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Abstract

This thesis consists of “two'~parts.“In. the first part, the concept of
Modified-Schottky-Barrier (MSB) FINFET was employed to fabricate MSB TFTs. In
the second part, wet etching technigue of Hf O, film was developed. It is akey process
step to integrate HfO, film into TFTs process.

It is demonstrated that Ni-silicide can be applied to both n-channel and
p-channel devices simultaneously. Process complexity can be reduced greatly.
Although two-step silicidation is suggested for bulk CMOSFETs and MSB FinFETS,
Ni-salicide structure can be formed by one step RTA at 500 in MSB TFTs because
the Si source is limited in the S/D region and device dimension of TFTs is much
larger than that of CMOSFETSs or FinFETS.

MSB TFTs with the suitable activation process shows the superior I-V
characteristics compared to CN TFTs and SB TFTs. A rapid therma activation at

temperature between 600 to 650  results in the best device performance for both



MSB pTFTs and MSB nTFTs. When MSB TFTs are activated at the temperature
higher than 700 , Ni-silicide agglomerates at gate el ectrode and device performance
degrades. At suitable activation temperature, 30 seconds RTA is a suitable activation
time for MSB TFTs. Besides these, higher implantation dose can provide more
dopants to enhance device performance. Considering the device geometries, narrower
channel width has few grain boundaries and trap states; therefore, threshold voltage
slightly decreases. On the other hand, strong reverse short channel effect appears due
to traps states of MMGB's. Fortunately, it is not necessary to scale channel length of
TFTs down to around 1um and hydrogen contained plasma treatment is expected to
passivate defects at MMGB's. It is strong believed that the MSB TFTs can achieve
excellent device performance and can be applied to LTPS TFTs due to its low thermal
budget feature.

Temperature, including deposition.temperature and post-deposition annealing
temperature, is the most important factor to-éffect the wet etching behavior of HfO,
film. The film structure deposited at:differeni-temperatures is studied in this chapter
and the influence of PDA temperature is also examined. The higher deposition
temperature causes fewer dangling Hf-O bonds and higher post-deposition annealing
temperature reconstructs the dangling and imperfect Hf-O bonds. Therefore, the wet
rate is lower. Fortunately, implantation process can help to degrade Hf-O bonds, and

let the Hf O films become wet etch-able.
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Chapter 1
| ntroduction

1.1 Overview

Since the first demonstration in 1966 [1], polycrystalline silicon thin-film
transistors (poly-Si TFTs) have attracted much attention. Over the past two decades,
poly-Si TFTs have been widely used in various application fields, including thermal
printer heads [2], linear image sensors [ 3], photo-detector amplifier [4], and scanners
[5]. Poly-Si TFTs can aso be applied in some memory 1Cs such as dynamic random
access memories (DRAMS) [6], static random access memories (SRAMS) [7],
electrical programming read only memories (EPROMS) [8], and electrical erasable
progranming read only memories (EEPROMSs) [9]. Especialy, the application in
AMLCDs is the major reason to.push pely-Si TETs technology progressing rapidly
[10].

Similar to amorphous silicon thin-film-transistors (a-Si:H TFTs), the process of
poly-Si TFTs is compatible with*the.conventional silicon technology. The higher
mobility is the primary advantage of poly-Si TFTs compared with a-Si:H TFTs [11].
The mobility of a-Si:H TFTsisjust about 1 cm?/V-s. However, the mobility of poly-Si
TFTs higher than 10 cm?/v-s is easily achieved by present technologies [12-14]. The
higher mobility is obtained by thin films deposited in the amorphous state and then
crystallized into poly-Si type. In this case, the grain size is larger than that of thin
films deposited in the polycrystaline state directly. However, in order to be realized
on inexpensive glass substrate, the process temperature below 600  is urgent to be
developed [15]. In the following, three kinds of low temperature crystallization
methods are roughly reviewed. They are solid phase crystalization (SPC) [12],
excimer laser crystallization (ELC) [13], and metal induced crystallization (MIC)
[14].



For the SPC process, the maximum process temperature is 600 . Because the
amorphous thin film is deposited at temperature below 600 thermal crystalization
for 24 hr is required to transfer the amorphous thin film into the polycrystalline thin
film [16]. The grain size is larger than that with the higher structural disorder of the
amorphous thin film [17]. Compatible with the silicon technology and without extra
cost are the advantages of the SPC process. Good uniformity and smooth surface are
the other two advantages. However, the crystallization time is so long (>20 hr) so that
the throughout is quite low and a lot of defects produced in this long time process
[18].

Compared with the SPC process, the maximum process temperature of excimer
laser crystalization (ELC) can be reduced below 600 [19]. Strictly speaking, the
ELC process is not a low temperature process. With the excimer laser annealing, the
silicon is heated well above 1200." . However,.dueto the short time of laser pulse, the
high temperature is maintained-for-a very short period. The therma energy will not
propagate to damage the glass-substrate-BPuring the ELC process, the silicon layer
absorbs UV light strongly but the substrate composed of SiOx mostly reflects UV light.
The amorphous thin film gains laser energy fast and transfers into poly-Si thin film
quickly. The throughput ELC process is higher than that of the SPC process and the
larger grain size translates to fewer defects. The laser energy density has a profound
influence on the TFT devices [20]. The narrow laser process window is a major
disadvantage of the ELC process. The high initial facility cost and high process
complexity are the other two disadvantages of the EL C process [21].

The metal induced crystallization (MIC) process is another choice to transfer the
amorphous thin film into poly-Si thin film with large grain size [22-23]. With the MIC
process, metal, such as Ni, Al, and Cu is deposited on the amorphous thin film [14,
22-23]. The reaction between the metal and the amorphous thin film occurs by

diffusion. With the interaction of the free eection of the metal and the covalent Si



bonds near the growing interface, the poly-Si grains grow. Considering the metal-Si
eutectic temperature , the process temperature can be below 600 [24]. Compared
with the other two processes, the process temperature of MIC process can be lower
than that of SPC process and the process window of MIC processislarger than that of
ELC process. However, the metal contamination is a profound influence on the
application of the MIC process [25]. Besides this, the high defect density is another
problem.

With the scale down of device channel dimension, the device characteristic is
improved. However, due to the existence of grain boundary, the dangling bonds trap
free carriers and generate some potential barriers in the poly-Si thin film. These
defects affect the performance such as on-state current, threshold voltage, and
mobility serioudly. In addition, junction leakage current due to carrier generation at

source and drain increases the off-State current{ 26]:

1.2 Motivation

Dozens of researches have been eonducted to improve TFTs device performance.
The grain size can be enlarged and the defects can be decreased by some
crystallization techniques, such as excimer laser crystallization (ELC), solid phase
crystalization (SPC), rapid therma annealing (RTA), and metal induced
crystallization (MIC). The plasma passivation in ammonia plasma can repair the
dangling bonds and increase the reliability. Besides these two process technologies,

another method can be used to improve the device performance.

1.21  Modified-Schottky-Barrier Poly-S TFT
MSB FnFET has been demonstrated to have excellent electrical characteristics
[27]. With implant-to-silicide (ITS) process and suitable activation process, ultra

shallow S/D extension (SDE) is formed to bridge the inverted channel and S/D region



and modify the Schottky Barrier thickness. Therefore, the excellent |-V characteristics
of MSB FinFET is obtained. In order to understand the theorem of Modified-Schottky
-Barrier (MSB) further, Fig.1-1 and Fig.1-2 shows the band diagrams of SB and
p-type MSB FiInFET (MSB pFinFET) in the on-state and off-state modes. In Fig.1-1,
the on-state current of SB FinFET is mainly due to the tunneling mechanism. In the
pMSB FnFET, due to the high doping concentration of the SDE region, the barrier is
thinner; therefore, carrier injection resistance from source to channel decreases, and
then the on-state current is improved. In the off-state mode shown in Fig.1-2, for the
SB FinFET, the leakage mechanism of SB FInFET is due to the thermionic emission
from drain region at room temperature. In the high electric field, the field emission
dominates the leakage mechanism. However, in the MSB pFinFET, the SDE region
makes the Schottky barrier wider and higher so that the off-state current is lower than
that of the conventional SB FinFET, and,then off-state current is suppressed. With the
high on-state current and lower off-state current, device with excellent electrical
characteristics is achieved.

Based on the similar structure of FinFET-and TFT devices, it is natural to apply
the MSB process to TFTs. The low thermal budget feature of MSB process is also
compatible with the requirement of low temperature poly-Si TFTs (LTPS TFTs). We
apply this technique to TFT device and expect to solve the disadvantages of
conventional TFT (CN TFT) and Schottky Barrier TFT (SB TFT) discussed bel ow.

For CN TFT, the trap states near the Source/Drain region cause the junction
leakage current [28]. The high resistance of the Source and Drain region reduces the
device performance seriously. With the silicide process of the Source/Drain region,
the resistance of Source/Drain drops off remarkable. However, for SB TFT, due to the
am-bipolar characteristics of SB TFT, it's quite hard to turn off when device is
operated in the off-state mode. In the MSB TFT, the SDE region is so shallow and the

doping concentration is so high that there are few trap states inside. With



Modified-Scbottky-Barrier, the am-bipolar characteristics of SB TFT can be
suppressed when the device is operated in the off-state mode. Therefore, MSB TFTs

with excellent electrical characteristicsis aso expected.

122  Wet etching of HfO, experiments

For the gate dielectric process, the low temperature process results in lower
breakdown voltage and higher leakage current compared with the high temperature
process. In order to improve this issue, many researches have been conducted [29~30].
However, the breakdown voltage of the gate dielectric film deposited in the low
temperature process can still not compared with that deposited in the high temperature
process. That's the reason why the thickness of the gate dielectric film in thin film
transistors is still much thicker than that in conventional CMOS. After channel
crystallization process, grain boundaries.make the channel surface roughness. The
rough surface causes high local electrical field and degrades breakdown voltage and
mobility further [31]. Thicker gate dielecirie-film increases breakdown voltage but
degrades device performance. Besides this, due to the existence of grain boundaries,
the mobility of poly-Si TFTs is still lower than that of CMOS. Just like the
crystallization methods mentioned above, ELC and MILC processes can enlarge the
grain sizes and increase the mobility. However, the improvement of the mobility still
has its limitation [32]. Upon these reasons, the dielectrics with higher permittivity
such as HfO,, TaxOs, etc. are considered to be used as gate dielectric [33]. Under the
same or even smaller effective oxide thickness (EOT), the physical thickness of the
high-k gate dielectric can be much thicker so that the gate leakage current is
suppressed and the gate breakdown voltage is elevated. Besides this, the on-state
current could be higher than that of the conventional poly-Si TFTs with SO, gate
dielectric.

Although the mobility degradation is a serious problem for high-k dielectric to be



applied in the CMOS technology, this problem may be ignored in TFTs. The mobility
degradation with high-k gate dielectric is due to the interfacial layer and remote
phonon scattering [34]. In the conventional poly-Si TFTs, the main mechanism of low
mobility is scattering due to grain boundaries and rough channel surface. Applying
high-k dielectric in poly-Si TFTs, the effect of remote phonon scattering will be not
significant. Because the effective oxide thickness in poly-Si TFTs is not necessary to
be as thin as that in CMOS, interfacial layer formation between high-k dielectric and
poly-Si channel can be avoided by inserting a thin SIO, buffer layer. In this case,
remote phonon scattering can be further reduced. Since the high-k gate dielectric
process is a low temperature process, this process can be immediately applied to
LTPSTFTs.

Lots of high-k dielectrics have been proposed [35]. Among all high-k dielectric
candidates, HfO, is the most promising,candidate with many advantages such as
suitable permittivity, acceptableband alignment, high free energy of reaction with Si,
high heat of formation, and superior-thermal-stability with poly-Si [36]. However,
unlike SIO,, how to remove HfO, layer. after gate patterning is a serious problem that
should be solved as soon as possible. In 2003, Andrew J. Kellock et a proposed that
HfO, can be etched by Ar" bombardment and diluted-HF solution [37]. Ar*
bombardment is used to damage the crystallized HfO, film. Then, the damaged HfO;
film is etched by diluted-HF solution. However, the etching rate selectivity between
HfO, and SO, using diluted HF solution is very poor. Furthermore, Ar+
bombardment is not standard process for Si technol ogy.

In this thesis, some detailed experiments are performed. Without using diluted
HF solution, HF/IPA solution is much more useful to etch HfO, film due to its higher
etch selectivity [38]. Ar" and BF," ions from ion implanter were used to damage the
HfO2 film. BF," ion sources are believed to have much more advantages than Ar* in

the CMOS technology. Unlike Ar* as a carrier gas, BF," can not only damage HfO5



film but also can be use to dope source/drain (S/D) region.

1.3 Thesisorganization

In chapter 2, the fabrication of MSB TFT is presented and the structural analysis
is examined. In chapter 3, the performance of Modified-Schottky-Barrier (MSB)
Poly-Si TFT, Schottky barrier TFT, and conventional TFT are compared. Some more
detail electrical characteristics of MSB TFT are discussed. The effects of process
conditions on the performance of MSB TFT are also discussed. The etching
mechanism of HfO, film is shown in chapter 4. Finaly, chapter 5 gives the

conclusions of this thesis and suggests some future works.



@ (b)

o—5H o

Fig. 1-1 (8)~(b) The Schematic band diagrams of SB and P-type MSB TFTs. (a)
on-state of SB TFTs, (b) on-state of P-type MSB TFTs.
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Fig. 1-2 (a)~(b) The Schematic band diagrams of SB and P-type MSB TFTs. (a)

off-state of SB TFTs, (b) off-state of P-type MSB TFTs,



Chapter 2
Fabrication of Modified Schottky Barrier
Polycrystalline Silicon Thin-film Transistors

(MSB TFTs)

2-1 Introduction

Modified-Schottky-Barrier FINFET (MSB FinFET) has been demonstrated to
have the excellent electrical characteristics [27]. Ultra shalow source/drain (S/D)
extension (SDE) of MSB FinFET bridges the inverted channel and S/D region and
modifies the Schottky barrier thickness. Therefore, excellent electrical characteristic is
obtained. Besides these, ultra shallow SDE can. beformed at temperature as low as
600 , the low thermal budget-allows this technique to apply in TFT device. In this
chapter, the fabrication of Modified-Schottky-Barrier Poly-Si TFTs is presented. The

structure analysisis also discussed in this chapter.
2-2 Experimental Procedure

2-2-1 Fabrication of MSB TFTs

Fig.2-1 shows the schematic process flow of the MSB TFT. In order to simulate
the glass substrate, a 1um thick oxide was deposited on 6-in wafer first. Then, a 50
nm thick a-Si layer was deposited as device active layer in a low pressure chemical
vapor deposition (LPCVD) system at 550 using SiH4 as Si source. The active layer
was crystallized by solid phase crystallization (SPC) processat 600  for 24 hoursin
N, ambient. After patterning the active layer, a 50 nm thick TEOS oxide layer was

deposited in aLPCVD system at 700  as gate oxide. A 100 nm thick a-Si layer was



subsequently deposited in another LPCVD system at 550 using SiH4 as Si source
as gate electrode. Then, the aSi gate electrode layer and the gate oxide layer were
etched in a poly-Si etcher of model TCP-9400 and an oxide etcher of model
TEL-5000, respectively. To form a sidewall spacer to avoid the bridging effect
between gate and S/D in the following NiS silicidation process, a 100 nm thick
TEOS oxide was deposited in a LPCVD system at 700 followed by dry etching
process. A 22nm-thick Ni film was then deposited in a sputtering system immediately
after a diluted-HF dip for 40 sec. The spacer length was reduced to about 50-60 hm
after the diluted-HF dip process. The Si layer at S/D region was converted to NiS
completely by a rapid-therma annealing at 500 for 40 seconds in N, ambient.
After the silicidation process, the un-reacted Ni was selectively removed by
H>SO4/H0, solution for 10 minutes at 100~120 . Fig.2-2 shows the I4-Vy
characteristic of a device with 5 um channel.length. and 5um channel width measured
at this stage. The am-bipolar characteristic indicates that a typical Schottky barrier
(SB) device has been fabricated-successtully:

Implant-to-silicide (ITS) process was employed to form MSB junction. BF,"
ions were implanted at 45 KeV for p-channel MSB TFTs (MSB pTFTs) and P’ ions
were implanted at 30KeV for n-channel MSB TFTs (MSB nTFTs). Two dosages of
1x10™ and 5x10™ cm™ were used to study the effect of implantation dose. Dopants
were then diffused out of silicide to form an ultra-shallow SDE at the channel-S/D
interface by a low temperature annealing process in N, ambient. This process was
performed in a RTA system at temperatures of 600, 650, 700 and 750  for 30, 90,
and 150 sec. Table 2-1 summarizes the process conditions studied in this thesis.

In order to simply the fabrication process, source, drain, and gate electrodes
were defined large enough so that devices can be measured directly without additional

metallization process. The typical layout of devicesis shown in Fig.2-3.
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2-2-2 Fabrication of Conventional TFTs

Besides the fabrication of MSB TFTs and SB TFTs, conventional (CN) TFTs
were also fabricated for comparison purpose. The process steps for CN TFTs were
identical to those for MSB and SB TFTs until spacer formation. S/D and gate were
doped by BF," ion implantation at 25K eV to a dose of 5x10™ cm™ for pTFTs and P*
ion implantation at 18 KeV to a dose of 5x10™ cm for nTFTs. In order to activate
dopants, a 300 nm thick TEOS oxide was deposited in a plasma enhanced chemical
vapor deposition (PECVD) system at 300  followed by a furnace annealing for 12
hoursat 600 in N, ambient for CN pTFTs and by a RTA annealing for 20 seconds
a 700 in N2 ambient for CN nTFTs. Finaly, typica contact opening and
metallization processes were performed to complete the device fabrication. A 30

minutes alloy process was carried out at 400 for reducing the contact resistance.

2-2-3 Structural Analysisof MSB TETS

Fig.2-4 shows the cross=sectional—transmission electron microscopy (TEM)
micrographs of a MSB nTFT with'gate length (lg) of Sum, gate width (W) of Sum,
and channel thickness (T.,) of 50nm. The oxide sidewall spacer is indicated by white
dashed line. It is clear that the S/D region was fully silicided and a 50 nm thick NiS
was formed on aSi gate. The dlight sunken of S/D near gate edge is due to the
micro-trenching effect during the plasma etch of gate oxide. Fig.2-5(a) and (b) show
the energy dispersive X-ray (EDX) spectra of region A and region B as indicated in
Fig.2-4, respectively. Region B is Ni-silicide and region A is ill poly-Si. It is
confirmed by the EDX spectra that the lateral growth of Ni-silicide is limited and the
S/D silicide does not overlap with gate electrode. The phase of silicide at S/D region
and gate region were identified to be NiSi; and NiSi, respectively, by electron
diffraction pattern as shown in Fig.2-6. This result is identical with that observed in

MSB FnFET [27] and the mechanism is still under investigation.

11



The silicide layer on &S gate is about 45 nm, leaving unreacted a-Si of about
74 nm thick. Fig.2-7 shows the secondary ion mass spectroscopy (SIMS) depth profile
of boron at gate region. The implantation dose is 5x10™ cm? and the activation
condition is RTA at 600  for 30 sec in N, ambient. It is observed that most of the
boron atoms were confined in Ni-silicide and only a very shallow p-type layer formed
at the Ni-silicide/a-Si interface. It is expected that the ultra-shallow SDE at S/D region
should be similar. It should be noted that since the a&Si gate was not doped before
silicidation, gate depletion becomes unavoidable and device performance will be
suffered. All of the device performance of MSB TFTs presented in the next chapter

could be improved if the a-Si gate electrode were heavily doped in advance.
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Table 2-1 Experimental split condition of MSB TFTs

Activation Temperature

Temperature  |600 650 700 750
Time 30sec

Dosage 5x10™ cm®

System RTA

Activation Time

Temperature 600

Time 30sec  90sec - 150sec
Dosage 5x10™ cm?

System RTA

Implant Dosage

Temperature  |600

Time 30 sec

Dosage 1x10" cm?®  5x10™ cm®
System RTA
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Fig. 2-3 Schematic structure of device layout
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Fig. 2-4 Cross-section TEM of MSB TFTs
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(b)

Fig. 2-5 (8)~(b) The EDX analysis of MSB TFTs.
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(@ “B” region

(b) “C” region

Fig. 2-6 Electron diffraction pattern of Ni-silicide at (a) S/D region, "B” (b) Gate
region “C”.
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Chapter3
Electrical Characteristicsof MSB TFT

In this chapter, the electrical characteristics of CN TFTs, SB TFTs, and MSB
TFTs are compared at first. Then, the effect of MSB process conditions including
activation temperature, activation time, and implantation dose are presented and
discussed. Device parameters including threshold voltage (V), subthreshold swing
(S.S.), mohility, and on/off current ratio are all extracted. The Vy, is defined as the
gate voltage at which I4/W=10 nA and 100 nA as | V4| =0.1V and 5V, respectively.
The S.S. is defined as the minimum value of the inverse of derivative of
0logi1o(las)/OVgs. Mobility is extracted from the maximum transconductance at
| Vs =0.1V. The on/off current ratio is defined &s the ratio of the maximum value of
las and the minimum value of lg. On/off (current ratios at | Vg =0.1V and 5V were

both extracted.

3-1Basic Electrical Characteristics

Fig.3-1(a) and (b) shows the output characteristics of MSB pTFT and MSB
NTFT, respectively, with channel length (Lg) of Sum and channel width (Wg) of Sum.
With SDE region bridging the inverted channel and S/D region and reducing the
Schottky barrier thickness, the carrier injection resistance from source to channel is
reduced greatly so that the typical sub-linear phenomenon of SB TFTs s not observed
upon MSB TFTs.

Fig.3-2 compares the transfer characteristics of CN, SB, and MSB TFTs. The
extracted parameters are listed in Table 3-1 and Table 3-2. In the p-channel devices,
MSB TFTs shows the best performance among MSB, SB and CN TFTs no matter in
the subthreshold swing (S.S.), field-effect mobility, or on/off current ratio. The low

driving current and high leakage current of SB TFT is as expected. Because the
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driving current is too poor, mobility of SB TFT can not be extracted. The low mobility
of CN TFT isattributed to the high S/D resistance while the poor S.S. of CN TFT may
be due to different grain structure in channel region because of different thermal
budget. The high S/D resistance of CN TFT can also explain the low driving current
in comparison with MSB TFT. The leakage current of MSB TFT is aimost identical
with that of CN TFT and is much lower than that of SB TFT. It is pronounced that the
MSB structure can produce excellent TFTs.

In the n-channel TFTs, MSB TFT also exhibits the highest driving current and
the lowest leakage current among the three kinds of devices. It should be noted that
the on/off current ratios of MSB pTFT exceeds 10" and MSB nTFT exceeds 7x10°,
both are compatible with those reported results as the channel is crystallized by SPC
process.

In this thesis, the SB and MSB TRIs did not experience hydrogen-contained
plasma treatment after device:fabrication. The-trap states are not passivated by
hydrogen. At high drain voltage; el ectron-hele-pairs are generated so that the potential
of floating body increases and then'the DIBL -like effect occurs.

As mentioned in chapter 2 that the un-silicided Si layer of gate electrode is
amost undoped. Gate depletion becomes unavoidable. It is thus expected that the
performance of MSB devices could be improved further is the Si channel is
crystallized by ELA or MILC method and the Si gate is heavily doped before silicide
formation. Fully-silicided (FUSI) gate is another possible strategy [39].

3-2 Effects of M SB Process Parameters

3-2-1Activation Temperature
Temperature is the most important process parameters to form ultra shallow

SDE and to activate dopant. Since there are few researches about behaviors of
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phosphorus and boron in Ni-silicide, a heavy dose of 5x10™°cm™ is used to study the
effect of activation temperature in order to avoid the influence of insufficient dopants.
The transfer characteristics of MSB pTFTs and nTFTs experienced different activation
temperatures are shown in Fig.3-3(a) and (b), respectively. The extracted parameters
of MSB pTFTs and MSB nTFTs are presented in Table 3-3 and Table 3-4,
respectively.

It isobserved that RTA at 600 and 650 result in the best device performance
for both pTFTs and nTFTs. The dight deviation of Vg, S.S., mobility, as well as
on/off current ratio may come from the process deviation. By increasing the RTA
temperature to higher than 700 , device performance degrades dramatically. Increase
of absolute value of V4, increase of S.S., and decrease of mobility are clearly
observed. However, the off-state current (los) Slightly decreases with the increase of
RTA temperature.

It is known that the |« of M SB devicesis determined by the quality of the MSB
junction. The continuous reduction of~lge—implies that the higher activation
temperature results in deeper and higher concentration SDE. Since the S/D integrity is
maintained, the device degradation mechanism must be related to the gate electrode.

The first speculation about the degradation mechanism of S.S. and mobility is
the degradation of surface state quality of channel. It was reported that thermal stress
of gate electrode may generate oxide charge and interface state defects [40~41].
However, no matter positive charges or negative charges were generated by thermal
stress, the Vi, of MSB pTFTs and MSB nTFTs should shift toward the same direction.
According to the measured results, the absolute value of Vi, increases with the
increase of activation temperature. That is the Vi, of MSB pTFTs and MSB nTFTs
shift toward opposite direction. Therefore, the thermal stress induced degradation is
ruled out.

It is known that the thermal stability of Ni-silicide is not as good as Ti-silicide or
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Co-silicide [42]. Annedling at temperatures higher than 700  usually results in
agglomeration of Ni-silicide [43~44]. It is postulated that he agglomeration of silicide
at gate electrode may degrade device performance.

Fig.3-4 shows the surface morphology of MSB TFTs inspected by scanning
electron microscope (SEM) after anneadling at different temperatures. The
agglomeration of silicide at gate region occurs when the activation temperature is
above 700 ; while the silicide at S/D region keeps continuous at 750 . The
un-agglomeration of silicide at S/D region is consistent with the non-degradation of
lofr. Since the Si gate was not doped before silicide formation, once the silicide at gate
region agglomerated, gate voltage can not be applied to the gate region without
silicide. Therefore, higher gate voltage is required to form inverted channel at he
active layer above where the silicide film is broken. That's why the absolute value of
Vi increases for both pTFTs and nTFTs.with.the‘increase of activation temperature.
The degradation of S.S. and mobility can also‘explained by the same mechanism.

There are two possible reasons can-explain the different thermal stability at gate
region and S/D region. The first one is.thermal stress [45~46]. The vertical structures
at gate region and S/D region are different. At gate region, Ni-silicide is stacked on
un-reacted a-Si layer, TEOS gate oxide, Si active layer, and buried oxide, while the
Ni-silicide at S/D region is stacked on buried oxide only. The thermal stress is quite
different at high temperature. It is also reported that the NiSi film is easier to be
agglomerated than the NiSi, [47~48]. Anyway, it is quite possible that the thermal
stress at gate region is higher than that at S/D region, therefore, thermal stress induced
agglomeration may occur at gate region earlier.

Another possible reason is more complex. We use the schematic cross-sectional
structure of Fig.3-5 to explain it [49]. The agglomeration of silicide on Si substrate
proceeds with three steps : (a) metal-Si bonds break due to thermal energy, (b) metal

diffuse along grain boundary and silicide/Si interface, (c) new metal-Si bonds form at
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suitable position until energy balance between grain boundary and interface energy.
At gate region, there are un-reacted Si layer under Ni-silicide. Similar procedure can
occur as shown in Fig.3-5(a). Upon high temperature process, Ni-Si bonds break and
Ni atoms diffuse along grain boundaries until the energy balance between the grain
boundary energy and both surface and aSi layer interface energies is achieved.
Therefore, groove morphology proceeds and enlarges NiS grain until NiSi island
forms. However, at S/D region, thereis no silicide/Si interface and no excess Si atoms
to react with un-bonded Ni atoms as shown in Fig.3-5(b). Therefore, agglomeration is
suppressed. Certainly, it is possible that both reasons exist in our case. To identify
which oneis the root cause needs more works.

We can have a short summary now. A 600 or 650 RTA issufficient to form
excellent MSB pTFTs and nTFTs simultaneously. The fully silicided S/D region can
sustain thermal annealing up to 750 ..lf.gate electrode is also fully silicided, the
sustainable process temperatureiisexpected to be 750- at least. For the application of

LTPSTFTs, 600 ischosen to-be the process-temperature of MSB process.

3-2-2 Activation Time

Fig.3-6 (a) and (b) show the transfer characteristics of p-channel and n-channel
MSB TFTs with different activation times, respectively. Extracted parameters are
listed in Table 3-5 and Table 3-6. For MSB pTFTs, a 30 sec activation is sufficient to
achieve superior performance and the on/off current ratio can be higher than 10”.
However, it seems that device performance degrades with the increase of activation
time. One of the possible causes is dopant deactivation [50]. In poly-Si, grain
boundaries act as sinks for impurity atom segregation and also trap carriers at defects
caused by incomplete atomic bonding. The thermal equilibrium concentration for
dopants increases with temperature and the major driving force for deactivation is

dopant supersaturation. In the ITS process, dopants were implanted into silicide and
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then diffused out of silicide and piled-up at the silicide/Si interface. It is possible that
some of the piled-up dopants distribute in the poly-Si grains and some of the piled-up
dopants fill grain boundaries in the short activation period. With the longer activation
time, more dopants were trapped by defects or grain boundaries. These trapped
dopants are electrically deactive so that the device performance degrades.

For n-channel MSB TFTs, similar to p-channel MSB TFTs, ultra shallow SDE
forms after a short activation time of 30 seconds. Unlike boron, phosphorus has
slower diffusion rate. A 30 sec activation may be not sufficient to form intact SDE. By
increasing activation time, dopant diffuse out of silicide and all of the Ni-silicide
grains are surrounded by SDE. Therefore, some device characteristics such as S.S.
and |l are improved. For the reduction of mobility and on-state current (lo,), dopant
deactivation is still a possible reason. Although I, slightly reduces, the on/off current
ratio increases with the increase of agtivation time. This is due to the obvious
reduction of .

According to the above discussion;-30.seconds RTA is a suitable activation time

for MSB TFTs.

3-2-31TSDosage

In order to form effective SDE, high dose implantation is necessary. Similarly,
high concentration SDE is also necessary to modify Schottky Barrier. In this thesis,
ITS dosages of 1x10"°cm™ and 5x10™°cm? are considered. The activation temperature
is600 and the activation timeis 30 sec. The transfer characteristics of MSB pTFTs
and MSB nTFTs are shown in Fig.3-7(a) and (b), respectively. The corresponded
parameters are listed in Table 3-7 and Table 3-8. In general, device characteristics of
devices with different dosages are very similar. The magjor difference is the Iy at low
V4. Lower implantation dose results in dlightly higher I due to lower SDE

concentration. However, at high Vs, energy band bending of the MSB formed with
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different implantation doses are similar, there is no difference in device performance
between these two implantation doses.

The low implantation dose also results in lower mobility of n-channel MSB
TFTs due to the slow diffusion rate of phosphorus and thus the low concentration

SDE with a 30 seconds RTA.

3-2-4 Geometric Effect

In this subsection, the effects of Wy and L4 on threshold voltage are discussed.
Fig.3-8 shows threshold voltage as a function of Wy. Slight V¢ decrease is observed
as Wy decreases. It is known that the potential barrier in the channel determines V, of
poly-Si TFTs [51]. Therefore, the narrower Wy has fewer grain boundaries and trap
states so that Vi, decreases slightly.

On the contrary, V, increases as channel. length decreases as shown in Fig.3-9.
Unlike short channel effect of conventional MOSFETS, strong reverse short channel
effect appears. This phenomenon.-may—be explaned by the metal-induced
crystalization (MIC)/metal-induced lateral crystalization (MILC) interfacial grain
boundaries (MMGB’s) effect [52]. In the silicidation process of MSB TFTs, MIC,
instead of MILC, which proceeds under spacer, occurs in the S/D region. The
continuous MMGB's are formed and are self-aligned to the edges of gate electrode.
After ITS process and the following activation process, because of the overlap of
MMGB’s and the channel, charge carriers fills MMGB’s trap states. Therefore,
MMGB energy barrier is higher than barriers in the channel and the higher Vs is
required to inverse the channel. When Lg is reduced, a larger fraction of the channel
comes under the influence of MMGB’s energy barrier. The Reverse short channel
effect appears. Since reverse short channel effect is due to trap of carriers from ITS
process exists in the MMGB's, plasma treatment may passivate trap states and relax

this effect.
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3-3 Summary

In this chapter, device performance of MSB TFTs has been represented. Some
advanced electrical characteristics of MSB TFTs are also discussed. After ITS process,
MSB TFTs with the suitable activation process shows the superior |-V characteristics
compared to CN TFTs and SB TFTs. An activation temperature between 600 to
650 at RTA results in the best device performance for both MSB pTFTs and MSB
NnTFTs. While MSB TFTs are activated at the temperature higher than 700
Ni-silicide agglomerates at gate electrode and device performance degrades. Thermal
stress and surface energy unbalance are the two possible mechanisms. At suitable
activation temperature, 30 seconds RTA is a suitable activation time for MSB TFTs, It
IS possible that dopant deactivation occurs at longer activation time and decreases
device performance. Besides these, higher .implantation dose can provide more
dopants to enhance device performance. Considering-the device geometries, narrower
channel width has few grain baundaries-and-trap states; therefore, threshold voltage
slightly decreases. On the other hand, strong reverse short channel effect appears due
to traps states of MMGB’s. In summary, MSB process can achieve excellent device

performance and be applied to LTPS TFTs due to its low thermal budget feature.
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Table 3-1 The important parameters of CN, SB, and MSB pTFTs. Channel

length=5um and Channel width=5um. MSB pTFTs of implant dose=5x

10%cm? was activated with the temperature of 600 , 30 sec in RTA. The

signal “X” shows the unreasonable value gotten from the I-V characteristic.

Vth(V) SS mobility Ratio Ratio

(mV/dec) (cm?V 9 Vd=0.1V Vd=5v
CNTFT -14.94 2031.45 7.73 2.71E6 1.57E6
SBTFT -14.04 1127.9 X 1.35E5 4.85E5
MSB TFT -6.74 950.86 33:62 2.89E7 1.52E7

Table 3-2 The important parameters of CN, SB, and MSB nTFTs. Channel

length=5um and Channel width=5um. MSB nTFTs of implant dose=5x

10%cm® was activated with the temperature of 600 , 30 sec in RTA.

Vth(V) SS mobility Ratio Ratio

(mV/dec) (cm?V 9 Vd=0.1V Vd=5v
CNTFT 10.97 473.81 19.95 1.78E5 4.14E6
SB TFT 12.39 964.67 43.02 3.09E6 1.88E6
MSB TFT 7.18 1598.54 70.59 7.13E6 1.77E6
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Table 3-3 The parameters of MSB pTFTs in the different doping activation

temperature. The implant dose=5x10"cm?, activation time=30 sec in RTA.

Channel length=5um and Channel width= 5um.

Vth(V) SS mobility Ratio Ratio

(mV/dec) (cmV 9 Vd=0.1V Vd=5V
600 -6.74 950.86 33.62 2.89E7 1.52E7
650 -8.51 1028.08 34.94 1.93E8 6.83E6
700 -15.26 1960.79 9.71 1.96E6 8.61E5
750 -19.54 2783.31 2.87 3.97E5 1.13E5

Table 3-4 The parameters of MSB" nTETs. in the different doping activation

temperature. The implant‘dese=5x10"em?, activation time=30 sec in RTA.

Channel length=5um and Channel width=5um. Thesign“ ” represents the
value out of the measurement range.
Vth(V) SS mobility Ratio Ratio
(mV/dec) (cm¥V 9 Vd=0.1vV Vd=5v
600 7.18 1598.54 70.59 7.13E6 1.77E6
650 4.7 1411.47 49.92 1.17E7 2.13E6
700 16.96 1886.72 7.25 3.31E6 5.41E5
750 2183.82 041 6.57E5 1.66E4
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Table 3-5 The parameters of MSB pTFTs in the different doping activation time. The

implant dose=5x10"°cm?, activation temperature=600 in RTA. Channel
length=5um and Channel width=5um.
Vth(V) SS mobility Ratio Ratio
(mV/dec) (cmV 9 Vd=0.1V Vd=5V
30 sec -6.74 950.86 33.62 2.89E7 1.52E7
90 sec -7.07 1038.62 40.1 6.32E7 1.17E7
150 sec -10.61 1268.7 20.7 4.01E6 5.24E6

Table 3-6 The parameters of MSB nTFTs in the different doping activation time. The

implant dose=5x10"cm™, activation temperature=600 in RTA. Channel
length=5um and Channel width=5um.
Vth(V) SS mobility Ratio Ratio
(mV/dec) (cm?V 9 Vd=0.1vV Vd=5v
30 sec 7.18 1598.54 70.59 7.13E6 1.77E6
90 sec 6.23 1539.79 57.56 6.87E6 3.02E6
150 sec 8.33 1188.82 33.88 3.26E7 1.04E7
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Table 3-7 The parameters of MSB pTFTs with different doping concentration. The

activation temperature=600

length=5um and Channel width=5um.

, activation time=30 sec in RTA. Channd

Vth(V) SS mobility Ratio Ratio

(mV/dec) (cm?V 9 Vd=0.1V Vd=5v
1x10" cm -6.51 901.43 34.11 4.89E7 1.34E7
5x10™ cm? -6.74 950.86 33.62 2.89E7 1.52E7

Table 3-8 The parameters of MSB.nTFTs with different doping concentration. The

activation temperature=600

length=5um and Channel width=5um.

, activation time=30 sec in RTA. Channd

Vth(V) SS mobility Ratio Ratio

(mV/dec) (cm?V 9 Vd=0.1V Vd=5v
1x10" cm@ 6.48 1587.3 4553 3.24E6 1.52E6
5x10™ cm? 7.18 1598.54 70.59 7.13E6 1.77E6
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Fig. 3-1 (a) The output characteristics of MSB pTFTs, (b) the output characteristics of
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Channel width=5um.
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(©) (d)

Fig. 3-4 (a~(d) The Plane-View SEM micrographs of Source/Drain and Gate
electrode of MSB nTFTs in the different activation temperature with implant
Source: P*, the implant dose=5x10"cm, doping activation time: 30 sec in
RTA.
(@) 600 activation temperature.
(b) 650 activation temperature
(c) 700  activation temperature.

(d) 750 activation temperature.
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Chapter 4
Wet Etching of HfO, Film

4-1 Introduction

How to etch HfO, films effectively is studied in this chapter. The HfO, films
were deposited in a MOCVD system at different temperatures. The films deposited at
different temperatures shows different micro-structures. At higher deposition
temperature, the HfO, film tends to be crystallized. The crystallized film is hard to be
etched effectively. On the other hand, the amorphous HfO, film deposited at lower
temperature may be easier to be etched. After post-deposition annealing (PDA), it also
becomes hard to be etched effectively. The ability of the etching process is a critical
issue for the application of HfOzfilm-as gate insulator for the TFT industry. Therefore,
the issue of HfO, film etching is urgent to be solved.:In this chapter, the ability of the
HfO, etching process combining the ion-implantation step and the wet etching step is
studied. It is shown that that the MOCVD HfO, film could be etched effectively by

the proposed process.

4-2 Experimental Procedure

The starting material were (100)-oriented silicon wafers. After RCA clean,
silicon wafers were put into a MOCVD system for HfO, deposition. HfO, films were
deposited by atomic vapor deposition (AVDTM) on an AIXTRON Tricent system at
various substrate temperatures of 400 , 500 , and 550 . Ar gas was employed as
carrier gas. The reaction gas was O, with 300sccm and the pressure was 1.5mbar. The
original thickness (Torig) Was set to 26 nm, which was controlled by the pulse number
and measured with n&k analyzer. This system is designed for 200mm wafers. In order

to handle 150mm wafer, a circular quartz holder with a 200mm outer diameter and
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150mm inter diameter is used.

After HfO, film deposition, some wafers were implanted with arsenic (As") ions.
Before ion implantation, trim simulation was used to simulate the doping profiles in
order to determine the experimentation conditions. The As’ ions were implanted at 15
KeV to a dose of 5x10" cm?, 5x10* cm? and 5x10" cm? The heavy As' is
energized enough to damage the crystalline film and was used to de-crystallized HfO,
film. After implantation, the thickness was measured by n&k analyzer. Although the
optical properties may change after the implant process, the thickness of the
implanted sample (Timp) Were still measured with the same n&k parameters as given
for origina sample. HF/IPA (volume ratio: 5/95) solution was then used to wet etch
the damaged HfO- film. In order to ensure HF/IPA mixed completely, this solution
was shocked for 30 minutes and then was used to etch the HfO, samples for 1 minute.
The film thickness after the wet .€tch process«(Teen) Was measured by n&k analyzer
again.

HfO, films experienced various PDA-temperatures were also studied in this
thesis. The original thickness of 400 . deposited film was set to 50nm and the HfO,
film was deposited with reaction gas of O, of flow rate 500 sccm at 5Smbar, while the
thickness of 500  deposited film was set to 28nm and the film was deposited with
reaction gas of O, of flow rate 300 sccm at 1.5mbar. After film deposition, PDA
process was performed in a RTA system at temperatures of 600 , 700 , and 800
for 30sec. The thickness after PDA (Tan) Was then measured by n&k analyzer. The
400  deposited film was damaged using BF," ions at 25KeV or Ar* ions at 20K eV
to a dose of 5x10™ cm?, 5x10™ cm?, and 5x10™ cm, while the 500  deposited
film was damaged using BF," ions at 13KeV or Ar* ions at 11KeV to a dose of 5x10™
cm?, 5x10* cm, and 5x10™ cm. After measuring Timp, HF/IPA (volume ratio: 5/95)
solution was then used to etch the damaged HfO, film for 0.5 minute.

In order to further study the etch rate selectivity between implanted and
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non-implanted samples; samples were patterned by PR and BF,", As’, and Ar" were
chosen to be implantation ions. The PR. prevents some regions from damage during
implantation process. Therefore both implanted and non-implanted sampled could be
carried out in the same wafer. After the implantation process as described above, PR
was removed by ACE solution. Then, these samples were also wet etched by HF/IPA

(volume ratio: 5/95) solution and inspected by optical microscope.

4-3 Results and Discussions

4-3-1 Effect of Deposition Temperature

Fig.4-1 shows the film thickness after implantation process. The thickness is
measured by n&k analyzer. Because the optical properties of HfO, film may change
seriously with the heavy implantation.,dose and the origina characteristics of
non-implanted HfO, films may ialso change after. implantation process, Timp iS
different from Tog and the difference depends.on implantation species and dosages.
The intention of the implant process is.to damage HfO, films so that the films could
be wet etched efficiently by HF/IPA solution. As shown in Fig. 4-2, the etch rates of
the implanted HfO2 films deposited at 500°C and 550°C increases with increase of
implantation dose. The etching rate of the 400°C deposited sample is amost
independent on implantation dose and is higher than that of al 500 and 550°C
deposited samples. The main difference between the 400°C deposited sample and
500°C or 550°C deposited samples is the degree of crystallization, which has been
reported previously [53]. It is proposed that the Hf-O bond is etched by un-dissociated
HF [38]. The more amorphous HfO, film causes higher wet etch rate due to the more
Hf-O dangling bonds and imperfect Hf-O bonds. For the 400  deposited amorphous
film, there are many Hf-O bonds exists inside; therefore, the wet etch rate is high. In

the500 and550 deposited films, since there are fewer Hf-O bonds existed inside,
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the wet etching rate is aimost zero. When heavier implant dose gets more disorder of
HfO, film, the higher wet etching rate could be obtained. However, the higher
deposition temperature produces fewer Hf-O bonds, the wet etching rate decreases
under the same implant dose.

The similar result is revealed in the experiment of etching rate selectivity. It
could support that the implanted samples can be more easily etched by the reaction of
Hf-O dangling bonds and imperfect Hf-O bonds with HF radical. For the selectivity
experiment, some regions were damaged by the implant ions and some were not.
After the wet etching process, if the samples reveal very clear etching pattern, some
regions are well etched, and selectivity of sample is defined as excellent. If sample
reveals light pattern, the etching rate selectivity is defined as good. If sample reveals
amost no pattern, two conditions are possible. One is that both of the implanted and
non-implanted regions were well.etched.. The.other one is that both were not etched.
To distinguish the two conditions; the thickness of. HfO, film is checked by n&k
measurement. The results are summarized-in-Table 4-1. The symbols“ ", ” and
“Y " represent poor selectivity, good selectivity, and excellent selectivity, respectively.
For the amorphous structure of 400  deposited film, no pattern could be found after
the implantation and wet etching process. It's identified that both the implanted and
non-implanted regions were well etched. The pattern could be found easily in the 500

deposited film since the damaged region has more Hf-O dangling bonds and is
easier to be wet etched by the HF/IPA solution. The 550  deposited samples also
present excellent selectivity, except for the condition of 5x10* cm? dose. It is
presumably that the insufficient dose cannot produce sufficient damage to the high
temperature deposited films to enable wet etching ability. Therefore, the dosage
condition should be considered together with the deposition condition of the HfO;

film.



4-3-2 Effect of PDA Temperature

The thickness change of HfO, film after PDA process is shown in Fig.4-3. The
negative value shows the thinner film thickness measured after PDA process. It is
believed that the loose structure deposited at lower deposition temperature is porous
but the structure would become dense after PDA process. Therefore, the thickness
change appears. At higher deposition temperature, the thickness of HfO, film before
and after PDA is almost the same. This observation confirms that the structure of high
temperature deposited film is tight. After PDA process, the implantation process was
followed. The thickness changes of the 400 and 500 deposited films were
shown in Fig.4-4 and Fig.4-5, respectively, for reference purpose.

In the wet etching rate experiment, the etching rate of the 400  deposited film
without PDA process is very high. The wet etching rate of 400  deposited film is
shown in Fig 4-6. As discussed above, Hf-O.dangling bonds are repaired with the high
temperature process. However,-after the implantation process, the film structure is
damaged and Hf-O dangling bonds produce-TFherefore, with the higher implantation
dose, more Hf-O dangling bonds induce higher. wet etching rate. On the other hand,
with the same implantation dose but different PDA temperature, the higher PDA
temperature repairs more Hf-O dangling bonds so that the wet etching rate is lower.
This condition isalso presented in 500  deposited film and is shown in Fig.4-7.

As shown in Fig.4-4 to 4-7, BF," and Ar" exhibit the same effect as As' in the
wet etching rate experiment. There are also some samples prepared for the selectivity
experiment. Table 4-2 shows the outcome of this experiment. The poor selectivity was
obtainedin 400  deposited film due to many Hf-O dangling bonds existed inside the
non-implanted region. But in the 500  deposited film, less Hf-O bonds exist inside
soothe film is quite hard to be wet etched if the implantation process does not

proceed.
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4-4 Summary and Future Works

Temperature, including deposition temperature and post-deposition annealing
temperature, is the most important factor to affect the wet etching behavior of HfO,
film. The film structure deposited at different temperatures is studied in this chapter
and the influence of PDA temperature is aso examined. The higher deposition
temperature causes fewer dangling Hf-O bonds and higher post-deposition annealing
temperature reconstructs the dangling and imperfect Hf-O bonds. Therefore, the wet
rate is lower. Fortunately, implantation process can help to degrade Hf-O bonds, and

let the Hf O films become wet etch-able.
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Table 4-1 The selectivity experiments of different deposited temperature films. The

sign” " represents the poor selectivity thesign”  ” represents the good
selectivity thesign” ™ ” represents the excellent selectivity
5x10" cm? 5x10™ cm? 5x10™ cm?
400 film
500 film N i i
550 film v v

Table 4-2 The selectivity experiments of different deposited temperature films. The

sign” 7 represents the poor selectivity ‘thesign” " represents the good
selectivity thesign” = ™ representSthe excellent selectivity
5x10" cm? 5x10™ cm? 5x10™ cm’?
BF," 400
500 i
Ar' 400
500 i i
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Chapter 5
Conclusions and FutureWorks

5-1 Conclusions

This thesis consists of two parts. In the first part, the concept of MSB FInFET
was employed to fabricate MSB TFTs. Detailed process conditions and results of
structure analysis are presented in chapter 2. Device performance of MSB TFTs in
comparison with SB and CN TFTs are discussed in chapter 3. Effect of MSB process
parameters on MSB TFTs performance including implantation dose, activation
temperature, and activation time are included in chapter 3. Furthermore, geometric
effect is also examined. In the second part, wet etching technique of HfO, film was
developed. It is a key process step to_integrate HfO, film into TFTs process. Severa
important conclusions can be drawn andsome unfinished works are suggested as
future works.

For the MSB TFTs fabrication, it is demonstrated that Ni-silicide can be applied
to both n-channel and p-channel devices-simultaneously due to its mid-gap work
function. This indicates that single silicide, instead of dual silicide, is sufficient.
Process complexity can be reduced greatly. Although two-step silicidation is
suggested for bulk CMOSFETs and MSB FinFETs [27, 54~55], Ni-salicide structure
can be formed by one step RTA at 500 in MSB TFTs because the S source is
limited in the S/D region and device dimension of TFTs is much larger than that of
CMOSFETs or FinFETs. The 50 nm thick activation layer can be converted to
Ni-silicide completely, and the phase identified by transmission electron diffraction is
NiSi; in the S/D region and NiSi in the gate region. It is unexpected observed that the
Ni-silicide in the S/D region can sustain RTA at temperature up to 750  without
agglomeration - an 100  improvement in comparison with the Ni-silicide in the gate

region.
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After ITS process, MSB TFTs with the suitable activation process shows the
superior |-V characteristics compared to CN TFTs and SB TFTs. An activation
temperature between 600 to 650 at RTA results in the best device performance
for both MSB pTFTs and MSB nTFTs. While MSB TFTs are activated at the
temperature higher than 700 , Ni-silicide agglomerates at gate electrode and device
performance degrades. Thermal stress and surface energy unbalance are the two
possible mechanisms. At suitable activation temperature, 30 seconds RTA is asuitable
activation time for MSB TFTs, It is possible that dopant deactivation occurs at longer
activation time and decreases device performance. Besides these, higher implantation
dose can provide more dopants to enhance device performance. Considering the
device geometries, narrower channel width has few grain boundaries and trap states;
therefore, threshold voltage slightly decreases. On the other hand, strong reverse short
channel effect appears due to traps states.of MIMGB’s. Fortunately, it is not necessary
to scale channel length of TFTs dewn to around 1um.and hydrogen contained plasma
treatment is expected to passivate defecis-ai-MMGB'’s. It is strong believed that the
MSB TFTs can achieve excellent device performance and can be applied to LTPS
TFTsduetoitslow thermal budget feature.

Temperature, including deposition temperature and post-deposition annealing
temperature, is the most important factor to affect the wet etching behavior of HfO,
film. The film structure deposited at different temperatures is studied in this chapter
and the influence of PDA temperature is also examined. The higher deposition
temperature causes fewer dangling Hf-O bonds and higher post-deposition annealing
temperature reconstructs the dangling and imperfect Hf-O bonds. Therefore, the wet
etch rate is lower. Fortunately, implantation process can help to degrade Hf-O bonds,

and let the HfO, films become wet etch-able.

5-2 FutureWorks
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There are some interesting and important topics that are valuable for the future
works. First of al, SPC process is used to crystallize aSi layer in this thesis. Low
mobility and high trap state density are the two major disadvantages. With excimer
laser crystallization (ELC), better device performance can be expected. Besides active
layer crystallization, there are some imperfect processes in the fabrication of MSB
TFTs. First of al, because the un-silicided Si layer of gate electrode is amost
undoped, gate depletion becomes unavoidable. Replacing undoped Si-gate by heavily
doped Si-gate or fully silicided gate, the device performance will be improved further.
On the other hand, micro-trenching effect during the plasma etch of gate oxide may
affect device performance and integrity. In order to avoid this effect, gate oxide
should be etched at the process step of sidewall spacer anisotropic etching. Besides
the improvement of fabrication process steps, it is known that plasma treatment can
passivate trap states so that device characteristics such as threshold voltage,
subthreshold swing, mobility, off=staie current, DIBL-like subthreshold current, as
well as geometric effect are expected-te-be-improved. The doping profile of the
ultra-short SDE form by the ITS process.is hard to be measured. Novel nano-analysis
techniques are required. Once the doping profile can be determined precisely, device
optimization becomes possible.

The key process of HfO, remove after gate patterning has been developed in this
thesis. The integration of HfO, into TFT devices is practicable. With the application
of high-k gate dielectric, device performance can be improved furthermore. Certainly,
side effects such as mobility degradation, FIBL effect, and hot carrier reliability due
to the incorporation of high-k dielectric may be generated. Real devices must be
fabricated to under stand all possible issues. It is optimistic that combining MSB S/D
junction, high-k gate dielectric, and fully silicided gate, high performance LTPS TFTs

is not a dream.
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