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Abstract

With the scale-down of device size; the gate thickness has to decrease to maintain
the capacitance value and drive current levels: By ITRS, we know that decreasing
dielectric thickness will increase the leakage current exponentially below 1.5 nm.
However, high-k materials are much preferred as a possible solution that prevent the
exponential increase of the gate leakage current.

In this thesis, we study the metal-insulator-metal capacitors using high-x
dielectrics. The high capacitance density, low voltage coefficients of capacitance, low
leakage current and simple single dielectric process are the merits using the novel
high-x TiTaO dielectric.

By using the high-x TiTaO dielectric and the high work-function Ir electrode, we
have exhibited a high performance MIM capacitor that meets the ITRS roadmap

requirements for analog capacitors.
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Table Caption

Chapter 1

Table 2-1 Materials properties of high-k dielectrics.

Chapter 2

Table 5-1 Comparison of various high-x capacitors.
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Figure Caption

Chapter 1

Fig. 1-1 ITRS 2005 Trench DRAM Roadmap (Known solutions exist through 57 nm

generation.)

Fig. 1-2 ITRS 2005 Trench DRAM Roadmap (Red brick wall moved to 28 nm, MIM
option for =50 nm, only option for =35nm.)

Fig. 1-3 Several variations of dielectric structures have been attempted in MIM
capacitors, such as laminate, sandwich and stack structures.

Fig. 1-4 Scaling of DRAM storage dielectric.

Chapter 3
Fig. 3-1 Silicon substrate, RCA ¢lean and 2um-SiO, deposited on Si wafers in a
furnace.

Fig. 3-2 Depositing TaN/Ta bi-layers by PVD

Fig. 3-3 Patterning and depositing TixTa;<O (x~0.6) dielectric by PVD, followed by
oxidation at 400°C and Furnace annealing at 400°C for 30 min in N, ambient.

Fig. 3-4 Ir or Al was deposited on the dielectrics and patterned to form the top
capacitor electrode (step 1).

Fig. 3-5 1Ir or Al was deposited on the dielectrics and patterned to form the top
capacitor electrode (step 2).

Fig. 3-6 Ir or Al was deposited on the dielectrics and patterned to form the top

capacitor electrode (step 3).
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Chapter 4
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Fig

. 4-1 The cross-sectional TEM image of 28 fF/mm’ TiTaO with 1.2nm
capacitance-equivalent thickness (CET).
.4-2 (A) TiO; after annealing at 400°C in O, for 10 min.
(B) TiO; after annealing at 400°C in O for 10min and N, ambient for 30 min.
.4-3  (C) TiTaO after annealing at 400°C in O, for 10 min.
(D) TiTaO after annealing at 400°C in O, for 10 min and N, ambient for
30min.
4-4 The C-V characteristics. High capacitance density of 10.3 fF/um’® is
measured.
4-5 The C-V characteristics. High capacitance density of 14.3 fF/um’ is
measured.
.4-6 The C-V characteristics. High capacitance density of 23 fF/um?” is measured.
.4-7 The C-V characteristics. High Capacitance density of 28 fF/um? is measured.
. 4-8 The J-V characteristics of ‘Al/TiTaO/TaN and Ir/TiTaO/TaN MIM capacitors
with 23 fF/um”and 1.5 nm CET.
.4-9 The J-V characteristics of Al/TiTaO/TaN and Ir/TiTaO/TaN MIM capacitors

with 28 fF/um”and 1.2 nm CET.

. 4-10 The J-V characteristics of Al/TiTaO/TaN and Ir/TiTaO/TaN MIM capacitors
with 10.3 fF/um”and 3.4 nm CET.

. 4-11 The J-V characteristics of Al/TiTaO/TaN and Ir/TiTaO/TaN MIM capacitors
with 14.3 fF/um”and 2.4 nm CET.

. 4-12 The exponential relation of leakage current with capacitance density.

. 4-13 The plots of AC/C versus V for Al/TiTaO/TaN and Ir/TiTaO/TaN MIM
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capacitors of 14.3 fF/um’.
Fig. 4-14 The plots of AC/C versus V for Al/TiTaO/TaN and Ir/TiTaO/TaN MIM
capacitors of 10.3 fF/um®.

Fig. 4-15 The variation of a as a function of CET or 1/C.

Fig. 4-16 The energy band diagram of MIM device.
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