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Fig. 1-1.     Perovskite crystal structure, having the atomic composition of ABO3, where A 

represents a cation with a larger ionic radius. B represents a cation with a 

smaller radius, and O is oxygen. (Ref. [03], p. 2) 

Fig. 1-2.     (a) Ferroelectric materials exhibit spontaneous polarization with applied 

voltage due to the atomic displacement of the body-center atom in the 

perovskite structure (See Fig. 1-1). The polarization- voltage curve has two 

stable states at zero voltage after the removal of the field. (b) The energy 
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Fig. 1-3.     Circuit scheme of one-transistor/one-capacitor (1T/1C) designed FeRAM. (Ref. 

[07], p. 4) 

Fig. 1-4.     Circuit scheme of two-transistor/two-capacitor (2T/2C) designed FeRAM. (Ref. 

[07], p. 4) 

Fig. 1-5.     Timing diagram of the writing operation of 1T1C FeRAM. (a) Writing for logic 

“1” and (b) Writing for logic “0”. (Ref. [07], p. 5) 

Fig. 1-6.     (a) Hysteresis loop of the ferroelectric capacitor. (b) Charge density to voltage 

characteristics of ferroelectric capacitor. (Ref. [07], p. 6) 
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Fig. 1-7.     Timing diagram of the reading operation of 1T1C FeRAM. (a) Reading 
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Fig. 1-14.    Switchable current and non-switching current characteristics of ferroelectric 

capacitors. (Ref. [03],p. 12) 
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technique. (p. 18) 

Fig. 2-3      MFM and MFIS capacitor structures for the measurements. (p. 20) 

Fig. 2-4      Schematic system construction for performing the capacitance retention 

measurement and endurance measurement of the MFIS structure. (p. 21) 

Fig. 2-5      Measurement procedure of the capacitance retention property for the MFIS 

structure. (p. 22) 

Fig. 2-6      Measurement procedure of the capacitance retention property for the MFIS 

structure. (p. 23) 



 XVI

Chapter 3 

Fig. 3-1.     P-E hysteresis loops of PZT thin films annealed in various oxygen pressures, (a) 

1atm, (b) 200mbar, and (c) 60mbar. All samples were annealed at 500°C for 

15min. (p. 26) 

Fig. 3-2.     Surface morphologies of PZT thin films annealed in various oxygen pressures 
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(p. 31) 

Fig. 3-7.     Frequency-dependent dielectric properties of the PZT thin films annealed in 
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min. (p. 32) 

Fig. 3-8.     Capacitance-voltage characteristics of the PZT thin films annealed in various 

oxygen pressures. The measurement frequency was kept at 100 kHz. The 
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mV. All samples were annealed at 500°C for 15 min. (p. 33) 

Fig. 3-9.    P-V properties of the PZT thin films annealed in various oxygen pressures. The 

applied bias may be ranged from ±2.5 V. The frequency was around 56 Hz. All 

samples were annealed at 500°C for 15 min. (p. 34) 

Fig. 3-10.    (a) Reversible polarization of the PZT thin films annealed in various oxygen 
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(p. 36) 
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Fig. 4-2      Capacitance-frequency characteristic of Al/HfO2/Si capacitor annealed at 

various PDA temperatures in oxygen ambient. The annealing time was about 

180 s. (p. 42) 
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of the PDA temperature. The HfO2 film was annealed at 900 oC for 180 s in 

oxygen ambient. (p. 43) 

Fig. 4-5 (a) Capacitance-voltage and (b) Current density-voltage characteristics of 

Al/HfO2/Si capacitor. The inset shows the capacitance-frequency characteristic 

of this capacitor. (p. 44) 
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Fig. 4-7 AFM images of layer-by-layer-crystallized SBT/HfO2/Si structure: (a) 
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(squares) Pt/SBT/Pt/Ta/SiO2/Si MFM capacitors annealed at PDA temperature 

of 750 oC. (p. 50) 

Fig. 4-12 Capacitance retention characteristics of conventionally crystallized and 

layer-by-layer-crystallized Pt/SBT/HfO2/Si structure annealed at PDA 

temperature of 750 oC and 850 oC. COff(t) and COn(t) represent the 
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layer-by-layer-crystallized MFIS structures, and at 0.7 V and 0.5 V for 

conventionally crystallized MFIS structures annealed at PDA temperature of 

750 oC and 850 oC, respectively. (p. 51) 

Fig. 4-13 SIMS depth profiles of (a) conventionally crystallized and (b) layer-by-layer- 

crystallized SBT/HfO2/Si stacks annealed at PDA temperature of 850 oC for 

180 s in oxygen ambient. (p. 52) 
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Fig. 4-15 Memory window (open squares) and central voltage (full circles) as a function 

of switching cycles for layer-by-layer-crystallized Pt/SBT/ HfO2/Si structure 

annealed at PDA temperature of 850 oC. (p. 54) 

Fig. 4-16 C-V characteristics before (full squares) and after (solid line) 109 switching 

cycles for layer-by-layer-crystallized Pt/SBT/HfO2/Si structure annealed at 

PDA temperature of 850 oC. The memory window of both curve were around 

0.32 V. (p. 54) 

Fig. 4-17 Capacitance retention characteristics before (solid line) and after (open circles) 

109 switching cycles for layer-by-layer-crystallized Pt/SBT/ HfO2/Si structure 

annealed at PDA temperature of 850 oC. The retention time exceeded 104 s and 

the extrapolated retention time was approximately 105 s. (p. 55) 
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Fig. 5-1 Electric constant current array (dashed line) and resulting voltage (open circle) 

vs time plot, obtained using the constant current method, for a 250-nm-thick 

PZT(30/70) film. (p. 58) 

Fig. 5-2 Current-voltage characteristics and the ratio 0I I  for a 250-nm-thick 

PZT(30/70) film, where 0 20I nA=  is the testing constant current. (p. 58) 

Fig. 5-3 Hysteresis curves of electric displacement D vs voltage V. The unbroken line 

plots the curve obtained by the virtual ground method (VGM); the open circles 

represent results obtained using the constant current method (CCM). The area 

of the sample was 10-4 cm2. (p. 59) 

Fig. 5-4 Hysteresis plots obtained from 100µm×100µm, 50µm×50µm, 20µm×20µm, 

10µm× 10µm, 5µm×5µm, 3µm×3µm, and 2µm×2µm capacitors using the 

CCM method. (p. 60) 

Fig. 5-5 Equivalent circuit associated with the CCM technique, including the parasitic 

capacitance ( paraC ) of the probe station. (p. 61) 

Fig. 5-6 Voltage buildup vs parasitic charge para 0( )Q t I t= × , for various charging 

currents. (p. 62) 

Fig. 5-7 Parasitic capacitance determined from the voltage buildup using  

0 para( ) ( )V t I t C= × , for various charging currents. (p. 62) 

Fig. 5-8 Hysteresis plots of 100 µm×100 µm, 50 µm×50 µm, 20 µm×20 µm, 10 µm×10 
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CCM technique with parasitic correction. (p. 63) 
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open squares represent the results measured using an LCR meter at 1 kHz and 

10 kHz, respectively. (p. 63) 

Fig. 5-10 Parasitic effect ( ,C/BG MAXP P ) on small-sized capacitors, where BGP  is the 

parasitic charge of the probing setup, and ,CMAXP  is the maximum polarization 

charge with parasitic correction. The unbroken line is the expected result. The 

open circles and full squares represent the empirical results and the results 

obtained from ref. 6, respectively. (p. 64) 
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Fig. 6-1 (a) Constant charging current (solid triangles) and triangular charging current 

(open circles) versus time. (b) Measured voltage profiles obtained using the 

CC (solid triangles) and TC (open circles) methods, for 250-nm-thick 

PZT(30/70) film. (p. 67) 

Fig. 6-2 (a) Charging current-measured voltage characteristics obtained using CC (solid 

triangles) and TC (open circles) methods. (b) Polarization-voltage (P-V) plots 

obtained using CC (full line) and TC (open circles) methods. Area of sample 

was 10-4 cm2. (p. 68) 

Fig. 6-3 Polarization-voltage (P-V) plots obtained using TC method, for various step 

charging currents. (p. 69) 

Fig. 6-4 Relation S S/t a I=  between the step charging time and the step charging 

current, where 124.22 10a −= ×  is constant. (p. 70) 

Fig. 6-5 (a) Measured voltage profiles and (b) polarization-voltage (P-V) plots obtained 

using TC method, for various numbers of charging steps. The maximum 

testing current and cycle duration were fixed at 40 nA and 0.69 s, respectively. 

(p. 70) 
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Fig. 6-6 Parasitic effect of probe setup: charging current versus measured voltage (open 

circles), and parasitic charge paraQ versus voltage (solid squares) obtained 

using TC method. (p. 71) 

Fig. 6-7 Hysteresis plot of 3µm×3µm capacitor obtained using TC method with (solid 

line) and without (open circles) parasitic correction. (p. 72) 

Fig. 6-8 (a) Capacitance-voltage characteristics of MIS capacitor. Open circles 

represent the measured result at 100 kHz. Red and Blue lines represent ideal 

C-V curves of high frequency and low frequency, respectively. (b) The leakage 

current-voltage characteristic of this capacitor with 5.0 nm-thick SiO2. (p. 73) 

Fig. 6-9 (a) Charging current versus measured voltage (open circles). (b) 

Polarization-voltage curve of MIS capacitor with 5 nm-thick SiO2. Open 

squares represent the experimental P-V curve. Pink line represents result of 

ideal one. Blue dash lines represent the auxiliary line of the result with CAcc = 

60.1 pF. (p. 74) 

Fig. 6-10 Capacitance-voltage characteristics of MFIS capacitor for various sweeping 

biases. (p. 75) 

Fig. 6-11 Polarization charge of MFIS capacitor obtained using TC method for various 

biases. Purple lines represent the auxiliary line of the result with CAcc = 93.3 pF. 

(p. 76) 

Fig. 6-12 Memory window of MFIS stack obtained from P-V (full squares) and C-V 

(open squares) curves for various biases. (p. 77) 

Fig. 6-13 Polarization-voltage (P-V) plots obtained using TC method, for various 

numbers of charging steps. The step charging time was around 4.3 ms. The 

number of charging step was changed from 100 to 400. The maximum testing 

current and the frequency of single cycle were changed from 4.8 × 10-8 A to 1.2 
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× 10-8 A and from 2.34 Hz to 0.58 Hz, respectively. (p. 78) 

Fig. 6-14 Leakage current of PZT capacitors measured at various temperatures. The 

delay was around 1 s. (p. 78) 

Fig. 6-15 Polarization-voltage loops of PZT capacitors measured at high temperature of 
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