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Abstract
Compared with conventional solid phase crystallized (SPC) thin-film
transistors (TFTs), metal-induced lateraly crystalized (MILC) TFTs
exhibit significantly enhanced performance. Metal films are usually
deposited by the physical vapor deposition (PVD) method, which is
time-consuming and expensive in terms of equipment cost. In thiswork, a
simpler electroless plating Ni was introduced to replace PVD Ni. It was
found that the morphologies and the device characteristics of Ni-induced
lateral crystallization TFT were as good as those of PVD Ni-induced
lateral crystallization TFT.
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The polycrystalline silicon (poly-Si) TFT has attracted considerable
attention for active matrix liquid crystal displays (AMLCD ) application
due to its good electrical properties and capability of integrating
peripheral circuits on inexpensive glass substrates. Intensive studies have
been carried out to lower the crystallization temperature of amorphous S
(aS). Metal-induced crystallization of a-Si is one of these efforts. A thin
metal layer was deposited on the top of an aSi film, which was followed
by crystallization at a temperature lower than 600 . The metal film
(Ni*®, Pd® or AI?) is usualy deposited by the PVD method, which is
time-consuming and expensive in terms of equipment cost.

To replace PVD, an electroless plating Ni method was proposed in our
previous study.” Since there is no vacuum process involved, the plating
method is much simpler, faster, and cheaper than the traditional PVD
method. After samples were annealed, needlelike poly-Si grains were
observed. In this study, the morphologies and the device characteristics of
these needlelike grains were measured. For comparison, the morphologies
and the device characteristics of SPC and PVD Ni-induced crystallization

TFTswere aso measured.

2. Experiment

Silicon (100) wafers were used as the substrates in this study. After
500-nm-thick wet oxide layers were grown on the wafers, a 100 nm
silane-based a-Si film was deposited by low-pressure chemical vapor
deposition (LPCVD). The deposition pressure and temperature were 100
mTorr and 550 , respectively. After the aSi deposition, wafers were

etched for 10 sin diluted HF solution (H,O:HF=1:100), and then washed
with DI water.



Four methods were employed to induce the crystalization of aSi
films. The details of these processes are described in the following

section and summarized in Table|.
(@) EPIC (electroless plating Ni-induced crystalization) poly-Si films:
Samples were dipped into the plating solution for 5 min. As shown in Fig. 1, Ni
clusters were uniformly distributed on the top of aSi films. Samples were then

annealed in an nitrogen atmosphere at 550  for 6 h to crystallizethe Si films.

(b) EPILC (electroless plating Ni-induced lateral crystallization) poly-Si
films: Ni films were selectively deposited on the source and drain areas of TFT
by the electroless plating method. The photoresist was first patterned to form the
desired Ni features, and then samples were dipped into the plating bath for 15
min. The SEM image of Ni film (bright area) on the aSi is shown in Fig.2.
Samples were then annealed at 550  for 6 h.

(c0 PVDILC (PVD Ni-induced lateral crystalization) poly-Si films: A
photoresist was also patterned to form the desired Ni features, and then a
100-A-thick Ni film was deposited on a-Si by the sputtering method. Samples were
subsequently annealed at 550  for 6 h.

(d) SPC poly-Si films: No Ni was coated on the a&Si. The Si films were
annealed at 600  for 24 h.

After annealing, al Ni-coated Si films were dipped into HCI solution to
remove Ni residues. The TFTs were then fabricated by defining the active areas
on all four types of poly-Si films. A 100-nm-thick SiO, film for gate oxide was
deposited by plasma-enhanced chemical vapor deposition (PECVD).
Subsequently, a 200-nm-thick SiH4-based a-Si film was deposited at 550°C by
the LPCVD system and lithographically patterned as gates. The gate electrode
and source/drain were doped by self-aligned phosphorus implantation at a dose
of 5x10™ jons/cm?. Then dopant activation and crystalization of a-Si gate

electrodes were performed at 550 for 9 h in N, ambient. A 500-nm-thick

silicon oxide film was used as the passivation layer. A 500 nm Al film for
interconnection was formed after the contact holes were opened. Findly, the

hydrogen plasma treatment was performed after TFTs were fabricated.



3. Resultsand Discussion

The results of this study will be discussed with regard to the

morphol ogies and the device characteristics of the four poly-Si films.

A. Poly-Si Morphology

a. EPIC

In the EPIC method, the Ni clusters were sparsely distributed on the
a3 film (Fig. 1). The diameter of each Ni cluster was about 300 nm.
Every cluster was a site to induce crystallization of a-Si. As shown in Fig.
3, after samples were annealed for 6 h, most of the aSi was crystallized
to needlelike poly-Si. The width of the needlelike grains was about 30 nm
and the length was several microns. Most of the angles between the
needlelike poly-Si were about 70.5°. Similar angles have been reported by
Hayzelden and Batstone,” who studied the nucleation and growth
mechanism of isolated nickel silicide precipitates in Ni-implanted
amorphous Si and the subsequent silicide-mediated crystallization of a-Si.
They found that the crystallization of silicon proceeded via the migration
of the nickel silicide through the a-Si. Thisresulted in epitaxia growth of
Si constrained to < 111> directions. Since the angle between two <111>

directionsis 70.5°, the angle between the poly-Si grainsisalso 70.5°

b. EPILCandPVDILC

In the EPILC and PVDILC methods, Ni was only deposited on the
source and drain areas of TFTs. After 6 h of annealing, the channel
between source and drain was fully crystallized. In order to have a clear

view of the growth of the poly-Si, an image of Si film was taken after
annealing at 550 for 2 h. After Secco etching?, two regions were found

on the EPILC: (1) Ni idand and (2) needlelike poly-Si grains at the
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periphery of the island, as shown in Fig. 4. The same morphologies were

also found on the PVDILC sample. The growth rate of PVDILC poly-Si

was about 2.5y m/h, which was a little higher than that of EPILC
(2.15pmv/n).

Similar needlelike grains at the periphery of the Ni islands have been
reported by Jin et al.’® who induced lateral crystalization of aSi by
depositing 5-nm-thick Ni islands on the top of &S thin film. After the
samples were annealed, they found that the growth direction of needle
poly-Si was perpendicular to the periphery of the Ni islands. This is
because, at the edges of a Ni island, many of the NiSi, nodules moved
laterally into the aSi region and any aSi aong the path would be
crystallized. As the crystallization occurred, any slow moving nodules
would be quickly trapped within a short distance from the edges of the
Ni-covered region, leaving only the fast moving nodules at the

crystallization front.

c. SPC
SPC poly-Si had a columnar grain structure with grain boundaries randomly
oriented.™” The maximum grain size was about 500 nm.

B. Device Characterization

For each of the four types of poly-Si thin films, thirty devices were
randomly chosen for measurement. After analysis, within each group, the
devices were found to possess very consistent characteristics. However, the
characteristics of each of the four groups were very distinct from the others.
Figure 5 and Table 11 show the different device characteristics of the four types
of poly-Si films. The performance of the EPILC-TFT was amost the same as
that of PVDILC-TFT. Their performance was far superior to that of the



SPC-TFT, which had the lowest mobility (l), largest subthreshold slope (S), and
highest V; among the four TFTs.

11)
In a previous study, Bhat et al.  also found that PVDILC-TFTs exhibit

significantly enhanced performance compared with SPC-TFTs. This was because
due to the fact that SPC poly-Si had a columnar grain structure with grain
boundaries randomly oriented with respect to the direction of drain current (I4)
shown in the Fig. 6(a)."Y These grain boundaries trapped charge carriers and
built up potential barriers to the flow of carriers. The presence of these grain
boundaries degraded |, Sand V. Fortunately, this degradation could be improved
by using PVDILC poly-Si because its longitudinal grains and their boundaries
were largely parale to lg hence less impeding to carrier flow. Therefore,
PVDILC had lower V;, smaller S higher 1, and higher on-current.

In this study, the poly-S grains of EPILC and PVDILC were also
induced by lateral crystallization of aSi. They both had longitudinal
grains paraléd to Iy, asillustrated in Fig. 6(c). Therefore, they had lower
V;, smaller S higher , faster turn-on, and higher on-current, as shown in
Fig. 5 and Table|l. In other words, this simple electroless plating method
can replace the PVD method in the Ni-induced lateral crystallization of
aSi. As for the EPIC-TFT, the longitudinal grain structure was still
present but with grain boundaries randomly oriented with respect to the
direction of Iy, as shown in Fig. 6(b). Therefore, the performance of
EPIC-TFT was better than that of SPC-TFT but not as good as those of
EPILC-TFT and PVDILC-TFT. Besides, in contrast to the other three
TFTs, the EPIC-TFT had a negative threshold voltage of -3.0 V. To
investigate the cause of this phenomenon, SIMS analysis was employed.
The analysis revealed lots of phosphor impurities in the EPIC poly-Si
films, which are due to the fact that the electroless plating Ni contained

2)
about 10% phosphor.1 Since the phosphor atoms in the channel of EPIC
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poly-Si TFT were the donor ions, the threshold voltage was shifted to

negative value.

In addition, Fig. 5 and Table Il indicate that EPILC-TFT and
PVDILC-TFT have similar levels of leakage current, which are higher
than that of SPC-TFT but lower than that of EPIC-TFT. This is because
the grain boundaries would trap Ni or NiSi, precipitates, and enhance the
leakage current.’®* ¥ Since SPC devices did not have the Ni
contamination problem, obviously, SPC-TFT had the lowest leakage
current. On the other hand, as shown in Fig. 6(b), EPIC-TFT has
randomly oriented needlelike grains along the channel. Due to the
highest density of trapped Ni or NiS, aong the active channel, EPIC
devices had the highest leakage current.

4. Conclusions

In summary, an investigation of the device characteristics of poly-Si TFT
fabricated by electroless plating Ni-induced lateral crystalization (EPILC) of a&Si has
led to the development of asimple, fast and inexpensive process for preparing poly-Si
films. It was found that the morphologies and the device characteristics of

EPILC-TFT were as good as those of PVDILC-TFT.
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