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Abstract

We successfully obtained a polycrystalline silicon (poly-Si) film at low temperature by using yttria-
stabilized zirconia (YSZ) stimulation layer combined with solid phase crystallization (SPC) methods. Gate
insulator capability of YSZ layer was also investigated by electrical properties (C-V, 1-V) measurements.

1. Introduction

In the last several decades, thin film transistors
(TFTs) have been much attractive for using as
switching devices in active matrix flat panel displays
(AM-FPD) [1]. Among many channel materials,
polycrystalline silicon (poly-Si) TFTs have great
advantages of stability, higher reliability, and mobility
[2-4]. In order to satisfy the demands for low cost and
high performance, for low-temperature fabrication
process of poly-Si film, several crystallization
methods of amorphous silicon (a-Si) films have been
reported, such as solid phase crystallization (SPC) [5-
7], metal-induced lateral crystallization (MILC) [8-
10], pulse laser annealing (PLA) [11-15], and so on.
However, these methods have their own disadvantages
such as high process temperature and long annealing
time (SPC), remnant metal as a leakage current source
(MILC), expensive system, high surface roughness of
fabricated films, and non-uniformity of grain size
(PLA), etc.

Therefore, in order to solve these problems, we
have proposed a stimulation layer method using yttria-
stabilized zirconia [(ZrO)1x(Y203)x : YSZ] as a
stimulation material [16]. Since YSZ has the small
lattice mismatch and same cubic crystal structure with
Si, it can be expected that an obtained poly-Si film has
uniform grain size and crystallographic orientation.
However, our previous research found that direct
deposition of Si on a YSZ layer was unsuitable for
TFT applications due to high surface roughness of the
crystallized Si film and impurity of zirconium (Zr)
diffusion into the Si film from the YSZ layer although
the deposition temperature for crystallization was
actually lower by 100°C than that without a YSZ layer
[17]. To limit these drawbacks, we used the SPC
method in combination with a YSZ stimulation layer.
Actually, it was found that SPC time of a-Si film on
the YSZ layer was reduced compared with that

without one [18, 19]. Also, the Si surface roughness
and the Zr diffusion were reduced significantly.

In this meeting, we report the crystallization of a-
Si films on metal films by SPC combined with YSZ
stimulation layer methods and poly-Si electrical
properties estimated by C-V and |-V measurements.
Through the results, we discuss whether the YSZ layer
is proper for a gate insulator or not.

2. Experimental

A fabricated sample structure is shown in Fig. 1.
First, a non-alkali glass substrate is chemically
cleaned before the deposition of gate electrode layers
by sputtering method at deposition temperature of 100
°C. Pt and Ti are chosen as materials for gate
electrode. Then, a YSZ stimulation layer is deposited
at substrate temperature of 50 °C by reactive
magnetron sputtering with Ar and O, as sputtering and
reactive gases, respectively. The sputtering target is a
99.9% Zr metal target, on which eight pieces of 1x1
cm® 99.9% Y pellets are placed in a circular
arrangement [20]. To remove a contaminated and
damage layer on surface of the YSZ, the sample is
dipped in a diluted 5% HF solution in 3 min [14] prior
to an a-Si film deposition by e-beam evaporation
method at 300 °C using a-Si:B doped pellet of
5x10%"/cm? in concentration as a source. Subsequently,
crystallization of a-Si film is performed on YSZ/Pt/Ti
layer by SPC method with crystallization temperature
of 560 °C. The crystallization degree of Si films is
estimated by Raman spectroscopy. The crystalline

fraction, X, is determined by: X=(1 +1)/(1 +1+1,),

where |_,1 , and | are integrated intensities of

¢! u
crystalline silicon (c-Si), micro-crystalline silicon (-
Si), and a-Si peaks, respectively [21]. For electrical
measurement, bottom electrodes of 200- wm -diameter

circles are formed on island-etching crystallized Si



films. Finally, the fabricated sample is post-annealed
in nitrogen (N,) ambient at 200 °C for 30 min prior to
C-V and |-V measurements.
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Fig. 1 (a) Schematic annealed sample structure

and (b) electrical measurement sample structure.

3. Results and discussions

Figures 2 (a), (b), and (c) show the Raman
spectra of Si/glass, Si/YSZ/glass, and
Si/YSZ/metal/glass regions, respectively.
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Fig. 2  Raman spectra of (a) Si/glass region, (b)
Si/YSZ/glass region, and (c) Si/YSZ/metal/glass

region.
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It can be seen that sharp c-Si peaks at about 517
cm™ appear only after 150 min annealing for Si films
deposited on YSZ layers (Figs. 2 (b) and (c)) while a
very small c-Si peak together with a broad a-Si peak at
about 480 cm™ appear on Si/glass region after 270 min
annealing (Fig. 2 (a)). This means that the Si films
deposited on YSZ layers are crystallized faster than
that directly on non-alkali glass, which indicates the
stimulating effect of YSZ layer. Moreover, the
crystallization of a-Si on YSZ/metal/glass region is
faster than that of YSZ/glass region. This is probably
due to the gate electrode layer, which absorbs optical
or thermal energy from the furnace, so that
temperature of the Si film is a little higher than that in
the non-metal region. This small temperature rising
maybe enhance crystallization of a-Si after
consecutive annealing process.

Figure 3 shows the dependences of crystalline
fraction X on the annealing time ty for
Si/YSZ/metal/glass, Si/YSZ/glass, and Si/glass
regions. Comparing 3 dependences, we can clearly see
that a-Si on YSZ layers start to crystallize earlier than
that directly on glass. It can also be seen that X of
Si/YSZ/glass region increases almost linearly with ta.
This means that crystallization of a-Si proceeds from
the interface of YSZ/a-Si. However, the dependences
of Si/YSZ/metal/glass and Si/glass regions are non-
linear with ta.
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Fig. 3 Dependences of the crystalline fraction X
on the annealing time ta.

Now, we focus on the crystalline fraction of
Si/YSZ/glass region. Ideally, the crystallization of a-Si
film by SPC method in combination with the YSZ
stimulation layer shows one linear region and one
saturation region as shown in Fig. 3. The linear region
begins from the nucleation of c-Si clusters, and
continues with the progress of crystallization of a-Si
region. The saturation region corresponds to
completion of a-Si crystallization. However, the
experimental result shows non-linear regions indicated
by label 1 and 3 in Fig. 3 as well as linear and
saturation regions (label 2 and 4). An illustration for
the crystallization growth of a-Si film is shown in Fig.
4. The nucleation of poly-Si clusters, which is
expected to start at the interface between YSZ layer
and a-Si film, is non-uniform with grain size of
~15nm (Fig. 4(1)). However, the spot size of Raman
spectroscopy is ~lumin diameter, which is much

larger than grains size. Therefore, the repeated
measurement points cannot be exactly the same. This
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Fig. 4 Mlustrations for the crystallization growth of a-Si on YSZ stimulation layer.



When c-Si clusters in the remained a-Si at the
interface have reached the critical sizes, all of a-Si
region near the interface become crystallized and the
crystallized region grows or go up along the vertical
direction (Fig. 4(2)). This is thanks to crystalline
information of the stimulation YSZ layer. Therefore,
the crystalline fraction of this state increases linearly,
corresponding to the region 2 in Fig. 3. After almost c-
Si clusters impinge each other, there is a transition
(Fig. 4(3)) between linear and saturation (Fig. 4(4))
states, i.e., region 3 in Fig. 3 instead of the
instantaneous transition as ideal case. The non-linear
dependence of X on t, in Si/YSZ/metal/glass might be
due to the contaminants absorption in this region. For
Si/glass region, the reason for non-linear dependence
seems to be related with random nucleation in the a-Si
film.

The C-V characteristics of the (Ti/Pt)/YSZ/c-
Si/(Al/Pt) structure at various frequencies are shown
in Fig. 5 with the sweep rate of 0.2 V/s. C, in this
figure is defined as the measurement capacitance at
gate voltage V of -10 V for each frequency. The inset

shows the C-V curves with the full range of
capacitance C/C,.
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Fig. 5 C-V curves of a (Ti/Pt)/YSZ/c-Si/(Al/Pt)

capacitor.

We can see p-type C-V curves with
accumulation and depletion regions together with their
frequency dependences. This is probably due to the B
doped Si evaporation source although actual B
concentration in the crystallized film has not been
measured yet. From the C-V curves, it can be said that
the gate voltage controls free carriers at the interface.
However, the transitions from accumulation to
depletion regions and vice versa are not so clear due to
high interface trap. Further, at lower frequency of 10
kHz compared with 1 MHz and 100 kHz, formation of
strong inversion can be observed at gate voltage larger
than about 4 V. However, the ratio between
accumulation and depletion capacitances is much

lower than ideal bulk MOS case, which is more
clearly shown from the inset. This phenomenon seems
something strange, compared with the ideal MOS
case, and can be considered as follows.

If the capacitance at V = 10 V is a series
capacitance of YSZ layer and Si depletion layer, the
depletion layer thickness can be estimated to be about
14 nm from the accumulation capacitance of 163
nF/cm? at V = -10 V and at 1 MHz. This estimated
thickness is much smaller than the deposited thickness
of 60 nm. From this, it can be considered that the
crystallized Si film is so defective and the depletion
region for positive gate voltage is not perfectly
formed. This means that the c-Si layer in this case acts
as a lower resistor or non-ideal depleted layer for the
movement of free carriers from (Pt/Al) electrode to
YSZ layer. So, due to large leakage current through
the depletion layer, the depletion capacitance is much
larger compared with that estimated one from the
deposition thickness. Also, due to the same reason, the
increase of depletion capacitance at positive gate
voltage occurs at relatively higher frequency of 10
kHz compared with that lower than 1 kHz for ideal
MOS case. It also can be observed ion drift hysteresis,
which is due to mobile ions in YSZ layer. These
mobile ions are probably H* and oxygen vacancies.
During the cleaning process with water, ions H* in
water can combine with ion O in YSZ layer. Under
the high temperature heating, this bond is broken and
mobile ions H* are produced. There are some reports
that the oxygen vacancies in YSZ layer also move
under electric field [22, 23].

The 1-V characteristics of the (Ti/Pt)/YSZ/c-
Si/(Al/Pt) structure are shown in Fig. 6. From this
figure, relatively low leakage current densities (lower
than 1x10A/cm) are observed for both the polarities
of gate voltage. This means that YSZ is seemed to be
a good gate insulator.
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Fig. 6 J-V curves of a (Ti/Pt)/YSZ/c-Si/(Al/Pt)
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4. Conclusion

We have tried to fabricate and crystallize a-Si
films by using SPC method and a stimulation layer of
YSZ. It was found that the a-Si film was successfully
crystallized from the YSZ interface and the
stimulating effect of YSZ is operative on a-
Si/YSZ/metal/glass structure. We also discussed the
annealing results. It can be concluded that the
crystallization of an a-Si film on a metal layer as
bottom electrode by using the YSZ stimulation layer
in combination with the SPC method is proved to be
acceptable for TFT fabrication. The C-V
characteristics of (Ti/Pt)/YSZ/c-Si/(Al/Pt) structure
show that gate voltage can control free carriers at the
interface between the YSZ layer and the c-Si film. A
relatively low leakage current was shown from I-V
characteristics. This means that the YSZ layer is
believed to work as a comparatively good gate
insulator.
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