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Motivation %

- Characterize ionizing radiation damage
effects in advanced bulk CMOS device
technologies

* Develop multi-scale analytical modeling
approaches for radiation damage that
are:

— scalable with technology and design parameters

— capable of both short-term and long-term
predictions of device performance

— compatible with standard circuit simulators and
compact models
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Previous Research - 2005

- “Device-level Radiation Effects Modeling”

Overview of numerical (TCAD) simulation approaches for modeling
drain-source leakage in bulk CMOS devices
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Previous Research - 2005

2D modeling approach for parameter extraction
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Previous Research - 2005 %

Volumetric modeling of defect buildup in isolation oxide
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distributions of charge
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Results used to evaluate
2D modeling approach

Conclusion: more accurate
models required to capture
effects
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Previous Research - 2006 %

- “Total lonizing Dose Effects in Bulk Technologies and
Devices”
Characterize, parameterize TID effects. Formalize closed form
analytical expressions for TID effects in devices (130nm CMOS).
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Previous Research - 2006

Normalized Capactiance

Experimental Characterization

Radiation testing on specialized structures
e.g., FOXCAPs, FOXFETs) enabled measurements
of defect buildup in 130 nm bulk CMOS
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Previous Research - 2006 %
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Previous Research - 2007

“Modeling Total lonizing Dose Effects in Deep
Submicron Bulk and SOl CMOS technologies”

— Description and initial validation of radiation-enabled compact
modeling approach for bulk CMOS ( = 90nm)
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Previous Research - 2007 %l

Radiation-enabled compact modeling (physical module)

Physical Simple model extended to capture
Module multiple parasitics along STI sidewall
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Previous Research - 2007 155 |

Radiation-enabled compact modeling (surface potential)
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Previous Research - 2008 %

“Surface potential-based analytical modeling of TID
effects in CMOS devices”

Closed form analytical models fit to degraded |-V characteristics in
NnFETs
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Previous Research - 2008

FSU

Analytical model for Not buildup calibrated to TCAD
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Previous Research - 2008 %

Compact modeling with surface potential equations
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Drain Current (A)

Previous Research - 2008 %l

Comparison of data and model
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Previous Research - 2009 %l

- “Modeling Total lonizing Dose Effects in Deep
Submicron CMOS Technologies ”

Revised analytical model for TID defect buildup compared to
FOXFET I-V and TCAD simulations
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Previous Research - 2009

SP equations fit to FOXFET data
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Previous Research - 2009

TCAD model validation
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Recent Work (2010) %

« Refinement of PSP model for model of TID
effects on bulk CMOS isolations oxides
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Bulk CMOS - Experimental Details  JES
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Bulk CMOS — Defect Extraction %l
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RE-PSP model for bulk cMos S
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RE-PSP model for bulk cmos S
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Conclusions %

* Multi-scale models of TID effects in deep sub-micron
bulk CMOS require defect buildup and surface
potential modeling approaches compatible with
standard circuit simulators

 Well known basic mechanisms (e.g charge yield and
trapping efficiency) can be applied to analytically
model defect buildup in specific technologies as
function of environmental inputs

« Defect calculations incorporated in industry
standard compact models (e.g. PSP) enable
prediction of device and circuit response
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