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ABSTRACT

To investigate the possibility of the ZrQ, buffer layer as the insulator for the Metal-Ferroelectric-Insulator-semiconductor (MFIS)
structure, ZrO, and SrBi,Ta,Oy (SBT) thin films were deposited on the P-type Si(111) wafer by the R.F. magnetron-sputtering method.
According to the process with and without the post-annealing of the ZrO, buffer layer and SBT thin film, the diffusion amount of Sr,
Bi, Ta elements show slight difference through the Glow Discharge Spectrometer (GDS) analysis. From X-ray Photoelectron
Spectroscopy (XPS) results, we could confirm that the post-annealing process affects the chemical binding condition of the interface
between the ZrQ, thin film and the Si substrate. Compared to the MFIS structure without the post-annealing of the ZrO, buffer layer,
memory window value of MFIS structure with post-annealing of the ZrO, buffer layer were considerably improved. The window
memory of the PYSBT (260 nm, 800°C)/ZrO, (20 nm) structure increases from 0.75 to 2.2 V under the applied voltage of 9 V after

post-annealing.
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Table 1. Typical Deposition Conditions for ZrO,, Pt, StBi;Ta,Oq
Thin Film Preparation

Thin film 710, Pt SBT

1.5%107 Torr 1.5x 107 Torr 1.5x 107 Torr
11072 Torr 1x107 Torr 1x1072 Torr

Base pressure
Working pressure

Power 256 mA(D.C) 80W (RF) 120W (RF)
Sputtering gas Ar:0, (6:4) Ar Ar:0, (9:1)
Substrate temperature RT RT RT

ks AAT F 202 & JES oFES stk A
g F2E71L Table 1

Zzhat Ao AAIE A7) sl XRD(X-Ray
Diffraction, Rigaku, Japan)#41-S s}t ojw] AE-gh
X-A€ 325KV, 25mA, Ni ZHE AMS-$ Cu Ko (A=
1.5405 Ayolt}.

FHM e wlA 2 W3} B FAE HFE] Hs) F
AR} ] 73 (Field Emission Scanning Electron Microscope,
Hitachi S-4200, Japan)S Al231% 2™ Mechanical Stylus
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A XPS(X-ray Photoelectron Spectroscopy, ESCALAB
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Fig. 1. The XRD patterns of the ZrO, thin flims deposited on
the Si substrate; (a) ZrO, film without the post-
annealing process and (b) ZrO, film with the post-
annealing at 800°C for 20 min.
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Fig. 2. The XRD pattern of SBT (260 nm)/ZrO, (20 nm)/Si
structures annealed at 650°C, 700°C, 750°C, 800°C for
1 h in the O, ambient.
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3.3. Glow Discharge Spectrometer (GDS) &4
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Aol v PeS SBT/ZrOy/Si +%¢ GDS depth pro-
filingg F3A #HEFE 5 UATH

Fig. 4= 471 o8& @3 29719 wat o3 A7k
gt L4 GDS =S veld 2@olt). Fig. 4(a)

o=

15.0kV X50,0

(©)

Fig. 3. The SEM micrographs of SBT (260 nm)/ZrO, (20 nm, 800°C)/Si structures.
(a) the surface image of SBT (260 nm, 750°C)/ZrO, (20 nm)/Si structure
(b) the surface image of SBT (260 nm, 800°C)/ZrO, (20 nm)/Si structure
(c) the cross sectional image of SBT (260 nm, 800°C)/ZrO, (20 nm)/Si structure.
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Fig. 4. The GDS depth profiles of SBT (260 nm)/ZrO; (20 nm)/Si structures.
(a) SBT (without post-annealing)/ZrQ, (without post-annealing)/Si structure
(b) SBT (without post-annealing)/ZrO, (with annealing at 800°C for 20 min)/Si structure
(c) SBT (with annealing at 800°C for 1 h)/ZrO, (without post-annealing)/Si structure
(d) SBT (with annealing at 800°C for 1 h)/ZrO, (with annealing at 800°C for 20 min.)/Si structure.
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3.4. X-ray Photoelectron Spectroscopy(XPS) &4
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Fig. 5. The high resolution XPS spectra of Si2p of ZrO,/Si
structure without the post-annealing process.
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Fig. 6. The high resolution XPS spectra of Zr3d of Lr07/81

structure without the post-annealing process.
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Fig. 7. The high resolution XPS spectra of Si2p of ZrO,/Si
structure annealed at 800°C for 20 min. in the O, ambient.
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Fig. 8. The high resolution XPS spectra of Zr3d of ZrO,/Si
structure annealed at 800°C for 20 min. in the O, ambient.
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Fig. 9. C-V characteristics of Pt/SBT (260 nm, 800°C)/ZrQ, (20 nm)/Si structure

(a) MFIS structure without the ZrO, post-annealing process

(b) MFIS structure with the ZrO, annealed at 800°C under the O, ambient for 20 min.
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