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Oxide-Thin-Film-Transistor-Based
Ferroelectric Memory Array
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Abstract—A new ferroelectric memory array on a glass sub-
strate has been developed using In-Ga-Zn-O (IGZO) thin-film
transistors (TFTs). Each memory cell is composed of two normal
IGZO TFTs and a ferroelectric TFT (FeTFT). Poly(vinylidene
fluoride-trifluoroethylene) [P(VDF-TrFE)] is employed as the gate
dielectric layer of the FeTFT. All the fabrication processes were
performed below 200 °C. The fabricated memory successfully
demonstrated disturb-free write/readout operation. The current
ratio between the “1” and “0” states is about 10%.

Index Terms—Disturb-free, ferroelectric
In-Ga-Zn-0 (IGZO0), thin-film transistor (TFT).

memory,

I. INTRODUCTION

IGITAL memory integrated in a pixel of a mobile display

panel is very promising for low-power driving. The power
consumption for charging the large capacitance of the scan
and data lines at a high frequency becomes negligible with
the pixel memory. However, the conventional pixel memories
are composed of normal thin-film transistors (TFTs) rather
than ferroelectric transistors. Therefore, they occupy a large
area to constitute a static memory like an SRAM [1]-[5]. We
report a simple pixel memory structure composed of three
In-Ga—Zn-0O (IGZO) TFTs as shown in Fig. 1(a). One of the
three IGZO TFTs has the ferroelectric poly(vinylidene fluoride-
trifluoroethylene) [P(VDF-TrFE)]/Al,O3 double layer as a gate
dielectric. The structure of the TFT is shown in the previous
publication [6]. This ferroelectric TFT (FeTFT) stores a datum,
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Fig. 1. (a) Circuit diagram of the proposed memory array. (b) Timing dia-

grams for write and readout operations.

and the other two TFTs (OxTFT) switch the bias on the FeTFT
to write, hold, or readout the datum. The proposed memory
array enables us to access each cell without disturbing the data
stored in other cells (disturb-free operation), and the data are
not destroyed during the readout process.
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II. MEMORY CELL DESIGN

The timing diagram for the memory array is shown in
Fig. 1(b). To write a datum into the FeTFT, WL goes high,
and the two switch TFTs TA and TB are turned on. BLreaq
and REF are maintained at ground potential during the writing
period. BLyyite conveys the datum to be stored in the FeTFT.
“1” 1s stored if BLyyite has a positive voltage, and “0” is written
if BLwnite has a negative voltage by changing the polarization
of the P(VDF-TrFE) gate dielectric of the FeTFT.

When WL goes low, TA and TB are turned off, and the
polarization of the FeTFT is preserved against further voltage
fluctuation in BLre,q and BLyy.ite. However, in the conven-
tional 1T ferroelectric memory array, the data in the FeTFT are
not free of this disturbance [7].

To readout the datum in the FeTFT, the potential of REF is
set slightly above the ground level, and that of BLyeaq is reset
to ground. An optimized bias for BLyyite 1S applied depending
on the hysteresis characteristics of the FeTFT in order to have
a high current ratio between the “1” state and the “0” state and
to minimize the polarization change of the P(VDF-TrFE) layer.
Then, WL goes high. If “1” is stored, current may flow through
the FeTFT, and a resultant potential rise in BLReaq 1s detected
by an external sense amplifier. If “0” is stored, no potential rise
may be observed.

During the readout process, the polarization change of the
P(VDF-TrFE) is minimized because the electric field across
the ferroelectric layer of the FeTFT is considerably reduced
compared with that across the ferroelectric capacitor in the
conventional 1T-1C FeRAM structure.

III. FABRICATION

The TFTs were fabricated on glass substrates, and the
process temperature did not exceed 200 °C. They have the
staggered top-gate structure. Source/drain electrodes are made
of ITO and in contact with the channel IGZO layer on them.
A very thin (~7 nm) AlyO3 layer was deposited to protect
the channel layer during P(VDF-TrFE) patterning. A thick
Al,O3 layer was deposited again to make the gate dielec-
tric of the OXTFTs. As a result, the FeTFT has a P(VDF-
TrFE)/Al;O3 double gate dielectric layer, and the OxTFT
has an Al;O3/Al;03 gate dielectric layer. On the top of the
Al,O3 and P(VDF-TrFE), Al gate electrodes were formed.
The detailed process conditions and the retention property of
the FeTFT are described in the previous publications [6], [8].

Fig. 2(a) and (b) shows the transfer characteristics (/p—V)
of the fabricated OXTFT and FeTFT, respectively. They were
measured by sweeping Vi from negative to positive and then
from positive to negative in succession (double-sweep mode).
The channel width and length of the TFTs are 40 and 20 pm,
respectively. The field-effect mobility (upg) of the OXTFT
is 16.0 cm?/V - s, and the threshold voltage (V) is 2.5 V.
The FeTFT exhibits hysteresis; V7 changes depending on the
sweeping direction and range.

IV. MEMORY CELL PERFORMANCE

We verified the basic operation of the memory cell as shown
in Fig. 3(a). First, “0” was stored in the FeTFT by applying
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Fig. 2. Ip-Vi transfer characteristics and gate leakage currents (Ig) of
the (a) fabricated normal IGZO TFT (OxTFT) and (b) IGZO TFT with
ferroelectric P(VDF-TrFE)/Al2 O3 gate dielectric (FeTFT). The measurements
were performed in a double-sweep mode.

—10 V as the Vag and Vgp. In the “0” state, the current
measured through TA and the FeTFT is as small as 1 pA. Then,
“1” was stored in the FeTFT by applying +10 V as the Vg
and Vgp. In the “1” state, the current is higher than 10 nA.
Again, “0” was stored in the FeTFT by applying —10 V, and
the current decreased to 1 pA. The switch TFTs TA and TB
were turned on by +15 V and off by —15 V, respectively, during
these operations. During the readout period, BLyyyite Was set to
—5V, and REF was 1 V.

Although the center of the hysteresis loop is —3 V in
Fig. 2(b), it tends to shift in the negative direction due to the
instability of the fabrication process. We have also found that
the polarization of the P(VDF-TrFE) layer in the FeTFT does
not change much as long as the gate bias is smaller than —5 V.
Therefore, we applied —5 V to the gate of the FeTFT through
the BLyite during the readout period.

In order to evaluate the disturb-free write/readout operation
of the memory cell, we carried out a crosstalk test as follows.

1) Write “0” or “1” in the nth row.

2) Write “1” or “0” in other rows.

3) Then, readout the data in the nth row.

Fig. 3(b) and (c) again shows that the current is as small as
1 pA when “0” is stored in the FeTFT. However, it is 10 nA
when “1” is stored. This confirms that the data can be kept intact
while other data are conveyed through the bit lines (disturb-free
operation). In addition, the current measured at 1 s after the
beginning of the readout process is, as shown in Fig. 3(c), larger
than half of its initial value. This confirms the nondestructive
readout characteristics of the fabricated memory, which may be
attributed to the fact that the electric field across the ferroelec-
tric layer is not so strong to change the polarization.

V. CONCLUSION

We have designed a new FeRAM structure based on the
IGZO TFT technology. The channel conductivity of the FeTFT
with the P(VDF-TrFE)/Al,O3 double gate dielectric and the
IGZO active layer could be modulated by the polarization state
of the P(VDF-TrFE) layer. Each memory cell composed of
two normal IGZO TFTs and an FeTFT successfully exhibited
disturb-free and nondestructive write/readout characteristics.
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Fig. 3. (a) Readout currents for basic write/readout operations. Results of
crosstalk test for (b) “0”-written state and for (c) “1”-written state.
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The TFTs were fabricated on glass substrates, and the process
temperature did not exceed 200 °C. The output current ratio
between the “1” and “0” states was as high as 10*. These results
indicate that the new FeRAM structure can be used for various
applications where a low-temperature process is required as
well as display devices.
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