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ABSTRACT

In the past few years, traditional cathode-ray tube (CRT) displays have been
being replaced gradually by active matrix-liquid crystal displays (AMLCDs) because
of their diverse advantages such as lightweight, flimsy, low radiation and low power
consumption Hydrogenated amorphous thin-film transistors (a-Si:H TFTs) were
utilized for the pixel-switching devices in AMLCDs. However, low temperature
polycrystaline silicon thin-film transistor (LTPS TFT), undoubtedly, is the only
candidate for integrating the peripheral driver circuits onto the glass substrates of the
active matrix. It is the major reason that the LTPS TFTs have been studied widdly in

recent years.



In this thesis, we proposed that the electrical characteristics and reliability of the

LTPS TFTs can be improved significantly by utilizing the CF4 plasma treatment. The

incorporated fluorine can replace the dangling bonds and strain bonds in the poly-Si

channel and SO,/poly-Si interface and thus reduce the interface states and trap states

in poly-Si, further increase the ON current and field effect mobility and decrease the

OFF current and subthreshold-swing. For the reliability issue, less degradation have

been found in the LTPS TFTs with CF, plasma treatment after hot-carrier stress or

self-heating stress. That is due to the stronger SkF bonds instead of weaker S-rH and

Si-Si bonds.

Finaly, the mechanism of hot-Carrier induced device degradation has been

proposed by applying a various static stress conditions. We found that the on and off

current variation are strongly influenced by the applied static stress conditions and

drain voltage. This is due to different amount of chargestrapping in gate insulator or

trap states generationin poly-Si channel caused by different stress conditions.
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TABLE CAPTIONS

Table 2-1 Summary of device parameters of SPC poly-Si TFTs (W/L =40y m/10u m)
with and without CF4 plasma treatment.

Table 2-2 Summary of device parameters of hydrogenated SPC poly-S TFTs (W/L =
40y m/10p m) with and without CF4 plasma treatment.

Table 2-3 Summary of device parameters of hydrogenated ELA poly-Si TFTs (W/L =
40p m/10u m, laser energy density = 420mJcnt) with and without OF4
plasma treatment.

Table 2-4 Summary of device parameters of hydrogenated ELA poly-Si TFTs (W/L =
40p m/10p m, laser energy density = 460mJcnf) with and without CF4

plasma treatment.
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FIGURE CAPTIONS

Chapter 2

Fig. 2-1 Process flow of the poly-Si TFTswith CF4 plasma treatment.

Fig. 2-2 Transfer characteristics of the SPC poly-S TFTs with and without CF4
plasma treatment.

Fig. 2-3 Field effect mobility of the SPC poly-Si TFTs with and without CF4 plasma
treatment.

Fig. 2-4 Output characteristics of the SPC poly-Si TFTs with and without CF4 plasma
treatment.

Fig. 2-5 Trap state density extraction of the SPC poly-Si TFTs with and without CF4
plasma treatment.

Fig. 2-6 SIMS profiles of the SPC poly-Si. ' TFTs. with and without CF4 plasma
treatment.

Fig. 27 Activation energy of the'SPC poly-Si' TFTs with and without CF4 plasma
treatment.

Fig. 28 Transfer characteristics of the SPC poly-Si TFTs after NHs hydrogenation
with and without CF,4 plasma treatment.

Fig. 2-9 Field effect mobility of the SPC poly-Si TFTs after NHz hydrogenation with
and without CF, plasma treatment.

Fig. 2-10 Output characteristics of the SPC poly-Si TFTs after NHs hydrogenation with

and without CF4 plasma treatment.

Fig. 2-11 Trap state density extraction of the SPC poly-S TFTs after NH;

hydrogenation with and without CF4 plasma treatment.

Fig. 212 Transfer characteristics of the ELA poly-Si TFTs at the laser energy density

equals to 420mJ/cnt with and without CF4 plasma treatment.
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Fig. 213 Field effect mobility of the ELA poly-S TFTs at the laser energy density
equals to 420mJcnt with and without CF4 plasma treatment.

Fig. 214 Output characteristics of the ELA poly-Si TFTs at the laser energy density
equals to 420mJ/cn? with and without CF4 plasma treatment.

Fig. 215 Trap state density extraction of the ELA poly-Si TFTs at the laser energy
density equals to 420mJcnt with and without CF, plasma treatment.

Fig. 216 Transfer characteristics of the ELA poly-Si TFTs at the laser energy density
equals to 460mJ/cn? with and without CF4 plasma treatment.

Fig. 217 Field effect mobility of the ELA poly-Si TFTs at the laser energy density
equals to 460mJ/cn? with and without CF4 plasma treatment.

Fig. 218 Output characteristics of the ELA poly-Si TFTs at the laser erergy density
equals to 460mJ/cn? with«and without CF, plasma treatment.

Fig. 219 Trap state density extraction of ‘the ELA 'poly-Si TFTs at the laser energy
density equal's to 460mdicnt with and-without CF, plasma treatment.

Fig. 2-20 SIMS profiles of the ELA- poly-Si.- TFTs with and without CF4; plasma

treatment.

Chapter 3

Fig.3-1 Applying bias of the two electrical stressincluding (a) hot-carrier stress and (b)
self-heating stress.

Fig.3-2 Transfer characteristics of the TFTs without CF, plasma treatment before and
after 50sec and 1000sec hot-carrier stress.

Fig.3-3 Transfer characteristics of the TFTs with CF, plasma trestment before and
after 50sec and 1000sec hot-carrier stress.

Fig. 3-4 Output characteristics of the TFTs without CF4 plasma treatment before and

after 50sec and 1000sec hot-carrier stress.
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Fig.3-5 Output characteristics of the TFTs with CF, plasma treatment before and after
50sec and 1000sec hot-carrier stress.

Fig. 36 Enlarged plot of the output characteristics of the TFTs without CF4 plasma
treatment before and after 50sec and 1000sec hot-carrier stress.

Fig.3-7 Enlarged plot of the output characteristics of the TFTs with CF4 plasma
treatment before and after 50sec and 1000sec hot-carrier stress.

Fig.3-8 (@) mobility and (b) On current degradation with time under self-heating
stress.

Fig.3-9 Subthreshold-swing degradation with time under hot-carrier stress.

Fig.3-10 Transfer characteristics of the TFTs without CF4 plasma treatment before and
after 50sec and 1000sec self- heating stress.

Fig.3-11 Transfer characteristics of‘the TFTs with CF4 plasma treatment before and
after 50sec and 1000sec self- heating stress.

Fig. 3-12 Output characteristics:of the TETs without CF4 plasma treatment before and
after 50sec and 1000sec Self-heating stress.

Fg. 3-13 Output characteristics of the TFTs with CF,; plasma treatment before and
after 50sec and 1000sec self- heating stress.

Fig.3-14 (@) mobility and (b) on current degradation with time under self- heating
stress.

Fig.3-15 Mobility degradation rate fitted by power-time dependent law under (a)
hot-carrier and (b) self- heating stress.

Fig. 3-16 Atomic model of the S O,/poly-Si interface (a) without CF4 plasma, and (b)
with CF,4 plasma.

Chapter 4

Fig.4-1 Schematic diagram of poly-Si TFT device structure and the applying stress
conditions.
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Fig.4-2 Stress gate voltage dependence of TFTs on-current degradation.

Fig.4-3 Stress gate voltage dependence of TFTs off-current degradation.

Fig.4-4 Off-current differences versus drain voltage at three types of stress condition,
where ? lott = loff,stress — loff initial -

Fig.4-5 On-current differences versus drain voltage at three types of stress condition,
where ? lon = lonstress — loninitial-

Fig.4-6 The drain voltage related barrier variation of the negative trap states.

Fig.4-7 Schematic diagram of device cross section of the type-A stress (Vg stress = 0V,
VD, stress = 20V).

Fig.4-8 Schematic diagram of device cross section of the type-B stress (V g siress = 10V,
VD, stress = 20V).

Fig.4-9 Schematic diagram of devieé cross section of the type-C stress (V g siress = 20V,

VD’ stress = ZOV)
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