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Four Elements of Physical Reliability
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Time-dependent trapping in pre-existing traps
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Trapping in pre-existing vs. newly created defects
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Trapping and defect generation ....
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Recall: Carrier capture by a trap
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Fluxes into pre-existing traps and Transmission
Coefficients
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Voltage-shift due to pre-existing traps in thin oxides
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Detrapping of filled traps
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Material dependence of bulk trapping
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Thickness dependence of bulk trapping
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Trapping in thick oxides
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Trapping in thick oxides
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Reflection of trapping ...
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umerical validation of the results
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Trapping in interface defects
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Nature of donor and acceptor traps
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Donor like interface states
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Four Elements of Physical Reliability
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Statistics of trapping
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Conclusion

Pre-existing defects are integral part of all materials — the
numbers of course depend on composition, process
conditions, etc.

Time-dependent trapping in pre-existing defects causes shift in
threshold voltage and corresponding changes in operating
conditions.

Effect of trapping is more significant for thick oxide than thin
oxides. Passivation of interface defects is the key to essential
MOSFET operation.

Fluctuation due to Random telegraph noise is a significant

reliability issue, especially for memories



References

S. Zafar,“Charge trapping in high-k gate dielectric
stacks,” [IEDM Digest 2002.

Various approximations to direct tunneling current
exists, for example, see Y.-C.Yeo, EDL, 2000. p. 540. W--
C.Lee, TED,48(7), 2001, p. 1366.The subtly of
tunneling in thick oxides is discussed by P.C.Arnett and
D.J. DiMaria, “Contact currents in silicon nitrides,” JAP,
47(5), 1976.

E. Milotti,A pedagogical View of | /f noise, arxib, 2002.
Thomas Lee, “Design of CMOS Radio Frequency
Circuits”, Cambridge, 1998.

F. Crupi, ‘Analytical 1/f Noise of Gate Current’JAP, |06,
073710,2009.

K. Hung et al., Random Telegraph Noise in Deep-
Submicrometer MOSFETs, | 1(2), p. 90, 1990.

B. Gross and Charles G. Sodini. | /f noise in
MOSFETs with ultrathin gate dielectrics.

In IEDM Technical Digest, pages 881{884, 1992.

Alam ECE 695



	Lecture 7:  Trapping in Pre-existing Traps

	Copyright 2013
	Outline
	Four Elements of Physical Reliability
	Time-dependent trapping in pre-existing traps
	Trapping in pre-existing vs. newly created defects
	Trapping and defect generation ….
	Outline
	Recall: Carrier capture by a trap
	Fluxes into pre-existing traps and Transmission Coefficients �
	Voltage-shift due to pre-existing traps  in thin oxides �
	Detrapping of filled traps�
	Material dependence of bulk trapping
	Thickness dependence of bulk trapping
	Trapping in thick oxides
	Trapping in thick oxides
	Reflection of trapping …
	Numerical validation of the results
	Trapping in interface defects
	Nature of donor and acceptor traps
	Donor like interface states
	Outline
	Four Elements of Physical Reliability
	Statistics of trapping
	Conclusion
	References

