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1. Background and Motivation of our Study
2. Physical Properties and Mechanism of SME
3. Fabrication of Non-Volatile Memory

1. Lateral-type FET

2. Stacked-type FET

4. Conclusion
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1. Background and Motivation of our Study

PAGE 3



Ferroelectric Materials and Memory Application

Ferroelectric Materials

Polarizati
i Long-range ordering of dipole moments lf li e S t }l?
[l Positive interaction between the neighbor dipole - W — ‘
=» Large dipole moments el

+1 @/ Phase transition 6’_:_ "i

Tets —— 4l

Rapid polarization Reversal
—> Rapid response

Non-volatile
—> Low power consumption

Spontaneous Polarization
—> Long retention time

Disadvantage of size limitation
¥ High density memory
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Preyssler-type Polyoxometalate

Preyssler-type Polyoxometalate (POM)
€ Cage-like molecular structure

€ Anionic metal oxide molecule

@ Clathrate molecule (Th®")

€ Two stable metal ionic sites within single

molecule

[Tb3+CP5W3oO110] 12-



Packing Structure of Preyssler-type POM

AV TN '«q&\\
él"ﬂ%)

NG

Breakthrough the size limitation by Single Molecule
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2. Physical Properties and Mechanism of SME
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Synthesis and sample preparation

Na,WO,-2H,0 dissolved in H,0

‘ +— +85% H,PO,

(Hydrothermal reaction)

}
Ky, sNay s[Na*cPsW5,0,40]-15H,0

(Hydrothermal reaction)

}
K[ Th3*cPsW;54044]-XH,0

(R

@ 173 K, Orthorhombic Pnma
a = 28.693(2), b = 21.5210(16), ¢ = 20.8469(15) A,
V=12873A% z2=4
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Dielectric properties of Preyssler-type POM

° — %%_8 it %% i tor Ug 1=0.489eV
o —1 ksz — 100 <I§Iz 12k (f=1Hz)
SaL — 1.5 kHz —— 150 kHz e "
& 2.1 EHZ — 210 kHz = N
IS $3kHz — 330 hz € 10F% U, =08766eV

2t — B = ol % Torr=28K

— 2 ME / q,(file)
06050 200 250 300 350 400 6'2'5 5.0
T7K ' 1800 - T/l? '

@ No first-order phase transition

€ Two kinds of frequency dispersed dielectric @
relaxation S
L3
Energy barrier Blocking temperature
HT 0.876 eV 298 K

LT 0.489 eV 176 K




Dielectric properties of Preyssler-type POM

S r 16F -

6L 7298 z ;29 14} TB__LT—176K
o _1k z — 10 121 (f—Ol HZ)
S4t — 21 — 2 ;
S . \
IS $3kHz — 33 % U ,r=0876eV

46 kHz — 46 \ HT
2 - %07 ® 8_ \\:t‘ TB_HT - 298 K
9 ‘.4-/{ - //‘\ - ~§‘(T - 0.1 II_|Z) 1 |> L
00 150 200 250 300 25 30 35 4 45 50
T/K 1000 - T/IQ‘1

@ No first-order phase transition

€ Two kinds of frequency dispersed dielectric

relaxation

Energy barrier

0.876 eV
0.489 eV

HT
LT

Blocking temperature

298 K
176 K

Energy
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Dielectric properties of Preyssler-type POM
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Polarization /| uC-cm™
A
Polarization / pC-cm

-3 ' ' . . . OR ° | | | | L ﬂ
—2 —1 0 1 2 260 280 290 300 320 340 360

Electric Field / kV-cm™! Temperature /| K

— 240K — 285K |— 310K
— 300K — 315K — 325K |

@ Ferroelectric-like behaviors without long-range ordering of dipole moments
P 2 2.1 uC-cm2at 300 K

The terbium-ion movement I:> The high-temperature relaxation process



Dielectric properties of Preyssler-type POM

o T T=WE
£ — _—
AR NG = | £ zaE
O —— 670 Hz — 67 kH
= 1L \ i} w | — IkHz — 100
= 24 — 15kHz — 150 kH
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Energy barrier | Blocking temperature
Electric Field / kV-cm™ : Vi 598K
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— 300K — 315K — 325K | LT 0.489 eV 176 K

@ Ferroelectric-like behaviors without long-range ordering of dipole moments
P 2 2.1 uC-cm2at 300 K

The terbium-ion movement I:> The high-temperature relaxation process :



Electric current / nA

Pyroelectric current behaviors

—

Heating rate: 0.5 and 2.0 K-min-!

0
-20
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-100
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_OfSKfnﬁn*

-140 L |

| ! 4
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Temperature | K

P/PIOOK

1.0
550 V-cm'!
0.5 0.5 K-min-
0
0.5 550 v-gm-/
0.5 K-min'!
-1.0 I | | | | |
100 200 300 400
Temperature | K

Ferroelectric-like behavior originates from an individual POM molecule.. .



P-E character of Polymer sample

X 10 in I | | i
Polymethyl methacrylate | §
(PMMA) (0 (0] S st ] -
+ S %
3 X0 " /
= _‘JI .
5 ) ﬁ"i g ]
S
E $

0,|= ] | | | -
-06 -04 -02 0 02 04 06
Electric field/ kV-cm

(" Spontaneous polarization were originated from discreate POM cluster.
Single-molecule =» Ferroelectric-like behaviors

— 1
9 Single-Molecule Electret (SME)

N
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3. Fabrication of Non-Volatile Memory
1. Lateral-type FET

2. Stacked-type FET
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Purpose — application of memory devices -

Ci Field effect transistor embedded with SME

Gate Voltage ON Gate Voltage OFF
— SME —EN— SME
Gate / Gate /
Source | t___/__ Drain Source | t___/__ Drain
U+ ++++ 0+ +++ + [0 Hrl+++++ 0+ +++ + 00
> >

Gate insulator: SME (Preyssler-type polyoxometalate) thin film

é 5

~ POM-FET 1

» Fabrication of memory devices
» Evaluation of Vs-l55 Characteres
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Toward “Social Implementation”

» SEM image of Spin coated POM films

» Stacked type FET

>

1
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4. Conclusion
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Fabrication of Single-Molecule Electret Memory
Devices based on Fe-FET Architecture

: \Wlb N

* éX

/ \"L:_ 4’@!

.

1. Observation of transistor properties of lateral-type FET
- SME was worked as gate insulator!

2. Observation of memory window related to polarization switching in
SME
-> Evidence of memory properties of SME!

3. Keeping wide MW until high temperature region
—> Possibility of practical application!

4. Successfully fabricated normal type FET with 10% quality

5. 20 sec retention time at least

[ Achieved imitial research toward the practical application of SMIE ]

PAGE 19



Startup company ~Material Gate~
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