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Electric Properties of MFIS Capacitors using Pt/LiNbO3s/AIN/Si(100) Structure
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Abstract

Metal-ferroelectric-insulator—semiconductor(MFIS) capacitors using rapid thermal annealed LiNbQs/
AIN/Si(100) structure were fabricated and demonstrated nonvolatile memory operations. The capacitors
on highly doped Si wafer showed hysteresis behavior like a butterfly shape due to the ferroelectric
nature of the LiNbOjs films. The typical dielectric constant value of LiNbQOs film in the MFIS device
was about 27. The gate leakage current density of the MFIS capacitor was 10° A/cm® order at the
electric field of 500 kV/cm. The typical measured remnant polarization(2P;) and coercive filed(Ec)
values were about 1.2 pC/cm® and 120 kV/cm, respectively. The ferroelectric capacitors showed no
polarization degradation up to 10" switching cycles when subjected to symmetric bipolar voltage pulses
of 1 MHz. The switching charges degraded only by 10 % of their initial values after 4 days at room
temperature.
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Table 1. Sputtering conditions of LiNbOz/AIN/Si
(100) structure.
Parameter AIN LiNbO3
Al (99.9999 %) Wafer-type
T ¢ form —diameter:3 inch LiNbOs
arge —thickness:0.25 | ~diameter:3 inch
inch thickness:0.5 mmy
RF input power 25 W B W
Base pressures} 1 x 10 Torr 1 x 10° Torr
Working 10 mTorr 10 mTorr
pressure

Deposition rate [below 0.01 nm/s] below 0.0l nm/s

Aol ALEE doldes vAHFPe] 5 ~ 8 Q -
em? ®4(boron)7t =HEH p-type Si(100)# ]
A (arsenic)?7t =" HI Ao} 00025 ~ 0.0040
Q - cm¢ n-Sig AHE3g. delde f71 Al
A3} RCA MAYE AHg3lg A3 F[12], 314
H HF &% @7t H2l& A4 igag AA
Ak APE 7B T A ¥r] Mo g
Z EHY 2FL AN T, AT FH &4
Zo}7] 98] 58 < HF : CGH:OH = 1 : 1021
Lo Gzttt 7HE kg HWue 2T Fele
1w gl o BHE Hidsy] A 19
gxziv & 24 AL 3 Fuey, Bls
aat 23 A 308 B MEE 22 A
pre-sputtering 3} ¥t} As ¢Fwlg ek gkg-
A 2¥EHEggor ae T AIGN) BZld AA
A28 EHA gAANZD 8 2x2E 71EshA
%2 AgdA 001 nm/s o3t FF £ 20
nm FA9 A3} gFeE vtahg FEAS F A
o} dxel 24 1000 T, & EY7AA 187
e F4% XS Psigt. olgA Fujd dst
Ad2ojE/AdeElE F2E AR 2nEYyYPeR
LiNbO; 92 Z2slgvh. LiNbQ; ¥9e &3}
€ 001 nm/s ©l3tZ 300 nm °]4& &3
o]g2 A AR LiNbOJ/AIN/SI(100) +2& #H 9
dxe 271U 80 T, 4tx EH7dA 1830 1
< #% 4A44gs v HFL E-gun
evaporator® AlE3e Pt 48 FF3

[ Substrates l p-Si(100) : 5~8 @ - cm
n'-Si : 0.0025~0.0040 € - cm
| Chemical I RCA Cleaning
Depo. rate : below 0.01 nm/s

AIN deposition
Reactive sputtering

J Thickness : 20 nm

l Rapid thermal annealingJ 1000 OCy 60 s, N2

Depo. rate : below 0.01 nm/s
Thickness : 300 nm

LINBO, deposition
RF magnetron sputtering

| Rapid thermal annealing I 850 “C, 60 S, 02

| Electrode (®=200 um)

l Electrodes

{

Gas ratio Ar i Ny = 1:2|]Ar: O = 4: 1
Substrate temp.] Room temp. Room temp.

Target to

substrate 55 mm 55 mm

distance
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I C-V, leakage current

l Measurements . X
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g 1.
Fig. 1.

MFIS AAAE Y A2 AL,
Fabrication flowchart of MFIS capa-
citors.
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Fig. 2. 1 MHz C-V characteristic curves of
MFIS capacitors with Pt/LiNbOy/AIN/
Si(100) structure.
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Fig. 3. C-V characteristic curves of MFIS
capacitors with Pt/LiNbOs/AlN/highly-
doped Si(100) structure.
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Fig. 4. Gate leakage current density of MFIS
capacitor with  Pt/LiNbOs/AIN/Si(100)
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The remnant polarization of the films
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on highly doped Si as a function of
number of switching cycles.
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Fig. 7. Time dependence of retention properties
of LiNbOs thin films on highly doped Si
substrates.
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