
Impact of Uniaxial Strain on the Gate Leakage Currents of PD-SOI MOSFETs
and Ring Oscillators with Ultra-Thin Gate Dielectric

Wei Zhaol, Alan Seabaughl, Brian Winstead2, Dejan Jovanovic2, and Vance Adams2
Department of Electrical Engineering, University ofNotre Dame,

Notre Dame, IN 46556-5637 Phone: (574) 631-4473, Email: seabaugh.l(d)nd.edu
2Freescale Semiconductor, Inc, Austin, TX 78721

In order to improve the performance of CMOS further, it is not enough to only shrink the size of the
individual transistors. Process-induced uniaxial strain is often engineered into the device structure to
increase carrier mobility (or current drive) in MOSFETs [1-3]. To date, studies of strain have focused on
the channel current and no comparison of uniaxial strain on electron and hole gate currents, the direct-
tunneling current through the ultra-thin gate dielectrics, has been published. In this paper, we report the
first investigation of the influence of uniaxial tensile strain on the gate tunneling current in advanced
partially-depleted silicon-on-insulator (PD-SOI) MOSFETs. We have also studied, for the first time, the
impact of uniaxial strain on the static leakage current of ring oscillators (RO) fabricated in this technology.

The PD-SOI MOSFETs (and ring oscillators) measured in this work incorporate a SiON gate dielectric
with an equivalent oxide thickness of less than 1.5 nm. Uniaxial tensile strain was applied perpendicular
to the current flow direction of the MOSFETs using a 3-point bending apparatus [4]. Similarly, tensile
strain, either parallel (11) or perpendicular (I) to the current flow direction of ROs, was applied to the ring
oscillators.

Interestingly, the gate currents of n- and p-MOSFETs are found to change linearly and in opposite
directions as a function of uniaxial strain. The n-MOSFETs generally exhibit a decrease with applied
tensile strain, while the p-MOSFETs show increasing gate current with the tensile strain. The observed
dependences are consistent with two mechanisms: (1) band offset changes at the silicon/gate dielectric
interface which alters the tunneling barrier height and (2) changes in the silicon inversion-layer out-of-
plane mass which alters the tunneling-attempt frequency. The band-offset changes are consistent with the
predicted and observed stress dependence of the Si/SiO2 band-offsets in p and n-MOSFETs [5-6]; strain
decreases the valence band offset and increases the conduction band offset. Changes in the tunneling
attempt frequency result from changes in the out-of-plane effective mass which will decrease for p-
MOSFETs and increase for n-MOSFETs [7].

The static leakage cufrent in ROs is the leakage current through the power supply when the RO is not
running. For the ROs used in this study, the static leakage currents depend almost completely on the gate
currents of individual transistors. The static leakage current increases for both parallel and perpendicular
tensile strains. The relative increase in the static leakage current is dependent on the supply voltage and is
larger for lower supply voltages. These phenomena are expected from the strain response of the gate
current of the individual MOSFETs. The relative increase in the RO leakage current is much smaller for 1/
strain than for I strain, which is not easy to understand from the argument that the gate current increases
with strain. The magnitude of the increase in the leakage current is smaller than the increase in the RO
speed for a given I strain. From our measurements, parallel tensile strain can be seen to be undesirable
because it degrades the RO speed and increases the static leakage power dissipation.
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Fig. 1. Gate current versus gate-
source voltage for both n- an p-
MOSFETs, labeled nFETs and
pFETs, respectively, for long
and short transistors with no
applied strain. The drain-source
bias is 20 mV (negative for
pFETs). ae_
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Fig. 4. Relative changes in static
leakage current, IOFF, for ring
oscillators (RO) with
perpendicular ( I ) and parallel(t/) tensile strain with different
supply voltages (VDD). The static
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Fig. 5. Normalized changes in
ring oscillator (RO) delay versus
normalized changes in static
leakage power consumption
(POFF = IOFFVDD) for both 1/ and
I strains. A line with a slope
equal to -1 is also shown in the
figure.
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