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Abstract
The current semiconductor industry is driven by continuous device scal-

ing in order to keep up with Moore’s law. Unfortunately, this has resulted in
increased electric fields and operating temperature with more and more de-
vices placed on a single chip. Such outcomes are giving rise to various relia-
bility challenges which pose a threat to accurate operation for the integrated
circuits. One such reliability concern is hot-carrier degradation (HCD) that
affects the transistor parameters and consequently, functionality of various
analog and digital circuits severely. The time-evolution of HCD in MOSFETs
has traditionally been studied to predict device performance during its life-
time. HCD curve follows power-law with the time-exponent of degradation
being an important measure. This variation in time power-law exponent for
different stress bias combinations or over different stress time intervals can
be used to identify the major degrading mechanism during HCD.

HCD studies involving accelerated testing renders inaccuracy when em-
ployed on advanced MOS devices such as silicon-on-insulator (SOI)-FETs.
The use of continuous DC supply as stress voltage results in device-heating
or self-heating (SH). This local temperature build-up within the device is
known to enhance hot-carrier injection (HCI) in the gate dielectric of the de-
vice. Also, the use of a fixed DC stress voltage is overly pessimistic as it is
seldom encountered in a real circuit operation. In general, the effective duty
cycle of the voltages/currents applied to any device during a circuit opera-
tion will always be less than 100%. This demand for a revision in conven-
tional stress set-up with the use of DC stress input being replaced by pulse
or AC stress waveforms.

Stress-induced performance drifts have become common in RF circuits
as well. Often during the circuit operation, the constituent transistors are
exposed to high voltage, high current regimes thereby, making them vulner-
able to HCD. Therefore, device technology qualification in terms of its DC
as well as RF parameters is required. Moreover, understanding the device
performance under RF operating conditions has also become critical. There-
fore, formulating the methodologies and techniques such that the device is
stressed under a realistic random logic circuit atmosphere with input bias
chosen as per the targeted DC or RF application is necessary.
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I/O Input Output
IV Current Voltage
LDD Lightly Doped Drain
LEM Lucky Electron Model
LSL Lower Specification Limit
LTL Lower Tolerance Limit
MFCMU Multi-Frequency Capacitance Measurement Unit
MOSFET Metal-Oxide-Semiconductor Field-Effect Transistor
MPSMU Medium Power Source Measure Unit
MuGFETs Multiple Gate Field-Effect Transistors
NBTI Negative Bias Temperature Instability
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NMOS Negative-channel MOS
NWFET Nanowire Field-Effect Transistor
PMOS Positive-channel MOS
RSU Remote-Sense & Switch Unit
SCE Short-Channel Effect
SCL Semiconductor Laboratory
SH Self-Heating
SHE Self-Heating Effect
SMS Stress-Measure-Stress
SMU Source-Measure-Unit
SOI Silicon-on-Insulator
SOLT Short-Open-Load-Thru
S/D Source/Drain
TDDB Time Dependent Dielectric Breakdown
TEM Transmission Electron Microscopy
USL Upper Specification Limit
UTL Upper Tolerance Limit
VNA Vector Network Analyzer
WGFMU Waveform Generator/Fast Measurement Unit
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List of Symbols

Symbol Description

Not Bulk-Oxide Traps
ICP Charge Pumping Current
Ai Current Gain
fT Cut off frequency
W Device Width
Cdd Drain Capacitance
Ids Drain Current
Vds Drain Voltage
W f in Effective Total Channel Width of the FinFET
We f f Effective Total Channel Width of the MOSFET
Istack Effective Stack Current
t Effective Stress Time
τf Falling Delay
H f in Fin Height
D f in Fin Width
VFB Flat-Band Voltage
Cgg Gate Capacitance
Igate Gate Current
Lg Gate Length
Rg Gate Resistance
Vgs Gate Voltage
Nit Interface Traps
TL Lattice Temperature
Id,lin Linear Drain Current
Vds,lin Linear Drain Voltage
VTH,lin Linear Threshold Voltage
Gm,lin Linear transconductance
fmax Maximum Operating Frequency
N f in Number of Fins
N f Number of Gate Fingers
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IOFF OFF-current
ION On Drain Current
Gds Output Conductance
Id,sat Saturation Drain Current
Vds,sat Saturation Drain Voltage
VTH,sat Saturation Threshold Voltage
Vds,stress Stress applied at Drain terminal
Vgs,stress Stress applied at Gate terminal
Vstress Stress Voltage
Isub Substrate Current
SS Subthreshold Slope
SSlin Subthreshold Slope in Linear Region
Vdd Supply Voltage
Rth Thermal Resistance
ITH Threshold Current
VTH Threshold Voltage
n Time Exponent of Hot-carrier Degradation
Gm Transconductance
|U| Unilateral Power Gain
Av Voltage Gain
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