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Abstract
To extend carrier mobility improvement by strain engineering in high density and
small gate space CMOS circuits, we have proposed a new stresS memorization
technique (SMT) that uses strain proximity free technique (SPFT) to demonstrate
mobility improvement through multiple strain-gate engineering. The electron mobility
of nMOSFETs with SPFT exhibits a 15% increase over counterpart techniques.
Compared with conventional SMT, SPFT avoids the limitation of stressor volume for
performance improvement in high density CMQOS circuits. We found that optimization
of stacked gate structure in combination with SPFT can improve mobility further to
22% more than a single-poly-Si gate structure without SPFT. We also found that the
pre-amorphous layer (PAL) gate structure in combination with SPFT can improve
mobility further, to 31% greater than standard devices. Moreover, an additional 30%
mobility enhancement can be achieved by using dynamic threshold voltage MOS
(DTMOS) and combining PAL gate structure with SPFT, respectively. Gate dielectric



and channel-hot-carrier reliability are also analyzed. Our results show mobility

improvement by SPFT, a slightly increased gate leakage current, and degraded

channel-hot-carrier reliability. Gate leakage and gate dielectric interface states can be

effectively improved by optimizing thermal annealing process in SPFT. Furthermore,

we found that the gain in electron mobility in the SPFT in combination with PAL gate

structure decreases at high temperatures. Gate dielectric interface states and ionized

gate impurities inducing carrier scattering will play important roles when operating

devices under high temperature conditions. Zero temperature coefficient (ZTC) is also

discussed for designing CMOS circuit work over an operated temperature. It is found

that the Vg(ZTC) is decreased when using SPET and in combination with PAL gate

structure. Strong correlation between Vg(ZTC) and device threshold voltage (Vth) is

appears to explain this phenomenon. Moreover, insignificant Vth deviation is found in

SPFT and in combination with PAL gate structure at various temperatures. Gate

dielectric interface traps and channel strain degradation may be the root causes of

decreasing gain in electron mobility for SPFT with PAL gate structure under high

temperature conditions.
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