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ABSTRACT

As the scaling of CMOS structure reaches its fundamental limits, the carrier
mobility enhancement has been intensively pursued by introducing strain in the
channel region. The uniaxial strain can be realized by stress memorization technique
(SMT) fabrication process. After the gate polysilicon is amorphized by implantation,
the transistor is then capped with SMT nitride. During the source/drain dopant
activation annealing, the recrystallization of amorphous silicon would generate
compressive vertical stress to the channel underneath. Such strain can be used to boost
electron mobility for nFET device enhancement.

In Chapter 1, the overview of our study and motivations of this thesis are



described.

Chapter 2 gives an introduction of strain silicon theory upon the change of

electronic and hole band structures. Furthermore, a brief summary of the evolution of

strained silicon technology is outlined. Modern strain silicon fabrication methods such

as substrate-induced strain and process-induced strain are also described.

After reviewing the basic concepts of the strain silicon theory, the process and

literature overview of SMT are discussed in Chapter 3. The SMT effect and its

influence on nFET and pFET device performance are summarized, with an emphasis

on the SMT strain formation mechanisms for €lectron carrier mobility enhancement.

In Chapter 4, we’ve realized the fabrication of SMT strained nFET on the

National Nano Device Laboratories (NDL) 6” wafers using conventional nitride as the

SMT strain cap layer. The introduction of the SMT process for the as-fabricated nFET

device can improve its transcondutance and short-channel effects (SCE). N-type

dopant diffusion retarded by the SMT-strain is explained by the point defect

engineering.

In Chapter 5, we’ve demonstrated the SMT fabrication process and analyzed the

nFET electrical characteristics with different SMT cap nitride processes again on the
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6” wafers. Both PE-SiN and LP-SiN were investigated. Basic physical and chemical

properties of nitride films, such as thickness, shrinkage, bonding composition change,

and stress change upon S/D activation annealing are also characterized. The nFET

electrical performance and interfacial quality degradation have been well correlated to

the effect of the wafer bowing exerted by SMT cap nitride. This suggests that wafer

bowing induced by strain silicon process should be carefully controlled in order to

minimize gate edge damage for high-yield production.

In Chapter 6, the channel. backscattering  characteristics for strained and

non-strained nFETSs using the temperature-dependent extraction method are examined

for highly scaled nFET. We demonstrate that nEET channel backscattering can be

effectively reduced by the wuniaxial strain. Furthermore, the strain-reduced

conductivity effective mass also increases the thermal injection velocity and ballistic

efficiency. Such phenomenon becomes more appreciable as the gate length is reduced.

It is thus expected that the performance enhancement induced by the uniaxial strain

will be maintained even in the ballistic transport regime with very short gate length.

Finally, conclusions of this dissertation and recommendation for further research

are presented in Chapter 7.
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