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Low-k dielectrics are used:

3 /18Context

To reach the resistance capacitance (RC) reduction requirement for scaled down 
microelectronics devices

Low k dielectrics : reliability issueLow-k dielectrics : reliability issue [1]-[4]

Lower dielectric strength
High leakage current
Premature breakdown

Purpose : 
Understand the conduction mechanisms into Inter Metal Dielectric (IMD) structureUnderstand the conduction mechanisms into Inter Metal Dielectric (IMD) structure
Explain physically the high leakage current
Investigate time to breakdown issue

[1] E. T. Ogawa, IRPS, 2003 [2] K. Y. Yiang, Appl. Phys. Lett., 2003 
[3] J. R. Lloyd, J. Appl. Phys., 2005 [4] G. G. Gischia, IRPS, 2010
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M1

M2 TEOS
Ta/TaNCu

M1

Pad 1
Pad 3Pad 2 SiOCH SiOCH

SiCN

Pad 1: Comb line
Pad 2&3 : Serpentine line

TEM cross section IMD structure stack

Experimental measurementExperimental measurement
Linear Ramp Voltage Stress (LRVS)
Leakage current versus voltage applied (I-V)Leakage current versus voltage applied (I V)
Time Dependent Dielectric Breakdown (TDDB)
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Temperature effect on I-V characteristics 7 /18
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Leakage kinetic at room temperature 9 /18
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APF before bake 1.6x10-14 S/mΦt

[5] M. Lin, EDL, 2003

APF after bake 1.6x10-18 S/m
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Ions movement 13 /18
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Time to breakdown : voltage acceleration 14 /18
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Time to breakdown modelling 1/2 15 /18
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Electrical characterizationElectrical characterization
Bake impact
Leakage current annealing at high temperature
Leakage current kinetic at room temperature

Modelling
Leakage current simulationLeakage current simulation
Time to breakdown modelling

Forecast
TDDB modelling taking into account the annealing phenomenon
Ions movement at high temperature and room temperature
Ions species



18 /18

Th k f iThank you for your attention.

Some questions ? 

Contact : benjamin.rebuffat@st.com


