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Abstract

Since 1960, the first metal-oxide-semiconductor-field-effect transistors
(MOSFETs) in the world were invented by Kahng and Atalla in Bell Lab. The length
of transistor is 25 wm, and thickness of gate oxide is 100nm. Nowadays, MOSFETs
with low power consumption, low cost and easy to scale down, they have become the
main component of ultra-large-scale integration (ULSI) circuits. In 1965, Gordon
Moore, one of Intel's founders, first proposed Moore’s Law: The number of devices per
integrated circuit will doubling every year. The 7 nm fin transistor (FInFET) has been
mass-produced and applied to advance electronic products. With the evolution of the
IC technology, the miniaturization has reached the demand of higher operating speeds
that cannot cater the physical limit. As a result, the material of intrinsic performance
with higher carrier mobility would be attempted or the design of the device structure
would be conducted in order to improve devices’ performance.
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Therefore, in the first part, we studied the capacitance - voltage (C-V)
characteristics between silicon channel and silicon-germanium (SiGe) channel
MOSCAPs. In comparison of both devices, significant flatband voltage (Vrg) shifts and
a C-V plateau were observed only in the SiGe-channel device. We found that the Vg
shift between these two devices is determined by the difference in substrate work-
function values against metal. We propose a defect distribution model to explain
abnormal phenomenon. The proposed model was proved by changing the frequency of
C-V measurement and extracting the interface state density distributions within the
energy band using the conductance method. We also provide additional explanation of
this anomalous plateau in the C-V measurements. Moreover, the result of Silvaco-
TCAD device simulation tool also supports our model. The hypothesis is further
confirmed by the defect position and defect quantity in the energy band.

To further improve the device performance, we developed a Low-Temp-High-
Pressure (LTHP) of hydridation treatment used for Si- and SiGe- MOSCAP devices in.
the second part. The LTHP treatment (LTHPT) is an unique material state that uses the
coexistence characteristics of liquid and gaseous states. It combines the advantages of
the high permeability capability and also high liquid solubility of gas to enhances the
device performance. We think that the LTHPT of hydridation can effectively passivate
dangling bonds in the Si02/SiGe interface. Utilizing the conductance method to extract
Di: between pristine devices and the devices after treatment, a significant reduction in
Dit can be observed. Subsequently, the energy diagram model is proposed, and the
simulation result verifies that the deep state defects are mended. We also adjust different
treatment condition including temperature, time and hydrogen concentration, and find
the optimal parameters in Si- and SiGe-channel MOSCAP.

Instead of changing the device material, we also did some research on optimizing
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structure of fin field effect transistors (FinFET). This part studies the mechanism of
uncommon body current (Ig) after hot carrier stress (HCS) in FinFETs. Generally, Iz
will continually decrease with the drain current after HCS. However, in this work, Is
first declines then showed a gradual unusual ascent. This unusual Ig behavior was
studied through different measurement methods, and it was speculated that is was
caused by trap-assisted tunneling. First, utilizes different operating bias to confirm the
model we proposed, then applies different temperature during stress which further
verify the model. Finally, junction current can also be measured to determine the
location of the defect generation.

In the final section, as device’s channel length continually shrinks to around 20
nm. The relationship between body current and degradation of short channel fin field
transistor (FinFET) was widely studied. From log Ip-V¢ diagrams, the change of oxide
trap (Nay) and interface state trap (Ni) are calculated from threshold voltage shift before
and after stress. Under different stress conditions of different device dimensions, the
trends of Ny and Ni; will be able to be observed, respectively. However, as stress Vg
increases, the threshold voltage shifts more severely. From these results, it is found that
the HCS degrade mechanism of short channel FinFET structure device is dominate by
MVE. As stress Vg increases, the threshold voltage shifts more severely. Moreover,

defect generates more uniforn in the channel.

Keywords: MOSFETs ~ SiGe-channel ~ LTHPT ~ Dj; extraction ~ FInFETs ~ Hot

Carrier Instability ~ BTI.
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