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Abstract: The field effect transistors (FETs) were fabricated on Y,03/P-Si(100) substrates by the
conventional memory processes and sol-gel process using (Bi,La)Ti;O2(BLT) ferroelectric gate materials.
The remnant polarization (2Pr = Pr*-Pr) for PYBLT/Pt/Si capacitors increased from 22 uC/em? to 30 pC/
cm?® at 5V as the annealing temperature increased from 700°C to 750°C. There was no drastic degradation
in the polarization values after applying the retention read pulse for 10°° seconds. The capacitance-voltage
data of Pt/BLT/Y,04/Si capacitors at 5V input voltage showed that the memory window voltage decreased
from 1.4V to 0.6V as the annealing temperature increased from 700°C to 750°C. The leakage current of
the PUBLI/Y,04/Si capacitors annealed at 750°C was about 510 A/cm? at 5V. From the drain currents
versus gate voltages (V) for PUBLT/Y,04/Si(100) FET devices, the memory window voltages increased
from 0.3V to 0.8V with increasing the Vg from 3V to 5V.
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1. Introduction

As modern electronic devices such as personal
digital assistants, mobile phones and notebook com-
puters have became popular, considerable attention
is focused on the nonvolatile ferroelectric memory
devices which are capable of energy retention in the
devices. The flash memory may be replaced with the
advanced nonvolatile memories such as the ferroe-
lectric random access memories (FRAM), phase
change RAM (PRAM), magnetic RAM (MRAM)
and spintronic devices. The nonvolatile memories
are not necessary to refresh a memorized data. In
particular, the FRAM devices show good features
such as high speed operation, low power consump-
tion, and large scale integration.!” There are two
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kinds of ferroelectric nonvolatile memory devices.
One is a memory device with a transistor and ferro-
electric storage capacitor and another is the metal-
ferroelectric-insulator-semiconductor field effect tran-
sistor (MFIS-FET). MFIS-FET devices have advan-
tage over the ferroelectric storage capacitor types
because of non-destructive read-out capability and
high memory density.”

Until recently, some fabrication methods for the
ferroelectric thin films such as sol-gel method,
metal-organic decomposition, RF magnetron sputter-
ing, and pulsed laser deposition have been prepared
and demonstrated.*> Bismuth-layer-structured ferro-
electric (Bi, La)Ti;0y, (BLT) material is known as
one of the promising materials® for the non-volatile
FRAM application due to their good fatigue proper-
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ties, low leakage current and high remnant polariza-
tion.” The technologies should be also developed
to prevent the FRAM devices from inter-diffusion
through the interface between ferroelectric film layer
and Si substrate by means of a low temperature
process and an optimization of the buffer layer mate-
rials.

In this research, Pt/BLT/Y,0,/Si FET devices were
fabricated by the conventional memory processes.
For this, BLT ferroelectric thin films were prepared
on Y,04/Si(100) substrate by using the sol-gel
method. The dependences of electrical properties on
the annealing temperatures were investigated for the
prepared capacitors with structures of PtYBLT/Pt/
Si(100) and Pt/BLT/Y,0,/Si(100), respectively. In
addition, we investigated the sectional morphology
and the electrical properties for P/BLT/Y,05/Si(100)
FET devices.

2. EXPERIMENTAL PROCEDURE

First of all, the capacitors with the structure of Pt/
BLT/PYSi(100) and PYBLI/Y,O/Si(100) substrates
were prepared for the characterization of ferroelec-
tric and fatigue properties of the BLT thin films. The
Pt film with 1500 A thickness as lower electrode
was deposited on Si(100) substrate by RF magnetron
sputtering. For the application of FRAM devices, the
MFIS-FET devices using BLT ferroelectric gate thin
film on Y,0; buffer layer/p-Si(100) substrates were
fabricated by the conventional memory processes.
The field oxidation layer with about 8000A thick-
ness was formed on P-Si(100) wafer (p:~10LQcm) by
the local oxidation of silicon. Arsenic (As) ion implanta-
tion (80KeV, 5 x10'%/cm?) was carried out in order to
fabricate N* well at the source and drain regions of
Si(100) substrates. In addition, P* region was pre-
pared at bulk contact area by Boron (B) ion implan-
tation, and the drive-in process was done at 950°C
for 30 minutes. After then, SiO, layer with a thick-
ness of about 3000A were deposited as passivation
layer of the FET device. The gate area was opened
by using ion milling method under the process con-
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Fig. 1. Fabrication procedure of P/BLT/Y,04/Si(100) field
effect transistor.

dition of 110mA in beam current. The Y,0O; buffer
layer with a thickness of 150 A was deposited by RF
magnetron sputtering method and annealed at 800 in
the electric furnace. BLT sol-gel solution with the
molar composition of (Biz s, Lag75)Ti30;, was spin-
coated onto the Y,0; buffer layer with a rotational
speed of 3000 rpm for 30 seconds. After spin coat-
ings, the films were baked on a hot plate at 330°C to
remove the residual solvent. For the crystallization
of BLT ferroelectric films, the annealing was carried
out at the temperatures of 700°C and 750°C for 30
minutes under an air ambient. For the patterned
device, Pt electrode and BLT film were etched by
the reactive ion etching method. Finally, Al metal
electrodes were deposited by DC sputtering and fol-
lowed by a lift-off process to prepare the PYBLT/
Y,04/Si(100) FET devices.

Fig. 1. shows the flow chart of manufacturing
process of the PUBLT/Y,05/Si(100) FET devices.

The sectional morphology was observed by scan-
ning electron microscope (SEM). The electrical
properties, such as the polarization versus time,
capacitance-voltage (C-V) and current-voltage char-
acteristics of the devices, were measured by using
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HP4180A, HP4155B, HP4192A and Precision Fer-
roelectric Test System.

3. RESULTS AND DISCUSSION

Fig. 2 shows the SEM micrograph of the cross-
sectional view of the fabricated PY/BLT/Y,0,/Si
(100) FET device. It was difficult to find out a dis-
tinct inter-layers between BLT ferroelectric film and
Y,0; buffer layer, showing the thickness of about
4600A for both film layers. The SiO, thickness was
found to be about 2000A as passivation layer. From
the sectional morphology, the gate region may be the
inside area of the trench device structure, and the
source and drain regions are assumed at the marked
dot area in the SEM photograph.

Fig. 3 shows the polarization versus voltage (P-E)
hysteresis loops of Pt/BLT/Pt/Si(100) capacitors
annealed at 700°C and 750°C, respectively. The P-E
measurement was carried out at the input voltages of
+7V. All the film samples showed typical ferroelec-
tric hysteresis property originating from a remnant
polarization which is caused by the suppressed
charge injection in the BLT films.'” The remnant
polarization depended on the annealing tempera-
tures, and the calculated values of the remnant polar-
ization (2Pr = Pr*-Pr) at 5V increased from 22 uC/
cm? to 30 pC/em? with increasing the annealing tem-
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Fig. 2. SEM morphology of the cross-sectional view of Pt/
BLT/Y,04/Si(100) FET device.

perature from 700°C to 750°C. The coercive electric
field (Ec) were found to be 81 ~83 kV/cm for both
samples. To investigate the retention properties, the
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Fig. 3. Polarization versus voltages hysteresis loops of Pt/

BLT/Pt/Si(100) capacitors annealed at (a) 700°C
and (b) 750°C.
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Fig. 4. The changes of polarization values of P/BLT/Pt/
Si(100) capacitors annealed at 750°C as a function
of applied retention times at 5V input voltage.
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+5 V bipolar switching pulses were applied for the
capacitors of P/BLT/Py/Si(100) structure.

Fig. 4 shows the polarization changes as a func-
tion of the applied retention times for Pt/BLT/PY
Si(100) capacitors annealed at 750°C. It was found
that the capacitors showed no drastic change in the
polan'zatioﬁ values when the retention read pulses
were applied for 10> seconds at 5V, indicating a
good charge retention property of the BLT films.

Fig. 5 shows the capacitance versus voltage (C-V)
characteristics of PYBLT/Y,05/Si capacitors annealed
at 700°C and 750°C at 5V in bias voltage. The mem-
ory window voltages increased gradually with increas-
ing the sweep voltage up to +5V, and the memory
window voltages were calculated from these C-V
hysteresis loops. The memory window voltages
decreased from 14V to 0.6V with increasing the
annealing temperature from 700°C to 750°C. This
result may be attributed to the dense microstructure
and/or the suppression of inter-phases with a low
dielectric constant at the lower annealing tempera-
ture of 700°C."" In addition, the C-V curve was
shifted to the positive voltage, which may be caused
by the negative charges of formed oxide layers and
the volatility of Bi component during the annealing
process of BLT film.

The leakage currents as a function of the applied
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Fig. 5. Capacitance versus voltage characteristics of Pt/
BLT/Y,04/Si(100) capacitors annealed at 700°C
and 750°C at 5V input voltage.
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Fig. 6. Leakage current changes of PYBLT/Y,0,/Si(100)
capacitors annealed at 700°C and 750°C as a
function of the input voltages.

voltage for the Pt/BLT/Y,0:/Si(100) capacitors
annealed at 700°C and 750°C are shown in fig. 6.
The leakage current of the PYBLI/Y,0,/Si capaci-
tors annealed at 700°C was about 1x107 A/cm’® at
input voltage of 5V and decreased slightly with the

values of about 5x10° A/cm?

for the sample
annealed at 750°C. This decrease of leakage current
at the higher temperature may be attributed to the
improved crystallinity during the post-annealing
process.

The PYBLT/Y,05/5i(100) FET devices using BLT
ferroelectric gate thin film on Y,0; buffer layer/ p-
Si(100) substrates were fabricated.

The current values between source and drain at the
bulk junctions of Pt/BLI/Y,04/Si(100) FET were
investigated as a function of the input voltages. The
drain currents (Ip) were measured as a function of
the drain voltages (Vp) at the gate voltage (Vi) of
1.0V and 1.2V, respectively.

Fig. 7 shows I, versus Vp, curves of PUBLT/Y,0+/
Si(100) FET devices at Vg = 1.0V and 1.2V after
input (a) Vg =+3V and (b) Vg = +4V for 100 msec,
respectively. We found that there was very small
amounts of drain currents at Vg = 1.0 V for both
samples. However, I, was greatly increased as Vp
increased gradually at Vg = 1.2V. The I, increased
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Fig. 7. Drain current versus drain voltages at gate voltage
of 1.0V and 1.2V after input gate voltage (V) of
(a) +3V and (b) +4V for 100 msec.

from 1.2 pA to 1.7 A as the Vg increased from
+3V to + 4V. It was confirmed that the current dif-
ferences of PUBLT/Y,04/Si(100) FET device applied
at Vg = +4V showed larger values than the one biased
at Vg = +3V. This result suggests that the polariza-
tion was increased by increasing the input gate volt-
age, resulting in the increase of threshold voltage
shift.

Fig. 8 shows the changes of drain current as a
function of the gate voltages (V) for PUBLI/Y,05/
Si(100) FET devices at the Vg of 3V, 4V and 5 V,
respectively. The drain voltage was applied at 0.1V.
From the Ip versus Vg data the memory window
voltages increased from 0.3V to 0.8V as Vg
increased from 3V to 5V, indicating the maximum
memory window voltage was about 0.8V at Vg =
5V. As a result, the memorized information between
“1”” or “0” writing states can be distinguished through
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Fig. 8. Drain current versus gate voltages (Ip-Vg) of Pt/
BLT/Y,05/Si(100) FET devices at various gate
voltages (Vi) of 3V, 4V and 5V. The drain voltage
(Vp) is O.1V.
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the drain current differences during the operation of
memory device.

4. CONCLUSIONS

For the application of FRAM devices, the MFIS
(PYBLT/Y,04/Si(100)) FET devices using BLT fer-
roelectric gate thin film on Y,0; buffer layer/p-
Si(100) substrates were fabricated by the conven-
tional memory processes and the sol-gel process. It
was found that the capacitors with P/BLT/Pt/Si(100)
structure showed no drastic degradation in polariza-
tion after the retention read pulses for 10°>° seconds,
showing a good fatigue property of the BLT films.
From capacitance versus voltage characteristics at
5V, the memory window voltage of P/BLT/Y,04/Si
(100) capacitors decreased from 1.4V to 0.6V with
increasing the annealing temperature from 700°C to
750°C. The leakage current of the Pt/BLT/Y,0,/Si
(100) capacitors annealed at 750°C was about 5x10%
Afem?® at 5V. From the drain current (Ip) as a func-
tion of gate voltages (Vi) for PU/BLT/Y,04/Si(100)
FET devices at Vg of 3V, 4V and 5V, the memory
window voltages increased from 0.3V to 0.8V as Vg
increased from 3V to 5V.

REFERENCES

Microelectronics & Packaging Society Vol. 12, No. 1 (2005)



26 Ho Jung Chang, Kwang Jong Suh, Kang Mo Suh, Ji Ho Park, Yong Tae Kim and Young Chul Chang

1. B. A. Tuttle, Mater. Res. Bull. 12, 40 (1987).

2. J. F. Scott and C. A. Paz de Araujo, Science 246,
1400, (1989).

3. M. Noda, H. Sugiyama and M. Okuyama, Jpn. J.
Appl. Phys. 38, 5432 (1999).

4. J. K. Yim and H. J. Chang, J. Korean Phys. Soc. 39,
232 (2001).

5. H. J. Chang, K. J. Suh, M. Y. Kim and G K. Chang,
J. Korean Phys. Soc. 32, 1679 (1998).

6. B. H. Park , B. S. Kang, S. D. Bu, T. W. Noh, J. Lee
and W. Jo, Nature 401, 682 (1999).

alolz2AA & 7173 A] A 1278 A 1S (2005)

7.

8.

10.

11

C. A. Paz de Araujo, J.D. Cuchiaro, L. D. McMillan
and M. C. Scott, Nature 374, 627 (1995).

M. Takashi, Y. Hiroyuki, W. Hitoshi and Carlos A.
Pazde Araujo, Jpn. J. Appl. Phys. 34, 5233 (1998).

. K. Okamoto and E. Tokumitsu, Appl. Phys. Lett. 76,

2609 (2000).

H. J. Chang, S. H. Hwang, H. Jeon, Y. C. Kim, K.
Sawada and M. Ishida, Thin Solid Films, 443, 136
(2003).

T. Choi, Y. Kim and J. Lee, J. Korean Phys. Soc. 40,
188 (2002).



