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Fig. 1. (color online) (a) C-V characteristics and dissi-
pation factors at 100 kHz for the MIM capacitors with
ZrO2/Si02/ZrO2 (Z/S/Z) stacked dielectrics; (b) I-V
curves at room temperature (25 °C) for the MIM capaci-
tors with Z/S/Z stacked dielectrics.
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Fig. 2. (a) Plotting of In(J/E) versus E'/2 at different
temperatures for the 14 nm ZrOz dielectric MIM ca-
pacitor, and the refractive index n of ZrOg2 extracted
by linear fitting in the high field region; (b) plotting
of InJ versus 1/T in various electric fields, together
with the extracted activation energy E,, and the in-
set demonstrates a good linear relationship between
Ea, and E1/2 as well as the trap energy level in a zero
field.
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Fig. 3. (a) Plotting of In(J/E) versus E'/2 at dif-
ferent temperatures for the ZrO2/SiO2/ZrO2 (6 nm/
2 nm/6 nm) stacked dielectric MIM capacitor, to-
gether with the extracted refractive index n of ZrO2
by linear fitting in the high field region; (b) plotting
of InJ versus 1/T in various electric fields, together
with the extracted activation energy FE,, and the in-
set demonstrates a good linear relationship between
E, and E1/2 as well as the trap energy level in a zero
field.
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Fig. 4. Plotting of In J versus E in the low field region
at various temperatures under the electron bottom in-
jection mode for the 14 nm ZrOs dielectric MIM ca-
pacitor. The inset shows plotting of In J versus 1/7T,
and the extracted trap energy level of ZrOas.
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Conduction mechanisms of MIM capacitors with
Zr0,/Si0-/ZrO- stacked dielectrics and Ni electrodes”
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Abstract

The electrical characteristics of Ni electrode-based metal-insulator-metal (MIM) capacitors have been investigated
with atomic layer deposited ZrOz/SiO2/ZrO2 symmetric stacked-dielectrics. When the thickness of the stacked-dielectrics
is fixed at 14 nm, the resulted capacitance density decreases from 13.1 fF/m? to 9.3 fF/m?, and the dissipation factor is
reduced from 0.025 to 0.02. By comparison of current-voltage (I-V) curves of different MIM capacitors, it is found that
the leakage current density in the high voltage region decreases gradually with the increasing thickness of SiO2, and it
does not exhibit clear change in the low voltage region. Meanwhile, the capacitors show different conduction behaviors
under positive and negative biases with increasing the thickness of SiO2 from 0 to 2 nm. Under the positive bias, different
1-V characteristics are demonstrated at high and low electric fields, respectively. However, a single I-V characteristic
is dominant under the negative bias. Further, the conduction mechanisms of the capacitors are investigated under the
electron bottom and top injection modes, respectively. It is found that the Poole-Frenkel emission and the trap-assisted
tunneling are dominant in the high and low field regions, respectively, for the electron bottom injection; however, the
trap-assisted tunneling is dominant in the whole field region for the electron top injection. These are attributed to the
formation of a thin NiO, interfacial layer between the Ni bottom-electrode and the ZrO. dielectric layer, as well as the
existence of both deep and shallow level traps (0.9 and 2.3 €V) in the ZrOs dielectric. Therefore, the level trap plays a
key role in the electron conduction in the MIM capacitor under different electron injection modes and different electric
fields.

Keywords: metal-insulator-metal capacitor, conduction mechanism, ZrO2 /SiOq/ZrO4 stacked-dielectric,

Ni electrodes
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