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High Concentration of Interface Traps

iIn MOS Transistor Modeling
Outline

® Our Motivations.

® Theory of Recombination DCIV (R-DCIV) and CV
Methodologies.

® Effects of high interface trap concentration at discrete
energy levels on R-DCIV and CV line shapes.

® Effects of the paired-exponential distribution of neutral
electron and hole interface traps on R-DCIV and CV line
shapes.

® Summary
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Motivation

Reasons for investigating high concentration
of interface traps in MOS transistors.

» Concentration and spatial variation of interface traps along
the silicon surface greatly affect digital, analog, RF and HF
performance of MOS transistors and the endurance of the
floating gate MOS transistors.

» High concentration of interface traps are generated in
MOS transistors during radiation exposure and during
operation of the floating-gate memory transistors.

» Theory and potential new applications.
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Theory of recombination DCIV (R-DCIV)
and CV Methods: the R-DCIV
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Theory of recombination DCIV (R-DCIV)
and CV Methods: Baseline of R-DCIV
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Theory of recombination DCIV (R-DCIV)
and CV Methods: R-DCIV Formulas
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Theory of recombination DCIV (R-DCIV)
and CV Methods: R-DCIV Formulas
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Theory of recombination DCIV (R-DCIV)
and CV Methods: CV Formulas
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Theory of recombination DCIV (R-DCIV)
and CV Methods: CV Formulas
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Effect of interface trap concentration on
IV and CV lineshapes
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Effect of dopant impurity concentration on
R DCIV and CV Ilneshapes
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Effect of oxide thickness on R-DCIV and CV lineshapes
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Effect of temperature on R-DCIV and CV lineshapes
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Effect of discrete trap energy level on R-DCIV and

ne shapes
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Effect of interface trap concentration on R-DCIV
and CV line sapes
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Effect of paired exponential distribution of interface
traps on R-DCIV and CV line shapes
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Effect of paired exponential distribution of interface
traps on R-DCIV and CV line shapes
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Summary

* The line shapes of the CV(Vp\=0) and R-DCIV curves are
iIncreasingly distorted as increasing concentration of the
interface trap concentration, due to the V5 dependence of
the trapped-charge Q;; from trapped electrons at the neutral
electron traps and trapped holes at the neutral hole traps.

« At high concentrations of interface traps, the low-frequency
and high-frequency CV characteristics show extreme
distortions, with even two minima, actually one maximum in
the Low-Frequency CV valley.

* Increasing dopant impurity concentrations and broadening
energy distribution of interface traps give characteristic
recombination DCIV and HF and LF CV due to the presence
of midgap-1-pair and distributed-55-pair interface traps.
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