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Substrate vs. gate current
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Voltage Scaling by Substrate Current
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Isub-VD Correlation
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Outline

Background and empirical scaling

Theory of hot carriers: Hydrodynamic model
Theory of hot carriers: Monte Carlo model
Theory of hot carriers: Universal Scaling
Conclusion

Appendices
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V- dependence at low-voltages:
Monte Carlo

/Pinched-off region
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What is the problem?

Classical
MOSFET
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Modern
MOFET
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Conduction band ...
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Monte Carlo Simulation in a MOSFET

Also see:
http:/Inanohub.org/resources/79 | 9/download/200

9.11.13-ECE656-L3 | .pdf
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Device/Monte-Carlo Simulation

Simulated with special Monte Carlo Simulator from Bell Labs.
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Hot carrier distribution can be calculated accurately from Monte

Carlo simulation. It is a very difficult calculation however.
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N correlation with hot holes

Monte Carlo simulation

hole

i electron

D.Varghese, EDL,Vol. 26, p. 572, 2006
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Damage primarily due to broken Si-O bonds
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Outline

Background and empirical scaling

. Theory of hot carriers: Hydrodynamic model

. Theory of hot carriers: Monte Carlo model

. Theory of hot carriers: Universal Scaling

Conclusion

. Appendices
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Recall: Voltage Dependent Constant t,
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Universality of Degradation (NMOS)

Varghese, IRPS, 2008.
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Universality of degradation (PMQOS)
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DePMOS show sign reversal in Al , reflecting change from
acceptor-like to donor-like traps
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Discussion: Voltage Acceleration
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Voltage acceleration factor reduces at higher gate biases

Voltage dependence of hot carrier profile from Monte Carlo simulation
is required to understand the trends in acceleration factors
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Conclusions

(d Theory of HCI has been developed over many years — first by C. Hu via
Hydrodynamic solution of BTE and later by Hess/Bude via Monte Carlo
solution of BTE. Both provide reasonable explanation of voltage
acceleration factors for HCI degradation for relatively long channel

transistors. And both demonstrate universal scaling.

1 For shorter channel transistors at low voltages, solution of BTE is
difficult (MC has too few yield, while hydrodynamic model is

inappropriate).Varghese’s Universal scaling theory provides an excellent

alternative.
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Review Questions

Why is Isub called a thermometer of hot electron distribution? Why can you not
simply measure hot electrons by looking at the drain current?

What are the three methods of HCI voltage acceleration?

If theory of universal scaling is so good, why not use it all the time? (Hint: Think
about measurement time)

How many devices and how long do you need for HCI testing based on
hydrodynamic theory? What about Universal scaling theory? What about direct
lifetime projection?

If Monte Carlo simulation is so good, why does not everyone use Monte Carlo
simulator to do lifetime testing?

We assumed t0~1/IG ~ |/kF, what theory of SiH bond dissociation did we use!?
Explain the origin of power-exponent of 2 in the Keldysh theory.

What is the impact ionization threshold for GaAs!? 19
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