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Preparation of CeO. Thin Films as an Insulation Layer and Electrical Properties
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% =2  MFISFET (Metal-ferroelectric- insulator-semiconductor-field effect transistor) ol &% #{si CeO.2 SrBi.
Ta:0, 2teh-2 712+ rf. sputtering 2 pulsed laser ablation§ 2.2 #HZ3l¢ict, CeO, Whe- Z3 A A5 E| gl 2n] (Ar:0y o
EAL pAstgnt. Si(l100) 71 Yo 600°CANA FHR CeO, W45 (2000 WFo 2 AurEEA S A}R 3 ARE R
0, 2eko] Zr}gtol whe} ubabe] S-dubskd, AL 9 WA A7)E Fastadch C-VEAe s AriO7) 111 27304
A 25 wiebe] 713 o} s a EAL Bar) A2 uEe] FAAFHS 100kV/me] A4 1077~ 107%A o] 2+E B gich
CeQ,/Si 7 438 SBTE chax el Xug 28 7k73 A3e shedth. 800°Col~ dx=d SBTHo R 744
MFISFZ 2] G-V EXo)4] memory window Z& 09VE Bgend 5Vellx 4X1077A/cie] FAARLUEE 24t
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Abstract CeQ, and SrBi.Ta.Q, (SBT) thin films for MFISFET (Metal-ferroelectric-insulator- semiconductor-field
effect transistor) were deposited by r.f. sputtering and pulsed laser ablation method, respectively. The effects of sput-
tering gas ratiolAr:0,) during deposition for CeQ: films were investigated. The CeQ: thin films deposited on Si(100)
substrate at 600°C exhibited (200) preferred orientation. The preferred orientation, grain size and surface roughness of
films decreased with increasing oxygen to argon gas ratio. The films deposited under the condition of Ar0. = 1:1
showed the best C-V characteristics. The leakage current of films showed the order of 1077~107*A at 100kV/cm. The
SBT thin films on CeQ./Si substrate showed dense microstructure of polycrystalline phase. From the C-V characteris-
tics of MFIS structure with SBT film annealed at 800°C, the memory window width was 0.9V at 5V. The leakage cur-
rent density of Pt/SBT/CeQ./Si structure annealed at 800°C was 4 x 1077A/cit at 5V.

Key words : MFISFET(Metal-ferroelectric-insulator- semiconductor-field effect transistor), Ferroelectric, PLD(Pulsed
Laser Deposition), Sputtering
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gt 53] 34 30~ (Ars} 0 o) f3ku]d) O 2
olAl7E 2 A71H B4 Frhskadeh =3 23 CeO,
/Si 717 gl HAAZ SrBiTaDs(SBT) & pulsed
laser ablation deposition(PLD)¥] o2 Z33ste] MFIS
Tz EA4E nEstgrt.
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dd%a CeO. g pd Si(100) 7% ¢ rf.
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A8 AldaEE SiOe A FAdEat obz) o
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(metal-ferroelectrics-insulator- semiconductor) 73 2
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42 Cu Ka radiations} Ni Z&E 41438 XRD

Table 1. Deposition conditions of CeO; and SBT films.

CeO; SBT
Deposition method r.f. sputtering PLD
Substrate Si(100) Ce0./Si
Target Ce0: St Bl 4 Ta, O
Deposition pressure 20mTorr 300mTorr
R.F. power 50W -
Energy density of laser - 2]/ cnt
Repetition rate - 5Hz
Total shot number - 2500 times
Substrate temperature 600°C 600°C

RTA temperature(30min) - 700, 750, 800°C

(X-ray diffraction, Rigaku) & o235l wlute] u)4)
Tz 2 A= 27 SEM (Scanning electron micros-
copy) & AFM (Atomic force microscopy) & ©]&35t%]
t}. Capacitance-Voltage (C-V) 542 HP4194A im-
pedance gain phase analyzer, Current-Voltage (I-
V) §4& KEITHLEY 617 programmable electrometer
£ o]&3t EAshdch.
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Fig. 1. XRD patterns of CeQ. thin films deposited with various
deposition gas ratios; Ar:0. = 1:0(a), 2:1(b), 1:1(c) and 1:5(d).
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Fig. 3. Capacitance- Voltage characteristics of CeQ, thin films
deposited with various deposition gas ratios.

7} 22ke] A7)H A6 2A F8E u)H]7] YEol uf
+ F83lth. 27 2= AFM & o] 43t 237 n)of o}
2 CeOt2te] 29 AAYE Bol 2¥olr}. 39 A7)
= Arte B FAg uiuto] s1g AAow Aasfaeke)
7 el w2t AAZ} Zasta ok 1mx 1m 949
Ed AARYE A7 A3} Ar/0, 282 1:0,2:1, 1:1,
1:5904 3 whate] HF A7) (Average rough-
ness) & 22+ 6.87, 5.06, 3.11 2 266A & Hof u]$ of
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Fig. 4. Leakage current of CeQ: thin films deposited with vari-
ous gas ratios.
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Fig. 5. XRD patterns of SBT/CeQ: thin films annealed at vari-
ous temperature,
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Fig. 6. SEM surface images of CeOx(a) and SBT/CeOx(b) thin films.
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Fig. 7. Capacitance- Voltage characteristics of MFIS structure
composed of SBT films annealed at various temperature,
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Fig. 8. Leakage current density of SBT(350nm)/CeO30nm)
thin films annealed at various temperature.
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