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Abstract — We have investigated the crystal structure and electrical properties of Pt/SBT/CeQ,/Si(MFIS)
and Pt/SBT/Si(MFS) structures for the gate oxide of ferroclectric memory. XRD spectra and SEM
showed that the SBT film of SBT/CeQ./Si structure had larger grain than that of SBT/Si structure.
Furthermore HRTEM showed that SBT/CeO~/Si had 5 nm thick SiO, layer and very smooth interface
but SBT/Si had 6 nm thick SiO. layer and 7 nm thick amorphous intermediate interface. Therefore, CeO,
film between SBT film and Si substrate is confirmed as a good candidate for a diffusion barrier. The
remanent polarization decreased and coercive voltage increased in PYSBT/CeOy/P1/Si0./Si structure. This
effect may increase memory window of MFIS structure directly related to the coercive voltage. From
the capacitance-voltage characteristics, the memory windows of PY/SBT(140 nm)/CeQ, (25 nm)/Si
structure were in the range of 1~2 V at the applied voltage of 4~6 V. The memory window increased
with the thickness of SBT film. These results may be due to voltage drop applied at SBT films. The
leakage currents of Pt/SBT/CeO./Si and PYSBT/Si were 10 " Ajem’ and 10 * Alemy’, respectively.
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Table 1. Sputter conditions of CeO,; thin film

Base pressure 1x10 * Torr
Working pressure 7 mTorr
Ar/, 8/2
Substrate temp. room temp.
Power 100W(RF)
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Fig. 1. XRD spectra of CeO,/Si structure (a) annealed at
800¢C for 1 hr and (b) as deposited.
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Fig. 2. XRD spectra of (a) SBT/Si annealed at 800°C for
1 br and (b) SBT/CeO.Si annealed at 800'C for 1 hr.
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Fig. 3. SEM photographs of the surface of (a) SBT/Si and
(b) SBT/CeO./Si structures.

th S nm ‘rAe] SiO; pkshuto] Aje] ah g Qo) d4d
591} Fig. d(b)s= SBT/Si ‘f-79] vhel whak 7wl
SBT uhubil Si 7] 9k Abololl 6 nm 4 %] Si0.7F 84 5]
2171 Fig. d(a)9] SBT/CeO/Si %9 799} 2] SBT

b 0.0 02 ol Gl o 7
Y5 FYTALh olsh e AaE Fj2 ¥ o) CeO
k& SBTS} Si Abele] e 1 ol Aehis shat g
Aow Ae e el 08 Fg st
MFIM(Pt/SBT/ CeQ./ Pt/ SiO./Si)} MFM(Pt/SBT/

Pt/Si0,/Si)e] ZA-HH4& 5733 /¥0|L]r P-E o] &2t
A& FAg Aol A MFIM F29] 7§ MFM 21
o A kel F7bekaL Fhebetake ot Hasshe
Ao viebstth o gk g Akt A Egke] &
ot CeOy Hula SBT uuirke) Aghulol o))
SBT uhefel eji Ashgelsh el whitoltt. wt

Journat of the Korean Vacuum Society, Vol. 7, No. 3, 1998



198

Interface”

(b)
Fig. 4. HRTEM cross sectional images of (a) SBT/CeO./Si
and (b) SBT/Si structures.
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Fig. 5. Hysteresis characteristics of (a) Py/SBT/PY/SiO,/Si
and (b) Pt/SBT/CeOQ,/Pt/SiOySi structures.
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Fig. 8. Current-Voltage characteristics of (a) PYSBT/Si and
(b) PUSBT/CeO./Si structures.

t}. olejk Axte 919 Fig. 39 TEM why
k%] SBT whuta} Si 7|3hAtole) A £4]
dhato)] o3k A9} 73} & Aol

Bl A B
J CCOZ
]ﬁL 7o /%17_}5]1:}

4.4 B

TFollME FFRA Bhhg AlolE ARSHER AL
%fé} Pt/SBT/CeOz/51(MFIS)9} PYSBT/SI(MFS) T-%2]
2% TE 49 el ;qy] ES| x~]7“31_o/] ‘],o]-,';i o] :iv.gl,og\l;} XRD
9 SEM 274 73} SBT/CeOySi 779 A< SBI/Si 7
zol ujs) SBT Whulo] of 2 Aol WAL}
HRTEM &% o2 SBT/CeOy/Si ¥t 2k 5 nm # ‘EPJ
$i0: o] YAHH D vy FeHe Awe] wAPEE
7FA 5= vk, SBT/Sis= zHz ©F 6 nm&} 7 nm X‘E—J
Si0; 2 _4- A A 742 0] SAE Q). & CeO, Bhat
& S5F o8 AMEEo2M SBT utvhat Si 7)o A4
wes Adal oAg ¢ A8 Hlsiich By
SBT/CeOy/PYSIO/Sist PYSBT/PYSIOySi %4 P-E
54 vle 2 A% 0 whate] Bojol w2
pagre pasdn FHARS Z7eHAth MFIS 7
Zol| 41 memory window gt &Hd Ak A A Hedo]
RO ole]@ FalAgke] F7Hs MFIS 730 A ]
memory window go] Z718 = 908§ el Py
SBT(140 nm)/Ce0(25 nm)/Si T34 C-V &4 A3z
HE 5249 4-6 VoA memory window Fko] 1-2 V
AEw ushich SBT wte) T 3ESE
memory window ZH& F71319d o)i= SBT vl

ioh

IIZ

Journal of the Korean Vacuum Society, Vol. 7, No. 3, 1998



200 NEA - HES - F
el ASHsb E7her] wiel Ao w Azte|ofn

t}. PYSBT/CeO,/Si] 4 jv_ 107" Alem’ A=A

PUSBT/Si TZoll A= oF 10 * Alem’ AEE 97 =&

7rS el A o 2, PYSBT/CeO,/Si T-2E A}

430 79 SBT 2h2ta} CeO, BrubAto] o] 7l 443

ZAEsE B SR A PR Fashe ¢

EdAH &

A5 G s Aot

ZARS|

my

2 Ae sashAd 97d e At Afow
59l o1 ool ZFARE EL TH97-0300-0601-3).

FzA2sE ), 477 A3, 1998

Rl e

. Y. Tarui, Techical Digest of 1994 IDEM, 7 (1994).

W. Kinney, Integ. Ferroelect. 4, 131 (1994).

B. M. Melnick, J. Gregory and C. A. Paz-de Araujo,
Integ. Ferroelect. 11, 145 (1995).

T. Nakamura, Y. Nakao, A. Kamisawa and H. Takasu,
Integ. Ferroelect. 11, 161 (1995).

Y. T. Kim and C. W. Lee, Jpn. J. Appl. Phys. 35,
6153 (1996).

D. S. Shin, Y. H. Han and Y. T. Kim, Solide State
Devices and Materials, 32 (1997).



