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Ferroelectric-gate thin-film transistors with Bi3.15Nd0.85Ti3O12 gate
insulators on LaNiO3-buffered Si substrates
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Ferroelectric-gate thin-film transistors (FGTs) with a stacked oxide structure of ZnO/Bi3.15Nd0.85Ti3O12
(BNT)/LaNiO3 (LNO) on Si substrates have been prepared and characterized. The FGTs devices show
good electrical properties, such as large “on” current of 2.5×10−4 A and low threshold voltage of 1.1 V.
These are mainly attributed to the coupling enhancement of the gate electric field to the channel layer due
to a-axis preferential orientation of BNT ferroelectric-gate insulator thin films obtained by using the LNO
buffer layer and the relatively good interface properties. The results suggest that ZnO/BNT/LNO/Si
structures are well suited for thin-film transistors for future nonvolatile memory applications.
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Ferroelectric-gate thin-film transistors (FGTs) have attracted
much attention due to their simple device structure, nondestructive readout operation, low power consumption and high
endurance.1-6 The various types of FGTs composed of different
stacked structures have been investigated.7-13 Nevertheless, the
gate insulators of most of these thin-film transistors are epitaxial
ferroelectric thin films grown on some special substrates (e.g.,
SrTiO3). The expensive substrates and the incompatibility with
the well-established Si technology will hinder the progress of the
FGTs applications. Thus, developing Si-based thin-film
transistors with high-quality ferroelectric thin films as gate
insulators is significant for promoting the FGTs applications. Up
until now, few researches have reported the FGTs deposited
directly on Si substrates.
Ferroelectric bismuth-layer perovskite films such as
SrBi2Ta2O9 (SBT) and lanthanide-doped Bi4Ti3O12 (BIT) are
recognized as promising materials for FGTs applications due to
their high fatigue resistance and large dielectric constant.14 As we
know, while ferroelectric film has a strongly anisotropic
polarization and dielectric properties. For example, the

Fig. 1 Schematic illustration of the ZnO/BNT/LNO/Si FGTs

This journal is © The Royal Society of Chemistry [year]

40

45

50

55

polarization of BIT is as large as 50 µC/cm2 along a-axis but
rather small as 4 µC/cm2 along c-axis and the dielectric constant
of the a-axis-oriented film is much larger than that of the c-axisoriented film. 15, 16 In fact, unfortunately the films of these
materials are easily grown with the c-axis perpendicular to the
film plane (i.e., the c-axis orientation) because of the highly
anisotropic structures, 17 which influences the properties of
corresponding devices. Therefore, in order to achieve bismuthlayered perovskite film FGTs with good performance, a-axisoriented film with a high polarization and dielectric constant is
essential. Using an appropriate buffer layer with specific
orientation is a good way to grow non c-axis-oriented bismuthlayered perovskite films on Si substrates. For example, by using
(110)-oriented SrRuO3 (SRO) and (100)-oriented Y2O3-stabilized
ZrO2 (YSZ) buffer layers, Lee et al.17, 18 have fabricated the aaxis-oriented Bi 3.2 5 La 0. 75 Ti 3 O 1 2 (BLT) films on Si (100)

Fig. 2 The XRD patterns of (a) the BNT thin films deposited on LNO
electrodes, (b) the BNT thin films deposited on Pt electrodes, and (c) the
BNT powders.
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Fig. 3 AFM 3D images of the BNT films deposited on (a) LNO and (b) Pt electrodes.

5

10

15

20

substrates. Perovskite LaNiO3 (LNO) not only has same
chemistry structure and close crystal constant with SRO, but also
has lower cost than SRO. Furthermore, LNO can act as a good
electrode layer due to its low resistivity and good metallic
conductivity.10, 19 Therefore, in this paper we use LNO as the
buffer layer and Bi3.15Nd0.85Ti3O12 (BNT) as ferroelectric-gate
insulator to fabricate Si-based FGTs. The LNO layer serves as a
useful metal oxide bottom electrode and at the same time forms a
template to promote the a-axis preferential orientation growth of
BNT films. In the study, ZnO thin films are chosen as the channel
layer of FGTs because of its low cost, low photosensitivity, and
high mobility.20 On the other hand, pulsed laser deposition (PLD)
is a unique technique to deposit oxide thin films and multilayered thin films. The physical properties of oxide thin films can
be easily tunned by changing the experimental conditions of
PLD, such as oxygen pressure.21 Meanwhile, a very clean and
smooth interface can be obtained by PLD, which is specially
unique to deposit oxide multi-layered thin films or devices.
Therefore, PLD is chosen to deposit ZnO/BNT/LaNiO3 FGTs in
this study.
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The schematic illustration of ZnO/BNT/LNO/Si FGT is shown in
Fig. 1. The ZnO and BNT thin films were deposited by using a
pulsed laser deposition system (PLD-5000) with KrF excimer
laser (COHERENT COMPEX 205, λ = 248 nm, 20 ns pulse
duration) at a substrate temperature of 400 and 700 oC, oxygen
partial pressure of 10 and 200 mTorr, respectively.22 Prior to the
deposition of the BNT thin films, a 50 nm thick high (110)oriented LNO buffer/bottom electrode layer was deposited on 60
miscut Si (100) substrate by PLD. The thickness of ZnO and
BNT layers is 60 and 550 nm, respectively. Source/drain Pt
electrodes were deposited on the ZnO layers using the mask
This journal is © The Royal Society of Chemistry [year]

plates. The channel width (W) and length (L) of FGTs are 1500
and 200 µm, respectively. The structures of the films were
characterized by X-ray diffraction (XRD) with Cu Kα radiation.
The atomic force microscope (AFM) (Q-Scope 850) was used to
characterize the surface roughness of the films. The polarizationelectric field (P-E) hysteresis loops of BNT films were measured
using a RT Precision Workstation ferroelectric analyzer.
Transistor characteristics were measured using a semiconductor
device analyzer (Agilent B1500A).

Fig. 2(a) and (b) are the XRD patterns of BNT thin films
deposited on different electrodes, and the XRD pattern of BNT
powders is shown in Fig. 2(c) for comparison. All of the XRD
patterns are indexed according to the standard powder diffraction
data of BIT. It is notice that the BNT films deposited on LNO
electrodes show an a-axis preferential crystalline orientation,
while the BNT films deposited on Pt electrodes show a c-axis
preferential crystalline orientation. In order to support the claim,
the degree of preferred orientation F has been calculated by using
the relationship proposed by Lotgering,23, 24

55

F( h 00 ) = ( P( h 00 ) − P0 ) /(1 − P0 ),

(1)

P( h 00 ) = ∑ I ( h 00 ) / ∑ I ( hkl ) ,

(2)

P0 = ∑ I (∗h 00 ) / ∑ I (∗hkl ) .
Where

∑I

(h 00)

and

∑I

(hkl )

(3)

are the summations of measured

peak intensities of the (h00) peaks and (hkl) peaks, respectively.
60

∑I

∗
(h 00 )

and

∑I

∗
(hkl )

are the total measured peak intensities

for all (h00) peaks and (hkl) peaks in the powder diffraction data
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Fig. 4 (a) P-E hysteresis loops and (b) the frequency dependence of dielectric constant of the BNT films on different electrodes.

Fig. 5 Drain current and drain voltage (IDS-VDS) characteristics of (a) ZnO/BNT/LNO/Si and (b) ZnO/BNT/Pt FGTs.
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of BNT. Therefore, the value of degree of a-axis-oriented of the
films deposited on LNO electrodes F(h00) is 32.4%, while the
value of degree of c-axis-oriented of the films deposited on Pt
electrode F(00l) is 82.3% with the same method. The results
demonstrate that the orientation of BNT films can be effectively
modified by the LNO buffer layer.
The AFM 3D images of the BNT thin films with a scanning
area of 2×2 µm2 are shown in Fig. 3. It is found that BNT thin
films deposited on LNO electrodes exhibit a smoother surface
morphology than the thin films on Pt electrodes. A much smaller
root-mean-square roughness (RMS) of 2.156 nm for the BNT
films on LNO electrodes has been obtained, which is benefit to
obtain a sharp ZnO/BNT interface in the FGTs.
Fig. 4(a) and (b) show the P-E hysteresis loops and
dielectric constant εr as a function of frequency for the BNT thin
films deposited on different electrodes, respectively. One can
note that the thin films exhibit typical ferroelectric hysteresis
loops on the condition of 10 kHz frequency. It is very clear that
This journal is © The Royal Society of Chemistry [year]
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the ferroelectric polarization and dielectric constant of the BNT
film are strongly dependent on the film orientation. The 2Pr of the
a-axis preferential film on LNO electrode is much larger than that
of the c-axis preferential film on Pt electrode. The dielectric
constant εr = 248 at 1 MHz of the a-axis preferential film is more
than twice as much that εr = 107 at 1 MHz of the c-axis
preferential film. A similar observation has been reported for
BNT films prepared by using CSD method.16
Fig. 5(a) and (b) show the drain current-drain voltage (IDSVDS) output characteristics of ZnO/BNT/LNO/Si and
ZnO/BNT/Pt FGTs at positive gate bias from 0 to 8 V,
respectively. Both of transistors show the typical n-channel
behavior operating in enhancement mode and clear current
saturation at low drain voltage. While ZnO/BNT/LNO/Si FGTs
have much larger “on” current than ZnO/BNT/Pt FGTs. A large
“on” current (2.5×10−4 A) of ZnO/BNT/LNO/Si FGTs is
observed when the gate voltage VGS = 8 V and VDS = 4 V, which
[journal], [year], [vol], 00–00 | 3
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Fig. 6 (a) Drain current and drain voltage (IDS-VGS) logarithmic transfer characteristics of ZnO/BNT/LNO/Si FGTs. And the linear transfer characteristics
including IDS-VGS and IDS1/2-VGS curves for (b) ZnO/BNT/LNO/Si FGTs and (c) ZnO/BNT/Pt FGTs.
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is larger than that of of ZnO/BNT/Pt FGTs (2.9×10−7 A).
Fig. 6(a) shows the IDS-VGS logarithmic transfer curve of the
fabricated ZnO/BNT/LNO/Si FGTs in a double sweep mode
when gate voltage sweeps from -4 to 8 V at a VDS of 0.2 V. A
counterclockwise hysteresis loop as indicated by arrows is
obtained owing to the ferroelectric polarization reversal of the
BNT thin films from the IDS-VGS characteristics curve, which
shows the fabricated device has a good nonvolatile memory
function. The obtained memory window (MW) and drain-current
on/off ratio are as large as about 3.0 V and 1.8×106, respectively.
Moreover, a low subthreshold voltage swing of 240 mV/decade is
obtained.
The linear transfer characteristics IDS-VGS and the linear fit
of IDS1/2-VGS for the ZnO/BNT/LNO/Si and ZnO/BNT/Pt FGTs
are shown in Fig. 6(b) and 6(c). The threshold voltage (Vth) of the
ZnO/BNT/LNO/Si is determined to be Vth = 1.1 V by the IDS1/2VGS curve of the transistors operating in the saturation region,
which is slightly lower than the one (Vth = 1.4 V) of the
ZnO/BNT/Pt FGTs. The channel mobility (µsat) can be deduced
using the equation in the saturation region for a field effect
transistor,

I DS = (

ε 0ε r µ satW
2 Lt int

)(VGS − Vth ) 2 ,

buffer layer.27, 28

Conclusions
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In summary, the Si-based FGTs with BNT as gate dielectrics and
ZnO as channel layer were fabricated and characterized. The aaxis preferential orientation BNT gate film with a smoother
surface and a significant enhancement of the polarization and
dielectric constant is obtained by using LNO buffer/electrode
layer. ZnO/BNT/LNO/Si transistors demonstrate good operating
characteristics with a large “on” current and a low threshold
voltage. The subthreshold slope, memory window, and on/off
ratio are measured to be 240 mV/decade, 3.0 V and 1.8×106,
respectively. The good transistor performances suggest that
ZnO/BNT/LNO/Si structures are well suited for FGT application.
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(4)

where εr is the relative permittivity at 1 MHz which we can obtain
from Fig. 4(b) and tins is the thickness of BNT thin film. The µsat
of the ZnO/BNT/LNO/Si is calculated to be 0.82 cm2V−1s−1.
From the above results, one can see that the fabricated
ZnO/BNT/LNO/Si FGTs have good electrical properties, such as
large “on” current and low operating voltage. This can be
explained as follows. On the one hand, a-axis preferential
orientation BNT thin film obtained by using LNO buffer layer
results in larger polarization and dielectric constant and thus
increases the coupling of the gate electric field to the channel
layer, which is very beneficial to the improvement of FGTs
properties.25, 26 On the other hand, it may be attributed to the
relatively good interface properties between ZnO and BNT thin
films owing to the smoother surface of BNT thin films on LNO
This journal is © The Royal Society of Chemistry [year]
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