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Abstract: The ferroelectric memory has been paid a great deal of attention due to its unique performance,
among which, non-destructive read-out MFIS (M etal/Ferroelectric/Insulator/Semiconductor) is very im-
portant one. The capacitance with Au/PZT/Zr02/Si structure was fabricated by SOL-GEL method. The
SEM and capacitance—~voltage characteristics of the MFIS structure have been analyzed and the dielectric
constant of ZrO: insulator measured. The relationship between the €V memory window voltage and the
ratio of the ferroelectric film thickness to that of the insulator has been studied. The optimum ratio of the

ferroelectric film thickness to that of the insulator ranges from 7 to 10. The 2. 52V memory window volt-
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age can be obtained at the — 5V—+ 5V testing voltage.

Key words: non-volatile and non-destructive-read-out ferroelectric memory (MFIS FET): memory win-
dow: ferroelectric thin film; hysteresis loop
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FIG. 1  Hysleresis Loop of FIG.2 (a) Structure of 1T-1C FeRAM; (b) Cross-

Ferroelectric M aterial Sectional View of p-Channel MFIS Structure
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Table 1 Electrical Properties and Fabrication Methods of Insulators Films in Common Use

Dielectric M aterial €r | Ee/eV Veo/(MVeem™ ') Process
Ta20s 22 4.2 5 Sputtering

TiO>2 30—40 3.0 5 MOCVD

Zr0» 14—18 MOCVD
15.5—21.2 3.4 3—4 Evaporation

Ce02 | 26 Epitaxial
Y203 13—17 I 3—5 Evaporation

Egqr=20.0kV|Wp=13 mm

FEl5  PZT/Zr02/P-Si i
FIG.5 Cross—View of
PZT /Zr02/P-Si
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FIG.6 € Curve of MFIS Capacitance
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Under Condition of Zero Bias and Depolarization Di= kEv+ P A D= aF, (2)

A ke 4350k Bk A A BOR A B A LR RGP A R R SR R R S ARk S A
Sz (9 20 R A A BLR 1 2R AR

QOu= Qr, Qs= - QI Qi= g(No= N1) (3)
b Vo ok SR ST TR BE BE A Vo O R ORI AR A R Ok e
Ou+ Os+ Or= 0 (4

EH (1) —(4) AT A3 5 J Rk v RS £ v 37 ik 2 4350 A

dP + qd(No— N) + k(Vg - &/q)

Ei= ad + kb ()



1244 i

WA MFIS 85k Cv 5k 1207
_a(Ve= @/q) = bP — gb(No- N
Ev = ad + kb (6) ¢q5|£'|
Y| vel » | &| /g Bl kbe kel Ve/p| < ad, th(5) F1(6) 4
Ewe — (7)
N
Ern £ d (8)

EwHEvo a3 51 A J0T )22 RV g b v g s R, RGN, e PRI B 0 5 %
e, SR BE £ e b A 2

P 3 2 380 nT S, Bk e RN A 2 AR AT S A L OC R, B e ik
e, JE S 010 B e R P RS 20 M R e vl R A 0 O R R o A%
MFIS #s {1 1GHe.

M FIS A7 fifi & 1 T 6 18 DG Bt 1) R 7 T i B AR il o DR Ve B
FIIF9E T HE ZeO2 JERE N 25nm, A PZT MEFELEA R AR Vi (8

P8 Ak A 0 g e B Bk v S AR B 14
RAE T MFIS Sk iy
FIG.8 Energy Band Diagram
of MIFS Structure Under

Conditions of Negtive Bias and

Polarization
» s AR, S KO [ 9 i N
Tl IOV R AR T R A L
—20—20V (RSB R, BEAT AR 8, 36 ¢ B 0 R B2
N 10, 75k VR BB 5 A 2 L Lk kg 7— 108, 36 11 e
\lf A, 25 AL, 46 PZT JFBE H2350m, A0 e
SO fi- 5—+ SV 476 1 R ik 2. 52V .
100 200 300 400 4 ‘E\gﬁ

Thickness of PET/nm

AR E U T 12 Hl SOL-GEL kil & Au/PZT/
Zr0:/P-Si Bl MFIS @ 41 Jy i 9F HoAf 3 ¢ Rkl 47l
T, 7 R L R Ay T )2 R LR AE T— 100, H R LR
i bb A BERL 9 0L A B0 AE Ze02 JEBE 9 25nm  PZT JLJE
235nm A= 5—+ 5V LI, B U O 2. 52V AT A e MEIS S O vk A T2
PR B AL, Bt A A 1 R A A B, i L 0 AR P B L ) PZT Wk e S O A7 i A T, AR AR
RO NG B 7 0 e R 1 P ik 02, S2v . X Ok LU ik — 2B 4 MFIS 88 PR F T WS (i S alh. 4%
M FIS FA IR 06 2007 B 6 1) R, Ll i 2875 1k P2 T e vl MY £ 05 J 3 o F 3L, L0 20 BRI T A ol s, R
T A St 2 AT R AR, BT MOFIS H 2800 4 ) RO e, AN AR Rl A 1 1 e AE i 2% MFIS
RAEATH R 21 S ARAE G 25 h S — P (R A G 5 1.

B9 Vi '3 PZT LRSI ¥ 06 5
FIG.9 Relationship Between Vaw and Applied
Voltage, Vww and Thickness of PZT

2 % X W

[ 1]Shu=au WU. IEEE Transaction on Electron Devices, 1974, ED-21: 499—503.

[ 2] K.Sugibuchi, Y. Kurogi and Endo, J. Appl. Phys., 1975, 46: 2877—2881.

| 3] Hidemi T akasu, Integrated Ferroelectries, 1997, 14: 1—10.

[ 4] Yuichi Nakao. Takashi Nakamura, Kazuhiro Hoshiba et al.. Jpn.]. Appl. Phys.. 1993, 32: 4141—4143.

[ 5] Kwang-Hu Kim, IEEE Electron Device Lett., 1998, 19: 204—204.

[ 6] B, s, L0, mueke, ol 3R, 1998, 26: 6—9[ YAN Lei, HUANG Wei-ning, JIANG Guo-bao, TANG
Ting=wo, Microelectronics Technology, 1998, 26: 6—9( in Chinese) | .

| 71 Be, imp ks, 544040, 1996, 17: 780—783] CHEN Zheng and TANG Ting-ao, Chinese Journal of Semiconduc—
tors, 1996, 17: 780—783, (in Chinese) |.

[ 8] Kentaro Ito and Hidetoshi. T suchiva. Solid-State Electronics, 1976, 20: 529—539.





