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Abstract

Aggressive device scaling'has ledto thin (< 1.5 nm) silicon dioxide (S O,) gate
dielectrics in state-of-the-art CMOS technolegies. As a result, static leakage power
due to direct tunneling through the gate oxide has been increasing at an exponential
rate. As technology roadmaps call for sub-15A gate oxides within the next five years,
a variety of aternative high-k materials are being investigated as possible
replacements for SIO,. The higher dielectric constant in these materials allows the use
of physicaly thicker films, thus potentialy reducing the tunneling current while

maintaining the gate capacitance needed for scaled device operation.

In the last few years, much work has been done to understand the properties of
HfO, gate dielectrics. More recently, rare earth metal oxides such as amorphous L&aOs

and epitaxial Pr,O; films deposited on Si substrates have received much attention. In



this thesis, we used physical vapor deposition (PVD) method to deposit LaO3; and
Pr,O3 gate dielectrics and studied the electrical characteristics of these gate dielectrics.

HfO, films as potential gate dielectric have been studied for along time. In this
thesis, low temperature (~ 400 ) NHs; treatment on HfO, gate dielectrics was used to
improve the electrical properties. Electrical characteristics of HfO, gate dielectrics
including leakage current, breakdown field, and stress induced |eakage current (SILC)
were measured on samples with low temperature nitridation. Our results show that the
low temperature treatment appears to be an effective method to improve the HfO, gate

dielectrics.
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Figure Captions

Chapter 1

Fig 1-1. Bandgaps of some well-known high-k materials

Chapter 2

Fig.2-1. Cross-sectional view and key experimental procedures of the test structure.

Fig.2-2. C-V characteristics of LaOs films fabricated with different PDA for control
samples.

Fig.2-3. C-V characteristics of LaQOs,films fabricated with different PDA for
RTO-treated samples.

Fig.2-4. EOT for various RTA-temperatures

Fig.2-5. Leakage current density for various'RTA temperatures.

Fig.2-6 (a) C-V curves measured at multiple frequencies for control samples without
RTA.
(b) C-V curves measured at multiple frequencies for control samples with
600 RTA.
(c) C-V curves measured at multiple frequencies for control samples with
700 RTA.
(d) C-V curves measured at multiple frequencies for control samples with

800 RTA.

Fig.2-7(a) C-V curves measured at multiple frequencies for RTO samples without

RTA .



(b) C-V curves measured at multiple frequencies for RTO samples with 600°C RTA.
(c) C-V curves measured at multiple frequencies for RTO samples with 700°C RTA.
(d) C-V curves measured at multiple frequencies for RTO samples with 800°C RTA.
Fig.2-8 (a). J-V characteristics as a function of temperature.
(b) Leakage current at —0.5V plotted asafunction of inverse temperature,
the solid lineis afit to the experimental data.
Fig.2-9 () TEM image of control sample without RTA treatment.
(b) TEM image of control sample with 600°C RTA.

(c) TEM image of RTO samplewith 600°C RTA.

Fig.2-10 (a). C-V characteristics of Pr20Os filmswith various RTA PDA and no
sintering.
(b) Gate current density vs: gate voltage. The plot shows J-V characteristics

of Pr,0O3 gate dielectrics.

Fig.2-11 EOT variation of samples with sintering and no-sintering according to
annealing temperature N2 for 60s.

Fig.2-12. Leakage current density variation of samples with sintering and no-sintering
according to annealing temperature N2 for 60s.

Fig.2-13. Hysteresis as a function of RTA temperature for samples with (square) and
without (circle) sintering.

Fig.2-14 (a). TEM image of sample without RTA treatment.



(b) TEM image of sample with RTA treatment at 600°C

Chapter 3

Fig. 3-1. Cross-sectional view and key experimental procedures of the test structure.
Fig. 3-2. Gate capacitance vs. gate voltage. The plot shows high frequency C-V
curves of the control samples with various RTA temperatures

Fig. 3-3. Gate capacitance vs. gate voltage. The plot shows high frequency C-V
curves of the TN samples with various RTA temperatures

Fig. 3-4. Gate capacitance vs. gate voltage. The plot shows high frequency C-V
curves of the BN samples with various RTA temperatures

Fig. 3-5: J}V characteristics of the control samples with various RTA temperatures.

Fig. 3-6: JV characteristics of the. BN sampleswith various RTA temperatures.

Fig. 3-7: }V characteristics of the TN samples with various RTA temperatures.

Fig. 3-8: The comparison of |eakage current.density among the control, BN and TN

samples at RTA 700
Fig. 3-9: The leakage current distribution of different treatment at 700
Fig.3-10 (a) TEM image of control samples without RTA treatment.
(b) TEM image of control samples with RTA at 600 °C .
(c) TEM image of control sampleswith RTA at 700 °C .

(d) TEM image of TN samples with RTA at 700 °C .

Fig.3-11(a) C-V curves measured at multiple frequencies of control samples without
RTA.

(b) C-V curves measured at multiple frequencies of control samples with RTA

at 600
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(c) C-V curves measured at multiple frequencies of control samples with RTA
at 700
Fig.3-12(a) C-V curves measured at multiple frequencies of TN samples without
RTA.
(b) C-V curves measured at multiple frequencies of TN sampleswith RTA at
600
(c) C-V curves measured at multiple frequencies of TN samples with RTA at

700

Fig.3-13: The Weibull plots of breakdown field for the control samples with various

RTA treatments.

Fig.3-14: The Weibull plots of breakdownfield for the TN samples with various RTA
treatments.

Fig.3-15(a) SILC result of control sample under constant field (15.8MV/cm)stressing
for as-deposited.
(b) SILC result of control sample under.constant field (15.8MV/cm) stressing
for 600 RTA.
(c) SILC result of control samples under constant field (15.8MV/cm)
stressing for 700 RTA.
Fig.3-16(a) SILC result of TN samples under constant field (15.8MV/cm) stressing
for as-deposited.
(b) SILC result of TN samples under constant field (15.8MV/cm) stressing for
600 RTA.
(c) SILC result of TN samples under constant field (15.8MV/cm) stressing for

700 RTA.
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Fig.3-17 Trap generation rate ((J-Jo)/Jo) ( J atagawgystressiirve)or

control and TN samples with various RTA treatments.

Fig.3-18 (a) The C-V curves before and after constant voltage stress in HfO, gate
dielectrics for control sample without RTA treatment
(b) The C-V curves before and after constant voltage stress in HfO, gate
dielectrics for control sample with 600 °C RTA.
(c) The C-V curves before and after constant voltage stress in HfO, gate
dielectrics for control sample with 700 °C RTA.
Fig.3-19(a) The C-V curves before and after constant voltage stressin HfO, gate
dielectrics for TN sample without RTA .
(b) The C-V curves before and'after constant voltage stress in HfO, gate
dielectrics for TN sample with 600 °C RTA.
(c) The C-V curves befare and after constant voltage stress in HfO, gate
dielectrics for TN sample with 700 °C RTA.
Fig.3-20 (a) JV curves as a function of temperature for control samples without RTA
treatment.
(b) 3V curves as a function of temperature for control samples with 600 °C
RTA.
(c) JV curves as a function of temperature for control samples with 700 °C
RTA.
Fig.3-21 (a) JV curves as afunction of temperature for TN samples without RTA.
(b) JV curves as a function of temperature for TN samples with 600°C RTA.

(c) JV curves as afunction of temperature for TN samples with 700°C RTA.
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