Chapter 3

Reliability mprovements of Low Temperature
Poly-S Thin-Film Transistorswith CF, Plasma

Treatment

3.1 Introduction

The electrical characteristics of low-temperature poly-Si TFTs have been shown
to be deeply influenced by grain-boundary.and intragranular defects existed in poly-Si
films [1-3]. To obtain high performance poly=S"TFETS, it is necessary to reduce the
trap-states of the poly-Si films.21t is well known that the hydrogenation process tends
to tie up the grain-boundary dangling bonds and- intragranular strain bonds with
hydrogen, thereby remarkably improve the characteristics of the poly-Si TFTs [4-7].
However, it has been observed that the poly-Si TFTs with hydrogenation suffer from
low hot-carrier endurance and thermal stability problems [8-9]. Recently, the research
of the reliability issuein poly-S TFTs is becoming a very important topic due to the
great device performance instability of poly-S TFTs under a long-term electrical
stress. Severa comprehensive studies have proposed that the degradation of poly-Si
TFTs was mainly resulted from the conduction of a large amount of carriers, which
induced the creation of metastable states within the poly-Si channel B-10]. The
hot-carrier and self- heating effect were aso investigated in poly-S TFTs [11-12] and
were found to be accompanied well as that in MOSFETSs.

Wu et al. attributed the degradation mechanism of hydrogenated poly-Si TFTs to



the state creation in the channel caused by the breaking of weak SkH bonds or SkSi
bonds, while the degradationrate increased with stressing bias voltage [10]. Moreover,
self-heating has also been reported to be another degradation mechanism when
poly-Si TFTs were fabricated on poor thermal conducting substrates, particularly for
wide-channel TFTs and/or small-size TFTs [13-15]. The hot-carrier degradation
phenomenon originating from a high drain electric field has aso been widely
discussed in many papers[16-18].

In this chapter, we first demonstrate that the significant performance
improvements of the poly-Si TFTs by using CF; plasma treatment due to the
passivation effect of the fluorine atoms. In this chapter, the stress immunity of the
poly-Si TFTs with CF4 plasma treatment was investigated in detail with two stress

condition including hot-carrier mode self- heating mode.

3.2 Experimental details

The samples used in this experiment were the hydrogenated ELA poly-Si TFTs
mentioned in the chapter 2, including the conventional TFTs and CF,4 plasma treated
TFTs. The fabrication flows were described in Fig. 2-1.

The HP4156 precise semiconductor parameter analyzer was used to perform
stress measurement on the TFTs and extract the transfer characteristics after

application of bias stress.

3.3 Resaultsand Discussion

The stress conditions were divided into two modes including hot-carrier stress

(HCS) and self- heating stress (SHS). We use these two stress modes to examine the
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stress resistance of the hydrogenated LTPS TFTs. The applying stress bias for each
stress modes was illustrated in Fig. 3-1. The stress bias of the hot-carrier mode was
that Ve sress = 10V, Vb sress = 25V and source electrode was grounded. The stress bias
of the self- heating mode was that Vg sress = 25V, Vp sress = 20V and source electrode

was grounded.

3.3.1 Characteristics of poly-Si TFTs after hot-carrier stress

Fig. 3-2 and 3-3 show the transfer characteristics of the TFTs with and without
CF4 plasma treatment before and after 50sec and 1000sec hot-carrier stress. It can be
seen that on-current and subthreshold-swing of the conventional TFTs were degraded
significantly. However, less degradation.was found of the TFTs with CF,; plasma
treatment. In this case, hot carriers were generated. by impact ionization and induce
the degradation of TFTs [17]. Therefore, the result of the transfer characteristics after
stress indicates that the TFTs with CF4 plasmatreatment show higher stress immunity
against the hot carrier degradation.

Fig. 34 and 3-5 show the output characteristics of the TFTs with and without
CF4 plasma treatment before and after 50sec and 1000sec hot-carrier stress. The
driving current of the conventional TFTs after hot-carrier stress was reduced greatly
compared with that of CF, plasma treated. Fig. 3-6 and 3-7 are the enlarged plots of
Fig. 3-3 and 3-5. The driving current of the conventiona TFTs after 1000sec
hot-carrier stress shows enormous degradation at Vp = 0~2V. We deduce that the
drain junction of the conventional TFTs might be damaged seriously by hot carriers
during the impact ionization and lots of damages caused the resistance raised near the
drain junction On the contrary, the TFTs with CF4 plasma treatment show small

dagradation on driving current due to lessdamage near the drain junction.



Figg 3-8 and 3-9 show the fidd effect mobility, On-current and
subthreshold-swing degradation with stress time. It can be seen that the mobility and
on-current degradation rate of the conventional TFTsis amost twice of the TFTs with
CF4 plasma treatment. The subthreshold-swing degradation rate of the conventional
TFTsis thirteen times of the TFTs with CF,4 plasma treatment at the stress time of

1000sec.

3.3.2 Characteristics of poly-S TFTs after sdlf-heating stress

Fig. 3-10 and 3-12 show the transfer characteristics of the TFTs before and after
50sec and 1000sec self- heating stress. It can also be seen that on-current was more
seriously degraded in conventiona .TETs.Moreover, the subthreshold region of the
conventional TFTs exhibits a hump phenomenon after self- heating stress. However,
the subthreshold region of the TFTs with CF4 plasma treatment is almost unchanged.
In this case, TFTs are fabricated on buffer thermal oxide layers, which reduce the heat
dissipation to the substrate. For this reason, TFTs can reach a very high temperature
(over 300 ) during operation [17]. Such a high temperature will enhance the
breaking of SFH bonds and the generation of dangling bonds in the SO,/poly-Si
interface, thus degrade the performance of the poly-S TFTs. Therefore, the result of
the transfer characteristics after stress indicates that the TFTs with CF; plasma
treatment show higher stress immunity against the self- heating degradation.

Fig. 3-11 and 3-13 show the output characteristics of the TFTs before and after
50sec and 1000sec hot-carrier stress. The driving current of the conventional TFTs
after self- heating stress was greatly reduced due to the generation of dangling bonds
under a high temperature environment caused by device operation.

Fig.3-14 shows the field effect mobility and ON-current degradation with stress
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time. It can be seen that the mobility and oncurrent degradation rate of the

conventional TFTsisamost triple of that for the TFTs with CF4 plasma treatment.

3.3.3 Device degradation mechanisms and fluorine passivation effect

Fig.3-15 shows the degradation of mobility defined as? Mest/ Meit 0, Where ? Pess =
Mest str— Mefr,0. Heito 1S the initial mobility and Mest s is the mobility after stress. It is

noticed that ? Meft/ et 0 €xhibits a power-time dependent law of the form[19]

T T (Eg. 3.2)

The pre-power law factor A is empirically expressed as[20]
A ? exp(-a/Vp gp)----=--===m-me=mmemmemeee e (Eq. 3.2)

where a is a constant and depends_only on the device process. According to
hot-carrier degradation theory J20], exponent n of a power-time dependent law is
independent of Vp & merely depending on-V e« This indicates that n is associated to
the mechanisms of device degradation. FromFig.3-15, the exponent n of the HCS and
SHS are approximately 0.31 and 0.43 respectively. That is to say the degradation
mechanisms of these two stress modes are quite different. It has been reported that the
exponent n = 0.2 corresponding to carrier trapping mechanism and 0.5~0.7
corresponding to interface state generation mechanismfor MOSFETs[21]. Therefore,
we can deduce that exponent n = 0.31 is close to carrier trapping degradation due to
impact ionization of hot carriers and exponent n = 0.43 is perhaps the interface state
generation due to breaking bonds by high temperature operation.

Fig. 3-16 shows the atomic model of the SiO2/poly-Si interface. For the case of
the conventional TFTs, weak SkFH or SO bonds get broken during electrical stress

thus enhance the formation of dangling bonds and strain bonds and further degrade



the device performance. On the contrary, the incorporation of fluorine atoms by CF4
plasma treatment not only passivates the dangling bonds and strain bonds but also
forms strong SkF bonds. Therefore, the stress immunity of TFTs with CF,4 plasma

treatment gets raised.

34 Summary

The reliability test of hydrogenated poly-S TFTs with and without CF4 plasma
treatment has been investigated by hot-carrier stress and self-heating stress. Under
hot-carrier stress and self-heating stress, TFTs with CF, plasma treatment exhibit
higher stress immunity than conventional TFTs. It cab be speculated that the
incorporation of fluorine atoms by +CFs plasma treatment not only passivates the
dangling bonds and strain bonds bu aso forms strong SHF bonds, thus raises the

stress resistance.
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HCS (Hot-Carrier Stress)

Vgstr = 10V

GND VD,str = 25V

(a) Hot=carrier. stress

SHS (Sel f-Heating Stress)

Vgsir = 25V

GND Vpsy = 20V

(b) Self- heating stress

Fig.3-1 Applying bias of the two electrical stress including (a) hot-carrier stress and (b)
self-heating stress.
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Fig.3-2 Transfer characteristic of the TFTs without CF4 plasma treatment before and
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10-3 E L | T LI | LI T T | LI LI | LU T | T LU | LI LI
F With CF4 Plasma @ HCS
4
10% £ wiL = 40110
F T =10nmm A D= ]
L oxide
10° E  Stress condition : 3
E v o—10vi v = - E
N V=10V V=25V 05V .
$ o _
0 10°F E
c X ]
)
= 7 E -
S 107 E E
O i ]
'% I Before stress _'
5 10° B
C —-----Stress for 50sec ]
10° E, 3
r = == Stress for 1000sec .
10" E
1 i PR R T N T T T O N TN T T TN T SO TN TN TN [N TN SN WO WO AN SO SO TN S NN T T |_
10°
-10 -5 0 5 10 15 20 25

Gate Voltage , VG V)
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Fig.3-10 Transfer characteristic of the TFTs without CF4 plasma treatment before and
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Fig. 3-16 Atomic model of the SO,/poly-Si interface (a) without CF4 plasma, and (b)
with CF,4 plasma.



