the 
single slope ADC are significantly reduced. The prototype ADC is fabricated using 0.18 um CMOS technology. The chip area of the 
proposed ADC is 7 um * 500 um. The measurement results show that the energy efficiency figure-of-merit (FOM) of the proposed 
ADC core is only 125 pJ/sample under 1.4 V power supply and the chip area efficiency is 84k um^2 cycles/sample. 

Study of a Cosmic Ray Impact on Combinatorial Logic Circuits of an 8bit SAR ADC in 65nm CMOS Technology .............  241 
Daniel Gomez Toro (Institut Telecom, Telecom Bretagne), Fabrice Seguin (Institut Telecom, Telecom Bretagne), 
Matthieu Arzel (Institut Telecom, Telecom Bretagne), Michel Jézéquel (Institut Telecom, Telecom Bretagne) 
[Abstract] This paper presents a sensitivity study to ionizing particles, which are caused by cosmic rays, on a particular combinatorial 
function of a 65 nm technology SAR ADC. A methodology for this study is exposed along with the simulation results. A geometrical 
visualization of the impacts shows the influence of the impact location effects on the function during operation. An ADC operating 
cycle analysis is done related to the impacts effects showing combinatorial and memorization errors. 

Feasibility Analysis of the Fixed-Width Pulse Rz Feedback to Reduce Clock Jitter Effects in  
Lowpass Continuous-Time ΔΣ Modulators .....................................................................................................................................  245 
Hairong Chang (University of Minnesota Duluth), Hua Tang (University of Minnesota Duluth) 
[Abstract] A recently proposed method to reduce clock jitter effects in continuous-time Delta-Sigma modulators is to generate a re-
turn-to-zero feedback with a fixed-width pulse for active feedback. In practice, the pulse width is subject to noise effects causing jitter 
of the pulse width itself. Therefore, jitter of the pulse width, though not the clock, may still degrade the perfor-mance of Delta-Sigma 
modulators. In this brief, we investigate practical feasibility of the method. It is shown that jitter of the pulse width could be condi-
tionally much smaller than that of the clock, which therefore reduces clock jitter effects. Also, the fixed-width pulse method is more 
effective compared to other reported methods under the same power supply noise. 

A 13-bit 200MS/s Pipeline ADC in 0.13µm CMOS .........................................................................................................................  249 
Junfeng Gao (University of Electronic Science and Technology of China), Bo Chen (University of Electronic Science and 
Technology of China), Guangjun Li (University of Electronic Science and Technology of China), Qiang Li (University of 
Electronic Science and Technology of China) 
[Abstract] This paper presents a 0.13μm SHA-less pipeline ADC with LMS calibration technique. The nonlinearity of the first three 
stages is calibrated with blind LMS algorithm. Opamps and switches are carefully considered and co-designed with the calibration 
system. Around 7LSB closed-loop nonlinearity of MDAC is achieved. Simulation shows the SNDR of the proposed ADC at 200MS/s 
sampling rate is 78dB with 3.13MHz input and 75dB with 83.13MHz input. 
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Column-Parallel Continuous-Time ΣΔ ADC with Implicit Front-End Variable Gain Amplifier ..............................................  253 
Fang Tang (Chongqing University), Yuan Cao (Nanyang Technological University), Xiaojin Zhao (Shenzhen University) 
[Abstract] This paper presents a column-parallel continuous-time sigma delta (CTSD) ADC for mega pixel resolution CMOS image sen-
sor (CIS). The sigma delta modulator is implemented with a 2nd order resistor/capacitor-based loop filter. The variable gain amplifier in 
the traditional column-parallel read-out circuit is merged into the front-end of the CTSD modulator. By programming the input resistance, 
the amplitude range of the input current can be tuned with 8 scales, which is equivalent to a traditional 2-bit pre-amplification function 
without consuming extra power and chip area. The test chip prototype is fabricated using 0.18 um CMOS process and the measurement 
result shows an ADC power consumption lower than 63.5 uW under 1.4 V power supply and 50 MHz clock frequency. 



High Performance SAR ADC with Offset and Noise Tolerance ....................................................................................................  257 
Junfeng Gao (University of Electronic Science and Technology of China), Guangjun Li (University of Electronic Science and 
Technology of China), Qiang Li (University of Electronic Science and Technology of China) 
[Abstract] This paper presents a modified offset and noise tolerant technique for SAR ADC. With the coarse comparator adopted in 
the first (n-m-1) cycles and the fine comparator working in the rest (m+2) cycles, the tolerance capability of this technique is 
±2^mLSB. A prototype 10b 100MS/s SAR ADC with this technique is presented under 0.13.m CMOS technology. At 1.2V supply 
and 100MS/s, the prototype SAR ADC achieves 9.56 bits ENOB and consumes 1.66mW energy, resulting in a FoM of 22fJ/conv. 

A 0.25V 97.8fJ/c.-s. 86.5dB SNDR SC ΔΣ Modulator in 0.13µm CMOS ......................................................................................  261 
Zhiliang Qiao (University of Electronic Science and Technology of China), Xiong Zhou (University of Electronic  
Science and Technology of China and Aarhus University), Qiang Li (University of Electronic Science and  
Technology of China and Aarhus University) 
[Abstract] An ultra-low-voltage switched-capacitor (SC) ΔΣ modulator operating at mere 0.25V supply voltage is presented. To fa-
cilitate noise shaping in subthreshold region, a novel two-stage inverter-based OTA with DC gain of 43dB is proposed. Also ultra-
low-voltage switches and subthreshold comparator are exploited. The transistor-level simulation results show that with an oversam-
pling ratio (OSR) of 64 and a sampling frequency (fs) of 1.28MHz under a 0.25V supply, the converter achieves 86.5dB SNDR over 
10kHz bandwidth while consuming a total power of 33.8μW and yielding a figure of merit (FoM) of 97.8fJ/conversion-step. 

A Winner-Take-All Circuit with Improved Accuracy and Tolerance to Mismatch and Process Variations ............................  265 
Gopalakrishnan Sundararajan (Utah State University), Chris Winstead (Utah State University) 
[Abstract] Winner-Take-All (WTA) circuit chooses a winner input from a set of input signals. WTA circuits employ transistors that 
operate in the sub-threshold or weak inversion region. With technology scaling, sub-threshold circuits are prone to mismatch and 
process variations which degrade the performance of these circuits. This paper presents a novel WTA circuit that employs a CMOS 
double pair transistor as a translinear element that is more tolerant to mismatch and process variations. Monte Carlo simulations are 
used to compare the performance of the existing and the proposed topologies to estimate the effects of process and mismatch varia-
tions. Results show that the proposed circuit is able to reduce the range of variations by three orders of magnitude compared to origi-
nal one for similar variations in the transistor parameters. The proposed element also shows better accuracy in replicating the maxi-
mum input current compared to the original circuit. 

Elimination of False Codes in an Asynchronous Parallel Successive Approximation A/D Converter .......................................  269 
Sriram Venkataraman (New Mexico State University), Paul M. Furth (New Mexico State University),  
Sri Harsh Pakala (New Mexico State University) 
[Abstract] We report on a scheme to eliminate false codes generated due to switching delays among the output bits of an asynchro-
nous parallel successive approximation analog-to-digital converter (SA-ADC) developed by Lin and Liu [1]. False output codes are 
eliminated by converting the binary outputs to Gray codes. A novel asynchronous parallel gray-to-binary converter is introduced to 
effectively reduce switching delays from 10.0 - 26.5 ns to 767 - 962 ps, when operating with a 50 kHz triangular input and 2V power 
supply. Simulated INL and DNL are less than ± 0.4 LSB and ± 0.45 LSB, respectively, at 800 µW of power consumption. Measure-
ment results of the ADC, fabricated in 0.5-µm CMOS technology, show the efficacy of the proposed scheme to remove false codes. 

Session A3P-M: Analog Circuit Design and Optimization 
Chair:   Igor Filanovsky, University of Alberta 
Time:  August 5, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

Structure of Quasi Optimal Algorithm for Analogue Circuit Optimization ................................................................................  273 
Alexander Zemliak (Autonomous University of Puebla), Fernando Reyes (Autonomous University of Puebla),  
Jaime Cid (Autonomous University of Puebla), Sergio Vergara (Autonomous University of Puebla) 
[Abstract] The methodology of designing of analog circuits, being based on applications of control theory is basis for constructing of 
optimum or quasi optimal algorithm of optimization. By a major criterion here, allowing to exposing the necessary structure of algo-
rithm, there is a behavior of function of Lyapunov, which was defining for the process of optimization. Characteristics of function of 
Lyapunov and its derivative had been analyzed for searching of optimum structure of control vector and optimal algorithm. The flow 
diagram of quasi optimal algorithm was built on basic of generalized methodology. The properties of this algorithm demonstrate a 
great acceleration of the process in comparing to the traditional approach. 



Fast Statistical Process Variation Analysis Using Universal Kriging Metamodeling: A PLL Example ....................................  277 
Oghenekarho Okobiah (University of North Texas), Saraju P. Mohanty (University of North Texas),  
Elias Kougianos (University of North Texas) 
[Abstract] The design of Analog Mixed-Signal Systems-on-Chip (AMS-SoCs) presents difficult challenges given the number of design 
specifications that must be met. This situation is more aggravating in the presence of process variation effects for nanoscale technologies. 
Existing statistical techniques heavily rely on Monte-Carlo analysis for design parameters in an effort to mitigate the effects of process 
variation. Such methods, while accurate are often expensive and require extensive amount of simulations. In this paper we present a geo-
statistical based metamodeling technique that can accurately take into account process variation and considerably reduces the amount of 
time for simulation. An illustration of the proposed technique is shown using a 180nm PLL design. The proposed technique achieves an 
accuracy of 0.7% and 0.33% for power consumption and locking time, respectively, and improves the run time by about 10 times. 

A 6th Order Continuous Time Band-Pass Sigma Delta Analog to Digital Modulator with Active Inductor Based Resonators ....  281 
Kevin Dobson (George Washington University), Shahrokh Ahmadi (George Washington University),  
Mona Zaghloul (George Washington University) 
[Abstract] This paper presents a 6th order, continuous time band-pass Sigma Delta Analog to Digital modulator in IBM 0.18 um 
CMOS technology. In order to decrease chip area we replace traditional RLC circuits, containing low quality factor spiral inductors 
with high quality factor, active inductor based resonators utilizing negative impedance circuits. We see a reduction in chip area and 
post processing needs are eliminated. Pad to pad simulation of the extracted layout in Cadence yields an enhanced SNDR of 70 dB 
and a power consumption of 29 mW. An extra active inductor resonator is included on chip for characterization. Our modulator occu-
pies 0.5 mm2 of chip area without pads. 

A Large-Scale FPAA Enabling Adaptive Floating-Gate Circuits .................................................................................................  285 
Stephen Brink (Georgia Institute of Technology), Jennifer Hasler (Georgia Institute of Technology),  
Richard Wunderlich (Georgia Institute of Technology) 
[Abstract] We present a large-scale Field Programmable Analog Array (FPAA) that enables floating-gate adaptive circuits using 
Floating-Gate(FG) based switch technology.  We present a novel architecture technology that enables switch routing with FG ele-
ments for signals resulting from high voltage adapting FG elements.  We present careful analysis and characterization of the FG struc-
ture, including programming ranges, electron tunneling paths, to show the indirect programming structure involving an nFET device 
can handle the resulting signals.  We present experimental data for the basic adaptive structure and for a compiled AFGA. 

Design Strategy for Enhanced Output Impedance Current-Steering DAC in Sigma-Delta Converters ...................................  289 
Astria Nur Irfansyah (University of New South Wales and Institut Teknologi Sepuluh Nopember),  
Torsten Lehmann (University of New South Wales), Julian Jenkins (University of New South Wales and Perceptia  
Devices Australia), Tara Julia Hamilton (University of New South Wales and University of Western Sydney) 
[Abstract] This paper analyses the design trade-off of a high-output impedance current mirror structure used as a current-steering 
DAC in a sigma-delta modulation DAC with dynamic element matching. The aim is to provide a design strategy with transistor sizing 
guidelines leading to the achievement of high static linearity and high accuracy given specific accuracy, load resistance, and voltage 
swing requirement. Challenging factors limiting the circuit static linearity are described and shown. A test chip implemented in 180nm 
CMOS process has been designed and fabricated, with simulated results showing static linearity of a 16-bit DAC has been achieved. 

Session A4L-A: Analog Design Techniques I 
Chair:   Dong Ha, Virginia Tech 
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Method for Designing Integrated Charge Pumps with Maximum Conversion Efficiency ..........................................................  293 
Stefano Gregori (University of Guelph), Thomas Mallard (University of Guelph) 
[Abstract] Energy conversion efficiency is a key factor to be optimized when designing integrated charge pumps.  We developed an ana-
lytic model that fully accounts for the effects of the parasitic capacitances intrinsic to on-chip implementations.  This is applied to find the 
best possible efficiency in a given technology and to formulate a method for maximizing the efficiency under specified constraints. 

Discrete-Time Model and Control System for Integrated Charge Pumps ....................................................................................  297 
Thomas Mallard (University of Guelph), Stefano Gregori (University of Guelph) 
[Abstract] This paper presents a z-domain model for voltage-doubler charge pumps that considers the variations of both input voltage and 
load current.  We show how the model can be used to design an efficient control system for a typical charge pump.  The application of the 
model is demonstrated through the circuit simulation of a regulated charge pump, designed to keep area and energy consumption low. 



A Temperature and Process Insensitive CMOS Reference Current Generator ..........................................................................  301 
Shiva Sai Bethi (University of Akron), Kye-Shin Lee (University of Akron), Robert Veillette (University of Akron), 
Joan Carletta (University of Akron), Mike Willett (Orbital Research Inc.) 
[Abstract] This work presents a temperature and process   insensitive CMOS transistor only reference current generator. In the pro-
posed scheme, the passive resistor used in the CMOS Widlar current source is replaced with a transistor resistor where the gate volt-
age is controlled so that the output current is insensitive to temperature variation. Furthermore, to maintain the temperature insensitiv-
ity under process variations, the transistor resistor gate bias circuits optimized for nominal, strong and weak process corners are built 
on-chip. The proposed reference current generator is designed using 0.5 µm CMOS SOI technology, where the operation is verified 
through circuit level simulations under nine different process corners. The 20 µA reference current shows a temperature coefficient of 
39 ppm/°C within the temperature range of 25°C ~ 125°C for the nominal process corner. 

A Multi-Piecewise Curvature-Corrected Technique for Bandgap Reference Circuits ...............................................................  305 
Yi Huang (Rutgers University and Intersil Corporation), Chun Cheung (Intersil Corporation),  
Laleh Najafizadeh (Rutgers University) 
[Abstract] A systematic design methodology utilizing piecewise curvature correction technique for the purpose of improving the tem-
perature coefficient of bandgap references is presented.  It is shown that the temperature dependency of the MOSFET’s drain current 
depends on the transistor's operating region. Using this property, a multi-piecewise compensation technique by controlling the operat-
ing region of MOSFETs through their gate-source voltages is proposed. The technique offers several advantages including simplicity, 
and providing the designers with flexibility to employ a combination of piecewise currents to achieve maximum temperature stability.  
The technique is used to effectively reduce the temperature coefficient of a first-order BGR circuit. 

Enhanced Event-Driven Modeling of a CP-PLL with Nonlinearities and Nonidealities .............................................................  309 
Christian Hangmann (Universität Paderborn), Christian Hedayat (Fraunhofer ENAS),  
Ulrich Hilleringmann (Universität Paderborn) 
[Abstract] The characterization of nonidealities in a CP-PLL is a challenge in modeling and simulation. In general the CP-PLL is im-
plemented in a transistor-level simulation platform, including all nonidealities and parasitic effects. Due to the low-frequency and the 
high-frequency part of the CP-PLL, the simulation at transistor-level is time and computer resource consuming. Because of the trig-
gered nature of the mixed-signal CP-PLL the event-driven model is an efficient modeling technique. In this paper an enhanced event-
driven model is investigated, considering typical nonidealities. This model allows an efficient analysis and characterization of the non-
ideality-effects. All results are validated by a transistor-level simulation. 

Session A4L-B: Imaging and Wireless Sensors 
Chair:   Igor Filanovsky, University of Alberta 
Time:  August 5, 2013, 16:00 - 17:40 
Location:  Hayes Cape 

Power Generation Capability of CMOS Image Sensors with On-Chip Energy Harvesting Pixels ............................................  313 
Ismail Cevik (University of Idaho), Suat Ay (University of Idaho), Jiacheng Wang (Nanyang Technological University), 
Mei Yan (Nanyang Technological University) 
[Abstract] This paper presents a review of energy harvesting image sensor designs in CMOS technology. Two CMOS image sensors 
with on-chip energy harvesting capability are presented. Quantitative comparison of power generation capacity of these two different 
topologies is provided. Both structures make use of the photoelectric conversion capability of the photodiode pixel array used for cap-
turing the image and reconfigure the array to harvest the solar energy. The first pixel is an N-well type pixel while the second structure 
an isolated P-well type pixel. Both structures were fabricated and measurement results are presented in this paper. 

Spatio-Temporal Tunable Pixels for Multi-Spectral Infrared Imagers ........................................................................................  317 
Glauco Rogerio Cugler Fiorante (University of New Mexico), Payman Zarkesh-Ha (University of New Mexico), 
Javad Ghasemi (University of New Mexico), Sanjay Krishna (University of New Mexico) 
[Abstract] A novel 96 × 96 30 um pitch mixed-signal readout integrated circuit (ROIC) with a pixel-level tunable bias control is 
demonstrated. The new ROIC is capable of providing a large bias voltage in both polarities on each individual pixel, independently. 
Also, an FPGA-based testbench has been developed. The unit cell consists of the CTIA integrator, two analog memories, one address 
selector, and one reference recover switch, built with 15 transistors and 3 capacitors. The test chip has been fabricated in 2P4M 0.35 
um CMOS technology, where the bias voltage range is +/-5V and the output voltage swing is +/-3.9 V. 

Reconfiguration Costs in Analog Sensor Interfaces for Wireless Sensing Applications ..............................................................  321 
Brandon Rumberg (West Virginia University), David W. Graham (West Virginia University) 
[Abstract] Analog sensor interfaces are used in wireless sensor nodes to perform sensor conditioning, event detection, and data reduc-
tion. The use of reconfigurable interfaces will enable applications developers to customize these sensor interfaces and to reconfigure 
them in the field. In this paper, we examine the energy cost of reconfiguring analog circuitry and how the requirements of wireless 
sensor nodes impact the design of reconfigurable analog systems. 



Accurate Sensor Readout Circuitry for Reliability Measurement of Hermetically Sealed Chip-Scale Biomedical Implants ......  325 
Kushal Das (University of New South Wales), Torsten Lehmann (University of New South Wales),  
Cesar Rodrigues (Universidade Federal de Santa Maria) 
[Abstract] With steady miniaturization of neuroprosthetic implants, testing the hermeticity of the device encapsulation requires un-
precedented level of sensitivity. To this end, developing new sensors and associated readout circuitry has become an ineluctable part 
of research in this field. This paper presents the design of a readout scheme that is capable of interfacing with either resistive or ca-
pacitive sensors and performs signal processing based on `lock-in' technique to enhance the effective resolution. The design method-
ology focuses on low noise, high accuracy readout and adaptability to a wide range of baseline values and different sensitivity levels 
of various types of sensors. The circuit is being fabricated on 0.5$\mu$m Silicon-on-Sapphire process and experiment setup is cur-
rently being carried out. 

A Low-Power, High-Linearity Filter Bank for Auditory Signal Processing Microsystem ..........................................................  329 
Yingkan Lin (Stony Brook University), Milutin Stanaćević (Stony Brook University) 
[Abstract] We present an implementation of an auditory filter bank that decomposes the signal into 16 parallel bands according to the 
mel-scale from 150 Hz to 10 kHz. The integration of the proposed filter bank in a microsystem for acoustic source separation poses a 
stringent constraint on the linearity of the filter and dynamic range. The capacitive attenuation is used to increase the voltage range at 
the input and output of the filter bank. The simulation results demonstrate the harmonic distortion of the filter of -60 dB and dynamic 
range of 58 dB. The power consumption of the filter bank implemented in 0.5u m CMOS technology is 36  uW. 

Session A4L-C: Special Session: Characterization of Nano Materials and Circuits 
Chair:   Nayla El-Kork, KUSTAR 
Time:  August 5, 2013, 16:00 - 17:40 
Location:  Cartoon Room I 

Molecular Electronic Structure of Nanodiatomic Metal Oxide .....................................................................................................  333 
Mahmoud Korek (Beirut Arab University), Hana Abdel Nabi (Beirut Arab University),  
Nayla El-Kork (Khalifa university of Science Technology and Research) 
[Abstract] The potential energies curves have been calculated for the 17 lowest quartet electronic states in the 2s+1Λ ± representation 
of the molecule VO via CASSCF. Multireference CI calculations were performed. The harmonic frequency ωe, the internuclear dis-
tance re and the electronic energy with respect to the ground state Te have been calculated for 16 electronic states. Ten electronic 
states have been studied here for the first time. The comparison of the investigated values with the theoretical and experimental results 
available in the literature shows a very good agreement 

Gold Nanoplot Hot Spots Simulation and Imaging .........................................................................................................................  338 
Nayla El-Kork (Khalifa University of Science Technology and Research), Feiran Lei (Khalifa University of Science 
Technology and Research), Mohammed Ismail Elnaggar (Khalifa University of Science Technology and Research), 
Paul Moretti (Universite Claude Bernard Lyon 1), Bernard Jacquier (Universite Claude Bernard Lyon 1) 
[Abstract] " A study of Local Surface Plasmon Resonance (LSPR) behavior of illuminated elliptical gold nanoplots is presented. We 
use finite element simulations that show the repartition of the electric field on the surface of an excited gold plot, and corresponding 
optical spectra. Such results are compared and with experiment (near field optical imaging) and previous work. 

Near-Threshold CNTFET SRAM Cell Design with Gated Cell Power Supply ............................................................................  340 
Zhe Zhang (Washington State University), José Delgado-Frias (Washington State University) 
[Abstract] Near-threshold voltage provides savings in power, but it has a negative impact on delays, noise margin and yield. A re-
moved metallic CNT approach to deal with such CNTs is used. Monte Carlo simulations have shown that with Vdd down to 0.5V, 
0.72% of the cells are non-functional after M-CNTs are removed. Power saving is over 5X, while average delay increases by 3.5X as 
compared to 0.9V. Gated cell power supply technique is applied to eliminate the write failures. At 0.5V, the cell with gated power 
supply improves write performance and write EDP by 1.5X and 2.9X compared to non-gated cell. 

Characterization of Carbon Nanofibers (CNFs) for Glucose based Biosensor Application .......................................................  344 
Hasina F. Huq (University of Texas-Pan American), E.M. Piñon (McAllen Independent School),  
M. Braden (McAllen Independent School), J. Acuña (Pharr-San Juan-Alamo Independent School District) 
[Abstract] In this research electrochemistry of carbon nanofibers (CNFs) has been investigated as part of a biosensor that is able to detect 
glucose at various environments.  The electrical and chemical characteristics of dry and wet CNF are studied and found to be ohmic be-
tween -2 and +2 volts with a frequency range of 13 Hz to 850 kHz.  The cyclic voltammetric (CV) results indicated that glucose oxidase 
GOx assembled on CNF exhibit a surface-confined process where electrode’s electrochemical characteristic plays an important role. The 
tests are performed using a two and three-electrode analyzer, with positive results at glucose concentrations as low as 2 mM. 



Enhancing Static Noise Margin While Reducing Power Consumption ........................................................................................  348 
Azam Beg (United Arab Emirates University), Amr Elchouemi (Walden University) 
[Abstract] The unrelenting scaling of CMOS devices has brought their dimensions down to few tens of nanometers. In such sizes, the 
reliability margins drop ominously and the leakage power dissipation increases significantly. This paper presents a non-conventional 
transistor-sizing method for improving reliability by increasing the static noise margin, while simultaneously reducing the power con-
sumption. Simulations results have been used to compare the static noise margin, the power consumption, and the performance of 
classical CMOS gates with the proposed scheme in the 22 nm technology. The results show that modifying the channel lengths of 
transistors in inverters and other gates can improve the noise margin by nearly 40% over the conventional one, while reducing the 
power consumption by 47%. The robustness (measured here in terms of noise margin) of the classical and the new gates are also com-
pared when their transistors are subject to threshold voltage variations. 

Session A4L-D: Special Session: Power Management and Energy Harvesting 
Chair:   Paul Furth, New Mexico State University 
Time:  August 5, 2013, 16:00 - 17:40 
Location:  Cartoon Room II 

A Cross-Regulation-Free Triple-Output Switched-Capacitor DC-DC Regulator for Energy-Harvesting Applications .........  352 
Zhe Hua (University of Texas at Dallas), Hoi Lee (University of Texas at Dallas) 
[Abstract] This paper presents a cross-regulation-free switched-capacitor (SC) DC-DC regulator that is able to simultaneously pro-
duce three different regulated output voltages for energy harvesting applications. With capacitor and power switch sharing, the pro-
posed power stage can realize separate 2x, 3x and 4x outputs, while saving 3 flying capacitor and 9 power switches compared with us-
ing three independent single-output doubler, tripler and quadrupler. A sub-harmonic fixed on-time control scheme is developed not 
only to regulate all outputs, but also to improve the light-load regulator power efficiency, minimize the cross-regulation between three 
outputs, and provide predictable noise spectrum of all regulated outputs. Implemented in a standard 0.35um CMOS process, the pro-
posed regulator can provide three regulated outputs of 2V, 3V and 4V under 1.1V input voltage, and deliver up to 15mA (2V), 12mA 
(3V), 2mA (4V) local currents. The proposed regulator also achieves a maximum power efficiency of 89.8%. 

A Switched-Capacitor DC-DC Converter Using Delta-Sigma Digital Pulse Frequency Modulation Control Method ............  356 
Yongsuk Choi (Northeastern University), Heungjun Jeon (Northeastern University), Yong-Bin Kim (Northeastern University) 
[Abstract] This paper presents a switched capacitor (SC) DC-DC converter using digital control method based on delta-sigma pulse 
frequency modulation (PFM) to accomplish a fast transient recovery time when output load changes rapidly. The DC-DC converter 
utilizes the first-order error feedback delta- sigma algorithm to control the switching frequency of the digitally controlled oscillator 
(DCO) using thermometer code. The load voltage of the SC DC-DC converter is regulated by the switching frequency of the DCO 
output based on the error between the load voltage and the reference voltage. The digital control method has two operation modes for 
fast transient recovery time; course and fine tuning modes to change the DCO’s switching frequencies fast and accurately. The pro-
posed converter accomplishes 72% power conversion efficiency, settling time of less than 460ns, and maximum deliverable output 
power of 230mW. The estimated total power consumption of the control loop is less than 0.82mW at 1.6V operation voltage. 

High-Efficiency, High-Dimming Ratio LED Driver .......................................................................................................................  360 
Punith R. Surkanti (New Mexico State University), Paul M. Furth (New Mexico State University) 
[Abstract] A high-efficiency, high-dimming ratio LED driver, capable of driving two standard white LEDs, is designed using a syn-
chronous boost converter and PWM controller. The LED current is sensed using voltage-mode feedback to maintain a constant load 
current. The output sense resistor in a conventional LED driver is replaced by the disconnect switch to increase efficiency.  Lossless 
current-mode feedback, in which the inductor current is sensed via the on-resistance of the boost series switch, improves stability. 
Dimming control logic is implemented with a 10-bit counter and a 10-to-1 MUX, generating 10 dimming ratios ranging from 2:1 at a 
frequency of 625 kHz to 1024:1 at 610 Hz. The simulated efficiency of the LED driver alone is 86.1% and that of the LED driver with 
dimming control is 85.4%. 

Silicon-Integrated Electrostatic Energy Harvesters .......................................................................................................................  364 
Asantha Kempitiya (Rensselaer Polytechnic Institute), Mona M. Hella (Rensselaer Polytechnic Institute),  
John Oxaal (Rensselaer Polytechnic Institute), Diana-Andra Borca-Tascuic (Rensselaer Polytechnic Institute) 
[Abstract] Electrostatic-based power generation is an attractive alternative to piezoelectric and electromagnetic techniques, as it can 
be integrated in mainstream silicon technologies while providing higher power densities through miniaturization.  However, at pre-
sent, the power output of reported electrostatic micro-generators does not meet the communication and computation requirements of 
wireless sensor nodes. This paper presents an overview of electrostatic vibration-based energy harvesting. The challenges in designing 
the MEMS-based energy harvester and the associated control and interface integrated circuits to guide the transfer of charge/energy to 
a reservoir unit are discussed. 



CMOS Photovoltaic-Cell Layout Configurations for Harvesting Microsystems .........................................................................  368 
Rajiv Damodaran Prabha (Georgia Institute of Technology), Gabriel A. Rincón-Mora (Georgia Institute of Technology) 
[Abstract] Wireless microsensors add intelligence to otherwise inaccessible locations and large infrastructures, such as tiny crevices 
in hospitals, factories, and farms. These small devices, however, store little energy, so functionality is low or lifetime is short, or both. 
Luckily, harnessing ambient energy can replenish these microsystems, and because solar light generates considerably higher power 
density than motion, temperature, and radiation, photovoltaic (PV) systems are appealing options. Still, chip-sized CMOS PV cells 
produce only microwatts, and power-conditioning circuits consume some of that, leaving little energy for the sensor system. In view 
of this constraint, this paper shows that a 0.18-µm CMOS system is 6% more efficient with four stacked 1-mm2 PV cells than with 
one 4-mm2 cell. However, stacking P+"N Well cells, which is the only stackable PV structure, is 20% less efficient than one cell, so 
systems that draw power from one N+ or N well in substrate cell are better. 

Session A4L-E: Communication and Signal Processing Circuits 
Chair:   Samuel Palermo, Texas A&M University 
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Location:  Suzanne M. Scharer 

A 0.1-1.5GHz Dual-Mode Class-AB/Class-F Power Amplifier in 65nm CMOS ..........................................................................  372 
Yun Yin (Tsinghua University), Baoyong Chi (Tsinghua University), Zhihua Wang (Tsinghua University) 
[Abstract] This paper presents a 65nm 0.1-1.5GHz dual-mode Class-AB/Class-F CMOS PA for industry-specialized multi-standard 
applications. The highly efficient Class-AB/Class-F operations are achieved by controlling the bias voltages and the third harmonic 
component in the output load while maintaining the linearity. The Class-AB operation mode of the proposed PA has an output power 
above 19.5dBm with less than 1dB variation and a PAE between 25% and 28.6% over 0.1-1.5GHz. In the Class-F mode, the maxi-
mum output power of 24.2dBm and the peak PAE of 64% are achieved. Simulation results have demonstrated that the proposed Class-
AB/Class-F PA is a good candidate for the dual-mode PA in the highly-integrated multi-standard transmitters. 

A Class-C Amplifier Linearized by a Constant Conduction Angle Biasing Circuit ....................................................................  376 
Gursewak S. Rai (California Polytechnic State University), Vladimir Prodanov (California Polytechnic State University), 
Stephen Garber (Maxim Integrated Products) 
[Abstract] This work presents a dynamic biasing topology capable of linearizing a Class-C power amplifier (PA). The topology util-
izes a closed loop that senses the operating conditions of the “power device” by means of a scaled-down replica. The loop operates on 
the principle of keeping the conduction angle remarkably constant and thereby ensuring linearity. The work details some of the design 
considerations that should prove useful to a designer wanting to implement the topology in an RF integrated circuit. Measurement re-
sults from a fully functional low-frequency prototype bring merit to the topology. 

Steady-State Analysis and Fast Optimisation of Class-E Power Amplifiers with Lossy Switch for  
RF Choke and Finite DC-Feed Inductance .....................................................................................................................................  380 
Junqing Guan (RWTH Aachen University), Renato Negra (RWTH Aachen University) 
[Abstract] In this work, a steady-state analysis and a fast optimisation approach based upon it are implemented to analyse the class-E 
PA. With this approach, the component values and performance of class-E PA with RFC and parallel-circuit load (PCL) are analysed 
and compared. One fast search approach is developed for various constrained/unconstrained optimisations. The analysis, fast optimisa-
tion approach and evaluation as well are implemented in Matlab©. The feasibility, flexibility and fastsimulation are shown by compar-
ing the RFC and PCL for a 1 W class-E PA design. All the results show good match with ADS© harmonic balance. 

An Iterative Calibration Technique for LINC Transmitter ..........................................................................................................  384 
Zhiwen Zhu (Communications Research Centre Canada), Xinping Huang (Communications Research Centre Canada) 
[Abstract] The linear amplification using nonlinear components (LINC) is one of the most promising techniques that can simultaneously 
provide high efficiency and high linearity. However, it is sensitive to in-phase/quadrature imbalances in quadrature modulators (QMs), and to 
gain/phase mismatches between two PA paths. In this paper, we present an iterative calibration technique to compensate for the imbalances 
and mismatches, based on the observation that when the I/Q imbalances in the QM are ideally calibrated, the PA input signal has constant 
envelope, which allows the PA to be characterized as a linear gain model. It allows us to estimate the calibration parameters without model-
ing the nonlinear characteristics of the PAs. An adaptive implementation scheme is given. Simulation results demonstrate that the proposed 
technique accurately determines the calibration parameters, yielding significant performance improvement of the LINC transmitter. 

Design of Fractional Notch Filter with Asymmetric Slopes and Large Values of Notch Magnitude .........................................  388 
Akshay Marathe (University of Calgary), Brent Maundy (University of Calgary), Ahmed Elwakil (University of Sharjah) 
[Abstract] In this paper, we propose a 2nd order fractional band reject filter (FBRF) transfer function. It is based on the concept of intro-
ducing a fractional capacitor (Cα) having impedance, Zα = 1/s^(α)Cα where 0 < α < 1. It is possible to achieve asymmetric slopes and 
large values of notch magnitude up to −60 dB using this filter. In addition, unlike integer order filter, independent control of slopes above 
and below the notch frequency can be achieved by simply changing the values of α. The operation of this filter is verified by plotting 
PSPICE simulation results for three different values of α = 0.1, 0.5, 0.8 and showing its comparison with experimental results. 



Session A4L-F: Sensing and Measurement of Biological Signals 
Chair:   Hoda Abdel-Aty-Zohdy, Oakland University 
Time:  August 5, 2013, 16:00 - 17:40 
Location:  Rosa M. Ailabouni 

Experimental Validation of a Microcontroller-Based Wireless Device to Quantify Head Impacts ...........................................  392 
Zakaria Al-Deneh (University of Cincinnati), Dhanashree Ambekar (University of Cincinnati), Triet Dao (University of 
Cincinnati), Alexander L. Dziech (University of Cincinnati), Vignesh Subbian (University of Cincinnati),  
Fred R. Beyette Jr. (University of Cincinnati) 
[Abstract] A microcontroller-based wireless medical device was designed and developed to measure acceleration during head impacts 
in contact sports. This device is capable of measuring linear acceleration, time of occurrence, and duration of any form of impact or 
collision. In order to validate the acceleration values from the device, an experimental set-up was built to mimic head collisions. The 
focus of this paper is to elaborate the design and various techniques involved in experimental validation of the device. 

Design of a Capacitance Sensor in 0.18um CMOS Technology for Biomedical Application ......................................................  396 
Royce Quintana (Colorado State University), Adelina Sequra (Colorado State University), Kern Tucker (Colorado State 
University), Tom Chen (Colorado State University) 
[Abstract] In detecting disease and existence of certain molecules, a capacitive sensor can be used to detect binding of target mole-
cules on to antibody in the sensor. This paper describes the design of a capacitive sensor which is capable of detecting as small as 10fF 
change in capacitance. The design is in a 0.18um CMOS process. 

Rapid Quantification System for Zinc in Blood Serum ..................................................................................................................  400 
Benjamin Zerhusen (University of Cincinnati), Geethanga de Silva (University of Cincinnati), Xing Pei (University of 
Cincinnati), Ian Papautsky (University of Cincinnati), Fred R. Beyette Jr. (University of Cincinnati) 
[Abstract] This paper presents the development of a Point-of-Care device centered on a three electrode Cu based sensor that uses An-
odic Stripping Voltammetry (ASV) for rapid electrochemical measurement of Zn in serum. The sensor is read using a system built 
from commercially available embedded system parts in conjunction with custom analog circuitry. It is able to produce quantification 
results in approximately 6 minutes. 

Session B1P-G: Digital Systems 
Chair:   Khaled Salama, KAUST 
Time:  August 6, 2013, 9:00 - 10:10 
Location:  Great Hall Meeting Room 

Vehicle Parameter Estimation Using Nested RLS Algorithm ........................................................................................................  404 
Gurunath Kedar-Dongarkar (Oakland University), Manohar Das (Oakland University) 
[Abstract] Energy consumption of a vehicle depends on the nature of the road surface, grade and the vehicle parameters. Predictive 
control strategies that rely on this information can benefit significantly from the knowledge of these parameters. The paper proposes 
an online estimation strategy to simultaneously estimate the vehicle mass, road frictional coefficient and wind velocity for a Series-
Parallel Hybrid vehicle. A P2 hybrid vehicle longitudinal model is developed and is used along with a two stage RLS algorithm to es-
timate the dynamic parameters. The estimation strategy uses inputs from the vehicle longitudinal accelerometer sensor for determining 
road grade along with other powertrain signals. 

Cipher-Destroying and Secret-Key-Emitting Hardware Trojan Against AES Core ...................................................................  408 
Takeshi Kumaki (Ritsumeikan University), Masaya Yoshikawa (Meijo University), Takeshi Fujino (Ritsumeikan University) 
[Abstract] This paper reports cipher-destroying secret-key-emitting hardware Trojan against AES circuits in order to facilitate coun-
termeasures against such Trojans.  If an attacker-defined predetermined rule is satisfied in the AES core, the hardware Trojan is trig-
gered and it sends half-encoded data from the encryption module to the decryption module via a Trojan path.  As a result, plain text is 
directly delivered to the output port. Furthermore, if the hardware Trojan-inserted AES core is inputted with a predefined keyword, 
which is transferred to a controller via the Trojan path, a secret-key is directly outputted.  To verify the threat of AES hardware Tro-
jan, we evaluated the FPGA and ASIC implementation results from the Verilog language macro. 

Testing Reversible Adder/Subtractor for Missing Control Points ................................................................................................  412 
Sayeeda Sultana (McGill University), Katarzyna Radecka (McGill University) 
[Abstract] Testing reversible circuits is a challenging issue. A commonly used technology related fault model in reversible gate is 
missing control points of reversible gates. In this paper we address this type of fault in reversible adder/subtractor circuit and present 
an efficient way to detect and identify the location of the faults. The regular structure of adder/subtractor facilitates the testing of such 
circuits and we show that only three test vectors are sufficient to test for n-bit adder/subtractor with 100% fault coverage. Moreover, 
with proper sequence of input test vectors it is possible to find the fault location. 



Reversible Circuit Synthesis Using ACO and SA Based Quine-McCluskey Method ..................................................................  416 
Mayukh Sarkar (Bengal Engineering and Science University, Shibpur), Prasun Ghosal (Bengal Engineering and  
Science University, Shibpur), Saraju P. Mohanty (University of North Texas) 
[Abstract] With the tremendous growth in VLSI technology in recent years, in deep submicron regime (DSM), the integration density 
of the transistors has reached billions causing the scaling of transistors to touch the subatomic dimension where laws of classical phys-
ics can not survive. Due to inherent information loss and other factors associated with irreversible computing, reversible circuits are 
becoming more and more important in terms of computing for present and future days. However, due to several factors, known syn-
thesis approaches of classical Boolean logic like Karnaugh Map and Quinne-McCluskey method cannot be applied directly to synthe-
size a reversible logic. In this paper, we propose a stochastic procedure to synthesize a reversible circuit. This procedure is based on a 
modified version of classical Quinne-McCluskey method and is being used under the wrapper of two intelligent stochastic search 
techniques, Simulated Annealing and Ant Colony Optimization. The experimental results are quite encouraging. 

Novel Clock Gating Techniques for Low Power Flip-Flops and its Applications ........................................................................  420 
Mohamed Shaker (University of Louisiana at Lafayette), Magdy Bayoumi (University of Louisiana at Lafayette) 
[Abstract] Two new clock gated flip-flops are presented. The designs are based on new clock gating approaches to reduce the con-
sumption of clock signal’s switching power. They operate with no redundant clock cycles and have reduced number of transistors to 
minimize the overhead and to make it suitable for data signals with higher switching activity. The proposed flipflops are used to de-
sign 8-bit successive approximation register. This application has been designed up to the layout level with 1 V power supply in 90 
nm CMOS technology and has been simulated using Spectre. Simulations with the inclusion of parasitics have shown the effective-
ness of the new approaches on power consumption and transistor count. 
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Low-Power Content-Addressable Memory Design Using a Double Match-Line (DML) Architecture .....................................  425 
Ya-Chun Lin (National Chung-Hsing University), Yen-Jen Chang (National Chung-Hsing University),  
Tung-Chi Wu (National Chung-Hsing University) 
[Abstract] CAM is a fast lookup hardware table. However, it causes significant power consumption. In this paper we propose a low 
power match-line architecture, called DML design, in which we combine the charge sharing and segmentation technique to largely reduce 
the CAM power dissipated in the ML switching activity. Our design uses two MLs to perform the search operation. By reducing the ML 
swing, our design can minimize the charge loss in the search operation. Based on TSMC 90nm technology, the simulation results show 
that our's can reduce the search energy consumption of the CAM by 84% compared to the conventional NOR-type CAM design. 

A High Performance Modulo 2n+1 Squarer Design Based on Carbon Nanotube Technology ...................................................  429 
Weifu Li (Northeastern University), Yong-Bin Kim (Northeastern University) 
[Abstract] In this paper, a design of high performance modulo 2^n+1 squarer is proposed. The primary improvement comes from the algo-
rithm, circuit implementation, and implementation technology. The proposed design shows much better performance in terms of delay, 
power, and area comparing with existing designs. The design is implemented using carbon nanotube technology to compare the same cir-
cuit performance with the conventional CMOS technology.  The proposed design shows that the critical path delay and rise time of modulo 
2^8+1 squarer on CNT technology is 13.6 times and 9.3 times better than that of CMOS technology with a better PVT variation tolerance. 

High-Speed J-Delayed and K-Dimensional LFSR Architecture in VLSI .....................................................................................  433 
Chan-Bok Jeong (Electronics and Telecommunications Research Institute), Young-Ha Lee (Electronics and 
Telecommunications Research Institute), Hyeon-Deok Bae (Chungbuk National University) 
[Abstract] This paper introduces a new framework to construct fast and efficient pseudo-random (PN) sequence generation for bit 
scrambling, called a J-delayed and K-dimensional Linear Feedback Shift Register (JKLFSR). In the proposed framework, we generate 
the state of a J-shifted LFSR using one clock and K-bit multiple outputs of a LFSR each clock cycle for scrambling/descrambling of 
large coded bits using an output of LFSR. JKLFSR is highly relevant for the scrambling/descrambling process for a high-speed mass 
data transmission in an LTE-Advanced system, as it has fast computation and supports clock-based processing. In addition, we show 
that JKLFSR has an efficient performance theoretically in generating PN sequences. H/W simulation results verify the validity of the 
theory and demonstrate that we reduced the processing time used for generating PN sequences from (J + DL) clocks to (1 + DL/K) 
clocks as compared with a conventional LFSR, where DL denotes the length of a data stream. 



Energy Analysis and NoC Design for Heterogeneous MPSoC Platform for a Video Application ..............................................  437 
Amin Jarrah (University of Toledo), Mohsin M. Jamali (University of Toledo) 
[Abstract] Networks-on-chip has been seen as an interconnect solution for complex system but the performance and the energy dissi-
pation still represent limiting factors for Multi-Processors Systems-on-Chip (MPSoC). The future handheld devices must support mul-
timedia applications for long battery life but this type of application imposes heavy constraints in terms of energy and forces the de-
signers to optimize all parts of the platform to achieve the desirable goals. The objective of this paper is to analyze and assess the 
energy dissipation for heterogeneous NoC-based MPSoC platform running a video application. It identifies bottlenecks for the entire 
platform. We showed that the energy dissipation appear to be the most critical factor for memory and caches not for the communica-
tion architecture as the common belief.  Also, we propose a new modeling and simulation approach regarding the channel width and 
buffer sizing which have a strong impact on the performance and the overhead of the chip.  We showed that there are some hot spots 
in the system regarding the channel width and buffer size must be optimized to get a better performance. 

Energy Modeling for Mobile Devices Using Performance Counters .............................................................................................  441 
Sriram Sankaran (University at Buffalo, The State University of New York), Ramalingam Sridhar (University at Buffalo,  
The State University of New York) 
[Abstract] Advancements in computing technologies coupled with increased complexity of mobile applications lead to increased 
power consumption in mobile devices. However, battery technology cannot keep up with these trends thus making power management 
one of the foremost concerns in mobile devices. While system-level approaches to power management exist, the energy impact of ap-
plications on individual system components needs to be better understood for energy efficient system design. In this work, we develop 
a power modeling methodology for mobile devices using performance counters that overcomes the shortcomings of existing models 
and estimate power consumption of system components for numerous embedded applications. We further compare our power esti-
mates with existing models and demonstrate the uniqueness of our model. 

Session B1P-J: VLSI Design and CAD I 
Chair:   Nader Rafla, Boise State University 
Co-Chair:   Jinyong Chung, Inha University 
Time:  August 6, 2013, 9:00 - 10:10 
Location:  Great Hall Meeting Room 

FLNR: A Fast Light-Weight NoC Router for FPGAs ....................................................................................................................  445 
Abdelrazag Imbewa (University of Windsor), Mohammed A.S. Khalid (University of Windsor) 
[Abstract] As the number of components in Field-Programmable-Systems-on-Chip (FPSoCs) increase, the interconnect schemes 
based on Network-on-Chip (NoC) approach are increasingly being used to overcome the deficiencies of the traditional bus- based and 
point-to-point interconnect schemes. The router is a key component that greatly impacts the performance and cost of an NoC. In this 
paper we present FLNR, a fast light-weight NoC router for FPGAs.  FLNR is compared to other proposed routers based on three met-
rics:  area, frequency and zero load latency. Synthesis results and zero load latency evaluations show that our router is significantly 
superior to widely referenced, previously proposed routers. 

Redundant C4 Power Pin Placement to Ensure Robust Power Grid Delivery ............................................................................  449 
Sheldon Logan (University of California, Santa Cruz), Matthew R. Guthaus (University of California, Santa Cruz) 
[Abstract] Power supply C4 (flip-chip) bonds are susceptible to failures due to electromigration caused by high on-chip temperatures, 
large currents and manufacturing variability. A single C4 bond failure can result in catastrophic failures in the power supply network 
and thus redundant bonds are naively added to the circuit to mitigate the impact of bond failures. We propose a method for improved 
redundant bond placement using an Integer Linear Program (ILP) that reduces the required number of redundant bonds by 33% while 
ensuring power supply integrity in the presence of a single-bond failure. 

Boolean Mask Operations on Parameterized 45-Degree Polygons ................................................................................................  453 
Yao-I Tseng (Yuan Ze University), I-Lun Tseng (Yuan Ze University), Adam Postula (University of Queensland) 
[Abstract] Since analog circuits are usually very sensitive, it is desirable to consider layout-induced parasitic effects early in a design flow. 
In a proposed layout-aware analog design methodology based on the use of parameterized 45-degree layouts, parasitics can be estimated in 
the circuit synthesis phase if models of extracted circuits can be generated from these layouts. In order to perform circuit extraction from 
parameterized 45-degree layouts, algorithms are required for dealing with parameterized 45-degree polygons and relevant constraints. In 
particular, algorithms for performing Boolean mask operations on parameterized 45-degree polygons are essential in the circuit extraction 
process. In this paper, an efficient approach is proposed for performing Boolean mask operations on parameterized 45-degree polygons. To 
the best of our knowledge, this paper is the first in the literature to present an approach for performing these operations. 



Low Power Self-Timed Carry Lookahead Adders ..........................................................................................................................  457 
P. Balasubramanian (S.A. Engineering College), D. Dhivyaa (S.A. Engineering College), J.P. Jayakirthika (S.A. Engineering 
College), P. Kaviyarasi (S.A. Engineering College), K. Prasad (Auckland University of Technology) 
[Abstract] Cell based self-timed synthesis of recursive carry lookahead adders (RCLA) utilizing generate, propagate and kill functions is 
described in this paper, and are compared with the recently proposed designs of self-timed section-carry based carry lookahead (SCBCLA) 
adders. From the simulation results corresponding to a 130nm CMOS process, it is found that with 2-bit CLA, the RCLA adder dissipates 
20.2% less power than the SCBCLA adder. With 4-bit CLA, the RCLA adder reports power reduction by 16.5% than the SCBCLA adder. 
Further, for addition widths ranging from 32 to 64-bits, RCLA adders consume 19% less average power compared to SCBCLA adders. 
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Efficient State-Dependent Power Model for Multi-bit Flip-Flop Banks .......................................................................................  461 
Jung Kyu Chae (STMicroelectronics), Severine Bertrand (STMicroelectronics), Pierre-Francois Ollagnon 
(STMicroelectronics), Paul Mougeat (STMicroelectronics), Jean-Arnaud Francois (STMicroelectronics),  
Roselyne Chotin-Avot (LIP6, Paris VI), Habib Mehrez (LIP6, Paris VI) 
[Abstract] Power consumption is one of the major issues in System-on-Chip (SoC) design with advanced semiconductor technologies for 
low power applications such as mobile phones. Recently, banking several 1-bit flip-flops has been proposed as a solution to reduce the 
power consumption in clock networks. For this purpose, to build an accurate power model for multi-bit flip-flop banks is required. How-
ever, it is an excessively time-consuming and sophisticated work due to a high number of pins. Therefore, we first propose a  simplified 
power characterization method to reduce characterization time. Then an efficient power modeling is introduced to create an accurate 
state-dependent power model for multi-bit flip-flop banks. Experimental results show that the proposed characterization method allows to 
linearly increase CPU time with 1.3X per bit comparing with exponentially increasing CPU time by the traditional characterization 
method. In addition, the proposed power modeling provides an average error of 6% compared to SPICE simulation results. 

Frequency Uniqueness in Ring Oscillator Physical Unclonable Functions on FPGAs ................................................................  465 
Muslim Mustapa (University of Toledo), Mohammed Niamat (University of Toledo), Mansoor Alam (University of Toledo), 
Taylor Killian (University of Toledo) 
[Abstract] Hardware security in Field Programmable Gate Arrays (FPGAs) which use Physically Unclonable Functions (PUFs) rely 
on the ability to produce a large number of unique frequencies. This paper explores the frequency uniqueness as it relates to the num-
ber of stages used to build a ring oscillator. The experimental results from Xilinx Spartan 2 FPGAs show that the three stage ring os-
cillators have the highest standard deviation in terms of the frequencies produced. Ring oscillators with five, seven, nine and eleven 
stages on the other hand have a much smaller standard deviation. Based on these experimental results, it is found that the number of 
stages in a ring oscillator plays a critical role in determining frequency uniqueness. 

Static Noise Margin and Power Dissipation Analysis of Various SRAM Topologies ..................................................................  469 
Prajna Mishra (University of Texas at San Antonio), Eugene John (University of Texas at San Antonio),  
Wei-Ming Lin (University of Texas at San Antonio) 
[Abstract] In this paper we analyze and compare 8 different SRAM cell topologies that are suitable for low power embedded memory 
design in terms of power consumption, static noise margin (SNM) and read and write delays. The circuit simulation and analysis were 
carried out using HSPICE for 45 nm technology node. The SNM of each cell is examined analytically using SLL (Seevinck, List and 
Lohstroh) method. Throughout the design and analysis VDD is kept at 1.2V. For the determination of Read and Write Margin of 
SRAM cells, the cell ratio is kept at 3 and the pull up ratio is kept at 2 throughout the design. Our results will enable memory circuit 
designers to choose the appropriate SRAM cell for the required SNM and power consumption. 

FPGA Memory Testing Technique Using BIST ..............................................................................................................................  473 
Priyanka Gadde (University of Toledo), Mohammed Niamat (University of Toledo) 
[Abstract] The wide use of Field Programmable Gate Arrays (FPGAs) in critical applications including, military and airborne appli-
cations require fault free operation of the FPGA. In FPGAs, faults can occur in the memory resources, logic blocks, or the intercon-
nects. In this paper, memory faults including Stuck-at, Transition, Address Decoder, Incorrect Read, Deceptive Read Destructive, and 
Data Retention Faults are analyzed using an optimized March C- algorithm. In order to evaluate the effectiveness of this algorithm, a 
novel Built-in Self Test (BIST) technique to test the embedded SRAM memory of the FPGA is proposed. The proposed technique re-
duces the test time by approximately half as compared to previously published schemes. The FPGA is modeled in VHDL at the 
equivalent gate level and the simulations results are generated using ModelSim. 
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Slope Compensation and Relative Stability of Peak Current-Mode Controlled PWM DC-DC Converters in CCM ..............  477 
Nisha Kondrath (Villanova University), Marian K. Kazimierczuk (Wright State University) 
[Abstract] Relative stability of the inner-current loop with slope compensation for peak-current mode controlled PWM dc- dc con-
verters operating in CCM is analyzed. Expressions for required compensation slope and control current level to achieve a specified 
margin of stability are derived. Design procedure and Saber Sketch simulation results for a buck converter with the inner-current loop 
are presented to validate the theory presented. 

Robust Compensation Scheme for Low Power Capacitor-Less Low Dropout Voltage Regulator .............................................  481 
Daniel Gitzel (Cooper Union), Raphael Rivera (Universidad de Puerto Rico), José Silva-Martínez (Texas A&M University) 
[Abstract] The low-dropout voltage regulator (LDO) is more efficient than other regulator topologies; however it suffers from insta-
bility, which necessitates an off-chip capacitor to ensure a stable output. This work presents an alternative topology, removing the ex-
ternal capacitor, thus allowing greater system integration. The proposed Current Amplifier Hybrid Compensation (CAHC) scheme 
implements an active compensation system and maintains both a fast transient response and full range AC stability. The 1.2V LDO 
voltage regulator was designed and simulated in 0.35um CMOS, and consumed 61uA of quiescent current with a dropout voltage of 
less than 200mV. Simulations demonstrate that the proposed architecture overcomes the load transient and AC stability issues encoun-
tered in other regulators. 

Monitoring System for Global Solar Radiation, Temperature, Current and Power for a Photovoltaic System  
Interconnected with the Electricity Distribution Network in Bogota ............................................................................................  485 
Robinson Rodriguez Diaz (Universidad Antonio Nariño), Andrés Leonardo Jutinico Alarcón (Universidad Antonio Nariño), 
Robinson Jiménez Moreno (Universidad Antonio Nariño) 
[Abstract] This paper describes the implementation of a monitoring system to determine the efficiency of energy production gener-
ated by a set of six photovoltaic panels, interconnected grid home in Bogota Colombia. The system is easy to use and enables the 
visualization of different signals acquired with sensors to measure temperature, solar radiation, voltage and DC current produced by 
the panel, the AC output of the inverter, the power generated by PV modules network and delivered power 

Optimal Tracking Control for Energy Management Systems in Microgrids ...............................................................................  489 
Fernando Ornelas-Tellez (Universidad Michoacana de San Nicolas de Hidalgo),  
J. Jesus Rico-Melgoza (Universidad Michoacana de San Nicolas de Hidalgo) 
[Abstract] This paper presents an optimal controller in order to achieve trajectory tracking for nonlinear systems and mini- mization 
of a quadratic cost functional. The synthesized optimal control law comes from solving the Hamilton-Jacobi-Bellman equation for 
state-dependent coefficient factorized nonlinear sys- tems. An important characteristic of an optimal control scheme is that stability 
margins are a priori guaranteed and besides the controller synthesis allows to incorporate physical constraints for states and control in-
puts. The proposed control scheme is used for ensuring an efficient power flow exchange between different sources in a microgrid by 
using power converters. The signal references to be tracked by the control system are considered to be established by an energy man-
agement system in accordance to the amount of energy to be transfered, and taking into account variables such as energy availability 
from the sources, the weather, the price of electric power, the cost of fuel, among others. The effectiveness of the proposed optimal 
approach is illustrated via simulations. 

Two-Phase Buck Converter as a Dynamic Power Supply for RF Power Amplifier Applications ..............................................  493 
Agasthya Ayachit (Wright State University), Marian K. Kazimierczuk (Wright State University) 
[Abstract] In radio-frequency (RF) switched-mode tuned power amplifiers (PA), the RF amplitude at the output of PA is a direct and 
linear function of the supply voltage provided by voltage regulator module (VRM). This phenomenon has been utilized effectively in 
order to obtain high efficiency amplitude modulated power amplifiers. The presence of capacitor voltage ripple at the output of VRM 
adversely affects the modulation signal. Consequently, the signal at the output of PA may also suffer from distortion resulting in re-
duction in efficiency. In this paper, a two-phase buck converter is considered and the effect of ripple suppression is analyzed. The 
main advantage of the two-phase converter is that by changing the number of phases and hence, the duty cycle, amplitude modulation 
can be achieved with significant reduction in ripple and improvement in peak-to-average-power ratio. Further, the functionality of 
class-E power amplifier is presented in brief and used as a load to the VRM. Simulation results obtained using SABER circuit simula-
tor are also presented and few concluding remarks are provided. 



Engineering Pulsed Magnetic Fields: Designing and Building a Pulsed Magnetic Field Circuit for a  
Faraday Rotation Experimental Setup ............................................................................................................................................  497 
Thomas Foulkes (Rose-Hulman Institute of Technology), Maarij Syed (Rose-Hulman Institute of Technology),  
Marc Herniter (Rose-Hulman Institute of Technology) 
[Abstract] Faraday rotation (FR) is a useful optical technique to investigate magnetic properties of solid and liquid samples. FR refers 
to magnetically induced birefringence whereby a substance rotates the polarization of a light beam passing through it, in the presence 
of a magnetic field. While FR experiments commonly employ either a DC or an AC magnetic field, obstacles exist for some samples 
with these setups. Overcoming some of these difficulties, a pulsed field setup has been designed and tested that allows for investigat-
ing magnetic response to short intense fields on the order of 1.5 Tesla and lasting 30 to 50 milliseconds. 
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Remote Calibration of Wireless Power Harvest ..............................................................................................................................  501 
Xiongliang Lai (Ryerson University), Fei Yuan (Ryerson University) 
[Abstract] A calibration technique to maximize the power harvest of passive wireless microsystems is proposed. We show that both 
the impedance and resonant frequency of the transformer matching network are sensitive to process spread and load variation, and can 
be calibrated by tuning a shunt varactor at the secondary winding of the transformer to maximize power transfer from the antenna to 
the transformer and power efficiency of the voltage multiplier. An ultra-low power current tuning technique and a maximum peak am-
plitude detection technique to automatically allocate the optimal tuning capacitance at which maximum power harvest exists. The pro-
posed transformer matching network is designed in IBM CMRF8SF 130 nm 1.2 V CMOS technology and its effectiveness is validated 
using post-layout simulation. 

State-Variable Analysis of Wireless Power Transfer Networks for Linear and Nonlinear Loads .............................................  505 
David M. Beams (University of Texas at Tyler), Anusha Papasani (University of Texas at Tyler) 
[Abstract] This paper develops a state-variable approach to modeling wireless power transfer (WPT) networks in order to accommodate 
nonlinear loads.  A four-coil WPT system is presented in a simplified three-coil representation.  The state-variable model with nonlineari-
ties suppressed was validated against a linear model.  Simulations were then performed using the state-variable model with rectified and 
filtered dc output applied to resistive and constant-power loads. 

Design and Simulation of Networks for Midrange Wireless Power Transfer ..............................................................................  509 
David M. Beams (University of Texas at Tyler), Varun Nagoorkar (University of Texas at Tyler) 
[Abstract] A design has been made for a four-coil wireless power transfer network that appears capable of wireless transfer of power 
at 100kHz over midrange distances (1-2m) with good efficiency.  The design is presented as well as the effect of varying the transmit-
ter-to-receiver separation.  The design appears feasible, and experimental implementation is expected to follow. 

Development of a Power Conditioning Circuit for Railcar Energy Harvesting ...........................................................................  513 
Tianyun Guo (Southeast University), Ross Kerley (Virginia Polytechnic Institute and State University),  
Dong Sam Ha (Virginia Polytechnic Institute and State University) 
[Abstract] A power conditioning circuit for an electromagnetic energy harvesting device which is designed to harvest energy from the 
suspension of a freight train is presented in this paper. The electromagnetic transducer, which converts linear vibrations into electric-
ity, is briefly discussed in this paper. After the output features of the transducer are studied, a buck-boost converter is designed to pre-
sent a constant 10 ohm load to a three-phase full-wave rectifier. This converter charges a 4-cell LiFePO4 battery pack. The working 
principles and efficiency of the circuit are analyzed and tested for the application purpose. 

Energy Management Design for Smart Homes Using Green Technology ....................................................................................  517 
Claudio Talarico (Gonzaga University), Hyuntaek Chang (University of Arizona), Anita Annamalai (University of Arizona), 
Janet Roveda (University of Arizona) 
[Abstract] With today’s drastic increase in energy demand, it becomes more and more important to use alternative green technologies. 
Solar, wind, and hydroelectricity are popular choices, because they are abundant and cause low pollution. One big challenge however is 
how to manage these new energy resources within the traditional electricity grid. Today’s smart home technologies and devices offer a 
variety of house appliances with embedded sensors. Through Internet websites or ad hoc applications, customers are able to monitor 
household appliances and receive data from the sensors in real time. However, users are not suggested what measures to take to save en-
ergy and money. This paper discusses the design of a new power management system. A new hardware design is developed to implement 
the proposed management energy solution. The new design consists of a bidirectional DC-DC converter and a battery charger/discharger 
circuit. By adopting this approach for smart grid systems, we provide a management solution to optimized energy distribution and usage. 
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A 120dB Input Dynamic Range, Current-Input Current-Output CMOS Logarithmic Amplifier with  
230ppm/°K Temperature Sensitivity ................................................................................................................................................  521 
Ming Gu (iWatt Inc.), Shantanu Chakrabartty (Michigan State University) 
[Abstract] This paper presents the design of a current-mode CMOS logarithmic amplifier, which by design is insensitive to ambient 
temperature variations. Its operational current ranges over $100$fA - $100$nA, which covers the full range of sub-threshold region. 
Unlike conventional logarithmic amplifiers, the proposed approach directly produces a current signal as a logarithmic function of the 
input current. The core of the proposed circuit is translinear ohm's law principle, which is implemented by a floating-voltage source 
and a pseudo-linear resistive element within a translinear loop. The temperature sensitive parameters are reduced using a translinear-
based resistive cancelation technique. Measured results from prototypes fabricated in a 0.5µm CMOS process show that the amplifier 
exhibits an input dynamic range of 120dB and a temperature sensitivity of 230 ppm/°K. 

Bias-Scalable Inner-Product Approximation Circuit Using Analog Margin Propagation .........................................................  525 
Ming Gu (iWatt Inc.), Shantanu Chakrabartty (Michigan State University) 
[Abstract] Inner-product is an important computation primitive involved in pattern classifiers and support vector machines. Its com-
plexity in mathematical computation causes tremendous resources cost and low energy efficiency when it is implemented in digital 
VLSI circuit. Many analog computational circuits have been investigated to tackle the issue. In our previous work, an efficient piece-
wise linear (PWL) approximation technique named as margin propagation (MP) has been successfully synthesized into various log-
domain computations. We have also verified that MP based computation can be easily mapped into analog circuit implementation. 
The operation of the MP circuits requires only addition, subtraction and threshold operations and hence is independent of transistor 
biasing (weak, moderate and strong inversion). In this paper, we extend MP based PWL approximation circuit to inner-product com-
putation. Measured results from prototype MP circuits fabricated in a 0.5$\mu$m standard CMOS process validate the functionality of 
the approximation circuit in a bias-scalable manner. 

Design of High Speed High-Voltage Drivers Based on Stacked Standard CMOS for Various Supply Voltages ......................  529 
Sara Pashmineh (Brandenburgische Technische Universität), Hongcheng Xu (Universität Ulm),  
Maurits Ortmanns (Universität Ulm), Dirk Killat (Brandenburgische Technische Universität) 
[Abstract] This paper presents a new concept for reducing on-resistance of high-voltage drivers based on stacked MOSFETs for vari-
ous supply voltages. A theory to calculate gate voltages of an N-stacked CMOS driver to drive the maximum drain current at a mini-
mum on-resistance is introduced. According to the calculated gate voltages, a circuit design methodology is described to generate 
these voltages. The principle is applied on a 2-stack CMOS driver in 65-nm with a nominal voltage of the I/O-devices of 2.5 V. For 
various supply voltages, simulations show an improvement of 27%-86% reduction of the initial on-resistance and approximately 16%-
83% improved rise and fall times of the output signal at a load capacitance of 150 pF if compared to previous work. The principle can 
be applied to N-stack driver transistors. 

A High-Temperature Comparator with Rail-to-Rail Input Voltage Range .................................................................................  533 
Bo Liu (University of Akron), Matthew Kollarits (University of Akron), Robert Veillette (University of Akron),  
Joan Carletta (University of Akron), Kye-Shin Lee (University of Akron) 
[Abstract] A high-temperature comparator with rail-to-rail input voltage range is presented.  The design uses a 0.5-um silicon-on-
insulator (SOI) technology.  The rail-to-rail operation is achieved using two folded-cascode differential amplifiers operating in parallel 
as an input stage.  The output of the appropriate amplifier is connected to the comparator output through a logic-controlled analog 
multiplexer.  The simulations show that the comparator remains operational over the full rail-to-rail common-mode input voltage 
range, with somewhat degraded performance for input voltages close to either supply voltage. 
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A Configurable Fault-Tolerant Glitch-Free Clock Switching Circuit ..........................................................................................  537 
Haochi Wang (Beijing Microelectronic Technology Institute), Yanlong Zhang (Beijing Microelectronic Technology Institute), 
Xuewu Li (Beijing Microelectronic Technology Institute), Lei Chen (Beijing Microelectronic Technology Institute), 
Zhiping Wen (Beijing Microelectronic Technology Institute), Kun Zhang (Beijing Microelectronic Technology Institute), 
Min Wang (Beijing Microelectronic Technology Institute) 
[Abstract] This paper has analyzed the conventional glitch-free clock multiplexers. An improved glitch-free clock switching circuit is 
proposed, which introduces fault-tolerant function that is able to switch away from a failed clock, and adds configurable bit that con-
trols the switching clock edge. It is quite suitable used as a global clock multiplexer in FPGA. This switching circuit achieves three 
basic functions: clock select, clock enable, and clock disable. As the configurable low-level triggered latch is proposed, switching time 
is reduced by 1/3 compared to the double D flip-flops type clock multiplexer. This proposed switching circuit operates at 100 MHz 
with 17uW power consumption using TSMC 0.13um CMOS process parameters with a supply voltage of 1.5V. 

Asynchronous Approach to Ring Oscillator for FPGA-Based Physical Unclonable Function Design .......................................  541 
Roshan Silwal (University of Toledo), Mohammed Niamat (University of Toledo), Muslim Mustapa (University of Toledo) 
[Abstract] This paper describes a technique that exploits the process variation in Field Programmable Gate Arrays (FPGAs) in order 
to generate varying frequencies using asynchronous ring oscillators. To study its feasibility, Physical Unclonable Functions (PUFs) are 
implemented on FPGAs for generating unique signatures based on different frequencies generated from oscillators. The variation in 
frequencies generated from identically laid-out oscillators across the device can generate unique signatures, which is used in device 
authentication and cryptographic applications 

Modeling of Transient Faults and Fault-Tolerant Design in Nanoelectronics .............................................................................  545 
Tian Ban (Nanjing University of Science and Technology), Jianxin Wang (Nanjing University of Science and Technology), 
Ting An (Telecom ParisTech), Lirida Naviner (Telecom ParisTech) 
[Abstract] Transistors in nanometric technologies are increasingly susceptible to faults due to physical limitations. Since the constitu-
ent gates of a logic circuit actually have different failure rates, the assumption of constant gate failure rate in existing reliability 
evaluation and fault tolerant design is not desirable. This paper analyzes transient faults in CMOS logic gates at transistor level and 
proposes a mathematical model. Examples based on the benchmark circuit are provided to demonstrate the efficiency of the proposed 
model in both reliability evaluation and fault tolerant design. 

Soft Error Aware Pipelined Architecture: Leveraging Automatic Repeat Request Protocol .....................................................  549 
Phani Balaji Swamy Tangellapalli (Tennessee Technological University),  
Syed Rafay Hasan (Tennessee Technological University) 
[Abstract] Reliability is a crucial factor in modern processors, which are designed in deep sub-micron (DSM) technologies and perform 
numerous tasks at high speed in less time. Modern DSM technologies are ever more vulnerable to soft errors, which can propagate in 
pipeline processors and may lead to malfunctioning.  Contemporary soft error mitigation techniques introduce redundancy in intermediate 
registers alone, which addresses soft error occurrence in hardware registers only. However, in modern DSM technologies soft error can 
equally affect combinational circuits, hence in pipeline processors data paths also requires soft error mitigation. In this paper we propose a 
soft error mitigation technique in pipeline processors that addresses soft error in data paths. We utilized temporal redundancy in data path 
along with automatic repeat request (ARQ) protocol in all pipeline stages. Our novel ARQ based technique detects soft errors in the data 
path to process the reliable data to the successive stages of the pipeline. Our synthesis results show that our implementation 50% better in 
terms of latency and requires 1.53 times lesser area overhead compared to best state-of-art techniques. 

Secure Controllers: Requirements of S*FSM .................................................................................................................................  553 
Mike Borowczak (University of Cincinnati), Ranga Vemuri (University of Cincinnati) 
[Abstract] We propose a high level methodology for Finite State Machine (FSM) protection. As the proliferation of electronic devices 
that process sensitive data continues so do the potential attack vectors to circumvent them. These attack vectors include side-channel 
attacks that use physical byproducts to reconstruct the internal operation of a device. The methodology, validated using preliminary 
hardware synthesis results, removes the correlation between common attack models and both underlying FSM logic as well as the as-
sociated power consumption. 



Session B2L-C: Delta-Sigma Modulators 
Chair:   Vishal Saxena, Boise State University 
Time:  August 6, 2013, 10:10 - 11:50 
Location:  Cartoon Room I 

Beyond-One-Cycle Loop Delay CT ΔΣ Modulators with Proper Rational NTF Synthesis and Time-Interleaved Quantizers ...  558 
Fan Jiang (Fudan University), Chixiao Chen (Fudan University), Yuzhong Xiao (Fudan University), Jun Xu (Fudan 
University), Junyan Ren (Fudan University) 
[Abstract] Currently, less-than-one-cycle loop delay is the key factor to impede higher clock rate and wide bandwidth continuous-
time oversampling modulators. In this paper, a new method to develop a beyond-one-cycle delay CTDSM based on the proper rational 
NTF synthesis is proposed without an extra fast path . Also, further loop delay extending will be implemented by a fully s-domain de-
viation. Compared with the traditional impulse invariant way in DT-CT mapping, this new method shows a much simpler work. In the 
end, the paper discusses time-interleaved implementations in the proposed beyond-one cycle delay modulators, including offset, gain 
and sampling time error mismatches between channels. 

Power-Efficient Amplifier Frequency Compensation for Continuous-Time Delta-Sigma Modulators .....................................  562 
Do Yeon Yoon (Massachusetts Institute of Technology), Hae-Seung Lee (Massachusetts Institute of Technology), 
Jeffrey Gealow (MediaTek) 
[Abstract] In this paper, we present a hybrid operational amplifier frequency compensation topology to maximize unity-gain band-
width particularly for use in continuous-time delta-sigma modulators. Unlike well-known existing compensation topologies, the pro-
posed compensation topology and UGBW maximization technique provide both a maximum UGBW and an adequate phase margin, 
due to the appropriate non-dominant pole and zero positions. The proposed topology performance is validated by SPICE simulation 
using 28nm CMOS device models. 

Band-Pass Continuous-Time ΣΔ Modulators with Widely Tunable Notch Frequency for Efficient RF-to-Digital Conversion ....  566 
Gerardo Molina-Salgado (Instituto Nacional de Astrofísica, Optica y Electrónica), Gordana Jovanovic-Dolecek (Instituto 
Nacional de Astrofísica, Optica y Electrónica), José M. de la Rosa (IMSE-CNM-CSIC & Universidad de Sevilla) 
[Abstract] This paper presents a design methodology to synthesize band-pass continuous-time Sigma-Delta (SD) modulators with a 
widely programmable notch frequency for the efficient digitization of radio-frequency signals in the next generation of software-
defined-radio mobile systems. The presented modulator architectures are based on a fourth-order loop filter " implemented with two 
LC-based resonators " and a finite- impulsive-response feedback loop to increase their flexibility and degrees of freedom, considering 
three different cases for the digital-to-analog converter waveform, namely: a return-to-zero, a non-return-to-zero and a raised-cosine 
waveform. In all cases, the notch frequency can be reconfigured from 0.1fs to 0.4fs, while keeping the noise shaping performance, the 
stability and low sensitivity to circuit-element tolerances. This feature can be combined with undersampling techniques to achieve an 
efficient and robust digitization of 0.5-to-5GHz signals with scalable resolution and programmable signal bandwidth. 

A 1.2 mW 67.5 dB SQDR VCO-Based ΣΔ ADC with Non-Linearity Cancellation Technique ..................................................  570 
Rohit Yadav (University of Texas at Austin), Nan Sun (University of Texas at Austin) 
[Abstract] A continuous-time CCO-based ADC has been implemented in 0.13um CMOS technology. Two important techniques are 
incorporated: a V/I converter with two different size PMOS differential pairs crossly-coupled to achieve non-linearity cancellation, 
and a stack structure with V/I converter and the CCO sharing currents to achieve low power consumption. In this design, no high volt-
age device have been used and all the blocks used are digital in nature thus scalable except the V/I converter. This prototype ADC 
achieves a peak SNDR/SFDR of 60.3 dB/71 dB over a bandwidth of 5 MHz, and dissipates overall power of only 1.2 mW. 

Session B2L-D: Special Session: University and Industry Training in the Art of Electronics 
Chair:   Steven Bibyk, Ohio State University 
Time:  August 6, 2013, 10:10 - 11:50 
Location:  Cartoon Room II 

Inspiring Electrical Engineering Students Through Fully-Engaged Hands-On Learning ..........................................................  574 
Robert J. Bowman (Rochester Institute of Technology) 
[Abstract] Hands-on learning has proven to be very effective in motivating electrical engineering students to study foundation 
courses. The advent of student-owned, functionally robust, portable test and measurement equipment, now offers fertile ground for 
developing innovative pedagogy to more fully engage and inspire students.   In this paper we discuss two examples of how student-
owned test and measurement instrumentation is impacting the electrical engineering curriculum at RIT: in a Freshman Practicum 
course with a flipped lab and in a Certificate Program in Mechatronics to enable the required laboratory content to be delivered online. 



Electronic System Hardware Exploration in an Inverted Classroom ...........................................................................................  578 
James Barker (Ohio State University), Julia Cline (Ohio State University), Kuang Sheng (Ohio State University), 
Steven Bibyk (Ohio State University) 
[Abstract] Education technology for electronic hardware testing was combined in the form of an analog/mixed signal development kit 
with miniaturized testing instrumentation to explore oscillator and PLL designs, operating at audio frequencies.  Even so, the princi-
ples of analog design for Software Defined Radios can be demonstrated. 

Session B2L-E: Radio Frequency Integrated Circuits 
Chair:   Nathan Neihart, Iowa State 
Co-Chair:   Mona Hella, Rensselaer Polytechnic Institute 
Time:  August 6, 2013, 10:10 - 11:50 
Location:  Suzanne M. Scharer 

Novel Centre Frequency and Bandwidth Control of RF LNA Using Two-Tones Phase Delay ..................................................  582 
Roghoyeh Salmeh (ATCO Electric), Bogdan Georgescu (Topnotch Canada) 
[Abstract] This paper presents a two-tone system to control the center frequency and bandwidth of an RLC tank in front-end LNAs. 
The control mechanism is based on the characteristic of an RLC tank, which induces a phase difference between the two frequencies. 
The proposed system is implemented on chip in the TSMC 0.18 μm CMOS technology. The LNA’s centre frequency and bandwidth 
were set at 2.45 GHz and 60 MHz, respectively. Precisions of 0.2% for centre frequency control and 8% for the bandwidth control 
were achieved. The two-tones phase delay principle can be generalized to tuning based on any information signal containing two tones 
with related phases and known frequencies. 

An Active Interference Cancellation Technique with Harmonic Rejection for a Broadband Channelizer ...............................  586 
Wei-Gi Ho (University of Texas at Austin), Travis Forbes (University of Texas at Austin),  
Vineet Singh (University of Texas at Austin), Ranjit Gharpurey (University of Texas at Austin) 
[Abstract] A feedback-based active interference suppression technique employing harmonic rejection mixers (HRMs) for enhancing 
linearity in a broadband channelizer is proposed. In the approach, an interferer is down-converted to baseband, low-pass filtered and 
then up-converted, where it is subtracted from the input. Using previously reported HRMs capable of LO frequency synthesis in both 
the down-conversion and up-conversion paths, wideband interference cancellation is achieved without the use of a wide tuning range 
PLL. Limitation on the maximum achievable interference rejection due to unwanted interaction between inband and out-of-band har-
monics is identified. An approach based on a 2-step up-conversion in the feedback path is proposed to remove this limitation. The ef-
fectiveness of the proposed technique is verified through simulation. 

Analysis of the Oscillation Frequency and Waveform Amplitude for a High-Frequency Differential Ring Oscillator ...........  590 
Chaojiang Li (IBM), Fei Gong (Cummins), Pingshan Wang (Clemson University) 
[Abstract] In this paper, the oscillation frequency and waveform amplitude of a high frequency differential ring oscillator are ana-
lyzed and derived with a new platform. The obtained equations describe the nonlinear dependence of amplitude and frequency on the 
tail current, number of delay cell stages, and transistor sizes. The accuracies of the obtained equations are verified by the Cadence 
Spectre simulation results and experimental data. Compared with currently available expressions, the obtained equations show signifi-
cantly improved accuracies; therefore they can be used to guide and facilitate high frequency differential oscillator design in submi-
cron CMOS technology. The derivation platform can also be used to analyze other ring oscillator topologies. 

Design and Implementation of a 9W, 0.3-3.7 GHz Linear Power Amplifier Using GaN HEMT ...............................................  594 
Basem M. Abdrahman (Arab Academy for Science and Technology and Maritime), Hesham N. Ahmed (Military Technical 
College), Khaled A. Shehata (Arab Academy for Science and Technology and Maritime) 
[Abstract] This paper presents a design for a highly-linear power amplifier " based on GaN HEMT- with an output power excess of 9W, 
and an ultra-broad bandwidth extending from 0.3 to 3.7 GHz (170%). Different design techniques are adopted to achieve a flat power 
gain of 9.5 ± 1 dB over the entire operating bandwidth. Sixth and fifth order low pass matching circuits are designed for input and output 
matching, respectively, providing optimal fundamental and harmonic impedances within more than 3 octaves of operation. The designed 
power amplifier exhibits a small signal gain more than 9.5-dB, an input/output return loss better than 10 dB within the operation band-
width. Second and third-harmonic inter-modulation distortions are far below -36dBc and -45dBc @ 3GHz, respectively, at an input power 
of 30-dBm over the entire frequency band, while achieving a power added efficiency (PAE) better than 25%. At a frequency spacing of 
160 KHz, a maximum value of the output OIP2 and OIP3 are found to be greater than 50-dBm, and 60-dBm, respectively. 



A 780-MHz Low Power Transceiver for Wireless Nodes Applications in Internet of Things ....................................................  598 
Fanzhen Meng (Shanghai Institute of Microsystem and Information Technology and University of Electronic Science and 
Technology of China), Hong Liu (Shanghai Institute of Microsystem and Information Technology), Ke Zhang (Shanghai 
Institute of Microsystem and Information Technology), Kai Kang (University of Electronic Science and Technology of 
China), Tong Tian (Shanghai Institute of Microsystem and Information Technology) 
[Abstract] A 780-MHz low power RF transceiver for wireless nodes in IoT (Internet of Things) applications was designed and im-
plemented in 65nm Si CMOS process. Direct-Digital modulation and regeneration configured receiver are adopted in the RF trans-
ceiver. Measurement shows that the transceiver can provide a data rate from 100Kbps to 1Mbps (peak data rate can be up to 2Mbps). 
With a 1.2 V DC supply, the transmitter can present 3 emission levels (-9dBm,-1dBm, 4dBm) and the corresponding power consump-
tion is from 4.3 to 9.6mW. The receiver can present -65dBm sensitivity at a BER of 0.001 with 3.75mW power consumption. The chip 
size is 1mm2, and the whole transceiver is integrated in high level with minimized external components. 

Session B2L-F: Bio-Inspired Green Technologies 
Chair:   Hoda Abdel-Aty-Zohdy, Oakland University 
Time:  August 6, 2013, 10:10 - 11:50 
Location:  Rosa M. Ailabouni 

Review of Nanoscale Memristor Devices as Synapses in Neuromorphic Systems ........................................................................  602 
Nathan Serafino (George Washington University), Mona Zaghloul (George Washington University) 
[Abstract] In this work we will present an overview of the memristor device and the microfabrication approach for this device. We de-
scribe possible integration with CMOS circuit proposed by researchers [1]. This proved the memristor neuromorphic circuit exhibited be-
havior analogous to STDP in which the changes in current measured through the memristor caused by changing memductance of artificial 
neurons were strikingly similar in shape to post synaptic current changes from rat hippocampal neurons. This study proved memristor 
based neuromorphic circuits exhibit STDP and may be capable of emulating learning processes and as fabrication techniques become 
more advanced, neuromorphic circuits can potentially reach physiological synaptic density values of up to 10^10 synapse/cm^2. 

Nonlinear Lyapunov-Based Control for HIV-1 Dynamics .............................................................................................................  604 
Fatma A. Alazabi (Oakland University), Mohamed A. Zohdy (Oakland University) 
[Abstract] In this paper, the HIV-1 reduced order infection model based on real data is controlled by different control Lyapunov func-
tion laws. we studied the performance and stability of HIV-1 dynamic response. Constructing of Lyapunov function is investigated 
and the proof of global stability is provided. The control laws are designed to damp the oscillation of transient response and stabilize 
the reduced model to prevent progressing HIV-1 to AIDS. 

Use of the Extended Kalman Filter for Biological Models Accuracy ............................................................................................  608 
Simon Omekanda (Oakland University), Jean-Lucien Omekanda (Ross University School of Medicine),  
Hoda Abdel-Aty-Zohdy (Oakland University), Mohamed Zohdy (Oakland University) 
[Abstract] In this paper, we use the Extended Kalman Filter (EKF) to ensure that the measured data of an implementable biological 
model is accurate amidst noisy signals. A simplified circuit model of the retina is designed in order to validate how the EKF can be 
used to ensure that the model’s voltage measurements are accurate. The results are compared with those of a Kalman Filter by calcu-
lating and comparing their Root Mean Square Error. Results show that the EKF has higher measuring accuracy and, therefore, could 
be utilized to ensure the accuracy of measurements in biological models. 

Loop Gain in Feedback Circuits: A Unified Theory Using Driving Point Impedance ................................................................  612 
Agustin Ochoa (Cypress Semiconductor) 
[Abstract] The analysis of analog circuits containing feedback has long been confusing due to incomplete definitions of fundamental terms 
such as loop gain, open loop gain, and port impedance with feedback zeroed, Z0’. In this paper, following a driving point impedance per-
spective, a unified model is developed that evolves into the Black’s block diagram to properly identify the feedback analysis properties. 

Daubechies-4 Wavelets System-on-Chip for Classifications of Mixed-Chemical .........................................................................  616 
Hoda S. Abdel-Aty-Zohdy (Oakland University), Stephanie Roth (Oakland University), Ephram Mebrahtu (Oakland University) 
[Abstract] Wavelet transform is favorably used for compressing and filtering complex signals from chemical sensors for classifica-
tions. Daubechies 4 transform (D$) is used and found to be more accurate especially with chemical mixtures,  while being fairly sim-
ple to implement, and effectively preprocess data from 32 sensors, and then outputs the result to a Spiking Neural Network (SNN) 
processing chip for chemical classification. The system features SPI bus for data input and output. It accepts 32 bit fixed point value 
inputs for faster processing using bit shifts and adds for multiplication.  The system has been designed to be modular and capable of 
being used on other potential applications. Experimental measurements of mixed gases including IEDs are presented. This paper pre-
sents the design evaluated on a VHDL platform, to be implemented on a tiny chip, for fabrication through MOSIS 0.5 um CMOS 
technology. D4 had more capability than Haar transform especially with gas mixtures, as with 0.1% of TATP in Acetonitrile. Experi-
mental results are presented with good sensitivity, stability, and tolerance. 



Session B3L-A: Analog Design Techniques III 
Chair:   Igor Filanovsky, University of Alberta 
Time:  August 6, 2013, 13:10 - 14:50 
Location:  Barbie Tootle 

On the Settling of Nondelaying Cascaded Switched-Capacitor Integrators .................................................................................  621 
Mostafa A.N. Haroun (McGill University), Anas A. Hamoui (McGill University) 
[Abstract] This paper focuses on the design of two nondelaying cascaded SC integrators. Given the importance of good settling in SC 
filters, a design method is presented which optimizes power consumption for a given settling accuracy. Another issue is also addressed 
here concerning a possible excitation case that might lead to settling “hesitation” in two nondelaying cascaded SC integrators which 
affects settling accuracy. Circuit simulations confirm the analytical methods and simulations. The proposed analytical equations can 
be easily embedded into behavioral models used for large system's simulations in early  design stages. 

Novel Analysis of Passive Mixer Output Impedance Using Switched-Capacitor Techniques ....................................................  625 
Essam S. Atalla (University of Texas at Dallas and NVIDIA), Abdellatif Bellaouar (NVIDIA),  
Poras T. Balsara (University of Texas at Dallas) 
[Abstract] Passive mixers became an essential component of SAW-less receivers. It is well known that the passive mixer behaves as a 
switched-capacitor circuit (SC) but to our knowledge, there is no reported analysis of the mixer impedance that accounts for is behav-
ior. In this paper  we present for the first time a novel formula for passive mixer output impedance using SC techniques. We prove that 
the lower limit of the mixer impedance is proportional to the switched capacitor resistor 1/(FLOC) different from the previously re-
ported mixer switch ON resistance. We also explain that the equation is useful in estimating output bandwidth in voltage mode mixers 
and blocker filtering in voltage and current mode passive mixers. 

Envelope Tracking Technique with Bang-Bang Slew-Rate Enhancer for Linear Wideband RF PAs .......................................  629 
Richard Turkson (Texas Instruments Incorporated), Suraj Prakash (Texas A&M University), José Silva-Martínez (Texas 
A&M University), Herminio Martínez-García (Universitat Politècnica de Catalunya) 
[Abstract] This paper deals with the design of a power efficient switching regulators intended for linear power amplifiers employing 
envelope tracking techniques in wideband wireless standards. The bottlenecks in existing envelope tracking solutions involve a trade-
off between ripple voltage, slew rate and bandwidth. The slew rate limitation is identified as the main challenge, then a ‘bang-bang’ 
slew-enhancement technique is proposed. This approach enables the use of efficient supply modulators in wideband power amplifiers. 
The proposed scheme does not significantly degrade PA efficiency and preserves the stability of the switching regulator. The proto-
type has been implemented using the TSMC 0.18 µm technology; schematic simulation results in Cadence® are presented to demon-
strate the feasibility of the proposed techniques. 

A Continuous-Time Sigma-Delta ADC with Tunable Pass-Band for Multi-Standard Applications ..........................................  633 
Mahmood Barangi (University of Michigan), Ahmad Beirami (Georgia Institute of Technology),  
Hamid Nejati (University of Michigan), Warsame H. Ali (Prairie View A&M University) 
[Abstract] In this paper, we present a tunable continuous-time band-pass sigma-delta (ΣΔ) analog-to-digital converter (ADC). Our de-
sign is suitable for multi-standard multi-user applications. Additionally, the tunability advantage enhances the obtainable resolution 
while reducing the power consumption by only operating in the desired bandwidth from the reserved bandwidth required for ADC’s 
application. Our simulation results demonstrate that a relatively high SNR can be obtained using the designed ΣΔ ADC. We provide 
an implementation of the designed ADC using Gm-C circuits with 0:18 m IBM CMOS technology. The circuit operates with 8MHz 
clock frequency and achieves 57.6dB Signal to Noise and Distortion Ratio (SNDR) with 20kHz bandwidth. At the mentioned clock 
frequency and 1.5V supply level, the circuit consumes less than 1mW power. Our HSPICE simulation results are in very good agree-
ment with our simulated model based on second order modified all-pass transfer functions. The effective number of bits obtained from 
our implemented ADC was observed to be ENOB=9.28 bits. 

Comparison of Hardware Based and Software Based Stress Testing of Memory IO Interface .................................................  637 
Bruce Querbach (Intel Corporation), Sudeep Puligundla (Intel Corporation), Daniel Becerra (Intel Corporation),  
Zale T. Schoenborn (Intel Corporation), Patrick Chiang (Oregon State University) 
[Abstract] A lot of work has been done to identify the right stress pattern specific to each IO interface. Tradeoffs between test-time 
and test coverage must be made depending on the test goals. APGC can speed up the test and validation execution time by at least 500 
times compared to software, while offering comparable BER margin measurement. 



Session B3L-B: VLSI Design, Routing, and Testing 
Chair:   Nader Rafla, Boise State University 
Time:  August 6, 2013, 13:10 - 14:50 
Location:  Hayes Cape 

A Multilayer Crosstalk Avoidance Router Using Restricted Maze Grids ....................................................................................  641 
Yoshiya Fujii (Kochi University), Michiaki Muraoka (Kochi University), Masahiko Toyonaga (Kochi University) 
[Abstract] In this paper, we propose a basic crosstalk avoidance router using two area usage restrictions. They are "a wide pitch re-
striction" and "a bounded area restriction". The wide pitch restriction means that the router using only wider pitch than the minimum 
pitch from the process technology rule. The bounded area restriction means that a router only executed inside minimum bounding box 
with some redundancy area of a net. According to the experimental results of some circuits including practical, our proposed router 
achieved the higher routability results in shorter execution time than those of the conventional maze router. 

Path Delay Testing in Resilient System ............................................................................................................................................  645 
Qiang Han (University of Cincinnati), Jianghao Guo (University of Cincinnati), Wen-Ben Jone (University of Cincinnati), 
Qiang Xu (Chinese University of Hong Kong) 
[Abstract] Resilient system is used to eliminate the voltage/frequency margin for further power reduction/performance improvement. With 
replacing critical flip-flops (FFs) with error detection sequential (EDS) circuits and the occurring of error-path circuits, resilient system 
brings in new challenges for the path delay testing. In this paper, three scan EDS designs are analyzed and compared. Then a novel OR-tree 
delay testing method is proposed and experimental comparison is made showing our method’s higher efficiency than a baseline method. 

Crossing-Aware Channel Routing for Photonic Waveguides ........................................................................................................  649 
Christopher Condrat (University of Utah), Priyank Kalla (University of Utah), Steve Blair (University of Utah) 
[Abstract] A key component of integrated optic design is waveguide routing; however, unlike VLSI, where signal nets are routed 
with metal layers and vias, photonic waveguides are fabricated in planar substrates. For many applications, our studies show that the 
waveguide routing problem can be formulated as planar channel routing.  Signal losses become a major factor due to the insertion 
losses of planar waveguide crossings. Channel routing must therefore take into account these losses.  This paper investigates methods 
for adapting traditional VLSI channel routing techniques for integrated optics --- specifically, a technique based on left-edge-style 
track assignment. We show how incorporating waveguide crossing constraints into the underlying constraint model affects the routing 
solution, and describe the necessary modifications and extensions to the routing technique to properly exploit optical technology. We 
implement the channel router, describe the experimental results, and compare the cost of solutions with respect to waveguide cross-
ings, corresponding to signal loss, and channel height. 

Variable Latency VLSI Design Based on Timing Analysis, Delay ATPG, and Completion Prediction .....................................  653 
Bao Liu (University of Texas at San Antonio), Lu Wang (University of Texas at San Antonio),  
Juan Portillo (University of Texas at San Antonio) 
[Abstract] This paper presents a generic variable-latency design methodology, which includes timing analysis, delay test input gen-
eration, design of a completion prediction unit for logic computation latency, and a clock gating scheme. Our experiments based on on 
the 45nm Nangate open cell library and the des MCNC benchmark circuit show that, for a clock gating occurrence probability 6.25%, 
our technique leads to maximum 8.29%, 9.96%, and 9.18% area reduction, and 27.54%, 28.08%, and 29.93% power reduction with a 
prediction unit of 4, 5, and 6 inputs, predicting the top 1, 2, and 4 timing-critical paths, respectively. 

Novel Implementation of Full Adder Based Scaling in Residue Number Systems .......................................................................  657 
Azadeh Safari (Macquarie University), James Nugent (Macquarie University), Yinan Kong (Macquarie University) 
[Abstract] The need for faster digital circuitry has turned the researchers to alternative number systems and arithmetic level modifica-
tions. One such number system being used is the Residue Number System (RNS). With computationally fast addition, subtraction and 
multiplication it has become widely used in many vast areas of Digital Image Processing (DSP). The drawback to using RNS is that it 
has several computationally slow and resource intense operations, most notably, scaling and conversion. This paper presents a novel 
implementation of three moduli  set scaling  system  and  the constant  scaling  factor.  The  main  difference  of  the  proposed system  
to  existing  scaling  systems  includes  elimination  of  the overhead conversion system and employing modular reducers in imple-
mentation of the design. Many algorithms for fast scaling in RNS exist, but this paper will focus on developing a particular algorithm 
using adder based techniques. 



Session B3L-C: Special Session: High-Precision and High-Speed Data Converters I 
Chair:   Samuel Palermo, Texas A&M University 
Time:  August 6, 2013, 13:10 - 14:50 
Location:  Cartoon Room I 

Efficient Calibration Scheme for High-Resolution Pipelined ADCs .............................................................................................  661 
Andreas Larsson (Texas A&M University), José Silva-Martínez (Texas A&M University) 
[Abstract] This paper describes a background calibration technique that linearizes pipelined ADCs by correcting for errors in the digi-
tal domain. This also relaxes the requirements for the analog components and enables power and area savings. The calibration tech-
nique does not require a separate reference ADC that samples the input, nor the generation of digital correlation signals or extra analog 
calibration components. The calibration technique is robust and easily implementable in any digital technology. The implementation 
of the digital calibration algorithm requires minimal digital resources and less than 1% of the overall ADC power consumption. 

A Background Gain- Calibration Technique for Low Voltage Pipelined ADCs Based on Nonlinear Interpolation ................  665 
Li Ding (University of Macau), Sai-Weng Sin (University of Macau), Seng-Pan U (University of Macau),  
R.P. Martins (University of Macau) 
[Abstract] The paper presents a digital background calibration technique for pipelined ADC in low voltage condition. The calibration 
removes the interstage gain error which is significant in pipelined ADCs. 

An Efficient Calibration Technique for Pipeline ADC ...................................................................................................................  669 
Chenchen Zhao (Tsinghua University), Lili Xu (Tsinghua University), Fule Li (Tsinghua University),  
Zhihua Wang (Tsinghua University) 
[Abstract] Capacitor mismatch and finite op-amp gain are two main error sources for high-resolution pipelined ADCs. This paper 
presents a high-efficiency digital calibration technique for multi-bit/stage pipeline ADCs. 

A 9-bit 123-MS/s Swiched-Current Pipelined ADC with OP Feedback and Offset Current Cancellation ...............................  673 
Guo-Ming Sung (National Taipei University of Technology), Wen-Sheng Lin (National Taipei University of Technology), 
Jiung-Shian Li (National Taipei University of Technology) 
[Abstract] This paper presents a 9-bit 125-MS/s switched-current pipelined analog-to-digital converter (ADC) with low transmission 
error and small channel charge injection. To decrease the transmission error, a current mirror with op feedback is used. Furthermore, 
both dummy switch and offset current cancellation are adopted to reduce the channel charge injection. As the proposed pipelined ADC 
is implemented in TSMC 1P6M 0.18-µm CMOS technology, the simulation results show that the signal-to-noise and distortion 
(SNDR), differential nonlinearity, integral nonlinearity, and power consumption are 55.56 dB, -0.21~+0.19 LSB, -0.1~+0.37 LSB, and 
45.5 mW, respectively, at the input frequency of 5MHz,  sampling rate of 125 MS/s, and the supply voltage of 1.8 V. Notify that the 
figure of merit of the proposed pipelined ADC is about 0.78pJ/conversion at the operational current range of -20µA~+20µA. 

Digital Calibration of Inter-Stage Nonlinear Errors in Pipelined SAR ADC ...............................................................................  677 
Yuan Zhou (University of Texas at Dallas), Yun Chiu (University of Texas at Dallas) 
[Abstract] A digital calibration technique to linearize the residue amplifier in pipelined SAR ADC based on Independent Component 
Analysis (ICA) is presented. The proposed technique utilizes a single, one-bit pseudorandom noise (PN) to simultaneously identify all 
coefficients of a correction polynomial. Behavioral simulation results demonstrate the effectiveness of the technique, in which the 
SNDR and SFDR performance of a 12-bit pipelined SAR ADC is improved from 54 dB and 69 dB to 72 dB and 100 dB, respectively. 
Some circuit design details are included for the PN injection circuit as well as the digital calibration logic. 

Session B3L-D: Special Session: Advancing the Frontiers of Solar Energy 
Chair:   Michael Soderstrand, Synapse International 
Time:  August 6, 2013, 13:10 - 14:50 
Location:  Cartoon Room II 

La Casa Del Sol, EarthConnection and a Solar Golf Cart Three Case Studies in Solar Energy ................................................  681 
Paula Gonzalez (Sisters of Charity), Michael A. Soderstrand (Synapse International, L.L.C.) 
[Abstract] Volunteers converted an old frame chicken coop into an energy efficient solar-based sustainable home using recycled and 
donated parts along with purchased items and services funded from periodic yard sales.  It was built for less than $10 per square foot 
and uses less than 500 KWH of power per month.  Earth Connections community center is an extremely energy efficient building fea-
turing a solar assisted geothermal system of plastic tubing embedded in the ground connecting thermal collectors on the roof.  The fi-
nal case study is in mobile solar energy " an electric golf cart whose batteries are recharged by solar photo-voltaic panels. 



Design and Interconnection of Utility-Scale Solar PV Plants ........................................................................................................  685 
Ernst H. Camm (S&C Electric Company), James K. Niemira (S&C Electric Company) 
[Abstract] Several utility-scale photovoltaic (PV) power plants have been built in North America in recent years.  These plants typi-
cally range in size from a few megawatts to tens of megawatts and connect either to the utility’s distribution or transmission systems 
where technical interconnection requirements tend to be quite different.  This paper provides an overview of key technical require-
ments for distribution and transmission system interconnections and how these requirements affect the design of the plant. 

Mini-Dish Based Hybrid Concentrated Solar Power (CSP) System for Home Use .....................................................................  689 
Michael A. Soderstrand (Synapse International, L.L.C.), Sung Baek Lee (Ireh Controls),  
Peter Chung (Solar Power Energy System, Inc.) 
[Abstract] The highest efficiencies in solar power systems (25%) are achieved in Concentrated Solar Power (CSP) systems using a 
two-axis tracking parabolic dish collector (PDC) with a Stirling engine.   Unfortunately, such systems are very costly.  An alternative 
system makes use of an array of small inexpensive mirrors each directing the sunlight to a single optical fiber.  The optical fibers from 
each mirror transport the light to a central receiving unit where the heat drives the Stirling engine.  In addition, a propane or natural 
gas heating element can augment the solar energy when clouds come by or during the evening hours. 

Path Planning of Solar-Powered Unmanned Aerial Vehicles at Low Altitude .............................................................................  693 
Ran Dai (Iowa State University) 
[Abstract] In this paper, the path planning strategy for solar powered UAVs at low altitude is examined including the weather factor 
in energy harvesting. The designed path will maximize the difference between the collected energy and the consumed energy, named 
net energy, when flying from the specified initial point to the final point. A weather map providing information such as regional pre-
cipitation is utilized to predict the solar spectral density for the concerned areas. We propose a graph based approach which divides the 
concerned areas into small grids to evaluate the solar spectral density corresponding to the local weather and then build the energy in-
tensity distribution map as a function of coordinates. The Bellman-Ford algorithm is utilized to find the optimal path which yields 
maximum net energy at terminal point. Simulation results for level flight are presented. 

The Design of Multijunction Photovoltaic Systems for Realistic Operating Conditions .............................................................  697 
Jeffery L. Gray (Purdue University), John R. Wilcox (Purdue University) 
[Abstract] The design of a multijunction photovoltaic system, particularly the choice of the individual bandgaps, is sensitive to the 
specific operating conditions of the system. Laboratory characterization is typically carried out at a standard temperature, such as 25 
ºC, using a standard solar spectrum, such as an AM1.5 direct spectrum. In reality, the system should be designed for operation at its 
anticipated temperature of operation, taking into account the spectral variation of the solar radiation over the course of the day and 
year. In this paper, the effects of such variations in operating conditions on the performance of different designs are examined. 

Session B3L-E: RF/Optical Devices and Circuits 
Chair:   Mona Hella, Rensselaer Polytechnic Institute 
Co-Chair:   Nathan Neihart, Iowa State 
Time:  August 6, 2013, 13:10 - 14:50 
Location:  Suzanne M. Scharer 

Micro-Fabrication of an Absolute Flow Calorimeter for DC to RF Power Measurement ..........................................................  701 
Bilel Neji (University at Buffalo, The State University of New York), Jing Xu (University at Buffalo, The State University of 
New York), Albert H. Titus (University at Buffalo, The State University of New York), Joel Meltzer (Bird Technologies, Inc) 
[Abstract] Micro-fabricated calorimeters have been extensively used for determination of thermo chemical values and reaction kinetic 
studies. However, micro-fabricated calorimeters as power sensors have been mostly unexplored. In this context, miniaturization of an 
absolute flow calorimeter capable of measuring RF power is proposed.  This novel implementation using micro-fabrication is capable 
of measuring power from 100 µW to 100 mW at frequencies from DC to at least 12 GHz. In this paper, a micro-fabricated flow calo-
rimeter is demonstrated and several initial test results, such as DC power measurement and the impact of flow rate on heat transfer-
ring, are reported. The obtained results will play an important role in performing RF power measurements in the future. 

A High Efficiency 90-nm CMOSRF to DC Rectifier ......................................................................................................................  705 
Maziar Rastmanesh (Dalhousie University), Ezz El-Masry (Dalhousie University) 
[Abstract] This paper presents a novel high efficiency RF to DC converter for RFID applications. The proposed circuit is designed in 
90 nm CMOS technology using single source RF. It exploits an internal Vth cancellation technique along with a leakage current re-
ducer. The circuit performs well in the low input power threshold. The Simulation results at frequency of 920MHz show that the PCE 
has improved compared to the conventional rectifier using diode connected and Vth cancellation techniques. The measured PCE is 
36.3% at -14.3dBm and can be improved to 54.5% with an impedance matching network between the source and rectifiers’ input. 



An Integrated Silicon-on-Insulator Continually Tunable Optical Delay Line for Optical Coherence Tomography ................  709 
Mohamed Rahim (Université du Québec à Montréal), Peter Akkary (Université du Québec à Montréal),  
Nazih Jamaleddine (Université du Québec à Montréal), Frederic Nabki (Université du Québec à Montréal),  
Michael Menard (Université du Québec à Montréal) 
[Abstract] We describe a new integrated rapidly tunable optical delay line optimized for optical coherence tomography (OCT) sys-
tems. The integrated system uses a planar waveguide and echelle gratings combined with a specially designed micro-
electromechanical system (MEMS) mirror. These components are all fabricated on the same die, thus enabling a very compact and 
cost effective device. The delay line system has a simulated scanning speed of more than 10 kHz and can provide a continuously tun-
able variable delay difference of 6.7 ps.  The whole system fits on a chip of 12 mm by 8 mm. 

Design of a 10-Gb/s Integrated Limiting Receiver for Silicon Photonics Interconnects ..............................................................  713 
Kehan Zhu (Boise State University), Sakkarapani Balagopal (Boise State University),  
Vishal Saxena (Boise State University), Wan Kuang (Boise State University) 
[Abstract] A 10-Gb/s integrated limiting receiver for silicon photonics interconnects is proposed with detailed system level and circuit 
level design and analysis. Silicon photonics devices fabricated in silicon-on-insulator can be seamlessly integrated with standard CMOS 
process, which allows compact system integration and significantly lower power dissipation. By taking the advantages of low parasitic ca-
pacitance of the on-chip Ge detector and adopting bandwidth extension techniques, a total bandwidth of 7.2 GHz with 87 mW power con-
sumption is obtained in a 130 n m CMOS process. The final differential output signal has a peak-to-peak swing of about 1.2 V and a peak-
to-peak jitter of 14.3 ps and 9.8 ps for 10-Gb/s PRBS7 data with an average received optical power of -17 dBm and 0 dBm, respectively. 

A Variable-Bandwidth, Power-Scalable Optical Receiver Front-End in 65 nm ..........................................................................  717 
Partha Protim Dash (Concordia University), Glenn Cowan (Concordia University),  
Odile Liboiron-Ladouceur (McGill University) 
[Abstract] This work presents the design and simulated performance of a variable bandwidth, power-scalable optical receiver front-
end in 65 nm CMOS technology. The proposed receiver front-end includes a transimpedance amplifier (TIA) and 3-stage post-
amplifier with an offset compensation loop. The proposed transimpedance amplifier is based on the shunt feedback topology while the 
post amplifier and the offset-compensation loop use the Cherry-Hooper inverter-based topology. In order to make the receiver power 
and bandwidth scalable a binary-weighted current-controlling MOSFET array and a tunable resistance bank are also proposed. The re-
ceiver front-end can vary the supported data rate from 1.25 Gb/s to 20 Gb/s with proportional power dissipation and constant gain of 
~75 dBΩ. The overall power dissipation varies from 0.32 mW to 13.5 mW as the data rate scales maintaining an energy per bit lower 
than 700 fJ at all data rates. The variable 3 dB bandwidth is from 0.85 GHz to 13.5 GHz with input referred noise density from 8.46 
pA/√(Hz) to 18 pA/√(Hz). 

Session B3L-F: Carbon Nanotube-Based Sensors and Beyond 
Chair:   Nayla El-Kork, KUSTAR 
Time:  August 6, 2013, 13:10 - 14:50 
Location:  Rosa M. Ailabouni 

Temperature, Gas and Pressure ECG Sensor by Using Carbon Nanotube ..................................................................................  721 
Penghua Sun (Indiana University-Purdue University Indianapolis),  
Maher Rizkalla (Indiana University-Purdue University Indianapolis) 
[Abstract] This paper introduces a method to combine temperature, gas and pressure sensor to a system on a chip. The sensing ele-
ments are single walled carbon nanotubes (SWCNT). CNT has excellent resistance changes when the condition changes. Thus, based 
the I-V curve, the resistance changes are measured. There is a typical issue using CNT to measure the temperature and the gas since 
both factors have effects to the resistance. This paper provides an interesting method to fix this problem. 

Carbon Nanotube-Based Microstrip Antenna Gas Sensor ............................................................................................................  724 
R. Verma (Indiana University-Purdue University Indianapolis), K. Said (Indiana University-Purdue University Indianapolis), 
J. Salim (Indiana University-Purdue University Indianapolis), E. Kimathi (Indiana University-Purdue University 
Indianapolis), M. Rizkalla (Indiana University-Purdue University Indianapolis), S. Shrestha (Indiana University-Purdue 
University Indianapolis), M. Agarwal (Indiana University-Purdue University Indianapolis), K. Varahramyan (Indiana 
University-Purdue University Indianapolis) 
[Abstract] Carbon nanotubes have been widely studied for their applications in sensors due to their promising physical and chemical 
properties. In this paper, we explore the potential of applying carbon nanotubes to gas sensing equipment. The sensor uses an antenna 
to detect change in return loss from normal operating frequency on exposure to different polar and non-polar gases. Carbon nanotubes 
help amplify this shift to improve the gas sensitivity. The presented study shows that carbon nanotubes can provide a frequency shift 
in return loss that can identify various gases. Simulation results from ANSYS High Frequency Simulation Software provide proof of 
the concept while experimental results from three gases have shown repeatable frequency shifts. 



Mismatch Insensitive Automatic Tuning Control for the Single Electron Transistor Readout Circuit ....................................  728 
Kushal Das (University of New South Wales), Torsten Lehmann (University of New South Wales) 
[Abstract] Unavailability of suitable simulation models poses a particularly difficult problem in the field of CMOS analog circuit de-
sign for deep cryogenic applications: the performance of the design cannot be verified prior to fabrication. Therefore, the first genera-
tion circuits previously reported by the authors for the purpose of reading out Single Electron Transistor (SET) signals- while operat-
ing immersed in liquid helium- were equipped with numerous external controls to ensure its proper functionality. In this paper we 
address the issue of external manual biasing and present a novel approach to achieve self-regulated automatic tuning- one of the most 
important requirement for future stand-alone, self-sufficient SET readout circuitry. The proposed scheme is mismatch insensitive, does 
not compromise the speed and adds very little power overhead to the previous designs. 

Heat Transfer Simulations for Pulsed Laser Annealing of Silicon Thin Film ..............................................................................  732 
MunEm M. Hossain (University of Missouri - Kansas City), Masud H. Chowdhury (University of Missouri - Kansas City) 
[Abstract] Devices like solar cells and displays require high quality polycrystalline-Si (pc-Si) thin films, which are grown by high 
temperature crystallization of thin films of amorphous silicon (a-Si) on expensive substrates. Recently, pulsed laser annealing appears 
to be an effective way for crystallization of thin films on low cost substrates with high precision. This paper presents heat transfer 
simulation of very thin silicon (Si) film using COMSOL Multiphysics. The results show that higher power density can melt the film at 
shorter times compared to lower power density. The annealing depth and temperature at any depth can be precisely controlled by op-
timizing heat source power density, pulse width and exposure time. Therefore, it is possible to crystallize Si films by controlled melt-
ing without melting the substrate. 

Analysis of the Interface Barriers Between Nano Metal Particles and Semiconductors Substrates ..........................................  736 
Moh’d Rezeq (Khalifa University of Science Technology and Research), Mohammed Ismail (Khalifa University of Science 
Technology and Research), Khouloud Eledlebi (Khalifa University of Science Technology and Research),  
Isra Lababidi (Khalifa University of Science Technology and Research) 
[Abstract] Reducing the size of metal-semiconductor (M-S) contacts to sub 20 nm results in a deviation of the interface barrier char-
acteristics from the those predicted by the conventional theory of (M-S) contacts. This is attributed to the enhancement of the electric 
field at the interface due to the charge confinement in the nano metal particle. We introduce analytical analysis and finite element 
simulations for calculating the interface parameters. The significant electric field enhancement and the reduction of the barrier thick-
ness account for the reversed rectification behavior compared to the conventional I-V data of M-S junctions. 

Session B4P-G: Linear and Non-Linear Circuits and Systems 
Chair:   Hari Reddy, California State Long Beach 
Time:  August 6, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

Dual Directional Coupler Design with Transformers .....................................................................................................................  739 
Sathwik Madishetti (Indiana University-Purdue University Fort Wayne),  
Abdullah Eroglu (Indiana University-Purdue University Fort Wayne) 
[Abstract] The complete analytical model for dual or six port directional coupler is developed, and closed form equations using operational 
parameters are presented for the first time using transformers. Six-port coupler using the model developed is designed and simulated with 
frequency domain simulator Ansoft Designer for verification. Final design is implemented and measured with network analyzer. Analyti-
cal, simulation and measurement results are compared and agreement has been values. Matlab GUI to design six-port directional couplers 
has been developed for academic and commercial use with implementation of the analytical model developed in this paper. 

Observation of Chaotic Behavior in Automatic Tuning Loops for Continuous-Time Filters .....................................................  742 
Herminio Martínez-García (Universitat Politècnica de Catalunya), Jordi Cosp-Vilella (Universitat Politècnica de 
Catalunya), Manuel Manzanares-Brotons (Universitat Politècnica de Catalunya) 
[Abstract] The appropriate linear dynamic modeling of continuous"time filters (CTFs) with automatic tuning loops should be ob-
tained to assure stability in case an improved design of the loop controllers is to be carried out. With this aim, starting from a general 
and systematic analysis in order to obtain an equivalent small"signal linearized incremental model, from which transfer functions be-
tween output variables and control voltages are derived, the subsequent design of compensated loops with enhanced stability and dy-
namic performance is required. This systematic procedure allows obtaining improved controllers for the two involved control loops. 
However, CTFs with automatic tuning loops are nonlinear feedback systems with potential instability. What is more, nonlinear phe-
nomena, which cannot be predicted by a design-oriented small signal modeling approach, are observed in this kind of tuning systems. 
The purpose of this work is to highlight that when control parameters are varied, the system could present different kinds of dynamical 
nonlinear phenomena such as bifurcations and chaotic behavior, which cannot be predicted by the small signal design-oriented model. 



Tradeoffs Between Settling Time and Jitter in Phase Locked Loops ............................................................................................  746 
Pallavi Paliwal (Indian Institute of Technology, Bombay), Priyank Laad (Indian Institute of Technology, Bombay), 
Mohanrao Sattineni (Indian Institute of Technology, Bombay), Shalabh Gupta (Indian Institute of Technology, Bombay) 
[Abstract] In most phase locked loops, an obvious trade-off exists between settling time, output jitter and power consumption. How-
ever, dependence of jitter on settling time is commonly  ignored while evaluating PLL designs. In this paper, the tradeoffs between 
settling time and jitter is analyzed for different types of All-Digital PLLs (ADPLLs). Based on these analytical results, a Figure of 
Merit (FoM) for evaluating PLLs, which takes settling time into consideration, is suggested. Also, a 2.4-GHz Direct-Digital Synthesis 
based AD-PLL model, which combines phase detection switching, adaptive gain and FSM based mechanism,  is explored for simulta-
neous optimization of PLL performance parameters. 

Analysis of Linear Time-Varying Circuits by Two-Dimensional Analog Filtering .....................................................................  750 
Shervin Erfani (University of Windsor), Majid Ahmadi (University of Windsor), Nima Bayan (B Braun Medical Inc) 
[Abstract] We  focus on the frequency analysis of LTV systems within the larger context of 2-D analog filtering. The available tech-
niques for characterizing 2-D analog filters are explored. The frequency analysis of 2-D analog circuits and systems, based on the 
classical two-dimensional Laplace transform (2DLT), is invigorated.  The 2DLT technique leads to the development of a bifrequency 
theory for autonomous dynamic systems.  The contents of existing literature are complemented more than duplicated. 

Session B4P-H: Linear and Non-Linear Systems 
Chair:   Samuel Palermo, Texas A&M University 
Time:  August 6, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

Mixed-Mode and Chaotic Oscillating Circuits: Bifurcations and Newtonian Properties ...........................................................  754 
Wieslaw Marszalek (DeVry University), Zdzislaw W. Trzaska (Warsaw University of Ecology and Management) 
[Abstract] We analyze  properties of two singularly perturbed nonlinear systems with mixed-mode and chaotic oscillations and pro-
pose two op-amp $RC$ circuits for the systems. The three-variable mathematical models of both systems (with cubic nonlinearities) 
are linked to the second Newton's law $d^2x/dt^2=F(t,x,dx/dt)/m$, with $F(t,x,dx/dt)$ containing a memory term. This allows further 
to use a scalar equation $x'=f(x)+\int y(\tau,\int z(\theta,x)d\theta)d\tau$ as a base to design the circuits. The mixed-mode and chaotic 
responses as well as bifurcation diagrams of the circuits are obtained through Spice and Matlab simulations, 

Modeling and Analysis of Directly-Forced Divide-by-3 Analog Frequency Dividers ..................................................................  760 
Antonio Buonomo (Seconda Università degli Studi di Napoli), Alessandro Lo Schiavo (Seconda Università degli Studi di Napoli) 
[Abstract] Divide-by-3 injection-locked frequency dividers with a direct forcing of the synchronization signal are modeled and ana-
lyzed. The locking mechanism underlying their operation is investigated and analytical equations are derived to predict the locking 
range as a function of the circuit parameters. The derived results are in good agreement with simulation results obtained by using 
BSIM3 models of active devices in 0.13um technology. 

Transition from Locking to Pulling in Injection-Locked Dividers ................................................................................................  764 
Antonio Buonomo (Seconda Università degli Studi di Napoli), Alessandro Lo Schiavo (Seconda Università degli Studi di Napoli) 
[Abstract] A comprehensive methodology of analysis of Injection-Locked Frequency Dividers (ILFDs) allows us not only to estimate 
the locking range, the amplitude and the phase of the locked oscillations and their stability, but also to investigate the transition from 
the locking mode to the pulling mode, that happens in proximity of the boundaries of the locking region. We highlight that there exists 
a border region where the two modes of operation can coexist and the occurrence of one mode, or the other, depends only on the initial 
conditions. Numerical simulations confirm analytical predictions. 

Implementation of Active Floating Inductor Based on Second Generation Current  
Conveyor for On Chip Voltage Regulator .......................................................................................................................................  768 
Emeshaw Ashenafi (University of Missouri - Kansas City), Masud H. Chowdhury (University of Missouri - Kansas City) 
[Abstract] This paper presents a floating inductor implementation technique using active components. Floating inductor is an integral 
part of switching voltage regulator. Implementation of floating inductor is a primary bottleneck of on-chip implementation of switching 
regulator. In current CMOS circuit design, the implementation of the passive inductor is either external to the chip or fabricated as a part 
of the package. If it is incorporated within the chip, the passive inductor occupies very large chip area. In addition, passive inductors are 
not electrically tunable, which makes them unattractive for reconfigurable system-on-a-chip (SOC) designs. In contrast, an active device 
based floating inductor can be inserted within the chip. This new approach adapts the use of both positive and negative current conveyors. 
The proposed circuit allows the inductance value to be adjusted electronically by changing the bias current Io of the current conveyor. 
Design of the circuit is demonstrated using 0.5µm technology on Cadence Virtuoso with a +3.3V supply voltage. Simulation results are 
provided to verify the proposed design. The proposed the design can be tuned further for nanoscale environment. 



Session B4P-J: RF Active and Passive Circuits 
Chair:   Vishal Saxena, Boise State University 
Time:  August 6, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

A Compact Size Switched Reconfigurable Tri-Band BPF for Modern Wireless Applications ...................................................  772 
A.M. Elelimy (Military Technical College), A.M. El-Tager (Military Technical College), A.G. Sobih (Military Technical College) 
[Abstract] This paper presents a novel reconfigurable tri-band BPF with two-state frequency responses, where tri-band and dual-band 
bandpass characteristics can be conveniently switched by turning pin diodes on and off. The filter can operate as a tri-band BPF with 
center frequencies 900 MHz, 2.45 GHz and 3.5 GHz for GSM and WiMAX applications. On the other hand, it can operate only at 
2.45 GHz and 3.5 GHz for (WiMAX) rejecting 900 MHz GSM signals. The design proposes simple resonance microstrip structures 
integrable with pin diodes. Bias circuits are designed and optimized with precisely selected practical lumped components. The pro-
posed filter is simulated, optimized, and fabricated using low loss Teflon substrate. The filter provides significant size reduction and 
superior enhancement in insertion losses. 

A 2.4-GHz/5.25-GHz CMOS Variable Gain Low Noise Amplifier Using Gate Voltage Adjustment .........................................  776 
Guo-Ming Sung (National Taipei University of Technology), Xiang-Jun Zhang (National Taipei University of Technology) 
[Abstract] This paper presents a 2.4GHz/5.25GHz dual band two-stage differential low noise amplifier (LNA) with a variable gain which 
is implemented with 0.18-um CMOS technology. In the proposed differential LNA, two cascode pairs are used to have low current and 
high isolation; and that two current-reused paths are presented to have low power consumption. Besides, the variable gain is completed by 
adjusting the gate voltages of MOSFETs, M3 and M7. Furthermore, a capacitor C2 is added to the gate of transistor M2 to have a stable 
bias voltage by filtering out the RF signal; and that a differential mode is considered to have good linearity and high gain. The simulation 
results present that the gain varies from 16.66 dB to 19.89 dB at 2.4 GHz, whereas the gain varies from 2.63 dB to 16.33 dB at 5.25 GHz. 

An Ultra-Low Power Voltage Regulator for RFID Application ....................................................................................................  780 
Chia-Chin Liu (University of Windsor), Chunhong Chen (University of Windsor) 
[Abstract] This paper presents a low power regulator design for RFID application using 65nm CMOS technology. The design con-
sists of two parts: a reference generator with temperature compensation, and a low power LDO regulator. Most of MOSFET transis-
tors in the design operate at subthreshold region for low power dissipation. Simulation results show that the proposed regulator is ca-
pable of operating within a wide range of supply voltage (from 1.1V to 2.5V) and temperature (from -30°C to 50°C), with the total 
quiescent current of as low as 63.8nA at room temperature. 

A Simple Procedure to Synthesize Input and Output Matching Networks with Short Stub for Class F-¹ PAs .........................  784 
A. García-Osorio (CINVESTAV), J.R. Loo-Yau (CINVESTAV), P. Moreno (CINVESTAV), L. Ilich Guerrero-Linares 
(CINVESTAV), J.A. Reynoso-Hernández (Centro de Investigación Científica y de Educación Superior de Ensenada) 
[Abstract] This paper deals with an analytical methodology to synthesize microstrip input and output (I/O) matching networks for 
class F-1 PAs up to the third harmonic using short stubs. Physical dimensions of the microstrip are determined by means of T-
parameters. To verify the proposed method, a GaN class F-1 PA was designed at 2.5 GHz. Experimental results show high correlation 
with simulated data. 

Design of a Fully Integrated CMOS Dual K- and W- Band Lumped Wilkinson Power Divider ...............................................  788 
Nan Huang (Nanyang Technological University), Xiang Yi (Nanyang Technological University), Chirn-Chye Boon (Nanyang 
Technological University), Xiaojin Zhao (Shenzhen University), Junyi Sun (Nanyang Technological University), 
Guangyin Feng (Nanyang Technological University) 
[Abstract] A novel design of an on-chip dual-band Wilkinson power divider (DWPD) working at 24 and 77 GHz (K- and W-band) in 
65 nm CMOS technology is presented in this paper. The proposed structure is composed of two on-chip inductors and five capacitors. 
It has the following advantages: (1) constructing a quasi λ/4 transmission line by LC networks, the divider could operate in two fre-
quency bands; (2) as only two inductors are needed in the design, the chip area is remarkably compact , with a die size of only 200 μm 
× 450 μm, and (3) the structure is symmetrical. Rigorous analysis and equations are given. With the new method, the miniaturized 
DWPD demonstrates an excellent performance: S11, S22, S23 and S33 are all suppressed down to -15 dB, and the insertion loss is be-
low -1.5 dB at both frequencies. 



Session B4P-K: RF/Analog Design and Modeling 
Chair:   Sleiman Bou-Sleiman, Intel Cooperation 
Time:  August 6, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

A 11-bit Track and Hold Amplifier in 0.25 µm SiGe BiCMOS for RF Sampling Receivers ......................................................  792 
F. Cannone (Politecnico di Bari), G. Avitabile (Politecnico di Bari), G. Coviello (Politecnico di Bari) 
[Abstract] The paper describes a Track and Hold Amplifier (THA) suitable for RF sampling and Software Defined Radio receivers 
where high speed and high resolution are required. The reported THA is based on two main techniques: one for minimizing the differ-
ential droop rate and one for improving the HD3 in track mode. Measurements results show that the adopted solutions are both effec-
tive. In the desired input band around 1GHz, at the desired sub-sampling frequency (0.5GS/s) the THA provides a linearity compatible 
with 12-bit (SFDR). Moreover at the maximum achievable sampling frequency (1.5GS/s) the performances are quite constant and the 
resolution is compatible with 11-bit (SFDR) up to an input frequency of 1GHz. 

A 0.35~6.25 GHz Cognitive Radio Frequency Synthesizer Architecture ......................................................................................  796 
Zakaria El Alaoui Ismaili (Université du Québec à Montréal), Frédéric Nabki (Université du Québec à Montréal), 
Wessam Ajib (Université du Québec à Montréal), Claude Thibeault (École de Technologie Supérieure) 
[Abstract] This work presents a frequency synthesizer architecture that can be used in cognitive radio applications. It generates carrier 
frequencies that are distributed into sixteen continuous sub-bands covering the entire supported frequency range. The proposed archi-
tecture covers a  frequency range between 350 MHz and 6.25 GHz. The new architecture incorporates a voltage controlled oscillator 
(VCO) realized in 0.13µm CMOS technology with varactors and a switched inductor in order to achieve a simulated tuning range 
from 4.75 GHz to 6.25 GHz (27.3%) and from 3.25 GHz to 4.25 GHz (26.7%). The loop bandwidth of the phase locked loop (PLL) is 
891 KHz whereas the switching time between bands is 5.75 ns. At 5.5 GHz, the simulated synthesizer phase noise is of -111 dBc/Hz 
at a 1 MHz offset frequency. 

Power Reconfigurable Receiver Model for Energy-Aware Applications ......................................................................................  800 
Amine Didioui (CEA-Leti and IRISA/INRIA - University of Rennes 1), Carolynn Bernier (CEA-Leti),  
Dominique Morche (CEA-Leti), Olivier Sentieys (IRISA/INRIA - University of Rennes 1) 
[Abstract] This paper presents a reconfigurable receiver model whose purpose is to enable the study of reconfiguration strategies for 
future energy-aware and adaptive transceivers. This model is based on Figure of Merits of measured circuits. To account for real-life 
RF interference mechanisms, a link quality estimator is also provided. We show that adapting the receiver performance to the channel 
conditions can lead to considerable power saving. The models proposed can easily be implemented in a wireless network simulation in 
order to validate the value of a reconfigurable architecture in real-world deployment scenarios. 

On Ultra-Short Wireless Interconnects for NoCs and SoCs: Bridging the 'THz Gap' ................................................................  804 
Savas Kaya (Ohio University), Soumyasanta Laha (Ohio University), Avinash Kodi (Ohio University), Dominic Ditomaso 
(Ohio University), David Matolak (University of South Carolina), William Rayess (University of South Carolina) 
[Abstract] We review and analyze the critical features of ultra-short range wireless links. These features will be required for advancing 
NoC and SoC integration to the next level, as transistor scaling and hetero-integration on silicon substrates are expected to reach their full 
potential by the end of the decade. Based on published transceiver data, the scalable wireless NoCs for multi-core processors and recon-
figurable networks for SoCs are within reach of Si/SiGe BiCMOS technology in the next few technology generations. However, before 
such THz-band CMOS wireless transceivers can become reality and work efficiently, compact high-gain on-chip antennas, high-density 
on-chip inductors with magnetic cores, and tunable-gain LNAs/PAs that can lower power consumption will be necessary. 

Session B4P-L: Devices and Circuits Techniques 
Chair:   Malgorzata Chrzanowska-Jeske, Portland State University 
Time:  August 6, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

Comparative Analysis of Double Gate FinFET Configurations for Analog Circuit Design .......................................................  809 
Dhruva Ghai (Oriental University), Saraju P. Mohanty (University of North Texas), Garima Thakral (Oriental University) 
[Abstract] FinFETs are being adopted as an alternative to nanoscale classical MOSFET for digital circuits. The double-gate (DG) Fin-
FET gives rise to a rich design space using various configurations of the gates. Existing research study the DG FinFET for digital design. 
However, the effectiveness of the various DG FinFET configurations for the analog design has not received much attention. In this paper, 
we compare the DG FinFET parameters including transconductance ($g_m$), output resistance ($r_0$), open-circuit gain ($g_m \times 
r_0$), transition frequency ($f_T$) including the most important issue, "nanoscale variability'', which are important for analog design. 
The following three configurations for a fully depleted SOI DG FinFET are analyzed: shorted-gate, independent-gate, and low-power, for 
both strong inversion and subthreshold operations. Using the results obtained, we present guidelines for DG FinFET based analog design. 



Quantum-Dot Cellular Automaton of Asynchronous Null Convention Logic Multiplier Design ...............................................  813 
Pragadesh Varadharajan (University of South Alabama), Waleed Al-Assadi (University of South Alabama),  
Shabab F. Alam (University of South Alabama), Scott C. Smith (University of Arkansas) 
[Abstract] A multiplier is one of the basic building blocks of digital systems. Transistor based implementations, face many limitations 
due to heat dissipation, high power consumption and current leakage. Quantum-dot Cellular Automata (QCA), an emerging nanotech-
nology, is a better alternative that soles these problems. However, QCA circuit timing relies on its layout; but this can be solved by 
utilizing the asynchronous NULL Convention Logic (NCL) design methodology. This paper presents the design f a QCA asynchro-
nous multiplier circuit. Simulations verify the performance of the designed multiplier 

High Level Circuit Synthesis with System Level Statistical Static Timing Analysis Under Process Variation .........................  817 
Abu M. Baker (University of Nevada Las Vegas), Ling Wang (Harbin Institute of Technology),  
Yingtao Jiang (University of Nevada Las Vegas) 
[Abstract] Process variations are of great concern in deep sub-micron technology. Early prediction of their effects on the circuit per-
formance and parametric yield is extremely useful.  Due to the increase of the design complexity in today’s microprocessor, a demand 
for the high level design has increased. Therefore, in this paper, we propose the timing analysis model so that the impact of process 
variations is taken into account during high level synthesis. 

A Single Event Transient Hardening Circuit Design Technique Based on Strengthening ..........................................................  821 
A. Calomarde (Universitat Politècnica de Catalunya), E. Amat (Universitat Politecnica de Catalunya),  
F. Moll (Universitat Politècnica de Catalunya), A. Rubio (Universitat Politècnica de Catalunya) 
[Abstract] we present a novel design strategy to reduce the impact of radiation-induced single event transients (SET) on logic circuits. 
This design style achieves SET mitigation by Strengthening the sensitive node using a likeness to feedback techniques. We have ana-
lyzed several techniques from hardening radiation at transistor level to a single event transient in 7nm FinFET devices. Simulation re-
sults have shown the proposed method has higher soft error robustness than the existing ones. 

DCG-FGT Transistor: Retention Study of Floating Gate Charge ................................................................................................  825 
A. Marzaki (STMicroelectronics), V. Bidal (STMicroelectronics), R. Laffont (Institut Matériaux et Microélectronique 
Nanoscience de Provence), W. Rahajandraibe (Institut Matériaux et Microélectronique Nanoscience de Provence),  
J-M. Portal (Institut Matériaux et Microélectronique Nanoscience de Provence), R. Bouchakour (Institut Matériaux et 
Microélectronique Nanoscience de Provence) 
[Abstract] A Dual Control Gate Floating Gate Transistor (DCG-FGT) is a new device used in the circuit design. This component is a 
floating gate transistor. In this paper, we propose a retention study of floating gate charge. We demonstrate experimentally that the 
floating charge loss over time is very low. 

Session B5L-A: Nyquist-Rate Data Converters 
Chair:   Vishal Saxena, Boise State University 
Time:  August 6, 2013, 16:00 - 17:40 
Location:  Barbie Tootle 

A Time-to-Digital Converter (TDC) with a 13-bit Cyclic Time Domain Successive Approximation  
Interpolator with sub-ps-level Resolution Using Current DAC and Differential Switch ............................................................  828 
Salim Alahdab (University of Oulu), Antti Mäntyniemi (University of Oulu), Juha Kostamovaara (University of Oulu) 
[Abstract] new architecture of the time-to-digital converter(TDC) achieves adjustable sub-ps-level resolution with high linearity in 
ms-level dynamic range. To achieve sub-ps-level resolution with cyclic time domain successive approximation (CTDSA) within a 
clock cycle, the propagation delay difference is implemented by digitally controlling both the unit load capacitors and the discharge 
current of the load capacitance. The proposed CTDSA achieves 610 fs resolution and  5 ns dynamic range. The total simulated power 
consumption is 63.3 mW with 3 V supply. The design was simulated using a 0.35 µm CMOS process. 

An 8-bit 500kS/s Semi-Digital Cyclic ADC with Time-Mode Residue Voltage Generation ........................................................  832 
Zaniar Hoseini (University of Akron), Kye-Shin Lee (University of Akron) 
[Abstract] This work presents a semi-digital cyclic ADC with time-mode residue voltage generation. In the proposed scheme, the 
conventional switched-capacitor MDAC is replaced with a time-mode circuit which generates the residue voltage by controlling the 
charge and discharge interval of a capacitor. As a result, a semi-digital cyclic ADC can be realized using simple circuit components 
including capacitors, comparators, DC current source, and digital logics. Without the amplifier, the analog blocks can operate under a 
lower supply voltage that leads to reduced power consumption. Furthermore, a compact ADC can be realized by using small sized ca-
pacitors. An 8-bit, 500kS/s cyclic ADC is realized using CMOS 0.35µm technology, where the power consumption is 36.7µW. 



Session B5L-B: Digital Circuits 
Chair:   Nader Rafla, Boise State University 
Time:  August 6, 2013, 16:00 - 17:40 
Location:  Hayes Cape 

NCL+: Return-to-One Null Convention Logic ................................................................................................................................  836 
Matheus T. Moreira (Pontifícia Universidade Católica do Rio Grande do Sul), Carlos H.M. Oliveira (Pontifícia 
Universidade Católica do Rio Grande do Sul), Ricardo C. Porto (Pontifícia Universidade Católica do Rio Grande do Sul), 
Ney L.V. Calazans (Pontifícia Universidade Católica do Rio Grande do Sul) 
[Abstract] Asynchronous paradigms are a way to deal with hard problems in newer technologies. Among the templates for ensuring 
efficient asynchronous design, Null Convention Logic (NCL) appears as a fast and relatively low area and power option enabling 
semi-custom design. This work propos-es a new asynchronous logic template, NCL+, which is a mod-ification of NCL to support the 
return-to-one protocol. A basic library of NCL+ standard-cells, with different driving strengths enables comparison between NCL and 
NCL+. While no significant differences in area arise, results suggest that a trade-off of power versus forward propagation delay exists. 
Accordingly, NCL+ provides more power efficiency and NCL provides smaller forward propagation delays. 

A Decap Placement Methodology for Reducing Joule Heating and Temperature in PSN Interconnect ...................................  840 
Sheldon Logan (University of California, Santa Cruz), Matthew R. Guthaus (University of California, Santa Cruz) 
[Abstract] Power Supply Networks (PSN) are susceptible to electromigration failure and increased resistance due to high on-chip 
temperatures and large power supply currents. Joule heating, which leads to increased localized interconnect temperatures and higher 
resistivity in the PSN interconnect, exacerbates this reliability problem and is only expected to worsen in future technologies.  The 
best method of reducing interconnect Joule heating is by reducing the RMS current within the interconnect. Consequently, we propose 
a gradient-based decoupling capacitance placement method to reduce the magnitude of the current spikes in the interconnect. Our ex-
periments show that our propose approach can reduce interconnect temperatures by 12.5 K which results in a 4.7% decrease in resis-
tivity and an increase of 66.3% in electromigration lifetime. 

Scratch-Pad Memory Banking for Energy Reduction in Embedded Signal Processing Systems ...............................................  844 
Florin Balasa (American University in Cairo), Ilie I. Luican (Microsoft Inc.), Cristian V. Gingu (Fermilab) 
[Abstract] Many signal processing systems, particularly in the multimedia and telecommunication domains, are synthesized to exe-
cute data-intensive applications: their cost related aspects " namely power consumption, performance, and chip area " are heavily in-
fluenced, if not dominated, by the data transfer and storage aspects. In such applications, hierarchical memory organizations reduce 
energy consumption by exploiting the non-uniformity of memory accesses and assigning the frequently accessed data to low levels of 
the hierarchy. Moreover, within a given level, power can be reduced by memory partitioning " whose principle is to divide the address 
space in several smaller blocks, and to map these blocks to physical memory banks. This paper addresses the problem of energy-aware 
banking of on-chip memories for data-intensive applications, proposing a technique that is guided by the intensity of memory accesses 
within the array space of signals. 

A CAM-Based Information Detection Hardware System for Fast Exact Pattern Matching ......................................................  848 
Duc-Hung Le (University of Electro-Communications Tokyo), Tran-Bao-Thuong Cao (University of Science Ho Chi Minh City), 
Katsumi Inoue (Advanced Original Technologies Inc.), Cong-Kha Pham (University of Electro-Communications Tokyo) 
[Abstract] A CAM-based Information Detection Hardware System for fast exact pattern matching is implemented on hardware sys-
tem with FPGA and ASIC. The system has simple structure, does not employ any Central Processor Unit (CPU) as well as compli-
cated computations. We take advantages of Content Addressable Memory (CAM) which has an ability of parallel multi-match mode 
for designing the system. The system is applied for fast pattern matching with various required search patterns without using search 
principles. In this paper, the authors present the system for exact pattern matching on 2-D data. 

Implementation of Parallel Operations Over Streams in Extensible Processing Platforms .......................................................  852 
Valery Sklyarov (Universidade de Aveiro), Iouliia Skliarova (Universidade de Aveiro), Artjom Rjabov (Tallinn University of 
Technology), Alexander Sudnitson (Tallinn University of Technology) 
[Abstract] The paper discusses the use of extensible processing platforms for the design of high-performance systems which combine 
fast parallel operations over data streams in programmable logic and problem-specific software running in advanced RISC machine. 
The streams contain information that needs to be analyzed and filtered. The main idea is to digitalize frequently changed data from 
numerous sensors and to represent each data item in form of a binary vector. It is shown that many analysis and filtering problems can 
be solved through Hamming weight counting for the vectors and comparison of the results with pre-given bounds (thresholds). The 
proposed architecture takes advantages from fixed plus variable computations and implements novel methods. The results of experi-
ments and evaluations of the architecture in two Zynq-based prototyping boards are also presented. 



Session B5L-C: Special Session: High-Precision and High-Speed Data Converters II 
Chair:   Samuel Palermo, Texas A&M University 
Time:  August 6, 2013, 16:00 - 17:40 
Location:  Cartoon Room I 

Enabling High-Speed, High-Resolution ADCs Using Signal Conditioning Algorithms ..............................................................  856 
Abhishek Ghosh (University of California, Los Angeles), Sudhakar Pamarti (University of California, Los Angeles) 
[Abstract] Time-interleaving several identical A/D converters enhances the overall conversion speed in a power-economical way. How-
ever, mismatches between individual channels in such schemes degrade the overall dynamic range of the converter. Several algorithms to 
mitigate such effects are discussed with special emphasis on an adaptive signal-conditioning algorithm. The algorithm is further extended 
towards a hardware-friendly implementation using interpolation filters. Behavioral simulations corroborating the same are presented. 

Systematic Synthesis of Cascaded Continuous-Time ΔΣ ADCs for Wideband Data Conversion ..............................................  860 
Sakkarapani Balagopal (Boise State University), Kehan Zhu (Boise State University), Vishal Saxena (Boise State University) 
[Abstract] Continuous-time delta sigma (CT-\Delta\Sigma) ADCs are gaining wider adoption in data conversion systems primarily 
aided by their robustness to mismatch in nano-scale CMOS technologies and inherent anti-alias filtering. In past, several techniques 
have been employed to achieve wider conversion bandwidths by either scaling the designs to a lower technology node or by adopting 
architectures with lower oversampling ratios (OSR). Cascaded, or MASH, CT-\Delta\Sigma  ADCs have been explored to achieve 
conversion bandwidths by cascading lower order \Delta\Sigma  loops followed by a digital coarse quantization noise canceling filter 
(NCF). Another technique which has recently been explored is to increase the quantizer sampling rate, in a given technology node, by 
absorbing excess loop-delay (ELD) greater than one clock cycle (T_{s} ) in the loop. As a step towards combing the two techniques, 
we propose a systematic design method to synthesize 3-2 MASH CT-\Delta\Sigma  modulators to achieve higher conversion band-
widths, BW\geq40MHz  in a 130-nm CMOS technology. 

Study of ADC Resolution and Bandwidth Requirement Tradeoffs for High-Speed Data Communications .............................  864 
Jin Liu (University of Texas at Dallas), Vinod Mukundagiri (University of Texas at Dallas) 
[Abstract] This paper presents the study of ADC resolution and bandwidth requirement tradeoffs for high-speed data communica-
tions.  The results indicate that increasing the sampling frequency slightly by 20% to 40% above the symbol-rate frequency can lead to 
a lower ADC resolution requirement.  This can potentially reduce the ADC power consumption greatly and improve the overall sys-
tem power efficiency. 

Accuracy and Speed Limitations in DACs Across CMOS Process Technologies ........................................................................  868 
Samantha M. Yoder (Ohio State University), Sidharth Balasubramanian (Ohio State University),  
Waleed Khalil (Ohio State University), Vipul J. Patel (Air Force Research Laboratory) 
[Abstract] We present a study of accuracy and timing limitations in current-steering digital-to-analog converters (DACs). Effects of 
limited output impedance and device mismatches on the DAC performance are discussed and observed for a 10-bit DAC operating at 
4GS/s. These limitations are also studied across process technology. 

Session B5L-D: Special Session: RF-FPGA Circuits and Systems for  
Enhancing Access to Radio Spectrum (CAS-EARS) 
Chair:   Arjuna Madanayake, University of Akron & University of Calgary 
Co-Chair:   Vijay Devabhaktuni, University of Toledo 
Time:  August 6, 2013, 16:00 - 17:40 
Location:  Cartoon Room II 

Fourier-Based Transmission Line Ultra-Wideband Wilkinson Power Divider for EARS Applications ...................................  872 
K. Shamaileh (University of Toledo), M. Almalkawi (University of Toledo), V. Devabhaktuni (University of Toledo), N. Dib 
(Jordan University of Science and Technology), B. Henin (University of Queensland), A. Abbosh (University of Queensland) 
[Abstract] We propose a technique with clear guidelines to design a compact planar ultra-wideband (UWB) Wilkinson power divider 
(WPD) for enhanced-access to the radio spectrum (EARS) applications. The design procedure is accomplished by replacing the uni-
form transmission lines in each arm of the conventional power divider with varying-impedance profiles governed by a truncated Fou-
rier series. While such non-uniform transmission lines (NTLs) are obtained through the even mode analysis, three isolation resistors 
are optimized in the odd mode circuit to achieve proper isolation and output ports matching over the frequency range of interest. An 
equal split WPD is designed, simulated, and measured. 



Techniques for Realizing Reconfigurable RF Building Blocks for Cognitive Radio ...................................................................  876 
Nathan M. Neihart (Iowa State University), Amany El-Gouhary (Iowa State University), Yifei Li (Iowa State University), 
Kossi Sessou (Iowa State University), Xiaohua Yu (Iowa State University) 
[Abstract] Cognitive radio has emerged as an effective method for relieving the current problem of spectral crowding. One primary 
challenge in the field of cognitive radio design is the realization of highly frequency agile RF building blocks. This paper presents a 
new technique for realizing a multi-band low noise amplifier, reviews methods for realizing wide-band power amplifiers, and a new 
method for extending the tuning range of the voltage controlled oscillator. In addition, this paper presents a nonlinear analysis of con-
current multi-band mixers which will aid in future cognitive radio frequency planning. 

1.6 GHz -3 GHz, 10W, 60% Efficiency Class-J PA for Cognitive Radio Applications ................................................................  880 
Saeed Rezaei (University of Calgary), Leonid Belostotski (University of Calgary), Fadhel M. Ghannouchi (University of Calgary) 
[Abstract] This paper presents the design of a broadband, 1.6-3 GHz, 10W class-J power amplifier (PA). Analytical expressions of 
theoretical current and voltage waveforms as well as the fundamental and second harmonic impedance derivations are provided. Tak-
ing into account the extrinsic parasitic elements and the nonlinear drain-source capacitance of the packaged RF power transistor, an 
external output matching network is designed to provide the proper impedances on the design space to the transistor current source 
plane. Source-pulling of the transistor led to the design a broadband input matching network. The designed amplifier exhibits greater 
than 60% efficiency and almost 40 dBm output power over 1.4 GHz frequency bandwidth. 

Wireless Cloud Architecture Based on Thin Clients and Ontologies ............................................................................................  884 
Todor Cooklev (Indiana University-Purdue University Fort Wayne), Lubomir Stanchev (Indiana University-Purdue 
University Fort Wayne), Chao Chen (Indiana University-Purdue University Fort Wayne) 
[Abstract] Recently, several researchers have discovered the need for radios to use description techniques for the objects in the wire-
less realm. The concept of RF field-programmable analog array (FPAA) was also proposed recently and the lack of hardware abstrac-
tions was identified as a problem. We propose a hardware abstraction for RF FPAAs, which enables an open RF-digital interface. We 
advance the concept of wireless thin clients. These clients are connected to the cloud using the open RF-digital interface. We describe 
the architecture of a comprehensive wireless ontology. 

Tunable Evanescent-Mode Cavity Filters for Reconfigurable Radio Frontends .........................................................................  888 
Xiaoguang Liu (University of California, Davis) 
[Abstract] This paper gives a review of the recent progress made in realizing highly-tunable high-Q evanescent-mode tunable filters for 
reconfigurable radio front-end. Several practical considerations, such as power handling, noise and vibration perturbations are subse-
quently considered. A novel design that uses planar tuning elements, such as surface mount solid-state varactors, is also introduced. These 
high performance tunable RF components are expected to make a significant impact on the development of reconfigurable RF systems. 

Session B5L-E: Analog and RF Circuit Techniques 
Chair:   Valencia Koomson, Tufts University 
Time:  August 6, 2013, 16:00 - 17:40 
Location:  Suzanne M. Scharer 

Physical Constraints in Design of a Lowest-Phase Noise SiGe VCO .............................................................................................  892 
Dan Guyon (Draper Laboratory), John Lachapelle (Draper Laboratory), Brian Nugent (Draper Laboratory),  
Doug White (Draper Laboratory) 
[Abstract] Low phase noise oscillators are critical to signal recognition and separation in poor reception conditions. Typically the 
choice is between a large, high performance hybrid oscillator or a lower performance integrated solution. It is possible to use inte-
grated circuit components to construct a high performance oscillator, but only with great attention to detail. Every IC component has 
to be optimized in parallel to balance the constraints of spiral inductors, metal-insulatormetal (MIM) capacitors, somewhat lossy 
varactors, and active devices with breakdown limitations. Physical implementation is critical; some locations are insensitive to trace 
resistance, other areas are sensitive to even tiedown placement. This paper is intended to discuss, and demonstrate the last mile of in-
tegrated circuit VCO design for robust systems, which is less discussed, but maybe just as important as innovative circuit approaches. 

A 6-bit 1.5GS/s Pipelined Binary Search ADC with Simplified Clocking Scheme .......................................................................  896 
Ali Mesgarani (University of Idaho), Islam T. Abougindia (University of Idaho), Suat U. Ay (University of Idaho) 
[Abstract] A new high speed, and low power ADC architecture and its circuit implementation is introduced in this paper. Proposed 
ADC takes the advantage of low power characteristic of SAR ADCs and combines it with high speed operation of pipeline ADCs to 
realize a high throughput energy efficient ADC. By unrolling the feedback loop of SAR ADC and delaying the analog signal the bi-
nary search algorithm is implemented in pipeline mode. The analog delay is implemented using time interleaved sampling scheme. 
Since no residue amplifier is required in the proposed ADC, significant high speed yet low power operation can be achieved simulta-
neously. A 6-bit, 1.5- GS/s ADC is designed based on this concept in a 65nm CMOS process. Simulations confirm that the proposed 
ADC achieves an SNDR of 35.63dB, ENOB of 5.63, and FoM of 78fJ/conv-step for a Nyquist rate input frequency while consuming 
5.8mW from a single 1.2V power supply. 



Operational Current to Frequency Converter ................................................................................................................................  900 
R. Yadav (University of Texas at Austin), K.R. Raghunandan (University of Texas at Austin), A. Dodabalapur (University of 
Texas at Austin), T.L. Viswanathan (University of Texas at Austin), T.R. Viswanathan (University of Texas at Austin) 
[Abstract] In this paper, we describe an operational current-to-frequency converter that has a large open-loop conversion, which is 
meant for use in negative feedback circuit-configurations akin to operational amplifier circuits. The feedback network dominates the 
closed-loop transfer characteristics in this configuration. This provides ability to trade gain for improving linearity and reducing proc-
ess, voltage and temperature variations. The idea here is to provide a building block to configure ADCs with different resolutions over 
a wide range of sampling rates below 1 GHz. We present the architecture of such a device and its achievable performance via simula-
tions using the models of a typical 65nm process technology. 

Analysis and Design Based on Small-Signal Equivalent Circuit for a 10-GHz Ring VCO with 65-nm CMOS ........................  904 
Keiji Kishine (University of Shiga Prefecture), Hiromi Inaba (University of Shiga Prefecture),  
Yusuke Ohtomo (Nippon Telegraph and Telephone Corp.), Makoto Nakamura (Nippon Telegraph and Telephone Corp.), 
Hiroshi Koizumi (Nippon Telegraph and Telephone Corp.), Mitsuo Nakamura (Nippon Telegraph and Telephone Corp.) 
[Abstract] An analysis  and  design method for a 10-GHz ring voltage-controlled oscillator (VCO) are proposed.   By using  a  de-
tailed small-signal equivalent circuit model, the delay of  the current mode logic  buffer circuit and the  minimum limit of  the number 
of those used in the VCO are evaluated. We set the transconductance generator in a MOSFET model as a function of  drain current 
and obtained  the current dependence of the oscillation frequency of the VCO. To confirm the validity of the design method, we com-
pared the measured and estimated oscillation frequency of the VCO fabricated with the 65-nm MOSFET process.  The agreement be-
tween  the measurements and calculations   is good enough,  confirming the validity of the method. 

A Preliminary Study of the Coherent Phase Synchronous Oscillator (CPSO) for Phase-Locked Loop (PLL) Applications ..  908 
Feiran Lei (Ohio State University), Marvin H. White (Ohio State University) 
[Abstract] This preliminary study reviews important features of the injection locked Synchronous Oscillator (SO), which is a multi-
functional network to synchronize, track, and amplify a reference signal. The SO can reduce the phase noise and the acquisition time 
of the system. The Coherent Phase-Locked Synchronous Oscillator (CPSO) is then presented and analyzed as a modified phase-locked 
loop (PLL) where the voltage controlled oscillator (VCO) in a conventional PLL is replaced by a voltage controlled SO (VSO) for 
wireless applications. The CPSO not only retains all the properties of the SO, but also gives the coherency as to provide zero phase 
shift across the frequency locking range. To demonstrate the feasibility of CPSO, phase plane trajectories are plotted to analyze the 
phase behavior of the system. The behavior of the system with respect to phase noise reduction has also been analyzed. 

Session B5L-F: Memristors, DG-MOSFETS and Graphine FETs 
Chair:   Reyad El-Khazali, Khalifa University 
Time:  August 6, 2013, 16:00 - 17:40 
Location:  Rosa M. Ailabouni 

Studying the Effect of Memristor State Variability on the Gain of Memristor-Based Tunable Amplifiers ..............................  912 
Sami Smaili (Worcester Polytechnic Institute), Yehia Massoud (Worcester Polytechnic Institute) 
[Abstract] The use of memristors as nanoscale programmable resistors allows the realization of compact tunable analog components 
such as tunable gain amplifiers. However, since the memristor's resistance depends on the  signal through it, the design of such tunable 
memristor-based components should account for this memristor resistance change. In this paper, we analyze the effect of the memris-
tor resistance change on the gain of the  differential pair amplifier and demonstrate its dependence on the amplifier parameters and the 
signal frequency. 

Polynomial Metamodel Integrated Verilog-AMS for Memristor-Based Mixed-Signal System Design .....................................  916 
Geng Zheng (University of North Texas), Saraju P. Mohanty (University of North Texas), Elias Kougianos (University of 
North Texas), Oghenekarho Okobiah (University of North Texas) 
[Abstract] This paper proposes a two-level framework for memristor based mixed-signal design exploration. First, a Verilog-A mem-
ristor model is proposed which is not source-type dependent and has advantages over existing SPICE memristor models. It includes 
the threshold-type behavior and nonlinear dynamics while retaining memristor parameters that are useful for circuit design. Second, a 
POlynomial Metamodel integrated Verilog-AMS (Verilog-AMS-POM) is proposed to enable fast circuit-accurate system-level design 
space exploration of such circuits. The metamodeling technique is proposed to assist their design, modeling, and higher-level integra-
tion. A memristor based programmable Schmitt trigger oscillator is presented as a case study. Polynomial metamodels are created to 
facilitate the analysis and verification of the programmable oscillator. The coefficients of determination of the proposed metamodels 
demonstrate excellent fidelity. Verilog-AMS-POM simulation achieves over 30,000X speedup compared to SPICE simulations. 



Dead Zone Free Area Efficient Charge Pump Phase Frequency Detector in Nanoscale DG-MOSFET ...................................  920 
Soumyasanta Laha (Ohio University), Savas Kaya (Ohio University) 
[Abstract] In this paper, we propose the use of Double Gate MOSFET (DG-MOSFET) in the design of Charge Pump Phase Fre-
quency Detectors (PFD)s in 32 nm and 45 nm DG MOSFET technologies. The DG-MOSFETs are used to design the universal NOR 
gate which is the only building block for the PFD. The DG-MOSFET NOR gate consists of half the transistor count compared to NOR 
gate designed in conventional CMOS. Thus 2 transistors make up the DG-MOSFET 2-input NOR gate as opposed to 4 needed in con-
ventional CMOS. This reduction in transistor count makes the PFD area efficient. The reduced transistor count also lowers the para-
sitic capacitances which enhances speed. Here, we have demonstrated that for tiny phase errors of 60 ps and 80 ps the rise time of the 
output of a DG-MOSFET based PFD reaches the desired threshold of logic ‘HIGH’ required to initiate the charge pump switches that 
follows the PFD, whereas it fails for conventional CMOS, in 32 nm and 45 nm technologies respectively. The DG-MOSFET thus 
finds application as a better alternative to conventional CMOS for dead zone avoidance in Phase Locked Loops. 

A Novel Graphene Nanoribbon Field Effect Transistor for Integrated Circuit Design ..............................................................  924 
Yaser Mohammadi Banadaki (Louisiana State University), Ashok Srivastava (Louisiana State University) 
[Abstract] In this work, we present a novel structure of Graphene NanoRibbon Field-Effect Transistor (GNR FET) to reduce short 
channel effects. In this structure, two side metal gates with lower work-function than the main gate are used in a conventional double-
gate (DG) GNR FET topology to provide virtual extensions to source/drain regions while these are biased constant, independent of the 
main gate. The proposed GNRFET structure improves drain-induced barrier lowering (DIBL), which can reduce the short-channel ef-
fects (SCE) in device performance such as on/off current ratio, off-state current and subthreshold slope to make it a more suitable con-
figuration than the normal GNR FET for digital integrated circuit design. 

Analysis of the Properties of ZnO Nanoparticle for Emerging Applications in Nanoscale Domains .........................................  928 
Md. Nahid Hossain (University of Missouri - Kansas City), Masud H. Chowdhury (University of Missouri - Kansas City), 
Md. Jahidul Islam (University of Dhaka), Tajmeri Selina Akhter (University of Dhaka) 
[Abstract] Semiconductor nanoparticles are getting significant attention due to their diverse applications in optoelectronics, photovol-
taics, photonics, transparent electronics and other nanoelectronic devices. Zinc Oxide (ZnO) is one of the promising nanoparticles with 
a unique set of material, physical, optical, electrical and thermal properties. This paper investigates diverse potential applications and 
unique properties of ZnO nanoparticles. The analysis reveals that ZnO can be easily used as an n-type heavily doped oxide semicon-
ductor and its bandgap is wide enough for various applications. We have performed a set of analysis to study the electronic, optical, 
thermal and material properties of ZnO to understand its behavior at nanoscale dimension and its potential roles in different devices. 

Session C1P-G: Design and Analysis of Communications and Wireless Systems 
Chair:   Sami Muhaidat, Khalifa University of Science, Technology & Research 
Time:  August 7, 2013, 9:00 - 10:10 
Location:  Great Hall Meeting Room 

Algorithm and VLSI Architecture of Channel Estimation Impaired by Impulsive Noise in PLC .............................................  932 
Yun Chen (Fudan University), Qiang Zhang (Fudan University), Yunlong Ge (Fudan University), Yuanzhou Hu (Fudan 
University), Jie Chen (Fudan University), Na Ding (Fudan University), Xiaoyang Zeng (Fudan University),  
Defeng Huang (University of Western Australia) 
[Abstract] In this paper, we investigate the channel estimation algorithm for medium-voltage, long haul power line communication 
(PLC) system in the IEEE 1901 standard. To improve the overall performance, we employ a dual Gaussian interpolation method working 
on the amplitude and phase domain simultaneously, a major difference from the conventional schemes using the real and imaginary part. 
Meanwhile, to mitigate the effect of impulsive noise, a notorious impairment in PLC transmission, we propose an impulsiveness detec-
tion/cancellation method using unused null subcarriers. Extensive simulation results indicate improved performance than the conventional 
inter-polators in an impulsive environment. The channel models proposed by the open power-line communication European research alli-
ance (OPERA) are utilized for simulation. The hardware architecture is also presented together with its achievable performance. 

An FM-UWB Transceiver with M-PSK Subcarrier Modulation and Regenerative FM Demodulation ...................................  936 
Dang Liu (Tsinghua University), Fei Chen (Tsinghua University), Woogeun Rhee (Tsinghua University),  
Zhihua Wang (Tsinghua University) 
[Abstract] This paper describes an FM-UWB transceiver system which employs M-PSK modulated subcarriers for high throughput 
data transmission. Compared to conventional 2-FSK FM-UWB transceivers, the proposed M-PSK FM-UWB transceiver can increase 
data rate with minimal increment of RF front-end complexity. A regenerative FM demodulator followed by a low-frequency M-PSK 
demodulator enables low-power low-cost receiver design with enhanced energy efficiency. Simulation results show that the 8-PSK 
3.5-4GHz FM-UWB transceiver system successfully modulates and demodulates 8-PSK data, achieving three time the energy effi-
ciency of the conventional FM-UWB system. 



Target Localization in Wireless Sensor Network Based on Time Difference of Arrival .............................................................  940 
Alireza Ghelichi (Central Michigan University), Kumar Yelamarthi (Central Michigan University),  
Ahmed Abdelgawad (Central Michigan University) 
[Abstract] One of the most prominent challenges in Wireless Sensor Network (WSN) is target localization. As majority of the deci-
sions made in navigation and path planning are dependent on current information available, target localization is one of the fundamen-
tal requirements. This paper presents accuracy studies on target localization using the Time Difference of Arrival (TDOA) method. 
Some of the fundamental advantages in the presented method are its simplicity through requiring only four reference nodes, tolerating 
errors in node positioning and time differences. Simulations results show that proposed TDOA method outperforms the centroid 
TDOA method in different test environments, with an average localization error of 2.36 m. 

From Theory to Application: Wireless Monitoring of Patients Suffering from Neurodegenerative Diseases ...........................  944 
Suryadip Chakraborty (University of Cincinnati), Anagha Jamthe (University of Cincinnati), Saibal K. Ghosh (University of 
Cincinnati), Dharma P. Agrawal (University of Cincinnati) 
[Abstract] Neurodegenerative diseases in our ageing population in recent time have been a deep concern for the medical practitioners. 
Neurodegeneration is the cause of progressive loss of structure or function of neurons, including neural death. Many neurodegenera-
tive diseases including Parkinson’s, Alzheimer’s, and Huntington’s occur as a result of neurodegenerative processes. Human gait im-
pairment is one of the indicators of the progression of neurodegenerative diseases. We propose to use a noninvasive technique to wire-
lessly monitor patients suffering from neural disorders. Our system using Received Signal Strength Indicator (RSSI) can be deployed 
in the patient’s residence and can be used for the early detection of gait impairment that may be a precursor to other neural diseases. 

High Throughput Architecture for Low Density Parity Check (LDPC) Encoder .......................................................................  948 
Silvia Anggraeni (Universiti Teknologi Petronas), Fawnizu Azmadi Hussin (Universiti Teknologi Petronas),  
Varun Jeoti (Universiti Teknologi Petronas) 
[Abstract] This paper proposes a bit-wise matrix-vector multiplication in the optimization of a proposed low density parity check 
(LDPC) encoder. Investigation of this proposed architecture is done by implementing five code lengths using one IEEE 802.16e standard 
code rate. It is shown that the proposed architecture outperforms other works in terms of information throughput ranging from 0.23 to 8 
times higher. In term of ratio of throughput per area, the proposed method exceeds other works in the range of 1 to 6.5 times higher. 

Session C1P-H: Bio-Systems 
Chair:   Khaled Salama, KAUST 
Time:  August 7, 2013, 9:00 – 10:10 
Location:  Great Hall Meeting Room 

Simplifying Cole-Impedance Extraction from the Current-Excited Step Response ....................................................................  952 
Todd J. Freeborn (University of Calgary), Brent Maundy (University of Calgary), Ahmed Elwakil (University of Sharjah) 
[Abstract] A simplified expression for the current-excited step response of the Cole impedance model which significantly reduces the 
numerical complexity required to extract the impedance parameters using a nonlinear least squares fitting is presented. MATLAB 
simulations show reductions in extraction times up to 47.5%, without reducing extraction accuracy and are verified experimentally on 
an ideal Cole-model and fruits used as the Cole impedances showing less than 2% relative error between simulated responses (using 
the extracted impedance parameters) and the experimental results over the entire dataset. 

Design and Simulation of an Inductive Link Using Fully Integrated Receiver Coil in Biomedical Implants ............................  956 
Xuepeng Li (University of New South Wales), Torsten Lehmann (University of New South Wales) 
[Abstract] An inductive link using an on-chip stacked square receiver coil is presented. An SOS (silicon on sapphire) process is em-
ployed to enhance the biocompatibility and to ensure the maximum power transfer. The capacitor used to build the LC tank for the re-
ceiver coil is also integrated on chip. With a carrier frequency of approximately 13MHz, the power module was able to reach 21% 
power transfer efficiency. With no requirement for external capacitors, this finding has shown the potential of fully integrated compo-
nents with ultra-small size in the application of energy transfer in the field of biomedical implants. 

High Current Driving Charge Pumps in Distributed Biomedical Implants Using Silicon-on-Sapphire Technology ...............  960 
Asish Zac Alex (University of New South Wales), Torsten Lehmann (University of New South Wales) 
[Abstract] This paper presents two highly efficient charge pump designs, one positive and one negative, used in a distributed bio-implant 
with completely integrated capacitors. The system is designed using silicon-on-sapphire (SOS) technology CMOS transistors to triple the 
voltage swing available at the chip-scale implant. The high power efficiency and high voltage conversion ratio of the system is obtained 
by selectively controlling the transistor switches in the current path to reduce the reverse current flow. The proposed charge pump design 
achieves a power efficiency of 83.3% and voltage conversion ratio of 0.95 for a 3 V, 2 MHz input signal and load of 2.5 mA. 



Session C1P-J: Sensors for Biological Applications 
Chair:   Khaled Salama, KAUST 
Time:  August 7, 2013, 9:00 - 10:10 
Location:  Great Hall Meeting Room 

A Biophysical Model of Cortical Glutamate Excitation of Medium Spiny Neurons in the Dorsal Lateral Striatum ...............  964 
Kevin M. Biddell (Biosynesi LLC), Jeffrey D. Johnson (University of Cincinnati) 
[Abstract] The striatum is believed to be the main input station of the basal ganglia.  No biophysical network model existed in 
NEURON of a dorsal lateral striatal medium spiny neuron (MSN) that included NMDA and AMPA receptors.  A model of the stria-
tum that includes these receptors simulating in-vivo electrophysiological behavior is presented.  A single compartment MSN (scMSN) 
model was created by enhancing an existing single compartment striatal output neuron model with NMDA and AMPA receptor mod-
els.  The models concentration ratio and respective activation and deactivation time constants were fit to existing electrophysiological 
data.  The entire scMSN model was validated against pre-existing whole neuron experimental data generated by direct current injec-
tion into the soma and excitation resulting from cortical stimulation.  The developed biophysical simulation allows for simulated neu-
rotransmitter input and produces accurate action potential output. 

A Passive RF Sensor Platform for Chemical-Biological Sensors ...................................................................................................  967 
Mark Patterson (University of Dayton), Guru Subramanyam (University of Dayton), Maher Qumsiyeh (University of Dayton) 
[Abstract] This research introduces a new type of chemical-biological sensor platform. This sensor platform detects different types of 
chemical or biological agents without the use of probes, wires, active components, or a battery.  An interrogator transmits power 
through radio frequency waves to the embedded device.  The  embedded device sends back a portion of the power through radio fre-
quency waves with altered amplitude and phase.  The characteristics of the received signal contain the information about the agent of 
interest.  The sensor device has a functionalized surface which aids in selectivity to the analyte of interest. 

A 2.6V Silicon-on Sapphire CMOS Current Imbalance Sensing Circuit for Neurostimulation Applications ..........................  971 
Cesar Rodrigues (Universidade Federal de Santa Maria), Torsten Lehmann (University of New South Wales),  
Kushal Das (University of New South Wales), Gregg Suaning (University of New South Wales) 
[Abstract] The occurrence of charge imbalance during the electrical stimulation of neurons can potentially corrode electrodes and 
damage cells. In this paper, we introduce a circuit solution suitable for measuring stimulation imbalances when voltage swings over 
three or more times the maximum voltage supply for the technology (3.3V). The proposed topology uses a current mirror connected in 
series to the stimulator to charge sampling capacitors, isolating the readout input from the high voltage stimulator output. The circuit 
was designed for Silanna Silicon-on-Sapphire 0.5um/FC process. Simulation results indicates that the technique is suitable for detect-
ing imbalances <100nA for a milliampere stimulation current. 

Microcontroller-Based Real-Time Alveolar Breath Sampling System .........................................................................................  975 
Geethanga de Silva (University of Cincinnati), Fred R. Beyette Jr. (University of Cincinnati) 
[Abstract] The paper presents a microcontroller based, real-time breath sampling system capable of selectively sampling over multiple 
breath cycles, only the deep alveolar air that is known to contain the Volatile Organic Compounds (VOC) of clinical/diagnostic interest. 

A Low-Power Supply-Insensitive Temperature Sensor in 90nm CMOS Process ........................................................................  979 
Chin-Wen Chen (Iowa State University), Randall L. Geiger (Iowa State University), Shu-Chuan Huang (Tatung University) 
[Abstract] A lower power consumption temperature sensor that operates on low power supply voltage with power supply voltage in-
sensitive improvement is presented in this paper. Compare to conventional four-transistor temperature sensor,  which has the power 
supply voltage sensitive problem, the linearity error of the proposed structure is reduced under the power supply variation. The pro-
posed temperature sensor is designed in TSMC 90nm 1P9M process and the normal power supply voltage is 1V. The simulation re-
sults show the linearity error of the proposed circuit is 0.29°C under normal power supply voltage 1V with low power consumption 
29μW under. The linearity errors are 0.99°C and 2.8°C under the 10% variation of power supply voltage. 



Session C1P-K: Digital Signal Processing Techniques I 
Chair:   Hari Reddy, California State Long Beach 
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Location:  Great Hall Meeting Room 

On Delay-Based Technique for Acoustic Feedback Cancellation in Digital Hearing Aids .........................................................  983 
Muhammad Tahir Akhtar (University of Electro-Communications), Akinori Nishihara (Tokyo Institute of Technology) 
[Abstract] This paper proposes an efficient method for continuous adaptive feedback cancellation (AFC) in digital hearing aids. The 
AFC is achieved by two filters: an adaptive filter to model and track variations in the acoustic feedback path, and a piecewise-fixed 
filter for feedback neutralization.  The proposed method employs a delay-based technique where an appropriate delay is inserted in the 
signal flow path and an extended-length filter is used for the AFC.  An efficient strategy is proposed to check when the AFC filter 
reaches the optimal solution. Furthermore, the proposed strategy can detect when there is a strong perturbation in the acoustic path, 
and hence AFC filter is reinitialized. The computer simulations are carried out to demonstrate the effectiveness of the proposed 
method. We observe that, as compared with the conventional method, the proposed method gives robust performance even in the case 
of a strong perturbation in the acoustic path. 

Improving Accuracy in FFT-Based Cyclic Convolution ................................................................................................................  987 
Marvi Teixeira (Polytechnic University of Puerto Rico), Osvaldo Mangual (Polytechnic University of Puerto Rico), 
Reynaldo Lopez (Polytechnic University of Puerto Rico), Felix Nevarez (Polytechnic University of Puerto Rico) 
[Abstract] When speed considerations are critical, FFT-based implementations of cyclic convolution need to be considered. FFT-
based implementations of purely integer cyclic convolution can be affected by floating point round-off errors potentially leading to an 
incorrect integer result. To alleviate this problem we are proposing the use of our sectioned algorithm, which is suitable for parallel-
recursive, as well as serial-recursive implementations. Because of the shorter subsections length, the round-off errors are not as severe 
as when doing a direct full-length implementation. The attainment of the exact integer results was confirmed using C++, MATLAB 
and the FFTW to perform the shorter cyclic sub-convolutions. 

FpSynt: A Fixed-Point Datapath Synthesis Tool for Embedded Systems ....................................................................................  991 
Ilya Y. Zhbannikov (University of Idaho), Gregory W. Donohoe (University of Idaho) 
[Abstract] Digital mobile systems must function with low power, small size and weight, and low cost. High-performance desktop mi-
croprocessors, with built-in floating point hardware, are not suitable in these cases. For embedded systems, it can be advantageous to 
implement these calculations with fixed point arithmetic instead. We present an automated fixed-point data path synthesis tool FpSynt 
for designing embedded applications in fixed-point domain with sufficient accuracy for most applications. 

Hardware-Efficient Parallel Structures for Linear-Phase FIR Digital Filter ..............................................................................  995 
Jingjing Tian (University of Electronic Science and Technology of China), Guangjun Li (University of Electronic Science 
and Technology of China), Qiang Li (University of Electronic Science and Technology of China and Aarhus University) 
[Abstract] Based on fast convolution algorithm, this paper proposes improved parallel FIR filter structures for linear-phase FIR filters 
where the number of taps is a multiple of parallelism. The proposed parallel FIR structures not only use fast convolution algorithm to 
reduce the number of subfilter, but also exploit the symmetric (or antisymmetric) coefficients of linear-phase FIR filter to reduce half 
the number of multiplications in subfilter section at the expense of additional adders in preprocessing and postprocessing blocks 

Design of 2-D Digital Filters with Almost Quadrantal Symmetric Magnitude Response  
Without 1-D Separable Denominator Factor Constraint ...............................................................................................................  999 
I-Hung Khoo (California State University Long Beach), Hari C. Reddy (California State University Long Beach and National 
Chiao-Tung University), Lan-Da Van (National Chiao Tung University), Chin-Teng Lin (National Chiao Tung University) 
[Abstract] A design approach is presented for 2-D digital filters possessing approximate quadrantal magnitude symmetry without the 
constraint of the denominator having only 1-D separable factors. To ensure the BIBO stability of the filter, the planar least square in-
verse stabilization approach is employed. It is illustrated through design examples that the proposed approach results in filters with 
sharper transition band and lower error relative to the given filter specifications. Also, for certain cases, it is shown that a lower order 
non-separable denominator design can achieve the same result as a higher order separable denominator design, thus providing savings 
in the number of multipliers. Finally, 2-D VLSI realizations without global broadcast are presented for the optimized transfer function 
with non-separable denominator factors and approximate quadrantal symmetry. 
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Low-Cost Parallel FFT Processors with Conflict-Free ROM-Based Twiddle Factor Generator for DVB-T2 Applications .....  1003 
Ping-Chang Jui (National Central University), Chin-Long Wey (National Chiao Tung University),  
Muh-Tian Shiue (National Central University) 
[Abstract] This paper presents a conflict-free ROM addressing scheme for generating the TF tables. Basically, the conventional 
(N/2)-words ROM table for the Radix-2 Memory-Based FFT (MBFFT) processor with single process element (PE) is equally parti-
tioned into 2p sub-tables allowing all 2p PEs to simultaneously access the twiddle factors without causing any conflict. This study pre-
sents the use of MBFFT processor with 4 parallel PEs. Result show that the proposed scheme can reduce the chip area of DVB-T2 ap-
plications by 18.85%. The hardware reduction is of significance. 

FFT-Based Phase Compensation of 2-D Beam Digital Filters for Electronically Steerable RF Arrays ...................................  1007 
Sewwandi Wijayaratna (University of Akron), Arjuna Madanayake (University of Akron), Len Bruton (University of Calgary) 
[Abstract] Radio-frequency (RF) two-dimensional (2-D) infinite impulse response (IIR) space-time planewave frequency-planar beam 
digital filters have potential applications in ultra-wideband (UWB) directional filtering of propagating electromagnetic far-field plane-
waves. Such plane-wave filters achieve highly directional digital RF beamforming for aperture array applications. The phase response of 
emerging 2-D beam filters which are designed using the concept of frequency planar resonant network prototypes is studied in this paper. 
The high frequency phase non-linearities are quantified and compensated using a real-time FFT based multirate phase rotator architecture. 

Efficient Design of Two-Stage Comb-Based Decimation Filters Using Chebyshev Sharpening ...............................................  1011 
David Ernesto Troncoso Romero (Instituto Nacional de Astrofísica, Optica y Electrónica), Gordana Jovanovic Dolecek 
(Instituto Nacional de Astrofísica, Optica y Electrónica), Massimiliano Laddomada (Texas A&M University) 
[Abstract] A simple and efficient method to design multiplierless two-stage comb-based decimation filters is presented. The proposed 
scheme takes advantage of the Chebyshev sharpening, recently introduced in literature, to obtain higher selectivity in comparison to 
traditional comb filters. The resulting filter has better magnitude response characteristics and fewer Additions Per Output Sample 
(APOS) with respect to other two-stage comb-based filters available in literature. 

Digital Down Converter Optimization ...........................................................................................................................................  1015 
Joe Gerhardt (Wright State University), Saiyu Ren (Wright State University) 
[Abstract] A Digital Down Converter (DDC) using four times intermediate frequency sampling is analyzed to simplify the required 
hardware. The DDC is controlled by a two bit counter. One bit controls the mixer, implemented as a two input multiplexer. The other 
counter bit controls data flow in direct and transposed form finite impulse response (FIR) filters. The resulting FIR filters significantly 
reduce the number of multipliers and adders required while still allowing additional filter reduction techniques to be applied. 

Fault Tolerant Designs for Fast Convolution Implemented with Modified Transforms ...........................................................  1019 
C. Radhakrishnan (University of Illinois), W.K. Jenkins (Pennsylvania State University) 
[Abstract] Recently the Quadratic Modified Fermat Number Transform (QMFNT) was extended to the Modified Discrete Fourier 
Transform (MDFT) to enable overlap-add FFT block processing to be implemented without zero padding.  The MDFT was then ex-
tended into two dimensions and published results described how the 2-D extension manages two-dimensional wrap around effects.  
This paper investigates how the modularity of these transforms can be used to achieve fault tolerant designs that strive to achieve 
minimal hardware redundancy.  Fault tolerant designs are presented for both the MNT and the MDFT and the resulting efficiencies of 
the two designs are analyzed and compared. 

Session C2L-A: Phase Locked Loops 
Chair:   Chung-Chih Hung, National Chiao Tung University 
Time:  August 7, 2013, 10:10 - 11:50 
Location:  Barbie Tootle 

Power and Noise Configurable Phase-Locked Loop Using Multi-Oscillator Feedback Alignment .........................................  1023 
Christopher Williams (Concordia University), Glenn E.R. Cowan (Concordia University),  
Odile Liboiron-Ladouceur (McGill University) 
[Abstract] Adding Voltage controlled Oscillators (VCOs) in parallel is equivalent to making transistors larger, in the sense that they 
consume more power but noise is lowered. This work looks at the task of adding VCOs together for on-the-fly data rate switching for 
use in a Phase-Locked Loop (PLL) architecture and clock and Data Recovery (CDR) systems. The purpose of this is to be able to re-
duce power at the expense of higher jitter if lower data rates are required, and respond to changing requirements quickly and reconfig-
ure to receive higher rate data by reducing jitter and raising power. 



A Tracked Oversampling Digital Data Recovery for Low Latency, Fast Acquisition, and High Jitter Tolerance .................  1027 
June-Hee Lee (Sungkyunkwan University and Samsung Electronics), Sang-Hoon Kim (Sungkyunkwan University),  
Jong-Shin Shin (Samsung Electronics), Dong-Chul Choi (Samsung Electronics), Kee-Won Kwon (Sungkyunkwan University), 
Jung-Hoon Chun (Sungkyunkwan University) 
[Abstract] A new technique to achieve high jitter tolerance and fast frequency acquisition with low logic latency for MIPI Low Latency 
Interface (MIPI LLI) applications is proposed. The proposed tracked oversampling CDR increases the allowable phase difference be-
tween the recovered and embedded reference clock up to 1.25 UI. The CDR loop gain can be adjusted based on the digitally estimated 
phase difference, resulting in short acquisition time (≤ 1 baud period) and high jitter tolerance (167-UIp-p 100-kHz jitter). Utilizing a bit 
selector with an edge tracking finite state machine (FSM) instead of an elastic FIFO, the logic latency less than 2 baud periods is 
achieved. The core circuit is implemented using a 65nm CMOS technology. It consumes 4.7mW from a 1.2V power supply at 5.8Gb/s. 

Phase-Noise Tuneable Ring Voltage-Controlled Oscillator in 90 nm CMOS .............................................................................  1031 
Majid Behbahani (Ericsson Canada Inc), Glenn E.R. Cowan (Concordia University) 
[Abstract] An architecture that compensates the sensitivity to process variation of the phase noise performance of a ring voltage-
controlled oscillator (VCO) is presented. The architecture consists of a VCO subdivided into 10, individually activated sub-VCOs 
whose outputs are connected together through pass-transistor switches. By varying the number of active sub-VCOs, per-die tuning of 
phase-noise and power dissipation is enabled. Monte-Carlo simulations in ST 90nm CMOS show a 36 % reduction in the worst case 
and 41 % reduction in the average power dissipation of a design required to satisfy the same phase noise specification. Measured re-
sults show that phase noise can be traded-off against power dissipation on a per-die basis. The technique is also applicable to multi-
rate wireline systems in which different data rates require different jitter specifications. 

Sub-Sampling Charge Pump and Random Pulsewidth Matching Technique for Frequency Synthesizer ..............................  1035 
Te-Wen Liao (National Chiao Tung University), Jun-Ren Su (National Chiao Tung University),  
Chung-Chih Hung (National Chiao Tung University) 
[Abstract] This paper presents a frequency synthesizer system with random pulsewidth matching technique and a sub-sampling charge 
pump. Through the randomization and average of the pulsewidth and the reduction of current mismatch, the frequency synthesizer can 
reduce the ripples on the control voltage of the voltage-controlled oscillator in order to reduce the reference spur at the output of the 
phase-locked loop. A random clock generator is used to perform a random selection control. To demonstrate the effectiveness of the pro-
posed spur-reduction techniques, a 2.5 GHz to 2.7 GHz FLPLL was designed and fabricated using a TSMC 90-nm CMOS process. The 
proposed circuit can achieve a phase noise of"114 dBc/Hz at an offset frequency of 1 MHz and reference spurs below"74 dBc. 

Session C2L-B: Computer Arithmetic and Cryptography 
Chair:   George Purdy, University of Cincinnati 
Time:  August 7, 2013, 10:10 - 11:50 
Location:  Hayes Cape 

Low Latency Modular Multiplication for Public-Key Cryptosystems Using a  
Scalable Array of Parallel Processing Elements ............................................................................................................................  1039 
Yinan Kong (Macquarie University), Yufeng Lai (Macquarie University) 
[Abstract] This work contributes to the modular multiplication operation C=A*B mod M, the basis of many public-key cryptosystems in-
cluding RSA and Elliptic Curve Cryptography (ECC). We use the Residue Number System (RNS) to speed up long wordlength modular 
multiplication. The RNS leads to a highly parallel algorithm which we exploit with a massively parallel hardware implementation capable of 
exceptionally low latency. This paper presents architecture for this scheme consisting of a scalable array of identical processing elements. 

Effectiveness of Circuit-Level Continuation Methods for Trojan State Elimination Verification ...........................................  1043 
Yen-Ting Wang (Iowa State University), Degang J. Chen (Iowa State University), Randall L. Geiger (Iowa State University) 
[Abstract] A circuit is vulnerable if a Trojan state appears, a verification process is needed to ensure the circuit is robust over tem-
perature and process. Circuit-level continuation methods finding all DC operating points are summarized in this work. The discussion 
of where to apply continuation methods in the circuit and the minimum requirement of simulation step in a circuit will be shown 

Improving Reliability in DNA-Based Computations ....................................................................................................................  1047 
Anusha Mantha (University of Cincinnati), George Purdy (University of Cincinnati), Carla Purdy (University of Cincinnati) 
[Abstract] DNA computing is an attractive alternative to traditional computing technologies due to DNA’s large storage capacity, 
massive parallelism, and energy efficiency for computation.  Massive parallelism, in particular, makes DNA attractive for crypto-
graphic applications.  However, since DNA computing is based on bio-molecular reactions, it is not error free. A main source of errors 
is false hybridizations between unintended sequences. An efficient way to minimize these errors is to design error-resistant DNA se-
quences. We have used simulated annealing to generate error-resistant DNA sequences.  Our simulations show that the sequences 
generated by this approach are superior to sequences generated by other techniques previously reported in the literature. 



A High-Level Synthesis and Verification Tool for Application Specific kth Root Processing Engine .....................................  1051 
Semih Aslan (Texas State University), Hassan Salamy (Texas State University), Jafar Saniie (Illinois Institute of Technology) 
[Abstract] A Newton-Raphson algorithm based, an efficient, accurate and reconfigurable kth-root root design and verification system 
is introduced. The design and verification system generates Verilog HDL design code and required control signals for application-
specific operations. The design can be used for multi-purpose arithmetic operations based on an assigned k value, such as division for 
k=1, square root for k=2, cube root for k=3 and so on. The generated hardware can be used as a standalone design or can be imple-
mented into a larger system by using a hand shake signal. This could make this design and verification tool suitable for new or ongo-
ing projects. This tool generates Verilog RTL code and its testbench that can be implemented in FPGAs and VLSI systems. The pro-
posed design tool can increase productivity by reducing design and verification time. Several case studies have been implemented on 
Xilinx Virtex-5 FPGAs. The designed system uses MATLAB-based verification and reporting for fast and accurate design evaluation. 

An Embedded Forth Core with Floating Point and Branch Prediction ......................................................................................  1055 
Darrin M. Hanna (Oakland University), Bryant Jones (Oakland University), Lincoln Lorenz (Oakland University), 
Steffen Porthun (RHK Technology, Inc.) 
[Abstract] Forth is a flexible language used in embedded systems. In this paper we present a novel soft core that executes native 
Forth, including floating-point operations, and uses branch prediction for fast execution. The core is designed to be a replacement of 
an embedded controller running Forth in a VM. The branch prediction architecture was created specifically for literal, call-returns, and 
jump instructions, which occur most frequently in Forth. Our benchmarks show that these improvements are significant to speeding up 
overall execution time. 

Session C2L-C: Special Session: Reversible Computing 
Chair:   Himanshu Thapliyal, University of South Florida 
Time:  August 7, 2013, 10:10 - 11:50 
Location:  Cartoon Room I 

Gate Abstractions and Reversibility: On the Logical-Physical Link ..........................................................................................  1059 
Neal G. Anderson (University of Massachusetts Amherst) 
[Abstract] LLogic gates rendered in digital circuit diagrams refer both to abstract logical transformations of Boolean variables and to the 
physical structures and processes that realize these transformations.  The logical and physical aspects are related in a manner that has im-
plications for energy efficient computing; Landauer's Principle (LP) imposes efficiency limits on gates that irreversibly discard informa-
tion but imposes no such limits on gates that do not. In this paper, we explore the logical-physical link and its dissipative consequences 
from a fundamental perspective. We provide a systematic characterization of this link, and use the resulting framework to clarify neces-
sary conditions for physically reversible operation of logically reversible and logically irreversible gates in circuit environments. 

The SyReC Hardware Description Language: Enabling Scalable Synthesis of Reversible Circuits ........................................  1063 
Robert Wille (Universität Bremen), Rolf Drechsler (Universität Bremen) 
[Abstract] While reversible logic increasingly finds useful application as an emerging technology for various areas, the design of cor-
responding circuit structures still is in its infancy. Most of the existing approaches for synthesis or optimization are applicable for rela-
tively small functions only. Hardware description languages enable to overcome this limitation. Combined with hierarchical synthesis 
schemes, they enable the specification and realization of complex logic as a reversible circuit. On the other side, the resulting synthe-
sis schemes lead to further challenges, e.g. a significant increase in the number of additional circuit signals. In this paper, we provide 
an overview on the design of reversible circuits through the hardware description language SyReC. This includes a summary of the 
recently made accomplishments as well as a discussion of challenges still to be addressed. 

A New CRL Gate as Super Class of Fredkin Gate to Design Reversible Quantum Circuits ....................................................  1067 
Himanshu Thapliyal (University of South Florida), Apeksha Bhatt (University of South Florida),  
Nagarajan Ranganathan (University of South Florida) 
[Abstract] Conservative reversible logic gate is a reversible logic gate that is reversible in nature and also satisfy the property that 
there are equal number of 1s in the outputs as in the inputs. In this work, we present a new class of nxn (n inputs and n outputs) con-
servative reversible logic gate named SCRL (Super Conservative Reversible Logic) gate for the design of reversible quantum circuits. 
The proposed SCRL gate has 1 control input depending on the value of which it can swap any two n -1 data inputs, hence is superior 
to the existing Fredkin gate. In reversible circuits, the constant input bits that are used to realize different logic functions are referred 
to as ancilla inputs, while the outputs that are neither primary inputs nor contribute to any useful computations are referred to as gar-
bage outputs. As Ancilla inputs and garbage outputs are overhead bits in a reversible circuit, they need to be minimized. Barrel shifter 
forms an integral component of many computing systems. As an example of using the proposed SCRL gate to design efficient reversi-
ble quantum circuits, the design of reversible barrel shifter with zero ancilla inputs and zero garbage outputs is illustrated. 



Models of Irreversibility for Binary Adders ..................................................................................................................................  1071 
Ismo Hänninen (University of Notre Dame), Craig S. Lent (University of Notre Dame),  
Gregory L. Snider (University of Notre Dame) 
[Abstract] Heat generation limits the performance of computing systems, ultimately dictated by the thermodynamic necessity to expel 
energy into the environment proportionally to information loss in the computing process. We develop models to track the irreversible 
bit erasures in standard binary adders, presenting a methodology to estimate the bounds for components on various levels of design 
abstraction. The approach can be used to quantify the logical reversibility of a design and direct the optimization efforts for higher de-
gree of energy conservation. 

SAT-Based Reversible Gate/Wire Replacement Fault Testing ....................................................................................................  1075 
Sayeeda Sultana (McGill University), Atena Roshan Fekr (McGill University), Katarzyna Radecka (McGill University) 
[Abstract] Recently reversible circuit testing has become an important issue for researchers. In the process of design, synthesis or tem-
plate matching, failures can happen due to erroneous replacements or incorrect cascading of gates. In this paper, we present testing such 
errors modeled as gate and wire replacement faults, which can also handle most frequently addressed errors like missing gate and control 
points appearance or disappearance. Here, we propose three testing schemes based on Boolean Satisfiability (SAT) formulation and com-
pare their efficiencies. In particular, we present the design of a Reversible Test Miter, which, along with backtracking, can easily detect 
such faults. We show that a smaller test set can be derived from the reversible test miter, increasing fault coverage and speed of testing. 

Session C2L-D: Special Session: Self-Healing and Self-Adaptive Circuits and Systems 
Chair:   Abhilash Goyal, Oracle 
Time:  August 7, 2013, 10:10 - 11:50 
Location:  Cartoon Room II 

2-Channel Time-Interleaved ADC Frequency Response Mismatch Correction Using Adaptive I/Q Signal Processing ........  1079 
Simran Singh (Cassidian), Michael Epp (Cassidian), Georg Vallant (Cassidian), Mikko Valkama (Tampere University of 
Technology), Lauri Anttila (Tampere University of Technology) 
[Abstract] New 2-channel Time-Interleaved ADC mismatch identification & correction algorithm using I/Q signal processing. Per-
formance verified on actual TI-ADC hardware. 

Reconfigurable ECC for Adaptive Protection of Memory ...........................................................................................................  1085 
Abhishek Basak (Case Western Reserve University), Somnath Paul (Intel Corporation), Jangwon Park (Korea University), 
Jongsun Park (Korea University), Swarup Bhunia (Case Western Reserve University) 
[Abstract] Increasing run-time failure rates in nanoscale memory has emerged as a major design challenge. The problem is more se-
vere in case of low-voltage low-power memory due to reduced design margin. Application of Error Correction Code (ECC) is a well-
known approach to tolerate run-time failures in memory. Traditionally, a uniform worst-case protection using ECC is used for all 
blocks in a large memory array. However, with both spatial and temporal shift in intrinsic reliability of a memory block, such uniform 
protection can be unattractive in terms of either ECC overhead or protection level or both. We propose a novel reconfigurable ECC 
approach, which can adapt, in space and time, to varying reliability of memory blocks by using an ECC that can provide the right 
amount of protection for each block at a given time. It tracks the reliability of the block with respect to read/write/access/hold failures 
and provides adaptive protection at optimal overhead. We show that such an approach is extremely effective for nanoscale lowvoltage 
memory in diverse application domains. 

Modeling and Dynamic Cancellation of TX-RX Leakage in FDD Transceivers ........................................................................  1089 
Adnan Kiayani (Tampere University of Technology), Lauri Anttila (Tampere University of Technology),  
Mikko Valkama (Tampere University of Technology) 
[Abstract] Frequency division duplex (FDD) transceivers employing the direct-conversion radio architecture are known to suffer from 
transmitter-receiver signal leakage problems. The presence of such leakage signal can impose stringent linearity requirements in receiver 
components that are difficult to fulfill in practice. Good example is second-order intermodulation distortion (IM2) due to transmitter leak-
age signal, stemming from finite IIP2 of receiver mixers, falling directly on top of the weak received signal. This paper carries out de-
tailed modeling and proposes a dynamic cancellation technique for such TX-RX leakage, enabling sufficient TX-RX isolation in FDD 
mode without any extra analog/RF filtering. The technique is based on creating a replica of the undesired transmitter leakage signal and 
subtracting it from the down-converted signal in the receiver path, taking also the essential transmitter nonidealities into account. Simula-
tion results show that the proposed method is able to effectively push transmitter leakage induced IM2 below the receiver noise floor. 



Adaptive MIMO RF Systems: Post-Manufacture and Real-Time Tuning for  
Performance Maximization and Power Minimization ..................................................................................................................  1095 
Debashis Banerjee (Georgia Institute of Technology), Aritra Banerjee (Georgia Institute of Technology), Shyam Devarakond 
(Georgia Institute of Technology), Abhijit Chatterjee (Georgia Institute of Technology) 
[Abstract] We propose post-manufacture testing and tuning algorithms for MIMO systems assembled from devices across diverse 
process corners. These algorithms allow such systems to operate across the widest range of channel conditions as possible while 
minimizing power consumption (performance maximization also maximizes manufacturing yield).  To further save power consump-
tion in the field, real-time tuning algorithms are proposed that dynamically trade off available performance slack in MIMO designs, 
across the relevant signal modulation and MIMO modes to save power consumption. 

A Nanoscale CMOS Charge Pump with Near Perfect Current Matching .................................................................................  1100 
Sleiman Bou-Sleiman (Ohio State University), Mohammed Ismail (Ohio State University) 
[Abstract] A drain-switching charge pump (CP) design is presented with near perfect current matching and extended flat current re-
sponse over a range of process, voltage, and temperature variations. Current mismatch is compensated dynamically without the need 
for a replica charge pump or extended digitally-assisted calibration routines. The selfregulated circuit uses several simple yet effective 
feedback mechanisms to overcome the basic shortcomings of nanometer devices and reduced power supplies. The circuit is designed 
in 90nm CMOS and simulated extensively using Monte Carlo analysis while sweeping the operating temperature to provide statisti-
cally relevant operating conditions. The proposed design achieves near perfect current matching at output voltages between 0.16V and 
0.98V for temperatures ranging from -30 to 90 degrees Celsius and a power supply between 1.08V and 1.32V. 

Session C2L-E: Digital Signal Processing-Media and Control 
Chair:   Wasfy Mikhael, University of Central Florida 
Co-Chair:   Steven Bibyk, Ohio State University 
Time:  August 7, 2013, 10:10 - 11:50 
Location:  Suzanne M. Scharer 

Transform Domain Two Dimensional and Diagonal Modular Principal Component Analysis for  
Facial Recognition Employing Different Windowing Techniques ...............................................................................................  1104 
Ramy C.G. Chehata (University of Central Florida), Wasfy B. Mikhael (University of Central Florida),  
Moataz M. Abdelwahab (Nile University) 
[Abstract] Spatial domain facial recognition Modular IMage Principal Component Analysis (MIMPCA) has an improved recognition 
rate compared to the conventional PCA. In the MPCA, face images are divided into smaller sub-images and the PCA approach is applied 
to each of these sub-images. In this work, the Transform Domain implementation of MPCA is presented. The facial image has two repre-
sentations. The Two Dimensional MPCA (TD " 2D " MPCA) and the Diagonal matrix MPCA (TD " Dia " MPCA). The sub-images are 
processed using both non-overlapping and overlapping windows.   All the test results, for noise free and noisy images, using ORL, Yale 
and FERET databases achieved; 99.5%, 99.58% and 97.42% recognition accuracy respectively. Transform Domain implementations 
yield, computational and storage savings of at least 42% and 99.92%, respectively, compared to spatial domain. Sample results are given. 

An Automated Embedded Computer Vision System for Object Measurement .........................................................................  1108 
Nicholas Pauly (Boise State University), Nader I. Rafla (Boise State University) 
[Abstract] Automation is common in many industries. Some tasks, such as object measurement, can easily be automated. The equip-
ment required to perform automated measurements may be cost prohibitive and may prevent widespread deployment in automated 
point of sale kiosks or product inspection applications. This paper focuses on the development of an optical measurement device that 
is inexpensive relative to existing systems. The device consists of an image sensor, a microcontroller, and several laser line projectors. 
The hardware design and configuration of the device is discussed along with the algorithms used to process the captured images and 
perform the measurement tasks. The conclusion includes a discussion of the performance of the optical measurement device. 

Face and Gesture Recognition for Human Computer Interaction Employing 2DHoG .............................................................  1112 
Moataz M. Abdelwahab (Nile University), Omnia S. ElSaadany (Nile University) 
[Abstract] Face and hand gesture recognition is one of the most challenging topics in computer vision. In this paper, a novel algo-
rithm presenting a new 2D representation of histogram of oriented gradients is proposed, where each bin represents a range of angles 
dealt with in a separate layer employing 2DPCA. This method maintains the spatial relation between pixels which enhance the recog-
nition accuracy. In addition it can be applied on either face or hand gesture images. Experimental results confirm excellent properties 
of the proposed algorithm and promotes it for real time applications 



Robust Speaker Recognition System Employing Covariance Matrix and Eigenvoice ..............................................................  1116 
Genevieve I. Sapijaszko (University of Central Florida), Wasfy B. Mikhael (University of Central Florida) 
[Abstract] This paper presents an original speaker recognition system that utilizes a quantized spectral covariance matrix on the input 
to a two-dimensional Principal Component Analysis (2DPCA) function. Eigenvoice algorithm is used as a classifying tool and is gen-
erated by the features of a group of speakers. The proposed system is selective in acquiring acoustic parameters and leads to a signifi-
cant decrease in storage requirements. The system is robust in a noisy environment with recognition rates as high as 92% at 0dB SNR. 
Concatenated vowels that make up the speech signal are extracted  from the TIMIT database and the noise environment is acquired 
from the NOIZEOUS database. 

Design of a Control System for Acoustophoretic Separation .......................................................................................................  1120 
Ron Musiak (Western New England University), Bart Lipkens (Western New England University),  
Neeraj Magotra (Western New England University) 
[Abstract] This paper presents the design and implementation of an embedded digital control system for a novel acoustophoretic 
separation technique.  Our goal is to design, build, and test a high-frequency, high-power, and high-efficiency ultrasound driver for an 
acoustophoretic separator The device needs to be able to efficiently transfer electrical energy into acoustical energy with minimum 
losses and be able to drive the low impedance of a typical piezo-electric transducer.  The proposed new platform technology provides 
an innovative solution that consists of a large volume flow rate acoustophoretic phase separator based on ultrasonic standing waves 
with the benefit of having no consumables, no generated waste, and a low cost of energy.  The technology is efficient at removal of 
particles of greatly varying sizes, including separation of micron and sub-micron sized particles. The proposed embedded digital con-
trol system (drive system) utilizes a TMS320F28335 digital signal processor / controller chip [2] at its core. 

Session C2L-F: Advances in Communications and Wireless Systems 
Chair:   Sami Muhaidat, Khalifa University of Science, Technology & Research 
Time:  August 7, 2013, 10:10 - 11:50 
Location:  Rosa M. Ailabouni 

Fine Residual Carrier Frequency and Sampling Frequency Estimation in Wireless OFDM Systems ....................................  1124 
Chen Chen (Fudan University), Yun Chen (Fudan University), Na Ding (Fudan University), Qiang Zhang (Fudan 
University), Wenxu Bao (Fudan University), Yuanzhou Hu (Fudan University), Xiaoyang Zeng (Fudan University) 
[Abstract] This paper presents a novel algorithm for residual phase estimation in wireless OFDM systems, including the carrier fre-
quency offset (CFO) and the sampling frequency offset (SFO). The subcarriers are partitioned into several regions which exhibit pair-
wise correlations. The phase increment between successive OFDM blocks is exploited which can be estimated by two estimators with 
different computational loads. Numerical results of estimation variance are presented. Simulations indicate performance improvement 
of the proposed technique over several conventional schemes in a multipath channel. 

A New Broadcast Format and Receiver Architecture for Radio Controlled Clocks .................................................................  1128 
Yingsi Liang (Xtendwave), Dinesh Rajan (Southern Methodist University), Oren Eliezer (Xtendwave), 
Sidharth Balasubramanian (Ohio State University), Waleed Khalil (Ohio State University) 
[Abstract] A new broadcast format is presented for the atomic-clock time-code signal broadcast by the National Institute of Standards 
of Technology (NIST) from station WWVB in Fort Collins, Colorado.  The new broadcast format, based on BPSK modulation that is 
added to the existing amplitude-modulation (AM), offers many new features and provides several orders of magnitude of improve-
ment in reception robustness, without impacting existing AM receivers that are based on envelope-detection. Additionally, a digital 
receiver architecture, amenable to integration in a CMOS system-on-chip (SoC), is proposed, which relies on digital signal processing, 
thereby eliminating the need for the crystal filter and other passive components found in existing receives. 

IIP2 Requirements in 4G LTE Handset Receivers .......................................................................................................................  1132 
Essam S. Atalla (NVIDIA / University of Texas at Dallas), Abdellatif Bellaouar (NVIDIA),  
Poras T. Balsara (University of Texas at Dallas) 
[Abstract] SAW-less FDD receivers have become the state-of-the-art architecture in multiband receivers. They eliminate the SAW 
filter between the low-noise amplifier and the direct-conversion mixer. Large TX leakage signals hit the mixer which imposes chal-
lenging linearity requirements. Second order intercept point (IIP2) was intensively studied in 3G receivers. In this paper, we derive the 
IIP2 specification for LTE receivers and report the simulated and measured correction factors needed to estimate the modulated carrier 
2nd order distortion using the conventional 2-tone test. 



High-Parallel Performance-Aware LDPC Decoder IP Core Design for WiMAX .....................................................................  1136 
Xiongxin Zhao (Waseda University), Zhixiang Chen (Waseda University), Xiao Peng (Waseda University),  
Dajiang Zhou (Waseda University), Satoshi Goto (Waseda University) 
[Abstract] In this paper, we propose a synthesizable LDPC decoder IP core for the WiMAX system with high parallelism and enhanced 
error-correcting performance. The proposed fully-parallel layered decoder architecture can fully support multi-mode decoding specified 
in WiMAX with 12~24 clock cycles for processing one iteration. By applying the 3-state processing schedule, it achieves twice parallel-
ism with minor circuit area increase compared to state-of-the-art work, thus results in 46.8% improvement in power efficiency. 

Design Considerations for a Multi-Integrator Architecture for Random Demodulation Compressive Sensing .....................  1140 
Sami Smaili (Worcester Polytechnic Institute), Vikas Singal (Worcester Polytechnic Institute),  
Yehia Massoud (Worcester Polytechnic Institute) 
[Abstract] The random demodulator architecture is a compressive sensing based receiver that allows the reconstruction of frequency- 
sparse signals from measurements acquired at a rate below the signal’s Nyquist rate. This in turn results in tremendous power savings in 
receivers because of the direct correlation between the power consumption of analog-to-digital converters (ADCs) in communication re-
ceivers and the sampling rate at which these ADCs operate. In this thesis, we propose design techniques for a robust and efficient random 
demodulator. The resetting mechanism can pose challenges in practical settings that can degrade the performance of the random demodu-
lator. We propose practical approaches to mitigate the effect of resetting and propose resetting schemes that provide robust performance. 

Session C3L-A: SAR Analog-to-Digital Converters 
Chair:   Vishal Saxena, Boise State University 
Time:  August 7, 2013, 13:10 - 14:50 
Location:  Barbie Tootle 

A 10-bit 64MS/s SAR ADC Using Variable Clock Period Method ..............................................................................................  1144 
In-Seok Jung (Northeastern University), Marvin Onabajo (Northeastern University), Yong-Bin Kim (Northeastern University) 
[Abstract] This paper presents a low-power 10-bit 64MS/s successive approximation register (SAR) analog-to-digital converter 
(ADC) for Built-In Self Test (BIST) that uses a monotonic capacitor switching and variable clock period method for single input con-
dition. To achieve high speed, a non-fixed clock time technique is used to reduce not only peak current but also die area. The tech-
nique removes conversion time waste and extends the SAR operation speed over 64MHz easily. Compared to the converters that use 
the conventional procedure, maximum peak current and DAC driver’s area are reduced by about 33.8% and 25.2%, respectively. Sin-
gle input ADC generally limits the resolution unlike the differential input ADC. However, the proposed ADC in this paper achieves 
high resolution and accuracy with a single input signal. The prototype was designed using 0.13 um single poly 6 metal standard 
CMOS technology. Using 1.2V supply and the sampling rate of 64 MS/s, the ADC achieves a SNDR of 50.2 dB and consumes 1.325 
mW. The ADC core occupies an active area of only 185u m X210u m. 

A Fast Radix-3 SAR Analog-to-Digital Converter ........................................................................................................................  1148 
Long Chen (University of Texas at Austin), Manzur Rahman (University of Texas at Austin),  
Sha Liu (University of Texas at Austin), Nan Sun (University of Texas at Austin) 
[Abstract] This paper presents a new radix-3 successive approximation register (SAR) analog-to-digital converter (ADC). Our pro-
posed radix-3 SAR ADC can generate 1.6N binary bits during N  comparison cycles. The radix-3 SAR ADC is 60% faster than the 
conventional radix-2 SAR ADC. Our prototypes are implemented with 4 and 7 ternary bits using 180nm CMOS technology. They can 
achieve a signal-to-quantization-noise ratio(SQNR) of 39 dB and 66 dB which are equivalent to 6.2 and 10.7 binary bits respectively. 

A 1.2-V 100KS/s Energy Efficient Supply Boosted SAR ADC .....................................................................................................  1152 
A. Mesgarani (University of Idaho), S.U. Ay (University of Idaho) 
[Abstract] This paper presents a new energy efficient supply boosted (SB) successive approximation register (SAR) type analog-to-
digital converter (ADC) designed in a high-Vth CMOS process. Supply boosting technique (SBT) improves input common mode 
range and minimum operation voltage of mixed- signal circuits even when threshold voltages are in the order of the supply voltage. A 
10-bit SB- SAR ADC was designed and fabricated in a standard 0.5 μm, 5V, 2P3M, CMOS process in which threshold voltages of 
NMOS and PMOS devices are +0.8V and -0.9V, respectively. Fabricated SB-SAR ADC achieves effective number of bits (ENOB) of 
8.24, power consumption of 6μW from a 1.2Volt supply. Measured figure of merit (FoM) was 163fJ and 196fJ per conversion-step for 
sampling rates of 80KS/s and 100KS/s, respectively. 

Power Efficient SAR ADC with Optimized Settling Technique ..................................................................................................  1156 
Weiru Gu (Fudan University), Hao Zhou (Fudan University), Tao Lin (Fudan University), Zhenyu Wang (Fudan University), 
Fan Ye (Fudan University), Junyan Ren (Fudan University) 
[Abstract] This paper presents a 12-bit 50-MS/s successive-approximation (SAR) analog-to digital (ADC) with high power effi-
ciency. By splitting MSB capacitors an efficient step switching scheme is proposed to reduce average switching energy of the capaci-
tive DAC by 93.75% as compared to conventional method. The settling time is partially optimized in half of the conversion steps. Pro-
totype is designed in a 65-nm CMOS technology and the power consumption is 2.0mW under a 1.2-V power supply. 



Session C3L-B: Real Time Systems 
Chair:   Abhilash Goyal, Oracle 
Time:  August 7, 2013, 13:10 - 14:50 
Location:  Hayes Cape 

A Parallel Implementation of IR Video Processing on a GPU .....................................................................................................  1160 
Amin Jarrah (University of Toledo), Golrokh Mirzaei (University of Toledo), Mohammad Wadood Majid (University of 
Toledo), J. Ross (Bowling Green State University), M.M. Jamali (University of Toledo), P.V. Gorsevski (Bowling Green State 
University), J. Frizado (Bowling Green State University), V.P. Bingman (Bowling Green State University) 
[Abstract] A bird and bat monitoring system has been developed that uses marine radar, IR camera and acoustic recorders for wind 
farm applications. IR video recording is used to monitor birds and bats activity which will be useful for wildlife biologists in develop-
ing mitigation techniques to minimize impact of wind turbines on birds and bats. In order to process nocturnal migration data that is 
recorded from one hour after sun set to one hour before the sun rise requires high speed computations. IR video processing is compu-
tationally intensive.  A parallel processing approach and use of GPU is proposed to process IR video data that will meet real time re-
quirements. This paper examines the parallel implementation of the IR video processing on GPU. We achieved the real time require-
ments and the necessary performance for analyzing IR with size 704x480. 

Total Focusing Method for Non Destructive Evaluation: Toward Real-Time Imaging Systems .............................................  1164 
Mickael Njiki (Université Paris Sud), Abdelhafid Elouardi (Université Paris Sud), Samir Bouaziz (Université Paris Sud), 
Olivier Casula (CEA-List), Olivier Roy (M2M-NDT) 
[Abstract] This paper describes a dedicated architecture for real-time imaging using the Total Focusing Method (TFM) and an advanced 
acquisition technique called the Full Matrix Capture (FMC). The architecture was entirely described using VHDL language and imple-
mented on a V5FX70T Xilinx FPGA for the control part and a V5SX95T Xilinx FPGA for the acquisition part. The architecture is able to 
perform real-time FMC-TFM imaging at a maximum frame rate of 73 frames/s and a maximum resolution of 128x128 pixels, which is 
sufficient as a performance for a real-time imaging with a good characterization of defects in the non destructive evaluation context. 

Accelerating Real-Time LiDAR Data Processing Using GPUs ....................................................................................................  1168 
Vivek Venugopal (United Technologies Research Center), Suresh Kannan (United Technologies Research Center) 
[Abstract] Light Detection and Ranging (LiDAR) sensors are used for acquiring high density topographical data with extremely high 
spatial resolution. Many LiDAR-based applications, e.g. unmanned autonomous ground and air vehicles require real-time processing 
capabilities for navigation. The processing of the massive LiDAR data is time consuming due to the magnitude of the data produced 
and also due to the computationally iterative nature of the algorithms. Graphics Processing Units (GPU) consist of massively parallel 
cores, have high memory bandwidth and are being widely used as specialized hardware accelerators. A GPU-based parallel LiDAR 
processing algorithm is implemented with GPU specific memory architecture optimizations. The GPU implementation in this study 
significantly reduces the processing time of the LiDAR data as compared to CPU-based implementation. 

Bluetooth Enabled Electroencephalograph (EEG) Platform .......................................................................................................  1172 
Joseph A. Lovelace (University of Cincinnati), Tyler S. Witt (University of Cincinnati),  
Fred R. Beyette Jr. (University of Cincinnati) 
[Abstract] A design for a portable and accurate wireless electroencephalograph system is proposed. Using digital signal processing tech-
niques, the neuronal function of the brain can be acquired and processed into meaningful representations of brain activity. The system de-
scribed utilizes circuits and systems which can be connected to wirelessly transmit digitized brainwaves via Bluetooth for an end applica-
tion. In this way, the system is portable, and modular in terms of the device to which it can interface. This design serves as a platform for 
applications using Brain Computer Interface, which has become a popular extension of EEG systems in modern research. 

Mixed-Signal VLSI Microsystem for Acoustic Source Separation ..............................................................................................  1176 
Shuo Li (Stony Brook University), Yingkan Lin (Stony Brook University), Milutin Stanaćević (Stony Brook University) 
[Abstract] We present an architecture of microsystem designed for blind source separation that directly interfaces the four micro-
phone miniature array. The proposed architecture implements the source separation algorithm in a unique framework that combines 
wavefront sensing, subband signal processing and independent component analysis. The spatial gradients are computed in continuous-
time domain, with the 16-channel subband signal decomposition of the three spatial gradient signals. In each band, we perform linear 
static independent component analysis, initialized by the fullband signal solution. We demonstrate that with the proposed system ar-
chitecture the additional 4dB in the separation performance can be achieved. 



Session C3L-C: Image Processing and Interpretation 
Chair:   Annajirao Garimella,, Intel Inc. 
Time:  August 7, 2013, 13:10 - 14:50 
Location:  Cartoon Room I 

Low-Pass Filtering Aiming at Noise Generated in a Contrast Enhancement .............................................................................  1180 
Chunyan Wang (Concordia University), Badrun Nahar (Concordia University) 
[Abstract] In this paper, we propose a low-pass filtering process aiming at removing noise and artifacts generated by histogram equaliza-
tion, while preserving the image signal variations. The filtering is made to provide different levels of smoothing strength by means of cas-
cading stages of simple low-pass filters. A weak smoothing given by the first stage is applied to all the pixels, including those in edge re-
gions, and the pixels located in the flattest regions are processed successively by all the filtering stages to get the strongest smoothing. A 
binary mask is used in each stage, except the first one, in order to shield pixels in non-homogeneous regions from over-smoothing. Sim-
ple algorithms are developed to generate the masks from the input image. The results of the simulation demonstrated that the proposed 
filtering leads to a good quality of the contrast enhancement in varieties of images and requires a low computation complexity. 

Deity Face Recognition Using Schur Decomposition and Hausdorff Distance Measure ...........................................................  1184 
Ramadoss Balakrishnan (National Institute of Technology), Rajkumar Kannan (Bishop Heber College),  
Suresh Kannaiyan (Bishop Heber College), Sridhar Swaminathan (Bishop Heber College) 
[Abstract] Face recognition in deity images is a challenging problem. Most of the existing face recognition methods are very sensitive 
to pose and illumination changes. This paper proposes a new technique for deity face recognition which is suitable for pose and illu-
mination changes. The proposed approach uses Schur decomposition to speedup PCA computations and doubly modified hausdorff 
distance for measuring similarity between different face edge maps. In addition, this paper introduces a new dataset named  as Indian 
DEity dataSet (IDES) for face recognition which contains a collection of face images of Indian Deities. Performances of the proposed 
method for deity face recognition are experimented with IDES dataset. 

Radon Sinogram Decomposition for Line Segmentation .............................................................................................................  1188 
Payam S. Rahmdel (Middlesex University London), Daming Shi (Middlesex University London),  
Richard Comley (Middlesex University London) 
[Abstract] In this paper, a novel line segmentation algorithm is proposed as an extension to our previous works, i.e., line detection us-
ing multilayer [1] and generalized [2] Fourier methods. First, a multilayer Fourier-based Radon transform (RT-MLFRFT) is applied to 
detect the location and the orientation of the straight lines. Afterwards, a set of windows-of-interest in spatial domain is designed to 
decompose the complex Radon space to a number of Radon spaces with a single transparent butterfly. This is to eliminate the effect of 
the neighbour RT peaks and guarantee the correct segment detection. Experimental results shows that the proposed method enjoys su-
perior performance compared with existing similar representative works. 

A Facial Recognition Technique Employing Subimages Normalized Histogram Intensity ......................................................  1192 
Waleed Alrasheed (University of Central Florida), Wasfy B. Mikhael (University of Central Florida) 
[Abstract] A facial recognition technique employing Subimages Histogram Intensity (NHI) is presented in this paper. The algorithm 
has attractive properties with respect to storage requirements and computational complexity in both the training and testing modes, 
which make the technique particularly suitable for large data bases. The new algorithm is applied to ORL, Yale and FERET data 
bases. The experimental results confirm the significant reduction in the storage and computational requirements compared with re-
cently reported techniques, without sacrificing the recognition accuracy. 

Additive Hough Transform on Embedded Computing Platforms ..............................................................................................  1196 
Shantanu S. Sinha (Indian Institute of Technology, Bombay), R.K. Satzoda (Nanyang Technological University),  
S. Suchitra (Nanyang Technological University), T. Srikanthan (Nanyang Technological University) 
[Abstract] The Hough Transform (HT) is one of the most widely used feature extraction techniques in real-time applications, like lane 
departure warning, surveillance etc. Most existing HT implementations are serial in nature, resulting in high computation time. Re-
cently, we proposed the Additive Hough Transform (AHT), which achieves angle and block level parallelism in HT computation. In 
this paper, we evaluate the performance gains offered by AHT in both serial and parallel configurations by implementing it on differ-
ent computing platforms such as multicore processors, GPUs and FPGAs. It is shown that AHT offers significant performance gains 
over existing implementations of the HT in both serial and parallel configurations on a wide range of embedded platforms. 



Session C3L-D: Special Session: Verification and Trusted  
Mixed Signal Electronics Development 
Chair:   Greg Creech, Ohio State University 
Co-Chair:   Steven Bibyk, Ohio State University 
Time:  August 7, 2013, 13:10 - 14:50 
Location:  Cartoon Room II 

A FPGA Based Prototype Verification in Automotive Mixed Signal Integrated Circuit Development ...................................  1200 
Fei Gong (Cummins Inc.), Meenal Vaidya (Cummins Inc.), Rishvanth Kora (Cummins Inc.),  
Daniel Harshbarger (Cummins Inc.), Brad Ulery (Cummins Inc.), William Meyer (Cummins Inc.) 
[Abstract] This paper proposes an improved ASIC design flow for the automotive ASIC development. Using a FPGA based hardware 
prototype verification step, the improved design flow enables the test of entire design in a running automotive module with different 
operating conditions, helps to find out issues before the tape out. The proposed design flow can largely increase the confidence level 
in the tape out, decrease the development time, reduce the risk of multiple re-spin cycles, and lead to a better cost efficiency in the 
automotive ASIC development. 

Electronic Design Trust ......................................................................................................................................................................  n/a 
Joe Bennett (Edaptive Computing, Inc.), Praveen Chawla (Edaptive Computing, Inc.) 
[Abstract] As electronic systems evolve and become exceedingly more complex, their development is often the result of multiple de-
velopment teams working separately.  This introduces the threat that during design and integration processes, Integrated Circuits (ICs) 
are susceptible to the insertion of malicious attack functionality by enemies.  To address these challenges,  ECI has developed EDAp-
tive® Syscape™, which can be utilized to model design flows as well as store results produced at different stages of development and 
verification, thereby providing protection against insider threat. 

Development of the Hitbus Chip Platform for the ATLAS DBM Detector at CERN ...............................................................  1204 
D.S. Smith (Ohio State University), S. Bibyk (Ohio State University), K.K. Gan (Ohio State University), H. Kagan (Ohio State 
University), R. Kass (Ohio State University), J. Dopke (European Organization for Nuclear Research) 
[Abstract] The Large Hadron Collider at CERN is presently in a two year shutdown for upgrades. Among the upgrades include insertion 
of a new detector in the ATLAS experiment called the Diamond Beam Monitor. Included in the DBM is a radiation hard application spe-
cific integrated circuit, the Hitbus chip platform, to allow the DBM to trigger its own readout. Intellectual property (IP) from several col-
laborating institutes were gathered and combined with new custom blocks to create the platform. We present the design, verification, per-
formance, experiences from the collaborative process, and results from an irradiation with 24 GeV protons to 115 Mrad. 

Trusted Verification Test Bench Development for Phase-Locked Loop (PLL) Hardware Insertion .......................................  1208 
Adam G. Kimura (Ohio State University), Kai-Wei Liu (Ohio State University), Siddharth Prabhu (Ohio State University), 
Steven B. Bibyk (Ohio State University), Greg Creech (Ohio State University) 
[Abstract] Trusted design and verification presents new challenges for the case of using Intellectual Property (IP) in mixed signal systems.   
A Digitally Controlled Oscillator (DCO) subcomponent of a Phase-Locked Loop (PLL) is utilized as an example through which the pre-
sented verification principles may be applied to PLL tests on the Texas Instruments Analog System Lab Kit Pro (TI ASLK Pro).  A VHDL 
model has also been developed, incorporating Assertion-Based Verification (ABV) as a means for trusted verification of the design. 

Session C3L-E: Digital Signal Processing I 
Chair:   Ying Liu, University of Central Florida 
Time:  August 7, 2013, 13:10 - 14:50 
Location:  Suzanne M. Scharer 

Deception Detection in Speech Using Bark Band and Perceptually Significant Energy Features ............................................  1212 
Muhammad Sanaullah (Purdue University Calumet), Kaliappan Gopalan (Purdue University Calumet) 
[Abstract] This paper presents the initial results of analysis of nonlinear spectral features for detecting deception in speech. These fea-
tures are derived from spectral energy on a Bark scale either directly or using the psychoacoustic masking property of human speech 
perception. Truthful and deceptive speech utterances are established a posteriori by a male speaker under jeopardy. Test results using a 
neural network with (a) bands of spectral energy, and (b) perceptually significant bands of energy, both at Bark bands, as input fea-
tures show the viability of the two feature sets in distinguishing between truthful and deceptive speech. 



Nonrecursive Comb Structure with a Very Small Passband Droop and Increased Attenuation .............................................  1216 
Gordana Jovanovic Dolecek (Instituto Nacional de Astrofísica Optica y Electrónica),  
Alfonso Fernandez-Vazquez (Instituto Politécnico Nacional) 
[Abstract] This paper presents novel no recursive comb structure with a very small pass band droop, where the decimation factor is 
power of two. The simple multiplierless compensator which works at low rate compensates for the passband droop. The compensation 
filter remains the same for all values of the decimation factors and the number of the cascaded comb filters K. Last p stages of the 
nonrecursive structure have six cascaded filters for all values of M and K. The first folding band has an improved attenuation. The 
other folding bands are either improved or equal to those of the original comb, which depends on the value of p. Method is illustrated 
with examples and the comparison with one recently proposed method, is also provided. 

Heart Sound Denoising Using Computational Auditory Scene Analysis for a Wearable Stethoscope ....................................  1220 
Kai Yang (Tsinghua University), Zhuan He (Tsinghua University), Wendi Yang (Tsinghua University), Qi Tang (Tsinghua 
University), Dongmei Li (Tsinghua University), Zhihua Wang (Tsinghua University), Qingliang Lin (Research Institute of 
Tsinghua University in Shenzhen), Wen Jia (Research Institute of Tsinghua University in Shenzhen) 
[Abstract] A denoising method using computational auditory scene analysis (CASA) for a wearable stethoscope is proposed in this paper. 
The denoising method imitates human ears to analyze the ambient auditory scene so that it can separate the heart sound signal from unwanted 
ambient noise. Simulation results show that the method greatly improves the signal noise ratio of the heart sound signal after denoising. 

Entropy-Based Audio Watermarking Using Singular Value Decomposition and Log-Polar Transformation .......................  1224 
Pranab Kumar Dhar (Saitama University), Tetsuya Shimamura (Saitama University) 
[Abstract] This paper proposes an entropy based audio watermarking scheme using singular value decomposition (SVD) and log-
polar transformation (LPT) for copyright protection of audio data. In our proposed scheme, initially the original audio is segmented 
into non-overlapping frames and discrete cosine transformation (DCT) is applied to each frame. Watermark information is embedded 
into LPT components of the largest singular value obtained from DCT sub band with highest entropy value of each frame by quantiza-
tion. Simulation results demonstrate the robustness of the hidden watermark for different attacks. The comparison analysis shows that 
the proposed method has superior performance than the state-of-the-art watermarking methods reported recently. 

Session C3L-F: Wireless Systems I 
Chair:   Sami Muhaidat, Khalifa University of Science, Technology & Research 
Time:  August 7, 2013, 13:10 - 14:50 
Location:  Rosa M. Ailabouni 

Cognitive Vision Communication Based on LED Array and Image Sensor ...............................................................................  1228 
Jong-Ho Yoo (Yeungnam University), Sung-Yoon Jung (Yeungnam University) 
[Abstract] In this paper, we propose a brand new communication concept, called as "vision communication" based on LED array and 
image sensor. This system consists of LED array as a transmitter and digital device which include image sensor such as CCD and 
CMOS as receiver. In order to transmit data, the proposed communication scheme simultaneously uses the digital image processing 
and optical wireless communication scheme. Therefore, the cognitive communication scheme is possible with the help of recognition 
techniques used in vision system. By using LED array as transmitter, the increase of data rate is possible similar to MIMO skills used 
in traditional wireless communications. In addition, image sensor makes it possible to spatially separate the optical noises such as sun 
light and ambient lights in communication environment. Through experiment based on practical test bed system, we confirm the valid-
ity of the proposed vision communications based on LED array and image sensor. 

Gain: Changed Meanings for Compressed Amplifiers .................................................................................................................  1232 
Earl McCune (RF Communications Consulting) 
[Abstract] With intentional compressed amplifier operation to achieve higher energy efficiencies, it is constructive to revisit the con-
cept of amplifier gain because when an amplifier operates in compression the output signal is no longer directly proportional to the in-
put signal.  Two approaches to the concept of gain, slope-gain and ratiometric gain, are examined in this nonlinear regime.  These 
measures are shown to match at small signal levels and diverge as amplifier compression increases.  Slope-gain characteristics relate 
directly to output waveform distortion, and hence to amplifier linearizer design.  Gain measured by power differenced in dB, widely 
used in RF engineering standard practice, is shown to be a ratiometric measure and not directly applicable to linearizer design. 

Outage Performance Analysis of Basic Receive Diversity Combining Schemes in Nakagami-0.5 Fading Channel ...............  1235 
Vinay Kumar Pamula (University College of Engineering Kakinada), Srinivasa Rao Vempati (Anurag Engineering College), 
Habibulla Khan (Koneru Lakshmaiah College of Engineering), Anil Kumar Tipparti (SR Engineering College) 
[Abstract] This paper presents a study on the outage performance analysis of basic receive diversity combining schemes in terms of 
outage probability and average outage duration over Nakagami-0.5 fading channels.  Recent attention has been given to Nakagami-0.5 
fading channel as a special case of Nakakgami-m fading channel with m = 0.5 and as a worst-case (severe) fading scenario.  Closed-
form expressions for outage probability and average outage duration are derived for selection combining (SC), equal gain combining 
(EGC) and maximal-ratio combining (MRC) diversity schemes.  The expressions derived are numerically evaluated to study the effect 
of diversity order and multipath intensity profile (MIP) on the system performance. 



Session C4P-G: Hardware/Software Co-Design 
Chair:   Abhilash Goyal, Oracle 
Time:  August 7, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

A Variable-Latency Floating-Point Division in Association with Predicted Quotient and Fixed Remainder .........................  1240 
Tranbichthuan Pham (Hunan University and Industrial University of Hochiminh City), Yi Wang (Hunan University and 
National University of Singapore), Renfa Li (Hunan University) 
[Abstract] A new algorithm to accelerate the execution of floating point division for the final quotient is presented in this paper. In 
this algorithm, the quotient of each step is predicted and then the final quotient is achieved by accumulating all the predicted quotients. 
If the prediction is correct, the number of iterations can be reduced and thus the speed increases. Generally, about 5 iterations are 
needed to reach a final quotient, but the number of this iteration could be bigger or smaller depending on the accuracy of the predic-
tion, the capacity of the accumulated quotient, the comparison with the result register, the number of fractions and the required re-
mainder set by users. In addition, the proposed method only takes up 0.4% to 6% area on a Field-Programmable-Gate-Arrays (FPGA) 
chip which is quite small. The study also shows that if there are more values in Look-Up-Table (LUT), the final quotient can be found 
faster with only fewer iterations. By extending more bits for quotient (the bit width of original quotient is 5-bits), we accelerated the 
procedure to achieve the final quotient and the needed number of additions is significantly reduced. 

Reliable Pre-Scheduling Delay Estimation for Hardware/Software Partitioning ......................................................................  1246 
Rania O. Hassan (Cairo University), M.B. Abdelhalim (CCIT-AASTMT), S.E.-D. Habib (Cairo University) 
[Abstract] Hardware and Software co-design has become one of the main methodologies in modern embedded systems. The partitioning 
step, i.e. to decide which components of the system should be implemented in hardware and which ones in software, is the most important 
step in the embedded systems. Since the costs and delays of the final design strongly depend on partitioning results, there is a need to get 
an accurate estimate for hardware area, delay and power. However, accurate delay estimation methods are slow as they need a scheduling 
step. In this paper, we propose a reliable delay estimation method to be used within the partitioning step prior to the scheduling step. 

Function Profiling for Embedded Software by Utilizing QEMU and Analyzer Tool ................................................................  1251 
Tran Van Dung (Ritsumeikan University), Ittetsu Taniguchi (Ritsumeikan University),  
Takuji Hieda (Ritsumeikan University), Hiroyuki Tomiyama (Ritsumeikan University) 
[Abstract] Function profiling is crucial for optimized embedded software which needs to have resource constraint, low level power 
consumption and real-time ability. In this work, we provide a fast and reliable solution by utilizing an instruction set simulator named 
QEMU and creating an analyzer tool. We developed a tracing module inside the simulator to trace execution information of software 
in run-time and log to the log file. Our implementation takes advantages of the dynamic binary translation of QEMU to keep its speed 
fast. After that, the analyzer tool analyzes the log file and creates a function profile. We implemented this methodology for ARM ar-
chitecture, and evaluated many kinds of embedded applications. 

Smart Card Fault Attacks on Elliptic Curve Cryptography .......................................................................................................  1255 
Jie Ling (Indiana University-Purdue University Indianapolis), Brian King (Indiana University-Purdue University Indianapolis) 
[Abstract] Blömmer, Otto, and Seifert  presented a fault attack on elliptic curve scalar multiplication called the Sign Change Attack, 
which causes a fault that changes the sign of the accumulation point.  As the use of a sign bit for an extended integer is highly 
unlikely, this appears to be a highly selective manipulation of the key stream. Here we describe two plausible fault attacks on a smart 
card implementation of elliptic curve cryptography. 

Session C4P-H: System Architectures and Hardware/Software Co-Design 
Chair:   Abhilash Goyal, Oracle 
Time:  August 7, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

Foggy Image Enhancement Based on Principal Component Analysis ........................................................................................  1259 
E. Salari (University of Toledo), M. Li (University of Toledo), D. Ouyang (University of Toledo) 
[Abstract] Foggy image enhancement is an important branch of digital image processing, which significantly benefits traffic and outdoor 
visual systems. To overcome the shortcomings of the existing foggy image enhancement algorithms, we have developed a method that 
combines Principal Component Analysis (PCA), Multi-Scale Retinex (MSR) and Global Histogram Equalization (GHE). Initially, a PCA 
transform is applied to the foggy image to split the input image into a luminance and two chrominance components.  In the second step, 
the luminance and the chrominance components are individually enhanced by MSR and GHE, respectively. In the final stage, an inverse 
PCA is applied to combine the results of the three channels into a new RGB image. Experimental results show that the proposed method 
can effectively be used to remove the image degradation captured in foggy weather and enhance the sharpness of the image. 



3D Ultrasonic Signal Compression Algorithms for High Signal Fidelity ....................................................................................  1263 
Pramod Govindan (Illinois Institute of Technology), Thomas Gonnot (Illinois Institute of Technology),  
Spenser Gilliland (Illinois Institute of Technology), Jafar Saniie (Illinois Institute of Technology) 
[Abstract] Ultrasonic signal processing applications require huge amounts of data to be processed. Further, high computational per-
formance is essential to meet the real-time requirements. Compression of the signal helps to reduce the data size and storage require-
ments as well as allow for rapid transmission of data to remote locations. High signal fidelity is significant in many of practical appli-
cations like ultrasound medical imaging and nondestructive testing. In this study, we discuss two methods for ultrasonic signal 
compression which offer high signal fidelity " Discrete Wavelet Transform and signal decimation with the Nyquist rate limit. The 
compression algorithm is implemented on a reconfigurable system-on-chip platform using programmable hardware logic as well as in 
software using an embedded processor. The implementation details and the performance of the compression algorithms on both the 
hardware and software are analyzed in this paper. 

From Simulations to Field Tests: PXI-Based Software Defined Wireless Platform for  
Performance Evaluation of FM-DCSK ..........................................................................................................................................  1267 
Tamás Krébesz (Budapest University of Technology and Economics), Géza Kolumbán (Pázmány Péter Catholic University), 
Francis C.M. Lau (Hong Kong Polytechnic University), Chi K. Tse (Hong Kong Polytechnic University) 
[Abstract] A universal software defined wireless platform and a specific method for its application is proposed here to perform field 
test measurements for performance evaluation of communications system. The platform implements every application, starting from 
the transmitter and receiver of wireless link, the virtual measurement instruments for the baseband signals and the performance 
evaluation algorithm, purely in software which solution offers high level of flexibility, and it provides an easy and cheap solution for 
performance testing. Since a PXI-based HW platform is also included in the solution proposed here, every physical RF analog signals 
generated or processed in software can be recovered. Both the analog RF output and input of the transceiver are available, therefore 
real field tests can be performed, even more, the performance of a communications system can be evaluated in a real operating net-
work. In this paper the performance of FM-DCSK wireless communications system, operated in the 2.4-GHz ISM band, is evaluated 
based on real field tests using PXI platform. A systematic method for validation of system implemented on the PXI HW is provided. 

Mobile Ultrasonic Signal Processing System Using Android Smartphone .................................................................................  1271 
Won-Jae Yi (Illinois Institute of Technology), Spenser Gilliland (Illinois Institute of Technology),  
Jafar Saniie (Illinois Institute of Technology) 
[Abstract] This study introduces a mobile ultrasonic signal processing system using an Android smartphone for remote ultrasonic testing 
and imaging applications. The smartphone receives the ultrasonic data using the Bluetooth connection from a data acquisition and commu-
nication unit (DACU). We developed two computational intense signal processing algorithms which are processed by the Android smart-
phone to explore the smartphone computing capabilities for ultrasonic testing applications. In particular, Split Spectrum Processing (SSP) 
and Chirplet Signal Decomposition (CSD) algorithms are considered for benchmarking and signal analysis. The analyzed data is displayed 
in real-time on the screen and streamed to a central location via Wi-Fi or cellular data networks for storage and further data analysis. 

Design and Development of a Robotic System for Clinical Assessment of Motor Deficits ........................................................  1275 
Vignesh Subbian (University of Cincinnati), Philip A. Wilsey (University of Cincinnati),  
Fred R. Beyette Jr. (University of Cincinnati) 
[Abstract] This paper describes the design of a custom robotic system that will be used for clinical evaluation of upper-limb motor 
performance. The system consists of a mechatronic component that is central to capturing of motor inputs, and a software component 
that constitutes various user interface applications. The focus of this paper is to elaborate the design of the mechatronic component 
and how it integrates with other elements of the system. 

Session C4P-J: Image Processing  I 
Chair:   Genevieve Sapijaszko, Devry University 
Time:  August 7, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

Camera-Based Forward Collision and Lane Departure Warning Systems Using SVM ...........................................................  1278 
E. Salari (University of Toledo), D. Ouyang (University of Toledo) 
[Abstract] This paper presents a unique camera-based Forward Collision Warning (FCW) and Lane Departure Warning (LDW) sys-
tems to improve the safety of road vehicle transportation. The video used in the algorithm is captured by an in-car camera. Initially, a 
Support Vector Machine (SVM) classifier is applied to the first frame of the video to locate the moving vehicle of interest in front of 
the host vehicle. Following this step, two separate warning systems, namely FCW and LDW are designed. For the FCW, the Time to 
Collision (TTC) is determined through the scale change method, and the FCW system will be activated when TTC is less than a prede-
fined threshold value. For the LDW system, the lane position information is analyzed and the warning is triggered if there is a lane de-
parture without the use of blinkers. The proposed camera based system can provide advantages over the traditional radar/laser based 
warning systems, in which both the LDW and the FCW information cannot be provided with the same system. Furthermore, the pro-
posed system provides additional flexibility at a lower cost. 



Lane Detection Using Fourier-Based Line Detector .....................................................................................................................  1282 
Payam S. Rahmdel (Middlesex University London), Daming Shi (Middlesex University London),  
Richard Comley (Middlesex University London) 
[Abstract] In this paper a new approach to lane marker detection problem is introduced as a significant complement for a semi/fully 
autonomous driver assistance system. The method incorporates advance line detection using multilayer fractional Fourier transform 
(MLFRFT) and the-state-of-art advance lane detector (ALD). Experimental results have shown a considerable reduction in computa-
tional complexity while increasing the detection accuracy. 

A Fast, Low Complexity Image Fusion Algorithm Based on Multiscale Transforms ...............................................................  1286 
Sarath Somasekharan Pillai (Concordia University), M.N.S. Swamy (Concordia University) 
[Abstract] In this paper, a novel image fusion algorithm based primarily on an improved multi-scale coefficient decomposition 
framework is proposed. The proposed framework uses a combination of non-subsampled contourlet and wavelet transforms for the 
initial multi-scale decompositions. The decomposed multi-scale coefficients are then fused twice using various local activity meas-
ures. Experimental results show that the proposed approach performs better or in par with the existing state-of-the art image fusion al-
gorithms in terms of quantitative and qualitative results. In addition, the proposed image fusion algorithm can produce high quality 
fused images even with computationally inexpensive two-scale decomposition. 

A Cost Effective 2-D Adaptive Block Size IDCT Architecture for HEVC Standard .................................................................  1290 
Liang Hong (Shanghai Jiao Tong University), Weifeng He (Shanghai Jiao Tong University), Hui Zhu (Shanghai Jiao Tong 
University), Zhigang Mao (Shanghai Jiao Tong University) 
[Abstract] High Efficiency Video Coding (HEVC) is the currently developing video coding standard by the MPEG and ITU organiza-
tions. Unlike previous video codec standards, HEVC employs variable block size integer DCT/IDCT to conduct spatial redundancy 
compression. In this paper, a novel 2-D IDCT VLSI architecture for HEVC standard is presented. Using adaptive block size schedul-
ing scheme, the proposed architecture supports variable block size IDCT from 4×4 to 32×32 pixels with low hardware overhead while 
keeping the highest performance. Using TSMC 65nm 1P9M technology, the synthesis result shows that the 2-D architecture achieves 
the maximum work frequency at 400MHz and the hardware cost is about 112.5K Gates. Experimental results show that the proposed 
architecture is able to deal with real-time adaptive HEVC IDCT of 4K×2K (4096×2048)@30fps video sequence at 179.4MHz. In con-
sequence, it offers a cost-effective solution for the future UHD applications. 

A Fast 8X8 Integer Tchebichef Transform and Comparison with Integer Cosine Transform for Image Compression ........  1294 
Soni Prattipati (Concordia University), S. Ishwar (Concordia University), M.N.S. Swamy (Concordia University), 
P.K. Meher (Institute for Infocomm Research) 
[Abstract] Presently, there is an undeniable need for novel transform coding techniques promising improved reconstruction and reduced 
computational complexity in the field of image and data compression. Discrete Tchebichef transform (DTT), though possessing valuable 
properties like energy compaction, is a potentially unexploited polynomial-based orthogonal transform, compared to the much popular 
Discrete Cosine transform (DCT). Specifically, integer DCT is widely used in the field of video compression in view of its ease of com-
putation and acceptable performance. However, specific features of the image, such as the structure and content, profoundly influence the 
quality of the reconstructed image after decompression. This paper focuses on identifying areas where integer DTT might be an alterna-
tive to integer DCT for image compression. An integer-transform for the fast computation of 8×8 DTT that reduces the computational 
complexity significantly is proposed.  The image compression performance of integer DTT and integer DCT are evaluated and compared. 

Session C4P-K: Image Processing II 
Chair:   Genevieve Sapijaszko, Devry University 
Time:  August 7, 2013, 14:50 - 16:00 
Location:  Great Hall Meeting Room 

Development of Effective Information-Hiding Method for Embedded Systems ........................................................................  1298 
Kei Nakao (Ritsumeikan University), Kohei Hozumi (Ritsumeikan University), Takeshi Kumaki (Ritsumeikan University), 
Takeshi Ogura (Ritsumeikan University), Takeshi Fujino (Ritsumeikan University) 
[Abstract] We report on the JPEG tolerance of proposed digital watermarking that uses the morphological wavelet transform based on 
max-plus algebra. We investigated the image quality and tolerance against graphical data compression attack of an image during the digi-
tal-watermarking contest. As a result, the embedded data could be completely extracted. The PSNR was 54.66 dB. Additional graphical 
data compression was done to reduce the file size to 1/20 or less of the original picture image and the error rate was reduced to 0%, and 
the PSNR was 54.35 dB. The processing time was confirmed to be about 148.6 times faster than that of conventional algorithms. 



Efficient Design of Adjustable Circular IIR 2D Filters ................................................................................................................  1302 
Radu Matei (Gh.Asachi' Technical University of Iasi) 
[Abstract] This paper proposes an analytical design method for 2D zero-phase recursive filters with a circularly-symmetric frequency 
response. The design is based on a maximally-flat low-pass prototype filter, whose transfer function is transformed using a specific 1D 
to 2D frequency mapping. An efficient pre-warping is applied before using the bilinear transform, which allows to obtain filters hav-
ing a central frequency close to the frequency plane margins, and still with an accurate circular shape, without any distortions. Finally 
the general filter matrices are obtained. The filter is adjustable in the sense that its bandwidth is specified by a parameter which ap-
pears explicitly in the filter coefficients. 

Enhancement of Low-Quality Fingerprint Images by a Three-Stage Filtering Scheme ...........................................................  1306 
Waziha Kabir (Concordia University), M. Omair Ahmad (Concordia University), M.N.S. Swamy (Concordia University) 
[Abstract] Fingerprint image quality heavily influences the recognition rate for fingerprint identification/verification systems. A low-
quality fingerprint image may consists of broken ridges, scars, smears, falsely conglutinated ridges, poor ridge and valley contrast, etc. 
In this paper, we propose a novel and effective three-stage scheme to enhance low-quality fingerprint images. The first-stage en-
hancement is performed by an oriented linear anisotropic diffusion filter with a local ridge orientation estimation that differs from tra-
ditional estimation method. The second-stage enhancement is obtained by an oriented local ridge compensation filter, followed by the 
third-stage enhancement with a novel angular filter. We compare the proposed method with two existing methods. The results show 
that the proposed method can improve the quality of the fingerprint images with a lower computational cost. 

2DHOOF-2DPCA Contour Based Optical Flow Algorithm for Human Activity Recognition .................................................  1310 
Fadwa Fawzy (Nile University), Moataz M. Abdelwahab (Nile University), Wasfy Mikhael (University of Central Florida) 
[Abstract] A novel algorithm for human activity recognition is presented in this paper. This approach is based on a new 2D represen-
tation for the Histogram of Oriented Optical Flow (2DHOOF) describing the motion of the actor’s contour, where one multi-layer 2D-
histogram per video sequence is constructed. Each histogram layer consists of 2D bins (layers) that represent different range of angles. 
Applying our 2DHOOF features descriptors on the actor’s contour reduces the storage requirement and the computation complexity 
since a sparse optical flow is calculated instead of dense optical flow. 

Session C4P-L: Design and Analysis of Control Systems, Mechatronics, and Robotics 
Chair:   Moataz AbdelWahab, Nile University 
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Location:  Great Hall Meeting Room 

A Comparison of Phase Locked Loop and FIFO Locked Loop ...................................................................................................  1314 
Fabio R. Bassan (CPqD), Cleber Akira Nakandakare (CPqD), Luis Paulo F. de Barros (CPqD),  
Fernando Rocha Pereira (CPqD), Arley Salvador (CPqD) 
[Abstract] In this paper we present a comparison of two methods to control the reading frequency of a First In First Out (FIFO) mem-
ory. The first method is based on the monitoring of its filling level and the other uses the synthesis of the writing frequency to generate 
and control the reading frequency. These control systems are used in data communication protocol justification architecture for tribu-
tary signal demapping. 

A Nonlinear Backstepping Control Design for Ball and Beam System .......................................................................................  1318 
Abdulhakim A. Ezzabi (Oakland University), Ka C. Cheok (Oakland University), Fatma A. Alazabi (Oakland University) 
[Abstract] In this paper, a technique for designing a Ball and Beam System controller based on a nonlinear backstepping design is pre-
sented. A control law is developed, and asymptotic stability based on a Lyapunov stability criterion is satisfied. The goal is to design a con-
troller for the ball position with the least overall energy consumption and minimum overshoot. In order to illustrate the efficiency of the 
proposed control strategy, the simulations are demonstrated and compared with [1]. The results show that the nonlinear backstepping de-
sign gives a smoother performance and needs less input magnitude compared to the LQR design. Moreover, the robustness of the proposed 
design with respect to parameter variations and different reference inputs is examined, and the simulations validated the control scheme. 

Adaptive Control of Indoor Temperature in a Building Using a Desirable Reference Temperature Profile ..........................  1322 
Sumera I. Chaudhry (Oakland University), Manohar Das (Oakland University) 
[Abstract] This paper introduces a technique for choosing a desirable reference temperature profile that is used with an adaptive one 
step ahead (OSA) and a weighted one step ahead (WOSA) controllers for controlling the indoor air temperature of a building. It also 
presents the results of a simulation study that compares the performance of the above controllers without and with optimization, and 
demonstrates better performance for the latter. 



Session C5L-A: Wireless Systems II 
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High-Resolution QRS Detection Algorithm for Wireless ECG Systems Based on Compressed Sensing Theory ...................  1326 
Mohammadreza Balouchestani (Ryerson University), Kaamran Raahemifar (Ryerson University),  
Sridhar Krishnan (Ryerson University) 
[Abstract] Wireless electrocardiogram (ECG) systems are responsible to collect and transmit the vital signals of cardiac patients wire-
lessly to medical centers for diagnostic and therapeutic purposes.  In this paper compressed sensing procedure is applied in ECG sig-
nals to provide a robust high-resolution QRS detection algorithm in the hospitals and medical centers with high probability and 
enough accuracy. Our simulation results for two records of ECG signals show an increment of 10% for sensitivity as well as 12% for 
the prediction level and good detection accuracy. The proposed algorithm also achieves significantly better detection rate in compari-
son with Empirical Mode Decomposition (EMD) method. 

On the Impact of Acceleration on the Performance of Mobile Cognitive Radios ......................................................................  1330 
Faroq A. Awin (University of Windsor), Esam Abdel-Raheem (University of Windsor), Majid Ahmadi (University of Windsor) 
[Abstract] Opportunistic dynamic access to unused spectrum bands without harmful interference to licensed users can be achieved by 
several methods. Most of these methods consider static spectrum sensors. Recently,researches focus on mobile spectrum sensors. In 
this work, we consider the impact of acceleration on the performance of spectrum sensing of a mobile sensor, we found that changing 
acceleration drastically affect the spatio-temporal diversity results in improving detection performance. 

Secure DS-CDMA Spreading Codes Using Fully Digital Multidimensional Multiscroll Chaos ...............................................  1334 
A.S. Mansingka (King Abdullah University of Science and Technology), M. Affan Zidan (King Abdullah University of Science 
and Technology), A.G. Radwan (Cairo University), K.N. Salama (King Abdullah University of Science and Technology) 
[Abstract] This paper introduces a generalized fully digital hardware implementation of 1-D, 2-D and 3-D multiscroll chaos through 
sawtooth nonlinearities in a 3rd order ODE with the Euler approximation, wherein low-significance bits pass all NIST SP. 800-22 
tests. The low-significance bits show good performance as spreading code for multiple-access DS-CDMA in AWGN and multipath 
environments, equivalent to Gold codes. This system capitalizes on complex nonlinear dynamics afforded by multiscroll chaos to pro-
vide higher security than conventional codes with the same BER performance demonstrated experimentally on a Xilinx Virtex 4 
FPGA with logic utilization less than 1.25% and throughput up to 10.92 Gbits/s. 

Space-Time Decoding with Imperfect Synchronization ...............................................................................................................  1339 
Garima Deep (University of Windsor), Behnam Shahrrava (University of Windsor), Shayondip Sinha (University of Windsor) 
[Abstract] In this paper we propose two new detection schemes for space-time block coded (STBC) systems in flat Rayleigh fading 
channels under the combined impairments of imperfect channel state information (CSI) and carrier frequency offset (CFO). First, we pro-
pose a detector consists of a maximal ratio combiner (MRC) which combines the signal from all the receive antennas to yield maximum 
signal-to-noise ratio (SNR) along with a maximum likelihood (ML) detector. Then, we design a minimum mean square error (MMSE) 
detector which optimizes the output in terms of minimum bit error rate (BER). Analysis of the relative performance of the proposed de-
tectors with the conventional methods is done by simulation for different modulation schemes and in the presence of multiple estimation 
error variances. It is shown that the proposed detectors can outperform the conventional detectors in terms of BER. 
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On-Chip Decoupling Architecture with Variable nMOS Gate Capacitance for Security Protection ......................................  1342 
Radu Muresan (University of Guelph), Matthew Mayhew (University of Guelph) 
[Abstract] This paper presents an on-chip partial decoupling architecture with variable nMOS gate capacitance as a PAA countermea-
sure. The preferred form of the countermeasure consists of a decoupling switch, primary gate capacitor, and a bank of secondary gate 
capacitors connected randomly.  This provides a low overhead and low complexity means of decoupling a sensitive cryptographic 
module from the power supply. The use of the secondary capacitors serves to mix and hide indirectly leaked information from previ-
ous cycles.  Test simulations targeting an AES Sbox module were performed using 65 nm technology.  Initial results showed that the 
proposed countermeasure protects against CPA attacks. 



NOA'S-Arc: NISC Based, Optimized Array Scalable Architecture ............................................................................................  1346 
Mohamed Wasfy Hassan (Arab Academy for Science and Technology and Maritime Transport), Ahmed A. Abouel Farag 
(Arab Academy for Science and Technology and Maritime Transport), Yasser Y. Hanafy (Arab Academy for Science and 
Technology and Maritime Transport) 
[Abstract] Statically scheduled scientific computing problems represent a large set of problems which requires intensive amount of 
computation. The common feature characteristics of this set of problems could be used to optimize an architecture, where the utiliza-
tion exceeds 90% of the peak performance. The proposed architecture is an array of reconfigurable NISC (No Instruction Set Com-
puter) processing elements (PE) connected by a reconfigurable NOC (Network On Chip). An optimized data path for a group of prob-
lems is suggested. The control of each PE is reconfigurable to customize for each application so as the NOC.  The architecture is 
simulated using a tile of 64 PEs to run LU decomposition algorithm of a dense matrix, and the results show a performance of 177 
GFLOPS, which outperforms the GPU NVIDIA 6800 & 7800 implementations and the OpenMP parallel programming multicore so-
lution using an Intel core 2 quad cpu with four processors cores. 

Design and Implementation of a 16-bit Flexible ROM-Less Direct Digital Synthesizer ............................................................  1350 
Sunny Raj Dommaraju (Wright State University), Saiyu Ren (Wright State University), George Y. Lee (Wright State University) 
[Abstract] A ROM-less direct digital synthesizer architecture is presented in this paper. This architecture eliminates the ROM based 
phase to sine wave amplitude converter, which is a bottleneck for pushing clock frequencies to gigahertz range. The design consists of 
a 16-bit phase accumulator, a set of 18 band pass finite impulse response filters, a 12-bit digital to analog converter and a low pass fil-
ter to produce a sine wave with frequencies ranging from 36 MHz to 72 MHz with a resolution of 3.05 KHz and a 55dB spur free dy-
namic range. The same hardware can be used to achieve output frequency ranging from hertz to gigahertz by changing the clock fre-
quency.A resolution of 0.05 Hz can be achieved by using a 32-bit phase accumulator. This design was simulated on Xilinx system 
generator and mapped on to Virtex-6 FPGA. 

Rank Determination Algorithm by Current Comparing for Rank Modulation Flash Memories ............................................  1354 
Mina Kim (Binghamton University), Mostafa Shaterian (Binghamton University),  
Christopher M. Twigg (Binghamton University) 
[Abstract] Rank modulation is a new data representation method for flash memories that uses the relative orders of memory cell lev-
els. With this innovative approach, flash memory reliability and storage capacity are improved at the same time. Previous rank modu-
lation hardware used winner-take-all circuits for rank determination. A new rank determination strategy is proposed, which is inspired 
by ramp data converters. The WTA is replaced by current-mode comparators and digital memories. Unlike with data converters, the 
linearity and absolute values of the conversions do not matter, so long as the relative ranks can be determined reliably. 

Timing Analysis in Software and Hardware to Implement NIST Elliptic Curves Over Prime Fields .....................................  1358 
Qian Ding (Vanderbilt University), Trey Reece (Vanderbilt University), William H. Robinson (Vanderbilt University) 
[Abstract] This paper presents an extensive and careful study of the timing results for a software implementation of the NIST-
recommended elliptic curves over prime fields. We have designed and simulated the important field operations and point operations 
on NIST-recommended elliptic curves over prime fields in C++ based on the MIRACL library for the purpose of optimized speed and 
efficiency. Specific experiments are conducted to study the data dependency relationship between input parameters (i.e., plaintext to 
encode) and output results (i.e., encoded message), and we found that the timing output is only contingent on the bit length of the in-
put, regardless of the randomicity (random or fixed) of the input. We believe the work of this paper can provide more accurate and 
comprehensive information when we compare the performance of a software implementation of NIST prime elliptic curves with the 
corresponding hardware implementation under different circumstances, such as worst-case scenario or average-case scenario. 
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Digital Watermarking of Color Images Utilizing Mobile Platforms ...........................................................................................  1363 
Lorenzo Antonio Delgado-Guillen (Instituto Tecnológico Superior de Zacatecas Norte),  
Jose Juan Garcia-Hernandez (CINVESTAV), Cesar Torres-Huitzil (CINVESTAV) 
[Abstract] This paper presents an strategy for watermarking on color images using a mobile phone. In the proposed scheme a digital 
watermark is inserted into a color image and can be retrieved after a digital-analog (D/A) and analog-digital (A/D) conversion process. 
Moreover, the proposed system is able to detect the watermarks after desycronization attacks such as rotation, scaling and translation. 
For the detection, the Neyman-Pearson criterion is utilized for the selection of a threshold, which consists in minimizing the overall 
error probability when the watermark is not actually present. Experimentation results show the effectiveness of the proposed approach. 



Power-Efficient CMOS Image Acquisition System Based on Compressive Sampling ..............................................................  1367 
Nikola Katic (École Polytechnique Fédérale de Lausanne), Mahdad Hosseini Kamal (École Polytechnique Fédérale de 
Lausanne), Mustafa Kilic (École Polytechnique Fédérale de Lausanne), Alexandre Schmid (École Polytechnique  
Fédérale de Lausanne), Pierre Vandergheynst (École Polytechnique Fédérale de Lausanne),  
Yusuf Leblebici (École Polytechnique Fédérale de Lausanne) 
[Abstract] A novel compressive sampling scheme suitable for highly scalable hardware implementations is presented. The prototype 
design is implemented in a 0.18µm standard CMOS technology and utilizes compressed acquisition to boost the overall power effi-
ciency. Specialized pixels, convenient for Comparator-Based Switched Capacitor readout are developed for this purpose. A custom 
measurement matrix generation algorithm is implemented which reduces in-pixel hardware complexity and performs measurement 
matrix generation in a single clock cycle. Column-Parallel Differential Cyclic-ADCs based on the Zero-Crossing Detection (ZCD) 
technique are used to convert the analog image measurements. Physical IC design issues such as the device noise, mismatch and non-
linearity, are analyzed and their effects on compressed image acquisition are discussed. The final simulation results show that the pro-
posed 256×256 pixels architecture consumes 1.45mW at 250fps and 26.2mW at 8000fps. The architecture can easily be scaled to-
wards newer technology nodes and higher image resolutions. 

Hierarchical Image-Scrambling Method with Scramble-Level Controllability for Privacy Protection ..................................  1371 
Toshiya Honda (Ritsumeikan University), Yuma Murakami (Ritsumeikan University), Yuki Yanagihara (Ritsumeikan 
University), Takeshi Kumaki (Ritsumeikan University), Takeshi Fujino (Ritsumeikan University) 
[Abstract] Privacy-protecting technology is essential in this surveillance society. Furthermore, the scale of surveillance systems be-
comes more diverse. Therefore, scrambling private information in an image can be a solution to simplifying a system. We propose an 
image-scrambling method for bitmap and JPEG formatted images. Our method enables access control by providing keys to authorized 
individuals. The image's format is retained. Experimental results suggest that scramble level can be controlled linearly by using pa-
rameters. We also developed a demo system for this method and confirm that this method can be applied to embedded systems such as 
those equipped with surveillance cameras. 

On a Low Complexity Steganographic System for Digital Images Based on Interpolation-Error Expansion ........................  1375 
Jose Juan Garcia-Hernandez (CINVESTAV) 
[Abstract] The main purpose of steganography is to hide the presence of communication process. Transparency is referred to the abil-
ity to avoid suspicion about the existence of a secret message. Several steganographic systems using digital images as host signals 
have been proposed. However, some of them such as frequency transform-based are computationally expensive. In this paper, a low 
complexity steganographic system for digital images is proposed. The core of the proposed system is an adaptation of the interpola-
tion-error expansion technique. From experimental results the high perceptual and statistical transparency of the proposed scheme are 
shown. Moreover, the proposed system embedding rate is similar and some times outperforms the frequency transform-based embed-
ding rate with lower computational complexity. 
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Improved Non-Restoring Division Algorithm with Dual Path Calculation ................................................................................  1379 
Kihwan Jun (University of Texas at Austin), Earl E. Swartzlander Jr. (University of Texas at Austin) 
[Abstract] This paper focuses on improving the performance of non-restoring division by reducing the delay. To improve its performance, 
two new approaches are proposed here. For the first proposed approach, a novel method to find a quotient bit for every iteration, which 
hides the total delay of the multiplexer with dual path calculation is presented. Secondly, a new method uses the modified Most Significant 
Carry (MSC) generator, which determines the sign of each remainder faster than a carry lookahead adder, which reduces the total delay. 

Fused Floating-Point Magnitude Unit ............................................................................................................................................  1383 
Jae Hong Min (University of Texas at Austin), Earl E. Swartzlander Jr. (University of Texas at Austin) 
[Abstract] A new fused floating-point magnitude unit to compute the square-root of the sum of two squares is proposed. Conventionally, 
the magnitude computation is executed by discrete serial or parallel floating-point units with conventional floating-point multiplication, 
squares, addition, and square-root units. The proposed fused floating-point magnitude design has an enhanced exponent unit because the 
exponent processes of the sum-of-squares and square-root can be merged. Moreover, normalization to make the exponent an even number 
is not necessary for the fused magnitude unit. Normalization and rounding processing between the squares, addition and square-root com-
putations are eliminated. This paper compares the fused magnitude unit with the conventional discrete floating-point magnitude units. 
Compared with the discrete parallel magnitude unit with conventional floating-point squarers, an adder, and a square-root unit, the fused 
floating-point magnitude unit has 24% less area, 24% less latency, and 27% less power consumption (26% less in the pipeline model). 



New Generation Carry Look Twice-Ahead Adder CL2A and Carry Look Thrice-Ahead Adder CL3A ...............................  1387 
Lalitha M. Kalyani Garimella (Intel Corporation), Sri R. Sudha Garimella (Intel Corporation),  
Kevin Duda (Intel Corporation), Eric Fetzer (Intel Corporation) 
[Abstract] Proposed innovation gives a faster, lower depth, lower power and lower area solution for addition. The paper describes two 
novel static gates developed for 4-bit Majority Carry Generate (MCG) and Majority Carry Propagate (MCP) operation in a single gate 
depth. Derivation of a novel 72-bit CL2A within 6 gate-depth, using MCG, MCP and a novel sparse5 (5x2n) algorithm with a variable 
sparse is described. Implementation of a novel 64-bit CL3A within 5 gate-depth, by extending CL2A with progressive sparse 1+30 + 
31 + 32 +…3n algorithm is described. Silicon evaluation of an 8-bit application for the CL2A is presented in 32nm. Post-layout results 
of 64-bit CL2A and 64-bit CL3A against Ling-Carry-select adder are presented in 14nm along with the advantages and limitations. 

On a Parallel Decimal Multiplier Based on Hybrid 8421-5421 BCD Recoding .........................................................................  1391 
Ming Zhu (University of Nevada Las Vegas), Abu M. Baker (University of Nevada Las Vegas),  
Yingtao Jiang (University of Nevada Las Vegas) 
[Abstract] In multi-digit parallel decimal multipliers, multiplication can be broadly divided into two major steps: partial product gen-
erations (PPGs) and partial product accumulations (PPAs). Although most operands in decimal multipliers are represented in popular 
8421 BCD codes, alternative 4221 and 5211 BCD codes are also sometimes employed, alone or mixed with 8421 codes, to represent 
the partial products, with a hope that by doing so, the multipliers’ area/time efficiency will be improved. We propose an 8421-5421 
BCD multiplier that is equipped with a simplified precomputation stage for computing the needed multiples of the multiplicand based 
on 8421-5421 recoding for PPG and an improved 8421 carry-lookahead adder tree for PPA. This 8421-5421 decimal multiplier is 
compared against two best known multiplier designs using 90nm TSMC technology. The simulation results have confirmed that the 
proposed 8421-5421 multiplier achieves the lowest delay and is the most time-area efficient design. 

Low Power Floating-Point Multiplication and Squaring Units with Shared Circuitry .............................................................  1395 
Jason Moore (Southern Methodist University), Mitchell A. Thornton (Southern Methodist University),  
David W. Matula (Southern Methodist University) 
[Abstract] An architecture for a combinational floating point multiplier and squarer is designed for the purpose of producing a low 
power floating point square with a small area footprint. The floating point multiplier and squarer architecture are compared to each 
other to show the power advantage of the squarer. The multiplier and squarer are combined into one circuit in order to take advantage 
of the squarer power improvements while minimally increasing the area.   Shared circuitry among the units provides justification for 
inclusion of a dedicated squarer since a small amount of additional circuitry is required and the power savings for squaring computa-
tions is significant as compared to the use of a general-purpose multiplier to generate a square value. 
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Recursive Implementation of Gaussian Filters with Switching and Reset Hardware ...............................................................  1399 
Sami Khorbotly (Valparaiso University), Firas Hassan (Ohio Northern University) 
[Abstract] This paper suggests the use of linear programming and curve fitting to approximate Gaussian filters with a combination of 
recursive linear-phase exponential filters. The switching and reset method is used to create a stable implementation of an otherwise 
unstable pole-zero cancelation in the exponential filters. The results show that an accurate approximation of a Gaussian filter, of any 
order, can be recursively implemented using only 18 constant coefficient multipliers and 26 adders. 

Efficient Implementations of Complex Block Conjugate Gradient LMS with Individual Adaptation ....................................  1403 
Ying Liu (University of Central Florida), Wasfy B. Mikhael (University of Central Florida) 
[Abstract] Recent advances in signal processing hardware has made possible the implementation of sophisticated algorithms. The 
Complex Block Conjugate Least Mean Square algorithm with Individual adaptation (CBCI-LMS) has recently been proposed and ap-
plied in adaptive filtering applications. This technique involves matrix inversion, which is computationally intensive. To improve the 
feasibility of the algorithm in practice, especially for high-order adaptive systems, this paper proposes two efficient implementations 
of the CBCI-LMS algorithm. The first efficient implementation applies an iterative matrix inversion lemma without any sacrifice in 
convergence speed and accuracy. The second method further simplifies the algorithm by using a diagonal matrix for approximation at 
the first iteration, at the expense of a few additional iterations to achieve convergence. Both of the simplified approaches effectively 
reduce the computational complexities of the CBCI-LMS algorithm. 



An Algorithm for Extremal Eigenvectors Computation of Hermitian Matrices and its FPGA Implementation ...................  1407 
G. Lucius (Thales Systèmes Aéroportés SAS), F. Le Roy (École Nationale d'Ingénieurs de Brest),  
D. Aulagnier (Thales Systèmes Aéroportés SAS), S. Azou (École Nationale d'Ingénieurs de Brest) 
[Abstract] We consider the problem of implementing an algorithm for the extraction of leading eigenvectors of a small Hermitian ma-
trix on field-programmable gate array (FPGA). The evolution of FPGAs can now handle increasingly bandwidth problems or larger in 
size. Jacobi algorithms are usually implemented in FPGA for real matrix size not exceeding 20*20. The increase in size or complex 
number problem may lead to use other algorithms such as Lanczos, which are rarely implemented on FPGA. Recently, it has been 
pointed out that the Lanczos method can efficiently address the extreme eigenvalues computation problem on FPGA, for medium size 
real matrices. This paper presents an algorithm for the extraction of extremal eigenvalues and corresponding eigenvectors for small 
Hermitian matrix using a high-level approach for the architecture synthesis. 

Efficient AES-GCM for VPNs Using FPGAs ................................................................................................................................  1411 
Karim M. Abdellatif (LIP6, Paris VI), R. Chotin-Avot (LIP6, Paris VI), H. Mehrez (LIP6, Paris VI) 
[Abstract] Since its acceptance as the adopted authenticated encryption algorithm, AES-GCM has been utilized in various security-
constrained applications. This paper describes the benefits of adding key-synthesized property to AES-GCM using FPGAs. Presented 
architectures can be used for applications which require encryption and authentication with slow changing keys like Virtual Private 
Networks (VPNs). Our architectures were evaluated using Virtex4 and Virtex5 FPGAs. It is shown that the performance of the pre-
sented AES-GCM architecture outperforms the previously reported ones. 

A Reformulated Systematic Resampling Algorithm for Particle Filters and its Parallel Implementation in an  
Application-Specific Instruction-Set Processor .............................................................................................................................  1415 
Qifeng Gan (École Polytechnique de Montréal), J.M. Pierre Langlois (École Polytechnique de Montréal),  
Yvon Savaria (École Polytechnique de Montréal) 
[Abstract] Particle filters (PFs) are computationally intensive, which prevents them from being widely used in some real-time appli-
cations with high throughput requirements. A parallel implementation is a feasible approach to enable using PFs in these applications. 
However, effective resampling algorithms such as the Systematic Resampling (SR) algorithm are sequential in nature. In this paper, 
we propose a new form of the SR algorithm suitable for parallel implementation in an Application-Specific Instruction-set Processor 
(ASIP). Six custom instructions were designed for this reformulated SR algorithm. Experimental results show that the ASIP imple-
mentation of the reformulated SR algorithm, with four weights calculated in parallel, and eight categories defined by uniformly dis-
tributed numbers that are compared simultaneously to achieve a 30.6× speedup over the serial SR algorithm in a general-purpose 
processor. This comes at a cost of only 54K additional gates, or 68% overhead to be added to a base processor with 79K gates. 
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Predictor-Based System Identification Under Noise .....................................................................................................................  1419 
Young-Man Kim (University of Michigan-Flint) 
[Abstract] In this paper we applied predictor-based system identification technique to several different systems, which are identified 
without and with integrated noise. The PBSID uses the Kalman observer whose Kalman gain is calculated from the Riccati equation 
thus, the observer matrix is guaranteed to be stable even identified system is unstable. We applied this concept to the CD player arm 
and the food extruder system to show its effectiveness with simulation using the Matlab©. 

Generalized Synchronization Between Colpitts and Chua Circuits ............................................................................................  1423 
Rafael Martínez-Guerra (Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional),  
Juan L. Mata-Machuca (Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional), 
Aurora Rodríguez-Martínez (Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional) 
[Abstract] In this contribution, we investigate the Generalized synchronization (GS) problem of strictly different nonlinear systems. 
GS in nonlinear systems appears when the states of one system, through a functional mapping are equal to states of another. This 
mapping can be obtained if there exist a differential primitive element which generates a differential transcendence basis. The first 
component of the differential transcendence basis is called differential primitive element and, in general, is defined by means of a lin-
ear combination of the known states and the control input. Furthermore, we construct a dynamical feedback controller able to achieve 
complete synchronization in the coordinate transformation systems and GS in the original coordinates. These particular forms of GS 
are illustrated with numerical results of Colpitts and Chua circuits. 



Path Planning Algorithm for a Mobile Robot with a Synchronous Propulsion Architecture ...................................................  1427 
Jesus Peralta Cardozo (Universidad Distrital Francisco José de Caldas), Luis Alzate Bedoya (Universidad Distrital 
Francisco José de Caldas), Julian Camargo Lopez (Universidad Distrital Francisco José de Caldas) 
[Abstract] In this paper an algorithm is proposed to plan the path to be taken by a robot in order to reach a specific coordinate. The 
algorithm is proposed to be used in a robot with a synchronous propulsion architecture, because this architecture improves robot 
odometry and has not been common in navigation tasks, mapping and localization. Furthermore, this algorithm determines the shortest 
path with respect to the resolution of the displacement and rotation of the robot, minimizing the efforts to reach the desired goal. 

Identification of Unstable System Using LQG Controller ............................................................................................................  1431 
Young-Man Kim (University of Michigan-Flint) 
[Abstract] In this paper we apply predictor-based system identification technique to unstable system to identify system dynamics. 
Due to instability, we need to avoid diverging output by designing controller which can keep the system poles inside unit circle in dis-
crete time domain. This technique is applied to identify highly oscillatory wind turbine systems. In both cases, the I/O data collected 
by forming feedback controller (in this case, LQG controller in 1-DOF) have been successfully used for identification of unstable and 
oscillatory wind turbine systems. Its effectiveness is demonstrated with simulation using the Matlab©. 
 
 




