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Abstract—A power-rail ESD clamp circuit with a new proposed 
ESD-transient detection circuit which adopts a ultra small 
capacitor to achieve the required functions has been presented 
and substantiated to own a long turn-on duration and high turn-
on efficiency. In addition, the power-rail ESD clamp circuits with 
the new proposed ESD-transient detection circuit also presented 
an excellent immunity against the mis-trigger and the latch-on 
event under the fast power-on condition.  

INTRODUCTION 

ElectroStatic Discharge (ESD) protection has become a tough task 
on the product reliability of CMOS integrated circuits fabricated in 
the advanced nanoscale technology. The scaled down device 
dimension with thinner gate oxide and shallower junction depth in 
nanoscale CMOS technology is easily damaged by ESD stress. The 
power-rail ESD clamp circuit is an efficient design to achieve whole-
chip ESD protection in IC products [1], [2]. It not only can enhance 
ESD robustness of VDD-to-VSS ESD stress, but also can 
significantly improve ESD robustness of the ESD stresses between 
input/output and VDD/VSS [2]. To efficiently protect the core 
circuits realized with much thinner gate oxide in nanoscale CMOS 
technology, some studies had reported the efficient NMOS-based 
power-rail ESD clamp circuits without snapback operation [3]-[9]. 
All of them adopted the gate-driven mechanism [1]-[9], which was 
basically implemented by an ESD-transient detection circuit and  a 
controlling circuit, to respectively command the main ESD clamp 
NMOS transistor into the on state or the off state under the ESD-
stress conditions and normal circuit operation conditions, as 
illustrated in Fig. 1.  

Two major different circuit schemes, which are RC-time delay 
technique [1]-[7] and capacitance coupling mechanism [8], [9], were 
usually used as the ESD-transient detection circuit in the power-rail 
ESD clamp circuit. Then, the controlling circuit was always 
implemented by single- or multi-stage inverters. In such power-rail 
ESD clamp circuit, main ESD clamp NMOS transistor can 
thoroughly discharge huge ESD current by its channel current to 
exhibit excellent turn-on efficiency, such as lower trigger voltage 
(Vt1) and lower clamped voltage (Vclamp). The main ESD clamp 
NMOS transistor without snapback operation has to be kept at the on 
state under the whole duration of ESD events in order to ensure that 
the ESD current can be discharged by its channel current. Based on 
the traditional RC-based ESD-transient detection circuit [1], [2], the 
RC-time constant which is the product of the resistance (R) and 
capacitance (C) essentially dominated the turn-on duration of the 
main ESD clamp NMOS transistor. Therefore, the RC-time constant 
of the RC-based ESD-transient detection circuit should be designed 
to sufficiently achieve a desirable turned-on duration of the main 
ESD clamp NMOS transistor. In general, the turn-on duration was 
adjusted to meet the period of human-body-model (HBM) ESD event, 
which is about several hundred nano-seconds (ns) [10]. The extended 

RC-time constant not only accompanies with the larger layout sizes 
of the resistance and capacitance, but also is subject to mis-trigger 
the main ESD clamp NMOS transistor under fast power-on 
applications [5]. Several previous works proposed special circuit 
schemes with feedback circuit techniques to extend the turn-on 
duration under a small RC-time constant [3]-[5], [8]-[9]. However, 
those feedback circuit designs always suffered from the latch-on 
threats under the fast power-on events or the electrical fast transient 
noise [11]. Besides, other circuit schemes without feedback circuit 
techniques, such as on-time control circuit [4] and multi-RC-
triggered [6], also had been presented to achieve the desirable turn-
on duration and to avoid the latch-on threat. However, extra 
resistances and capacitances have to be implanted into these designs, 
which occupying a quite silicon area. 
 

 
FIGURE 1. Typical design scheme for NMOS-based power-rail ESD 
clamp circuit with an ESD-transient detection stage and controlling 
stage. 
 

In this work, an efficient ESD-transient detection circuit has been 
proposed and verified in 130-nm 1.2-V CMOS technology. This 
design abandons the feedback circuit techniques and adopts 
capacitance coupling mechanism to accomplish the desirable 
function on commanding the main ESD clamp NMOS transistor. 
Through experimental measurements, such as turn-on verification, 
ESD stress, and fast power-on test, this power-rail ESD clamp circuit 
with the new proposed ESD-transient detection circuit presents an 
excellent performance to meet the specific requirements. According 
to the measured results, the new proposed ESD-transient detection 
circuit possesses the sufficient turn-on duration under the ESD-stress 
conditions and high mis-trigger and latch-on immunities under the 
fast power-on conditions.  

REALIZATION OF POWER-RAIL ESD CLAMP CIRCUIT 

Area-efficient ESD-transient detection circuit with ultra small 
capacitor has been presented in Fig. 2, which adopts capacitance 
coupling mechanism to achieve the required functions on the power-
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rail ESD clamp circuit. This area-efficient ESD-transient detection 
circuit consists of an ultra small capacitor (C1), cascode NMOS 
transistors (Mnc1 and Mnc2), a resistor (R1), and a switch NMOS 
transistor (Mns), commanding the main ESD clamp NMOS transistor 
through a controlling circuit with single-stage inverter. The ultra 
small capacitor is implemented by metal-oxide-metal (MOM) 
parasitic capacitance. The cascode NMOS transistors are used as a 
large resistor and cooperated with the ultra small capacitor to 
construct a capacitance coupling network [12]. The node A between 
the ultra small capacitor and the cascode NMOS transistors is 
connected to gate terminal of the switch NMOS transistor. Then, its 
drain terminal is tied to the VDD through the resistor and also 
connected to the input of the controlling circuit. Through the 
controlling circuit, the switch NMOS transistor can rule the main 
ESD clamp NMOS transistor to keep at “on” or “off” state. Finally, 
the main ESD clamp NMOS transistor has been drawn with the 
BigFET layout style, which has the minimum drain-contact-to-poly -
gate spacing of 0.25 μm and without silicide blocking on its 
diffusion. This testchip is fabricated in a 130-nm 1.2-V CMOS 
process. Compared with the layout area of the power-rail ESD clamp 
circuit with traditional RC-based ESD-transient detection circuit, this 
work with the new proposed ESD-transient detection circuit is far 
smaller in the power-rail ESD clamp circuit, as shown in Figs. 3(a) 
and 3(b). The cell height of the novel power-rail ESD clamp circuit is 
reduced about 15 % and the layout area of the ESD-transient 
detection circuit is more reduced about 50 %.  
 

 
FIGURE 2. Novel power-rail ESD clamp circuit with a new proposed 
ESD-transient detection circuit. 
 

During the positive VDD-to-VSS ESD stress condition, the 
potential of the node A will be synchronously evaluated toward a 
positive voltage potential by the capacitance coupling of the ultra 
small capacitor to trigger on the switch NMOS transistor. Then, 
through the switch NMOS transistor and the controlling circuit, the 
gate terminal of the main ESD clamp NMOS transistor will be 
promptly charged toward the positive voltage potential. The main 
ESD clamp NMOS transistor is turned on to clamp and discharge the 
huge ESD voltage and ESD current. The turn-on duration of the main 
ESD clamp NMOS transistor is dominated by the potential of node 
A. This potential is synchronously kept at the positive voltage 
potential by the capacitance coupling; however, it will be slowly 
pulled down due to the turned-on cascode NMOS transistors. 
Because the gate terminals of these two cascode NMOS transistors 
with small device dimensions have been connected to their drain 
terminals, they are operated at saturation region to provide a huge 
resistance under the positive VDD-to-VSS ESD event. Finally, when 

the potential of node A is lower than the threshold voltage of NMOS 
transistor, the switch NMOS transistor will be turned off to force the 
main ESD clamp NMOS transistor off. Based on the simulation 
result, the turn-on duration of the main ESD clamp NMOS transistor 
can achieve over 600 ns in the power-rail ESD clamp circuit with the 
ultra small capacitor of only ~10 femto-Farad (fF), as presented in 
Fig. 4. 
 

 
(a) 

 
(b) 

FIGURE 3. The comparison of the layout areas between the power-rail 
ESD clamp circuits with (a) the traditional, and (b) the new proposed, 
ESD-transient detection circuits. 
 

 
Figure 4. The simulation result of the voltage potential on the gate 
terminal of main ESD clamp NMOS transistor in power-rail ESD 
clamp circuit. 
 

The 3-V voltage pulse with rise time of 2 ns was applied on VDD 
node with VSS node grounded. The voltage potential on the gate 
terminal of main ESD clamp NMOS transistor is higher than the 
threshold voltage of ~0.35 V during the period of ~620 ns.  The 
detailed design parameters, such as device sizes of cascode NMOS 
transistors and switch NMOS transistor, have been listed in Table I. 
On the other hand, the parasitic drain-bulk diode of the main ESD 
clamp NMOS transistor can provide low impedance path under 
negative VDD-to-VSS ESD stress. Under the normal power-on 
condition, the normal VDD power-on voltage waveform has a rise 
time in the order of milli-second (ms). Such power-on voltage 
waveform will not produce enough coupling potential on the node A 
to trigger on the switch NMOS transistor. The potential of node A 
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will be actually kept at ground through the high resistance path of the 
cascode NMOS transistors. Therefore, the main ESD clamp NMOS 
transistor will be kept at “off” state under the normal circuit 
operation condition. Besides, the power-rail ESD clamp circuit with 
the new proposed ESD-transient detection circuit also presents a high 
immunity against mis-trigger and latch-on event.  
 
TABLE I. Design parameters in the power-rail ESD clamp circuit with 

the new proposed ESD-transient detection circuit 
Design Parameters 

Ultra Small Capacitor 10 fF 
Device Size of Cascode 

NMOS 4 μm/2 μm (W/L) 

Resistor 1.5 kΩ 
Device Size of Switch 

NMOS 60 μm 

Device Size of Main ESD 
Clamp NMOS 2600 μm 

 
EXPERIMENTAL RESULTS 

A. Turn-On Verification under ESD-Like Stress Condition  

In order to observe the turn-on efficiency of the power-rail ESD 
clamp circuit with the new proposed ESD-transient detection circuit, 
2.4-V and 5-V ESD-like voltage pulses with 2-nano-seconds (ns) rise 
time are applied on the VDD terminal with VSS terminal grounded. 
The voltage pulses with a rise time of 2 ns and duration of 1 μs 
generated from a pulse generator are used to simulate the fast rising 
edge of HBM ESD event [10]. The sharp-rising edge of the ESD-like 
voltage pulse will be detected by the ESD-transient detection circuit 
and then to turn on the switch NMOS transistor. The main ESD 
clamp NMOS transistor is therefore triggered on by the controlling 
circuit. When the main ESD clamp NMOS transistor is turned on, the 
voltage waveform on VDD terminal will be clamped as the measured 
results shown in Fig. 5.  
 

 
FIGURE 5. The measured voltage waveforms of the power-rail ESD 
clamp circuits with the traditional and the new proposed ESD-
transient detection circuits under 5-V ESD-like voltage pulses with 
2-ns rise time. 

 
According to the measured results in Fig. 5, the new proposed 

design exhibits an excellent turn-on efficiency to clamp the 
overshooting voltage to a much lower voltage level. The voltage 
waveform of the new proposed design can be constantly clamped by 
the turned-on main ESD clamp NMOS transistor during the whole 1-

μs pulse width. On the contrary, the voltage waveform of the 
traditional design will quickly raise and its clamped voltage is much 
higher than that of the new proposed design after the duration of 200 
ns. The new proposed ESD-transient detection circuit can efficiently 
extend the turn-on duration of the main ESD clamp NMOS transistor 
in the power-rail ESD clamp circuit. The longer turn-on duration of 
the main ESD clamp NMOS transistor would assure that the low 
impedance path was entirely provided from VDD to VSS under the 
whole HBM ESD event, and would also enhance the ESD robustness 
of the power-rail ESD clamp circuit.   

B. ESD Robustness and Failure Analysis 

Table II shows the HBM and machine model (MM) [13] ESD 
robustness of these two power-rail ESD clamp circuits. The HBM 
and MM ESD robustness of the power-rail ESD clamp circuit with 
the new proposed ESD-transient detection circuit are 8.0 kV and 400 
V, respectively, which are obviously higher than those of the power-
rail ESD clamp circuit with the traditional ESD-transient detection 
circuit. According to the failure analysis by SEM observation, the 
failure spot of the traditional design is located on the unexpected 
junction melting damages between the n+/n-well minority guard ring 
and the p+ majority guard ring after 6.0-kV HBM ESD stress, as 
shown in Figs. 6(a) and 6(b). Because the power-rail ESD clamp 
circuit with traditional ESD-transient detection circuit has 
insufficient turn-on duration, the huge ESD current could not 
efficiently discharge during the whole HBM ESD event to induce the 
unexpected failure spot after 6.0-kV HBM ESD stress.  
 
TABLE II.  HBM and MM ESD robustness of the power-rail ESD 
clamp circuits with the traditional and the new proposed ESD-
transient detection circuits.  

Design HBM MM
Traditional 5.5 kV 200 V

New Proposed 8.0 kV 400 V
 

 
  (a)                                                          (b) 

FIGURE 6. The failure spot of the power-rail ESD clamp circuit with 
traditional ESD-transient detection circuit after 6.0-kV HBM ESD 
stresses.  
 
C. Fast Power-On Condition and Discussion 

In general, the normal VDD power-on voltage waveform has a 
rise time in the order of milli-second (ms) and amplitude of VDD 
operation voltage. Due to such a slow rise time and small amplitude 
in normal power-on conditions, the coupling potential on the node A 
is too weak to turn on the switch NMOS transistor. Therefore, the 
main ESD clamp NMOS transistor will be well kept at off state. In 
this work, both power-rail ESD clamp circuits with the traditional 
and the new proposed ESD-transient detection circuits can 
successfully achieve this desirable task under normal power-on 
conditions. However, some previous studies [5], [11] have illustrated 
that several power-rail ESD clamp circuits with RC-based ESD-
transient detection circuits and feedback circuit schemes were easily 
mis-triggered and into the latch-on state under the fast power-on 
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conditions with the rise time in the order of nano-second (ns). The 
design with the new proposed ESD-transient detection circuit has 
been applied with 1.2-V voltage pulses with 100-ns or 2-ns rise time, 
both of which are used to simulate the fast power-on condition, to 
investigate its immunities against the mis-trigger and latch-on event. 
The measured results are respectively shown in Figs. 7(a) and 7(b). 
Its measured voltage waveforms do not show any obvious 
degradation under the fast power-on condition with voltage pulse of 
1.2 V and rise time of 100 ns or 2 ns. On the contrary, the power-rail 
ESD clamp circuit with the traditional ESD-transient detection 
circuit suffered from the mis-trigger under the fast power-on 
conditions. Its voltage waveforms will be slightly degraded under the 
1.2-V fast power-on pulse with 100-ns rise time, and dramatically 
degraded under that with 2-ns rise time. Compared with the results in 
the previous studies [4]-[6], [8], [9], the power-rail ESD clamp 
circuit with new proposed ESD-transient detection circuit possesses 
an excellent immunity against mis-trigger and latch-on event. 
Because the new proposed ESD-transient detection circuit adopts the 
capacitance coupling mechanism, this new proposed design not only 
distinguishes the abnormal overshooting voltage pulse by its rise 
time, but also discriminates this voltage pulse by its voltage 
amplitude. The new proposed ESD-transient detection circuit can 
easily distinguish the ESD event from the fast power-on condition 
with the voltage amplitude of 1.2 V and the rise time of 2 ns. 

 

 
(a) 

 
(b) 

FIGURE 7. The measured voltage waveforms of the power-rail ESD 
clamp circuits with the traditional and the new proposed ESD-
transient detection circuits under the 1.2-V fast power-on conditions 
with (a) 100-ns rise time and (b) 2-ns rise time. 

CONCLUSION 

A new proposed ESD-transient detection circuit cooperated with 
NMOS-based power-rail ESD clamp circuit has been presented and 
successfully verified in a 130-nm CMOS technology. The new 
proposed ESD-transient detection circuit adopts the capacitance 
coupling mechanism and a switch NMOS transistor to command the 
main ESD clamp NMOS transistor by the general controlling circuit 
with single-stage inverter. According to the measured results, the 
power-rail ESD clamp circuit with the new proposed ESD-transient 
detection circuit exhibits the superior ESD robustness of 8.0 kV and 
400 V in HBM and MM ESD stresses, respectively. Moreover, it 
also possesses an excellent immunity against the mis-trigger and 
latch-on event under the 1.2-V fast power-on condition with the rise 
time of 2 ns.  

REFERENCES 

[1] R. Merrill and E. Issaq, “ESD design methodology,” in Proc. 
EOS/ESD Symp., 1993, pp. 233-237.  

[2] M.-D. Ker, “Whole-chip ESD protection design with efficient 
VDD-to-VSS ESD clamp circuits for submicron CMOS 
VLSI,” IEEE Trans. Electron Devices, vol. 46, pp. 173-183, 
1999. 

[3] S. Poon and T. Maloney, “New considerations for MOSFET 
power clamps,” in Proc. EOS/ESD Symp., 2002, pp. 1-5. 

[4] M. Stockinger, J. Miller, M. Khazhinsky, C. Torres, J. Weldon, 
B. Preble, M. Bayer, M. Akers, and V. Kamat, “Boosted and 
distributed rail clamp networks for ESD protection in 
advanced CMOS technologies,” in Proc. EOS/ESD Symp., 
2003, pp. 17-26. 

[5] J.-J. Li, R. Gauthier, and E. Rosenbaum, “A compact, timed-
shutoff, MOSFET-based power clamp for on-chip ESD 
protection,” in Proc. EOS/ESD Symp., 2004, pp. 273-279. 

[6] J.-J. Li, R. Gauthier, S. Mitra, C.Putnam, K. Chatty, R. 
Halbach, and C. Sequin, “Design and characterization of a 
multi-RC-triggered MOSFET-based power clamp for on-chip 
ESD protection,” in Proc. EOS/ESD Symp., 2006, pp. 179-185. 

[7] O. Quittard, Z. Mrcarica, F. Blanc, G. Notermans, T. Smedes, 
and H. Zwol, “ ESD protection for high-voltage CMOS 
technologies,” in Proc. EOS/ESD Symp., 2006, pp. 77-86.  

[8] J. Smith and G. Boselli, “A MOSFET power supply clamp 
with feedback enhanced triggering for ESD protection in 
advanced CMOS technologies,” in Proc. EOS/ESD Symp., 
2003, pp. 8-16. 

[9] J. Smith, R. Cline, and G. Boselli, “A low leakage low cost-
PMOS based power supply clamp with active feedback for 
ESD protection in 65 nm CMOS technologies,” in Proc. 
EOS/ESD Symp., 2005, pp. 298-306.  

[10] ESD Association Standard Test Method ESD STM5.1-2001, 
for Electrostatic Discharge Sensitivity Testing – Human Body 
Model (HBM) – Component Level, 2001.  

[11] M.-D. Ker and C.-C. Yen, “Unexpected failure in power-rail 
ESD clamp circuits of CMOS integrated circuits in 
microelectronics systems during electrical fast transient (EFT) 
test and the re-design solution,” in Proc. IEEE Int. Zurich 
Symp. on Electromagn. Compat., 2007, pp. 69-72.  

[12] M.-D. Ker, C.-Y. Wu, T. Cheng, and H.-H. Chang, 
“Capacitor-couple ESD protection circuit for deep-submicron 
low-voltage CMOS ASIC,” IEEE Trans. VLSI Syst., vol. 4, 
pp. 307-321, 1996.  

[13] ESD Association Standard Test Method ESD STM5.2-1999, 
for Electrostatic Discharge Sensitivity Testing – Machine 
Model (MM) – Component Level, 1999. 

330


	Copyright
	Words from Conference Chair
	Foreword
	Table of Content
	JOINT PLENARY
	JK1_The Future of Semiconductor Industry - A Foundry’s Perspective
	JK2_From Living Faster to Living Better

	DAT PLENARY
	K1_Microscopic wireless – exploring the boundaries of ultra low-power design
	K2_Semiconductor Industry Prosperity Trough Deeper Horizontal Collaborations

	Industry Session 1 : Building the Next-generation High-Performance CPU
	IS11_Challenges in Microprocessor Physical and Power Management Design
	IS12_Flow Enhancements for Low Power Design Implementations
	IS13_Implementation and Verification Practices of DVFS and Power Gating
	IS14_Toward the Integration of Incremental Physical Synthesis Optimizations
	IS15_The Evolution of Interconnect Management in Physical Synthesis

	Industry Session 2: Breaking through the chip-to-chip interconnect wall
	IS21_The Future of Electrical I/O for Microprocessors (Invited)
	IS22_Communication in macrochips using silicon photonics for high-performance and low-energy computing
	IS23_Past, present and Future of RF Design Wireless Communication
	IS24_Enabling Technologies for Multi-Chip Integration using Proximity Communication

	Session W1: Regulators
	W11_A Compact Rail-to-Rail Buffer with Current Positive-Feedback for LCD Source Driver
	W12_New Design Method of Low Power Over Current Protection Circuit for Low Dropout Regulator
	W13_Digital PWM Controller for SIDO Switching Converter with Time-Multiplexing Scheme

	Session W2: Testing I
	W21_Static and Dynamic Test Power Reduction in Scan-Based Testing
	W22_iScan: Indirect-Access Scan Test over HOY Test Platform
	W23_On Calculation of Delay Range in Fault Simulation for Test Cubes

	Session W3: Memory and Communication Architectures for SoCs
	W31_Allocation of Scratch-Pad Memory in Priority-Based Multi-Task Systems
	W32_Fault-tolerant Router with Built-in Self-test/Self-diagnosis and Fault-isolation Circuits for 2D-mesh Based Chip Multiprocessor Systems
	W33_On Chip Communication-Architecture Based Thermal Management for SoCs

	Session W4: RF & Millimeter-Wave Design
	W41_A Wireless Power Telemetry with Self-Calibrated Resonant Frequency
	W42_Glass Carrier SOP Technology Demonstrated by Design of a 19 GHz 3.8 dB CMOS LNA
	W43_Low-Power 48-GHz CMOS VCO and 60-GHz CMOS LNA for 60-GHz Dual-Conversion Receiver
	W44_Miniature 60-GHz-Band Bandpass Filter with 2.55-dB Insertion-Loss Using Standard 0.13μm CMOS Technology

	Special Session 1: Electronic System Level
	S11_Virtual Prototyping Increases Productivity - A case study (Invited)
	S12_Refinement and Reuse of TLM 2.0 Models: the key for ESL success
	S13_Adaptive Simulated Annealer for High Level Synthesis Design Space Exploration

	Session W5: Physical Design and Manufacturability
	W51_Circuit Acyclic Clustering with Input/Output Constraints and Applications
	W52_A Detailed Router for Hierarchical FPGAs Based on Simulated Evolution
	W53_A Bias-Driven Approach for Automated Design of Operational Amplifiers
	W54_Coupling- and ECP-Aware Metal Fill for Improving Layout Uniformity in Copper CMP

	Session W6: Low-Power Analog Techniques
	W61_Visual Prostheses: Current Progress and Challenges
	W62_A Current Compensated Reference Oscillator
	W63_Improved SPICE Macromodel of Phase Change Random Access Memory

	Special Session 2: mm-Wave Circuit and VCOs
	S21_Transforming RF and mm-Wave CMOS Circuits (Invited)
	S22_Low-Voltage Transformer-Based CMOS VCOs and Frequency Dividers
	S23_A 57-GHz CMOS VCO with 185.3% Tuning-Range Enhancement Using Tunable LC Source-Degeneration

	Session W7: Digital Circuit Techniques
	W71_Novel FFT Processor with Parallel-In-Parallel-Out in Normal Order
	W72_Cost Efficient FEQ Implementation for IEEE 802.16a OFDM Transceiver
	W73_A Low-Jitter All-Digital Phase-Locked Loop Using a Suppressive Digital Loop Filter
	W74_Timing Control Degradation and nbti/pbti Tolerant Design for Write-Replica Circuit in Nanoscale CMOS SRAM

	Session T1: Modern Synthesis and Verification
	T11_Logic Synthesis for Better Than Worst-case Designs
	T12_Leakage Reduction, Variation Compensation Using Partition-based Tunable Body-Biasing Techniques
	T13_Rewired Retiming for Free Flip-flop Reductions without Delay Penalty

	Special Session 3 : Silicon Debugging / Design Validation
	S31_Exploiting advanced fault localization methods for Yield & Reliability Learning on SoCs (Invited)
	S32_A Network-on-Chip Monitoring Infrastructure for Communication-centric Debug of Embedded Multi-Processor SoCs (invited)
	S33_Software-enabled Design Visibility Enhancement for Failure Analysis Process Improvement

	Session T2: Baseband and FEC Circuits
	T21_VLSI Design of Spread Spectrum Encoding Low Power RFID Tag Baseband Processor
	T22_High-Convergence-Speed Low-Computation-Complexity SVD Algorithm for MIMO-OFDM Systems
	T23_Design of High-Speed Errors-and-Erasures Reed-Solomon Decoders for Multi-Mode Applications
	T24_An Area-Efficient Parallel Turbo Decoder Based on Contention Free Algorithm

	Session T3: Data Converters
	T31_A 6-GS/s, 6-bit, At-speed Testable ADC and DAC Pair in 0.13μm CMOS
	T32_A 6-bit 1GS/s Low-Power Flash ADC
	T33_A 6-bit 220-MS/s Time-Interleaving SAR ADC in 0.18-μm Digital CMOS Process

	Session T4: PLL and Divider
	T41_A Frequency Synthesizer for Mode-1 MB-OFDM UWB applications
	T42_Implementation of 6-Port 3D Transformer in Injection-Locked Frequency Divider
	T43_An 18.7mW 10-GHz Phase-Locked Loop Circuit in 0.13-μm CMOS

	Session T5: SoC Design Techniques and Amplications
	T51_A High-Troughput Radix-4 Log-MAP Decoder With Low Complexity LLR Architecture
	T52_Efficient Two-Layered Cycle-Accurate Modeling Technique for Processor Family with Same Instruction Set Architecture
	T53_Content-Aware Energy Prediction for Video Streaming in Mobile Devices

	Session T6: ADC & Clocking
	T61_A Continuous-Time Delta-Sigma Modulator Using Feedback Resistors
	T62_A Third-Order Continuous-Time Sigma-Delta Modulator for Bluetooth
	T63_An All-Digital Clock Generator for Dynamic Frequency Scaling

	Session T7: Testing II
	T71_An Efficient Multi-Phase Test Technique to Perfectly Prevent Over-Detection of Acceptable Faults for Optimal Yield Improvement via Error-Tolerance
	T72_A Built-In Self-Repair Method for RAMs in Mesh-Based NoCs
	T73_Co-Calibration of Capacitor Mismatch and Comparator Offset for 1-Bit/Stage Pipelined ADC
	T74_Built-In Self-Repair Techniques for Content Addressable Memories

	Session T8: Video and Image Processing
	T81_Scalable and Low Cost Design Approach for Variable Block Size Motion Estimation (VBSME)
	T82_An Area Efficient Shared Synapse Cellular Neural Network for Low Power Image Processing
	T83_A Reconfigurable Architecture for Entropy Decoding and IDCT in H.264
	T84_A 1.55ns 0.015 mm2 64-bit Quad Number Comparator

	Poster Session
	PS1_A Comprehensive Linear-regression-based Procedure for Inductor Parameter Extraction
	PS2_Single-Instruction based Programmable Memory BIST for Testing Embedded DRAM
	PS3_2.4 GHz Low-Pass Filters with Harmonic Suppression Using Integrated Passive Device Process
	PS4_A gm/ID-Based Synthesis Tool for Pipelined Analog to Digital Converters
	PS5_A 0.35μm CMOS Divide-by-3 LC Injection-Locked Frequency Divider
	PS6_Transmitter Equalization for Multipath Interference Cancellation in Impulse Radio Ultra-Wideband(IR-UWB) Transceivers
	PS7_Design and Analysis of 1-60GHz, RF CMOS Peak Detectors for LNA Calibration
	PS8_A 200-Mb/s 10-mW Super-regenerative Receiver at 60 GHz
	PS9_Segment based X-Filling for Low Power and High Defect Coverage
	PS10_Power and Noise Aware Test Using Preliminary Estimation
	PS11_Design Of On-Chip Power-Rail ESD Clamp Circuit With Ultra-Small Capacitance To Detect ESD Transition
	PS12_Design of a Dual-Mode Baseband Receiver for 802.11n and 802.16e MIMO OFDM/OFDMA
	PS13_A Memory-Efficient Architecture for Low Latency Viterbi Decoders
	PS14_On the Complexity of the Port Assignment Problem for Binary Commutative Operators in High-Level Synthesis
	PS15_Hierarchical Architecture for Network-on-Chip Platform
	PS16_A Practical Power Model of AMBA System for High-Level Power Analysis
	PS17_Incremental Physical Design Method for Flat SOC Design
	PS18_A Case Study on MPEG4 Decoder Design with SystemBuilder
	PS19_System-Level Development and Verification Framework for High-Performance System Accelerator
	PS20_Prefetching for Array Data in Embedded Java Hardware Accelerator

	Panel Discussion
	Author Index
	Organization



