Chapter 1

I ntroduction

1.1 Overview of Poly-Si Thin-Film Trangistors

The first polycrystalline silicon thin film transistors (Poly-Si TFTs) were
fabricated in 1966 by C. H. Faet al. [1]. To date, lots of efforts have been put to study
the conduction mechanisms, fabrication processes and device structure for improving
the performance of the poly-S TFTs. However, the study of poly-S TFTs fabrication
using a temperature below @0 was not .commenced until 1980s. Originaly, the
idea of this investigation was tried to replacethe quartz substrates with cheap glass
substrates for applications of active matrix display and made large area active matrix
displays more practical and cheaper.

Recently, low temperature polycrystaline silicon (LTPS) TFTs have attracted
much attention in active matrix liquid crystal displays (AMLCDs) with integrated
drivers[2-4], high density static random access memories (SRAMs) [5] and candidate
for 3-D ICs applications [6], etc. In the past, hydrogenated amorphous silicon (a-Si:H)
TFTswere utilized for the pixel switching device at the first generation of AMLCDs.
The a-Si:H TFTs have many advantages, especialy its compatibility with low
temperature process on large glass substrate and high off-state resistivity which result
in alow leakage current. Nevertheless, the low electron field effect mobility (typically
below 1 cnfVlsec?)in a-Si:H TFTs has limited the technology development for
AMLCDs applicatiors.

Essentially, the field effect mobility in poly-Si is much higher than thosein a-Si,



thus lead to a higher driving current. The higher driving current alows smaller TFTs
to be used as the pixel switching elements, thus results in higher aperture ratio and
pand brightness. In addition, the capability to realize complementary metal-oxide-
semiconductor (CMOS) circuits allows low power driver circuitry to be integrated
with the active matrix, for the goal of SOP (system on panel).

The performance of poly-Si TFTs is strongly influenced by grain boundaries and
intragranular defects. In order to enhance TFTs electrical characteristics, severa
techniques have been proposed to increase the grain sizes of poly-Si and thus to
reduce grain boundaries Therefore, the methods for crystalization of a-S into
poly-S below 600 (glass-compatible temperature) are the key technology for
fabricating LTPS TFTs. It was reported that the a-Si films can be crystallized by
severa techniques, such as SPC (solid-phase crystallization) [7], ELA (excimer laser
annealing) [8-9] and MILC (meta-induced lateral crystallization) [10] to obtain larger
grain sizes of poly-Si for raising-the field-effect-mobility.

On the other hand, to eliminate the grainboundaries and intragranular defects in
the poly-Si channel is another approach to improve the performance of LTPS TFTs
[11]. The dangling bonds, which cause midgap states in the Si band diagram, affect
the threshold voltage and subthreshold-swing of Poly-S TFTs. The strain bonds,
which cause tall states, influence the leakage current and field effect mobility. In order
to eliminate these trap states in the poly-Si channel, various passivation technologies

have been proposed.

1.2 Passivation theTrap States

Defects at the grain boundaries as well as inside the grains are known to cause

device degradation [12], resulting in poor device performance including low field



effect mobility, high threshold voltage, poor subthreshold slope and high off-state
leakage current [L3-14]. In order to obtain high-performance poly-Si TFTs, it is
essentia to reduce the trap-state density in the poly-Si channel. To this end, hydrogen
plasma passivation is a well-known technique [15-16]. The atomic hydrogen can
passivate defects in the poly-Si channel, thereby improves the device characteristics.
In addition, nitrogen-containing plasma treatments in combination with hydrogen (ex:
H2/N2 mixture plasma [17], nitrogen implantation with H, plasma [18], pre-oxidation
NH3 annealing with H, plasma [19] and NH3 plasma [20]) have aso been shown to
further improve the device performance. The additional nitrogen passivation and/or
the enhanced hydrogen passivation effects in the presence of nitrogen are presumably
responsible for the observed great device's characteristics improvement.

However, many studies have discussed .the performance degradation of
hydrogenated poly-S TFTs after.all kinds.of electrica stress. Wu et al. This is
attributed to the state creation in theipaly-Si-channel caused by the breaking of weak
Si-H bonds or SFSi bonds, while the degradation rate increased with stressing bias
voltage [21]. Recently, several studies have demonstrated that the using of Fluorine (F)
atoms to fluorinate the poly-Si film, which can improve the reliability issues of
poly-Si TFTs due to rather strong SkF bonds.

Fluorine lon Implantation (FII) into the channel region the most adoptive
fluorination technique, has been widely investigated in several groups [22-23].
However, the Fll is not suitable for large area glass substrate application. Furthermore,
in arder o activate the fluorine atoms and recover the damage created by FlI, a high
temperature annealing is required and such a high temperature process will not
compatible with the AMLCD fabrication process. Moreover, C. H. Kim et al.
demonstrated that fluorinated oxide (SIOxFy) can be served as a diffusion source of

fluorine atoms R4], but that increase the process complexity since an extra film
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deposition and etching process are required. To date, although the effects of the
fluorination process have been announced, we dill lack a simple, effective and

process compatible method to introduce fluorine atoms into poly-Si channel.

1.3 Motivation

In order to further improve the shortcomings of the hydrogenated poly-S TFTS,
we propose anovel fluorine passivation technique of poly-S films by employing CF,4
plasma treatment. With fluorine incorporation into the poly-Si channel, the electrical
characteristics of the poly-Si TFTs can be improved. Poly-Si TFTs with CF,; plasma
exhibit a steeper subthreshold slope, smaller threshold voltage, higher field effect
mobility and better ON/OFF current ratio. than those without CF, plasma treatment.
Moreover, the CF4 plasma treatment alsoraises the stress immunity of the poly-Si
TFTs with respect to the hot-carrier stress and high current stress. Owing to the
formation of strong SkF bonds instead-of-weak -SkH bonds or Si-Si bonds, the
probability of dangling bonds will ‘be‘reduced greatly. In other words, fluorine
passivation of trap-states in the poly-S channel and SIO2/poly-Si interface is realized

effectively using CF, plasma treatment.
1.4 Organization of the Thesis

In this thesis, we make our efforts on the passivation effect of poly-Si TFTs by
utilizing anovel CF4 plasma treatment.

In Chapter 2, electrical propertiesof both SPC and ELA poly-S TFTs with CF,4
plasma treatment have been proposed.

In Chapter 3, reliability improvements of poly-S TFTs with CF; plasma
treatment are introduced by employing the hot-carrier stress and self- heating stress.

In Chapter 4, mechanisms of the hot-carrier induced device degradation were



investigated after applying a various static stress conditions.

At the end of thisthesis, conclusions are given in Chapter 5.
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