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Abstract

This paper described the memory characteristics of
the one-transistor (1T) ferroelectric versatile memory
under multi-level operation. The multi-level operation
characteristics are evaluated at a fast 100ns and low
program/erase voltages of 6V. The district V' level and
stable memory window has been confirmed at different
memory states with low-voltage pulse-triggered configu-
rations, which appears very attractive for ul-
tralow-power memory application.

1. Introduction

Recently, the studies of ferroelectric transistor and
memory attract more attention due to the finding of highly
scalable hafnium-based ferroelectric materials. However, the
strong depolarization field of ferroelectric domain plays a
crucial role for the application of nonvolatile memory. Our
versatile memory with an additional functional integration
of charge trapping property had been demonstrated to sig-
nificantly improve the nonvolatile memory characteristics
[1]-[5]. Our IT ferroelectric versatile memory reached the
steep sub-60 mV/dec switching and fast program/erase
speeds (sub-100ns) that were more favorable to reduce the
dynamic power consumption. After confirming the memory
properties and switching mechanism, we intend to investi-
gate the possibility of multi-level operation. Therefore, the
stability of V7 level at low program/erase pulse voltage and
the switching reliability of memory window under long en-
durance cycles will be investigated in this work.

2. Device Fabrication

The schematic view of developed versatile memory was
shown in Fig. 1. A novel versatile memory has been demon-
strated in p-MOSFET by employing ferroelectric HfZrO and
charge-trapped ZrSiO layers. Then fabrication process of
p-type ferroelectric MOSFET was simply described below.
First, a 3.5-nm SiO, was grown as a buffer oxide and fol-
lowed by the deposition of 20-nm-thick HfZrO and
5-nm-thick ZrSiO and 400°C PDA. Subsequently, the
~3-nm SiO, was deposited as a top tunnel oxide. After pat-
tering a TaN gate electrode, self-aligned BF*" was implanted
and activated by a RTA. Finally Al metals were formed as
source/drain contacts.
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Fig. 1 Schematic plot of memory operation of one-transistor ferro-
electric versatile memory.

3. Results and Discussion

Fig. 2 shows a Vr shift (4V7) of 3 V under +6/-6V
voltage sweeping. The large AV7; window and steep
turn-on transistor characteristic are mailny attributed to
the fast ferroelectric domains switching and strong polar-
ization with the assistance of vertical electric field of
charge trapping layer of ZrSiO. According our recent
simulation, the ferroelectric polarization effect of hafni-
um-based dielectric is also determined by phase trans-
formation process (from metastable monoclinic to ortho-
rhombic) and the change of delocalized D-states that are
originated from thermal strain effect of metal gate [4].
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Fig. 2 Ip-V; characteristics of ferroelectric versatile memory.

The endurance characteristics of the 100-ns pulse width
is shown in Fig. 3. The fast V7 shift is clearly observed un-
der a 100ns pulse speed while negative program voltage
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of —6V and positive erase voltage of +6V were applied. The
stable V7 shift and memory window can be maintained even
up to 10'? times. The slight V7 variation under long endur-
ance cycling may be caused by discrete trapping levels near
CT-ZSO/FE-HZO interface that cannot be ruled out during
fast-speed pulse operation [5], as shown in Fig. 4. In Fig. 5,
the fast drain current response under 100ns is measured and
further confirmed by applying a smaller program voltage of
-3V and reading voltage of +0.3V.
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Fig. 3 Endurance of ferroelectric versatile memory measured at a
pulse of 100ns.
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Fig. 4 AV as a function of P/E cycles under 20ns and 100ns pulse
speed.
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Fig. 5 Impulse pulse voltage of -3V (+0.3V reading voltage) and
corresponding current response.

Fig. 6 shows the characteristic of the tunability of V7 shift
under the program/erase voltages of 3~7 V with a 100ns
pulse speed. From the measured results, the different V7
level is pronouncedly defined, indicating the ferroelectric
domain switching can be reached under low-power opera-
tion. In Fig. 7, the repeatable V' states of -4V, -4.5V and
-5V under the 6V erase state confirms the feasibility of mul-
ti-level operation.
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Fig. 6 V7 shift characteristic at various program/erase voltages
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Fig. 7 Multi-level operation under 6V-100ns erase state

4. Conclusions

The simple design of 1T, fast 100-ns switching at low
P/E voltages of 6V, and multi-level operation have been
confirmed in this novel ferroelectric versatile memory.
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