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Characteristics of Au/SBT/LZO/Si MFIS structure for  
ferroelectric-gate field-effect transistors
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Non-volatile memories using ferroelectric-gate field-effect transistors (Fe–FETs) with metal/ferroelectric/semiconductor gate 
stack (MFS–FETs) have superior advantages such as non-destructive read operation and high density. However, the interfacial 
reactions between ferroelectric materials and Si substrates make it difficult to obtain good electrical properties of MFS–FETs. 
As an alternative solution, Fe–FETs with a metal/ferroelectric/insulator/insulator/semiconductor gate stack (MFIS–FETs) have 
been proposed. We prepared SrBi2Ta2O9 (SBT) film as a ferroelectric layer and LaZrOx (LZO) film as the insulating buffer 
layer, and then fabricated the n-channel Fe–FETs with the Au/SBT/LZO/Si structure. The thickness of the LZO buffer layer 
and SBT film deposited by a sol–gel method were about 35 nm and 450 nm, respectively. From the electrical properties of the 
LZO film on Si, no hysteresis was observed in the C–V curve and the leakage current density was about 1.4 × 10–7 A/cm2 at 5 
V. SBT film on the LZO/Si structure was crystallized in a polycrystalline phase with a highly preferred (115) orientation. The 
C–V characteristics of Au/SBT/LZO/Si structure showed a clockwise hysteresis loop and the memory window width increased 
as the bias voltage increased. The fabricated Fe–FETs showed typical n-channel MFIS–FETs C–V characteristics and the 
current on/off ratio was about 103. Also, the memory window width was about 0.7 V.
©2009 The Ceramic Society of Japan. All rights reserved.
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1. Introduction
Recently, there has been a growing interest in non-volatile 

ferroelectric random access memory (NVFRAM) devices. Non-
volatile memories using ferroelectric capacitors have been exten-
sively researched, which utilize basically destructive read-out 
(DRO) operations. On the other hand, non-volatile memories 
using the ferroelectric-gate field-effect transistor (Fe–FETs) with 
a metal/ferroelectric/semiconductor gate stack, in which the 
channel conductivity is controlled by the spontaneous polariza-
tion of ferroelectric materials, make non-destructive read-out 
(NDRO) operation possible. Metal-ferroelectric-semiconductor 
field-effect transistors (MFS–FETs) with a single transistor (1–
T  ) memory cell have promising advantages of high-density inte-
gration, NDRO operation, low power consumption, high-speed 
operation, better endurance and potentially fewer processing 
steps.1)–3) However, MFS–FETs have some problems brought 
about by the interface reaction between ferroelectric materials 
and Si substrates. That is, the interdiffusion of constituent ele-
ments and the unwanted low dielectric SiO2 layer is generated at 
the interface of the ferroelectric film and Si substrate while 
depositing the ferroelectric thin film on the semiconductor sub-
strate. When a gate voltage is applied to this thin SiO2, the thin 
oxide turns a moderate gate voltage into a high electric field. So 
it causes severe stress and high interface trap charges in the SiO2. 
The result might be the degradation of the ferroelectric properties 
of MFS–FETs.4),5) To overcome these problems, Fe–FETs with 
metal/ferroelectric/insulator/semiconductor gate stack (MFIS–
FETs) have been proposed, where the insulator as a buffer layer 
is inserted between ferroelectric materials and Si substrates.6)

Most of the insulating buffer layers used in an MFIS–FET struc-

ture have a high dielectric constant in the range of 10–50, low 
leakage current, and good interface characteristics. ZrO2, HfO2, 
HfAlOx and LaAlO3 are representative insulating buffer layers.7)–10)

In this work, we prepared a LaZrOx (LZO) thin film as a buffer 
layer and SrBi2Ta2O9 (SBT) film as a ferroelectric layer in mak-
ing MFIS–FET devices. The LZO film has been reported to have 
a high crystallization temperature and relatively high dielectric 
constant of ≈20, and considered as being thermally stable in con-
tact with Si.11) Also, the SBT film is one of the most promising 
candidates for a 1–T type FeRAM because of its high fatigue 
endurance, good retention, and low leakage current.12)

Finally, we fabricated the n-channel ferroelectric-gate FET 
with Au/SBT/LZO/Si structure, and then investigated the physi-
cal and electrical properties of the fabricated MFIS–FETs.

2. Experimental work
We prepared the LaZrOx (LZO) solution with a 0.1 M concent-

ration and the SrBi2Ta2O9 (SBT) solution with 0.3 M concentra-
tion, respectively. Also, a p-type (100) silicon wafer was 
prepared in making the n-channel MFIS–FET devices. The sub-
strate was dipped in a diluted HF solution to remove the native 
oxide layer from the surface of Si. The fabrication procedure of 
devices is briefly shown in Figure 1.

At first, the field oxide as a diffusion barrier was formed by 
the thermal oxidation process. After defining the source and 
drain region, the phosphosilicate glass (PSG) thin film was spin-
coated as a doping source of phosphorus (P). Then the diffusion 
was performed at 1050°C for 1 min by rapid thermal annealing 
(RTA). For the deposition of the ferroelectric film and buffer 
layer, the PSG and diffusion barrier oxide layer was removed 
from the wafer surface. The LZO thin film as a buffer layer was 
deposited on Si using the sol–gel method. After the crystalliza-
tion of a buffer layer, the LZO film was dry-etched by the reac-† Corresponding author: B.-E. Park; E-mail: pbe@uos.ac.kr
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tive ion etching (RIE) method to open contact holes in the drain 
and the source region. The SBT film as a ferroelectric layer was 
then spin-coated on patterned-LZO/Si structures. Prior to the 
crystallization of a ferroelectric layer, a pre-baked SBT film was 
wet-etched by soaking it into a BOE to open contact holes. After 
opening the contact holes, the SBT film was crystallized at 
800°C for 30 min in O2 atmosphere by RTA. The thickness of 
the LZO buffer layer and SBT film were about 35 nm and 450 
nm, respectively. In fact, our previous work revealed that the 
memory window width increased as the SBT film became thicker 
in MFIS structure.13) However, for a thicker SBT film, a partial 
cracking at the film surface was observed frequently. Thus, we 
set the film thickness 450 nm in this study. A gold electrode was 
deposited on the surface of the SBT film using thermal evapora-
tion, and then patterned with gold etchant to define the gate and 
to make contact with drain and source region. Subsequently, the 
n-channel ferroelectric-gate FET with Au/SBT/LZO/Si structure 
was fabricated.

The physical and electrical properties of the fabricated MFIS–
FETs were investigated using atomic force microscopy (AFM), 
X-ray diffraction (XRD) measurements, HP 4280A capacitance-
meter and HP 4155C precision semiconductor parameter ana-
lyzer, respectively.

3. Results and discussion
Figure 2 shows C–V and J–V characteristics of the LZO thin 

film annealed at 750°C. The measurement of the C–V character-
istics was performed with a ±5 V bias sweep at 1 MHz. As shown 
in this figure, no hysteresis was observed in the C–V curve. No 
hysteresis particularly meant that there is little chance for a 
rechargeable oxide trap to exist at the interface between the LZO 
film and the Si substrate. On the other hand, although the flat 
band shifted slightly in the negative direction, the extent was 
negligible. The equivalent oxide thickness (EOT) determined 
from the accumulation capacitance value was about 17.53 nm. 
The value of the leakage current density at 5 V was about 1.4 ×
10–7 A/cm2, which indicated that the film provided a good insu-
lating property.

Figure 3 shows the XRD pattern and the surface AFM image 
of the 450-nm-thick SBT film on the LZO/Si structure. Acc-
ording to the XRD pattern, the film was crystallized in a poly-

Fig. 1. Fabrication process of Au/SBT/LZO/Si MFIS–FETs.

(a)

(b)
Fig. 2. (a) C–V characteristics and (b) the J–V characteristics of the 
750--annealed LZO thin film on Si.

(a)

(b)
Fig. 3. (a) A typical X-ray diffraction pattern and (b) a surface mor-
phological image of the 450-nm-thick SBT film on LZO/Si structure.
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crystalline phase with a highly preferred (115) orientation. In 
general, film orientation is an important factor for ferroelectric 
properties, such as polarization, as this is related to direction for 
dipoles.14) The low orientation of the main peak causes the pro-
blem such as remanent polarization decreasing the characteristic 
of ferroelectric thin films. The measured area of the surface AFM 
image was 2 × 2 μm2. The average and root-mean-squared 
(RMS) surface roughness of the 450-nm-thick SBT film were 
about 8.517 and 11.060 nm, respectively.

Figure 4 shows the C–V characteristics of the Au/SBT/LZO/
Si structure with 450-nm-thick SBT film for a variety of bias 
sweep voltages. As shown in the figure, the memory window 
width increased as the bias sweep voltage increased but began to 
decrease when the applied sweep voltage exceeded ±8 V. The 
maximum value of the memory window width was about 1.2 V 
at a bias sweep voltage of ±8 V. Also, clockwise hysteresis loops 
were observed, which indicated a switching of the ferroelectric 
polarization of SBT film.

Figure 5 shows the J–V characteristics of the 450-nm-thick 
SBT on LZO/Si structure at a bias voltage in the range of 0–10 
V. The leakage current density was lower than 1 × 10–7 A/cm2 at 
8 V. The measured value of the leakage current density, one of 
the most important properties for a MFIS structure, showed good 
characteristics.

Figure 6 shows drain current (Id) versus gate voltage (Vg ) 
characteristics of the n-channel Fe–FETs with Au/450-nm-thick 

SBT/LZO/Si structure. To examine the ferroelectric effect, the 
Id–Vg curve with a counterclockwise hysteresis loop were 
logarithmically measured . The applied gate voltage sweep 
ranged from –1 V to 6 V and the drain voltage was fixed at 1 V. 
The leakage current density was lower than 1 × 10–6 A/cm2 and 
the current on/off ratio was about 103. Also, the memory window 
(threshold shift) width was about 0.7 V due to the ferroelectric 
nature of the SBT film.

Figure 7 shows the drain current (Id) versus the drain voltage 
(Vd) characteristics of the fabricated MFIS–FETs for gate volt-
ages from 0 V to 5 V. The Id–Vd curve showed typical n-channel 
MFIS–FETs C–V characteristics. The drain current at 5 V 
applied to the gate was found to be about three orders of magni-
tude less than the drain current for 0 V applied to the gate in the 
saturation region.

Fe–FETs with Au/SBT/LZO/Si structure were successfully 
fabricated and showed relatively good characteristics. However, 
the memory window width measured from Id–Vg curve was 
smaller than the memory window width of Au/SBT/LZO/Si 
structure in Fig. 4.

4. Conclusions
We have fabricated the n-channel MFIS–FETs with an Au/

SBT/LZO/Si structure. The thickness of the LZO buffer layer 
and the SBT film were about 35 nm and 450 nm, respectively. 
The LZO film on Si showed no hysteresis loop in the C–V curve 

Fig. 4. C–V characteristics of the Au/SBT/LZO/Si structure with 450-
nm-thick SBT film for a variety of bias sweep voltages.

Fig. 5. J–V characteristics of the 450-nm-thick SBT on LZO/Si struc-
ture.

Fig. 6. Id–Vg curve of MFIS–FETs with Au/SBT/LZO/Si gate stack.

Fig. 7. Id–Vd curves of MFIS–FETs with Au/SBT/LZO/Si gate stack.
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and also a good insulating property. The SBT film on LZO/Si 
structure was crystallized in a polycrystalline phase with a highly 
preferred (115) orientation and the memory window width 
increased with the increase of the bias sweep voltage. The Id–Vd

characteristics of the fabricated Fe–FETs showed typical n-
channel MFIS–FETs C–V characteristics and the current on/off 
ratio was about 103. Also, the memory window (threshold shift) 
width was about 0.7 V.

From these results, we have confirmed that the LZO film in the 
Au/SBT/LZO/Si structure effectively accomplished the role of 
the insulating buffer layer. Consequently, the MFIS structure 
with an LZO buffer layer would be suitable for NDRO-type fer-
roelectric memories with Fe–FETs.
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