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Ferroelectric thin film materials, which are expected to find their applications in future nonvolatile memory devices,
are reviewed. In those applications high speed, large capacity nonvolatile memory is required because electronic devices
become portable and use battery drives. Memories that use ferroelectric thin films are proposed to fulfill those require-
ments. Ferroelectric materials for ferroglectric memories are then reviewed as the main theme of this paper, centering on
twe types. One type has perovskite structures containing lead (Pb) and the other group is made up of bismuth layer-
structured materials. The former group, represented by lead zirconium tilanate (PZT), has been frequently studied in ce-
ramics research. This group, however, has two problems: fatigue, deterioration due fo polarization switching and envi-
ronmental problems resulting from its lead content. The latter greup also has two problems: high crystallization tem-
perature and low process-resistance especially in annealing under a reducing atmosphere. By partially overcoming the
above problems, ferroelectric memories have begun to be applied to low-capacity memories. Higher capacity devices
are now awaiting finding 4 compete solution (o the above problems.
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Table 1 Typical semicenductor memorics.”
) . ! — Volatile ——“M—l: Dynamic RAM (DRAM)
Read/ Wéf@;[emmy ~ Static RAM (SRAM)
( — Nonvolatile RAM
— Mask ROM
Read only Memory Pregramable ROM (PROM)
(ROM) -1 EPROM
EEPROM
— Flash Memory
Table 2 Characteristics of typical memories.”

FcRAM DRAM SRAM FLASH

Overwrite 1" 10%< 10%<C 10¢
Retention 10 year X 1 year (by battery} 10 year

Speed 70 ns 50 ns 20 ns 30 ns
Stand-by current <K 1pA >10 uA >1RpA <1 pA
Access Random Random Random Block
Cellsize 1.2 1 3.6 0.7
Application Memory card Main memory Memory card Replace of HDD
Main memory
R 2 +V—0 — Vel)
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Fig.2 Polarization-electric field hysteresis loops of ferro-
electric materials.

@& T

pot () or

Ideal structure of perovskite (a) and {on position of tetragonal (b)."

Fig. 3

DARPB OGS (P) LER (E) OBIGRIIERRIEEH
BOBR (H) LBibR ) OBEIag 2451 L 2 Fig.
2DEH7e AT Y AWBERT. B-CD DOREE
HPI A D@ BTN E T 5, D ORABICH 2SR N
B QERBPHA T3 LRBED-C i AR2Y, &5
WEREORTHED ITET S, T7bh, HEMD
DEREWRY B> THRERSE EESEL) 2
2Tind,

312 WEEEAORRE©

AR AR B OB RS 5, T, B
JF AERRFEIAR Kin RS G, BSOS
A& AR OB R S, EA A EBET
L 1 2ORRET B E W B RE R E A~
AT EREN L, OB R0 SRhN, B
RARPLECS L OTHD, NOLEHILEOH B DR
BANFEMETH D, HEEN LR s R
WORBEAHEFEENTH . 2o R LEEEO R RE
B GEEE OB D RE~OHEROE T AT
a U — il (Curle temperature) 7. & X 5. FhiF - ik
FRLEAE R D& AU S B VL RET & B RAT
Bras-oT, ZRENEYTS I 2t kb 58S
FUDLOTHD, FBRBETIRA, QB RN
WHBWTH D,
REMRBENEOMFESTHESFF ER (POTIOY)
RN LT, BLTICEPY . Fig 3 () 1z, JIURAR
BT A NSREEETH D PeTIO, DS AR,
MR 7 A A MRS B T O AR B
O s B W ANMMR O B2 1 A ON S0 T A8
L, PRSI HFHOTHARCMET S, L L, PbTIO:
AT D E S IR 2 37 05 B A L B D d 490°C &L
LETho, FRUTORETRESS (o/c=1.065 &
2%, IEFE PBTIO, T8, Fig 30 i2/4 X 51T, Ti
O AYESEATMHORO LY 0304, £k PoiEE
A 047TABR L TWD, FOME, hFtrL7

—33 —



646 FImE

19 HF

(1998)

Table3 Typica! ferroelectric materials.”

. Density Melting point | Curic point diclectric Spom‘ane.ous
Group Material a o'k /mj) 7, (C) T.(C) constant polarization
p VRS " : el P.(107°C/m
BaTiOs 6.02 1618 130 En=1970 2%
Ez— 168
Perovskite PbTiC: 7.96 1281 490 Eu i210 75
=126
group
PbTiC, (Thin film) 515 £n=07 35
Pbayl.ae TiO: (Thin film) 330 g:= 200 30
PbZrosTie,Os (Thin film) 202 £ 350 35
LiNbO, LiNGO; 4.464 1253 1210 en=852 71
group en=28.7
KsLizNbsOns 4.26 1050 430 &n i?’% 22
- £=115
Tungsten-bronze
group g1 =235
Ba;NalNb;O s 5.4076 1437 560 82,7247 40
=51
£, =22
PbsGes O group PbsGe; 0 7.33 738 177 £n=36 4.8
K
GMO group Gd: (MoQ,}; 4.565 1157 159 =10 0.28
£, =320
Rochell sall group NaKC.H,0: - 4 HyO 1.767 24 =932 0.27
En= 9,52
=44
KDP group KH.PO, 2.338 50 . 4.75
833—22
TGS (NH,CH.COOH}; _ 3.2
TGS group B8O, 1.69 49.5 =238 ©C)
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Fig. 4 Effect of PbT10; film thickness on dielectric
constant.

1.0 - 4 - - .

4

1(001)/[10001)+1{h00)]
[
[#)]

e 1(001)/01(001)+1(100)]
S 1(002)/[1(002) +1(200)]

0

0 02 04 06 08 10
Filin thickness/ 4 m

Fig. 5 Effect of PbTiO; film thickness on orientation of
(001) and (002) planes.”
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Fig. 6 Effect of polarization switching number on shape of
hysteresis loops for 283 nm thickness PbZresTiosO:
film (=5 ¥V at 1 MHz).®
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Fig. 8 Effect of lower electrode on fatigue characteristics of
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Half unit celt of typical Bismuth Layer-Structured Ferroelectric materials,™

Table 4 Properties of typical Bismuth Layer-Structured Ferroelectric (BLSF) materials.'?

m Material Density Dieleciric Curie point Fiezoelectric Lattice
constant constant constant
po (g/em?) £ T daa a c b/
R. T. peak (03] {1072 C/NY | (R) (A)

BiLTINDOs 6.4 100 — - - 5406 2510  1.007
CaBi>Nb20s 5.0 80 — — — 5398 2515 1.006
2| SIBLNbD20W(F) 6.9 190 1100 4490 10 5.500  25.05  1.000
SrBizT'a:Cu(F) 7.5 180 550 335 23 5512 2500  1.000
BaBi:Nb:0«(F) 6.3 280 540 200 — 5554 2560 1.000
3 | BUTHO(F) 6.1 200 1700 675 20 5411 32.82  1.007
CaBiaT1Os 4.7 120 - - - 5410 40,75 1.002
4 | SrBisTiOs(F) 52 190 1630 530 15 5.420 4095 1.000
BaBi.THLOs(F) 57 156 1630 395 12 5461 4185 1.000
SRBLTiE06(F) 5.3 280 1400 285 25 5461 48.80 1.000
5 | Ba:BisTi;Ow(F) — 360 850 325 — 5458 5030 1.000
Pb:Bis TisOus(F} 6.0 400 5900 310 25 5461 4970 1.000

(F) : Ferroelectric
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Fig, 10 Fatigue characteristics of SrBi;Ta:Qs and PZT thin
films by 280 kV/m electric field.'®
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Tig. 11 Fatigue characteristics of 100 nm thick BisT{O::
thin film.'®

Table 5 Comparison of ¢lectric properties between SrBizTa:0s thin film
and PbZz,Tii -0y thin film.'?

SrBizTa:0s Pb (Tio‘:azro,o) Os
(100300 nm) (200-30G nm)
Remanent polarization ~ _
B+ Py l(uC/emd) 20-25 40-60
Dieleetric c.onstanl 950 1000
(zero bias)
Fatigue: cycles of 50% 2 & .7
(20X 20 pm 2,280 kV/em) ~10 10710
Irprint{@85°C) e "
A (Qsw-Qns)/ (Qsw-Qns) 10-20% 40-50%
Depolarization 5 :
(@100°C) 3 uC/em 10 uC/em
Data reteation
(@100°C) 20% by 80 days
Leakage current -8 2 5 H
(@RT. 200 kV/cm?) 107"A/cm 10°A/cm

— 27—



650 FiORIZE E10¥% F108

PZT &M LT L 72, SBT LA 28175 nm & MR AL
TEDLICIBEERISHAD bR THNREWY, S5z, 107
HOPBREZES THEESRELTWARENWREDS S
B,

Fig. 11 {203 MO-CVD Tl Z A m=3 OF & [}
F A A BlLTi0:(BIT) EEOBREIFHME2 RS,

107 WO fEEIE COBBIHROEALR 0% L/NEL
BUEHBELCIL VT EbnD, EbIC I OBITH
1100 nm &, FWEALTA-S 2R E BN THED,

3.4.3 SBT & PZT OB KD ik

Table 517 1% SBT & PZT MR en #E SRR 4 bLdk L 7
SBRT RO T A G & B BN X WS, Pl
g A AU, U B R P RELTND,
IO X5 AR BLSF AN A T U HME L LT
HHERTHS,

3.5 SBT HEOER

LRk~ TEE X 5, SBT Mk, Zofhig
M b, & OPLERBTREAMA BILE < OMmER
BHHNTND, BUF, RN EmRERT,

3.5.1 {FMAE

S, Bi, Ta, O & 4 HEHE TR TV DO THRNAL
FEHELVOTHERER (Fio2oF gl &
L LRI AT AR EERESE, AV a— MNET
FEALT A MOD A hiMciat S h Ting -,

Fih, BEELZOBRETRLY— V¥ -—T 7L~ a
R R B S, PRk ERTHD, ¥
TR TR M Bk o i £ o B 1T Flash
MO-CVD#® 2 B 2 W 7~ iz £ » F AL & & 5 Liquid
Source Misted Chemical Deposition {LSMCD)** 7 & %
BEERLTHE, BEOL LA, WIhOTERIZ L EIE
MAH B, HthE 5, EMEHASA R RE DR
SENEEND,

3.5.2 [ERE oS

b EREILS :Bi:Ta: 0=1:2:2:9THHA,
ME AL (SR BREAEEORMN) Oz S
PR\ ESE, EHKBERMIZINATHWDEY, ZO8
BAEESRHBEL T2 L LA on Libg
HEOEELEERHD EEL BND,

SBT /38 LBGR A B B ikt » TG E» b
TAFF A AR T B RS S T LM b
RTWBRD, 2 @7 d 74 Mgk 5 Bi BIAEE
ORI R B AEA L5 2 b ST
o™, Uk L, {BEERESCARET 6T L
ER DX ERE DB EDIFEL R, Liito
T, SHITEFRRMOECFTOFEoR LXEE
5,

(1998}

4 = & &

BEOR WD THAEEREAE DL, SAFAF
A TIEAERDE, HAREREZEDLTND, ZOAET]
OERZHUETE 2 DRAM L RRUZESE, Fk, R
— R T NALD T ODAFEME O L AT Y OIS
ENTHd.

ko & 51, MBS AT VIR OERE T A
HEtA B, £ ODIZIZREBEERE ORI LS
BE4GTHY, SHATEER LW D BHH T KRR
OEEERER LR T by, Sk, fEkEofE
E7 e ATEEbLON TWRNILESE L, ftkoYa
TAGCEETIREGAML L, 7o AREORELH
HThD,

Lichio CHaid, B M abiis X i BRE A
FVOAE) = PR E~OEABRRLEREDZTHH
5, Sz OERE~ORAPIIE L, REFEEAERO
LI OW 2R ICHEDAZ LIk D, DRAMK
LHeT A RERAEVICRAZ LEMFL TS,

I

O B EN I DTN B BRI R SIS IR
ek, RGO R EH TSR AT v F/hefsg L5k (R
FIHITR) IS LET,

Fh, BEADTL ANy arE L THRENTN
BHAGUSE T HER ST FEAT R ERNE 1 s R
HE BOEERICERELET,

X ™

1) IR 8 17 MR ESRE R 7 =L, IR
B (1995) p. 1
2) JLLFERI : = 5 2w & A 30, 504 (1995).
3) BB  "MBEEATY" (A2 RTF—F
Ay, 1995y p. 252
4y ikt F MRS ATEY)T (WA RT AT
A, 1995)p. 261
§) FETH ¢ HEHE AR B (P R
7 —F 5, 1992) p. 175,
6y % M 'T 3w R 30,499 (1995).
7) H. Fuaakubo, T. Hioki, M. Otsu, K. Shinozak: and N.
Mizutani : Ipn. J. Appl. Phys. 32, 4175 (1593}
8) ZREL . “BHEBHATY A= RTF—F
A, 1995y p. 301,
9 HEzL 2 ba=s A “BEEKEZ I v 7 AR
LSIIZHED", 1993 42 5-24 &, No, 581 (1993)p. 77.
10) T. Mihara, H. Watanabe, C.A. Araujo, J. Cuchiaro, M.
Seott and L.D. McMillan: Proc. of 4th Symposium on In-
tegrated Ferroelectrenics (1992) p. 137.



A

11) B. Aurivillius: Arkiv Kemi 1, 463, 499 {1948).

12) frp BB E THLtoReWsR
(1994).

13) E.C. Subbarao: J. Phys. Chem. Solids 23, 665 (1962).

14) LG. Ismailzade, V.I. Nesterenko, F.A. Mirishli and P.G
Rustamov: Soviet Phys-Cryst, 12, 400 (1967).

15) R.E. Newnham, R.W. Wolfe and J.F. Dorrian: Mat. Res
Bull. 6, 1029 {1971),

16) ZHEFE L A b A U IR E A R
iy B E4E (1995,5 H)p. 103,

17) R, IBEASE, Eitas, RS . AT
TR RFE 3, 28 (1997).

18) A& 8 R, kiR, KIBER PS5
Bl L P A A SR A I 42 PR (1995) p. 307

19) T. Mihara, H. Yoshimori, H. Watanabe and C.A. Araugjo:
Ipn. J. Appl. Phys. 34, 5233 (1995).

20) H. Watanabe, T. Mihara, H. Yoshimori and K. Ogi: Ipn.

£ 456, 1

— B 657

1. Appl. Phys. 34, 524 (1995).

21) T. Atsuki, N. Soyama, T. Yonezawa and K. Ogi: Jpn. J.
Appl. Phys, 34, 3096 (1995).

22) WA o WEEE—-, W& S13 AREEE
T 225 (1995) p. 21.

23} Y, Oishi, W. Wu, K. Fumoto, M. Okuyama and Y. Ha-
makawa: Jpn. I. Appl, Phys. 35, 1242 (1996).

24) T. Matsuki, Y. Hayashi and T. Kunjo: Proc. of IEDM 98,
27. 5.1 (1996 San Francisco, Dec.) p. 691.

25) LT, MR BETR =aZ A e
Aoy AZIDEERE, AT RG], FTMAMER, =
WO HSEESHEFREIBES2EL15
{1995).

26} M. Huffman: Integrated Ferroelectric 10, 39 (1995).

27) T Koiwa, Y. Okada, J. Mita, A. Hashimoto and Y.
Sawada: Ipn. I. Appl. Phys. 36, 5904 (1997},

— 20 —



