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At the present time, the 1TIC structure
ferroelectric random access memeory (FRAMS)
using ferroelectric capacitor is a destructive
readout. In principle, it is much more desirable
to build a nondestructive readout memory device
based on the ferroelectric memory field-effect
transistor (FEMFET). However, there are many
challenges which have held back the progress in
that direction, a major one being the difficulty of
making an electrically switchable ferroelectric
thin film on Si with good interface properties
and long retention time. To overcome these
problems, buffer layers are usually inserted
between the ferroelectric layer and silicon

substrate. In our study, f sputtering was
employed to grow SBTN ferroelectric thin films
on Si0ySi substrate at various deposition
temperatures and oxygen to argon mixing ratios
{OMR). The
reliability of the Pt/SBTN/Si0,/Si structure were
also examined.
= RsEta

The SBTN thin films were prepared on
270A oxide insulator. The crystallinity of the

ferroelectric  properties and

films was probed by X-ray diffraction using
Cu-Ko radiation source.The surface morphology
and film thickness were examined by scanning
electron microscopy (SEM) using Hitachi model
S4700. The leakage current vs. applied electﬁc
field {J-E) measurements were carried out using
a semiconductor parameter analyzer (Hewlett-
Packard HP4156). Computer controlled HP4284
system was used to obtain high frequency C-V.
The capacitance-voltage {C-V¥) characteristics
were measured on the MFIS structure at 1 MHz
under different sweeping voltage bias. HP8116A

{Programmable  Pulse/Function  Generator)
combined with HP4284 were used to measure
fatigue property.

The thickness of the ferroelectric film
affects the characteristics of the film. Since the
electric fields in each layer is sensitive to the
thickness of ferroelectric SBTN and insulator
layers, optimizing the thickness of the layers is



extremely important to obtain the required
memory window at reasonable operating
voltages. Therefore the three different thickness
of SBTN films 200, 300, and 400 nm were
deposited on the Si0, buffer layer. The
crystallinity of those films was examined by
x-ray diffraction. As shown in Fig.l, the
intensity of diffraction of the SBTN film
increases with increasing thickness. The (115)
peak is closely related to the ferroelectric
properties of the film, and we would obtain
better femroelectric properties in thicker film,
whick has higher (i15) peak.

Fig.2 shows the capacitance versus applied
voltage curves (C-V curve) of MFIS sructure
deposited at various thicknesses with fixed Si0,
27 nm buffer layer. The sweeping voltage
changed from ~10 to +10V and back
Counterclockwise hysteresis loop is clearly
observed as traced by amows for the 400 nm
thickness film, indicating that the memory
effects were due to ferroclectric domain
reversion and not due to charge injection. But
the hysteresis loop disappears for the film with
thickness below 300 nm, indicating that the
applied clectric field in the ferroelectric layer is
insufficient to induce polarization reversal.

The deposition temperature plays an
important role in the physical and elecirical
properties. Fig.3 depicts the change of the
deposition rate of SrosBizsTa ;NbyOy (SBTN)
thin films deposited at various substrate
temperatures. It indicates that the deposition mte
decreases slightly with increasing substrate
temperature. We check the crystaliinity of those
films from XRD result. As shown in Fig4, the
40+ +*OMR SBTN films on silicon dioxide show
increased intensity of diffraction peak from 500

to 575" C substrate temperature. The films is
polycrystalline structure in nature. Except for the
main {115) peak, the other peaks (200), (117)
and (224) can be found and become stronger
with the increasing temperature.

The curves of nomalized C-V
characteristics of an PYSBTN/Si0,/n-Si(100)
diode are shown in Fig.5. The film thicknesses
of SBTN znd Si0, are approximately 400 nm
and 27 nm, respectively. The G-V curves show
counterclockwise hysteresis loops, indicating
that the memory effect was due to ferroelectric
domain reversal and not due to charge injection.
This means that ferroelectric hysteresis controls
the Si surface potential and that this can be
applied to an MFIS-FET memory device. The
maximum memory window for 500° C, 40%
OMR film is 3.37 V. It is clearly seen from Fig.5
that the decrease in memory window tends to be
accompanied with an increase in substrate
temperature. As mutual
between the SBTN thin film and the Si substrate
occurs easily at a high substrate temperature, the
Si0, film shows larger leakage compared with
that for a lower substrate temperature. This leads
to an cnbanced charge injection, and
counterclockwise C-V hysteresis is reduced. We
also notice that the memory window shifts along
voltage axis and does not center at zero voltage.
It may be possibly caused by some fixed charge
in insulating layer.

Fig.6 shows the leakage cwmrent density
vatiation as a function of the electric field for the
40% OME SBTN film deposited at various
substrate temperatures with a delay time of 3
seconds. It indicates that the leakage current
densities of these films are all below 1.2%10°
Ascnt’ under electric field of 200 kV/em. With

atomic  diffusion



the increase in the substrate temperature, the
(115) peak increases pradually. Therefore, the
film deposited at high substrate temperatures has
larger grain size and electric dipole. The
roughness causes the nonuniform electric field
distribution in SBTN and Si0y, films. Hence, the
leakage cument density increased with the
increasing deposition temperature.

The oxygen to argon mixing ratio (OMR)
used in sputtering deposition process is an
important factor to affect the properties of SBTN
films. Therefore, we study how the OMR affect
the ferroelectric properties of the films. Fig.7
shows the deposition rate of 500" C SBTN films
deposited with various OMR.. The lower content

of argon in the sputtering gas decreases the

deposition rate of the film due to the decrease of
the spuitering probability.

Fig.83 shows the curves of normalized
capacitance versus applied voltage of the
PUYSBTN/Si0y/n-5i(100) diode in which the
SBTN film deposited at 500" C with various
OMR. It is clear that the memory window tends
to decrease as the OMR is lowered. The
inkerdiffusion between the Si substrate and the
SBTN thin film deposited with low OMR easily
occurs, which leads to an enbanced leakage
current density(Fig9) and reduced
counterclockwise C-¥ hysteresis.

Besides at the high measuring frequency
of 1 MHz, a slight increase is observed in the
inversion capacitance. Generally, an increase in
inversion capacitance is explained to be due to
the generated minority carriers in accordance
with the variation of the measuring signal.
However, the phenomenon should be happened
at the low frequency and not arised at the high
frequency. This phenomenon may be explained

by the following mechanism. Carriers are
trapped and detrapped at the trap levels
distributed near the SBTN/SiO, interface. The
trapped charges cancel the memory effect
induced by the ferroeleciric polarization and the
movement of the charges between the trap levels
located at SBTN/Si interface raises the inversion
capacitance measured at 1| MHz.

Fig.10 shows the C-V curves for the
500" C, 40 % OMR. fiilms deposited on Si0y/Si
substrate under different switching cycles. It is
indicated that accumulation capacitance is
reduced from its initial value after the switching
duration. The reduced accumulation capacitance
may be attributed to the decreased dielectric
constant of the SBTN film by the fatigue.
Besides, the memory window decreases with the
increasing switching cycles. Fig.11 shows
fatigue characteristics of the memory window in
a MFOS structure. The fatigue test is performed
using a bipolar triangle wave of 8 V at 10 kHz
below 10° cycles and 1 MHz over 10° cycles. We
can find that it has degradation of memory
window at fatigue cycle over 10°. The memory
window is decreased from 2.27 Vto 1.59 V after
fatigue pulses of 10" cycles. This phenomenon
may be attributed to the increased leakage
between F-I-§ interfaces which resulted from
interfacial reaction.

Memory retention characteristics were
measured  from the C-V
Pt/SBTN/Si0,/Si/Al capacitor, where write ‘on’
and ‘off’ pulse voltages are +1¢ V and 10 V.
Fig.12 shows that the change of capacitance with
time. After applied a pulse voltage of +10V
or =10V, small signal capacitance was measured
by using a signal (1 MHz and 25 m¥) under a
holding voltage at ¢ V dc bias. The data storage

curve in the



and measurement were executed at room “
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temperature. The memory capacitance decreased

linearly along the logarithm of the retention time,
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The capacitance difference between two states
decreased by 40 % after retention time of 7000
sec. The retention time is directly related to the 50 = “a o
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leakage characteristics in the MFOS structure. Fig3 The deposition rate of 40 % OMR SBTN films

To decrease the leakage current density it is deposited at various substratessmperatures

necessary to decrease grain size in the SBTN

film, suppress mutual diffusion between EQ-§
interface and reduce the electric field in the
SBTN and Si0; films. The decrease in leakage

current of the film can increase the retention
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time.

Fig.4 XRD patterns of 40 % OMR SBTN films deponited on

Si0/Si substrates at varions deposition temperatures
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Fig.1 XRD patterns of 25 % OME SBTN thin films with
0z
various thickness deposited on SI02/Si KY M . 5 w0

Fig.5 Nomuilized G-V curve of SBTN films deposited on
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Fig.7 The deposition rate of 500 € SBTN films with various
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Fig.B Normailized C-V curve for SBTN films deposited on
SiC¥3i substrates at various OMR A sweeping volitage

from +10 ¥V 0 -10 ¥V and back
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Fig® I-E curve for the SBTN films deposited on S#02/Si

substrates at OMR indicated
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Fig.10 C-V curve of SBTN films depesited on Si0¥Si

substrales wt various switching cycles
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Fig.11 Fatigue characteristics of the memery window with

SBTN films deposited at 500~ €, 40 % OMR

Fig.t2 Rectention chamcteristics of PYSBTN/SHO¥Si

capacitor with 525 * C, 40 % OMR SBTN films



