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Abstract

The metal-insulator-silicon (MIS) capacitors with SiO» and high-k dielectrics (HfO2, AlLOs) were
fabricated, and the current-voltage characteristics were investigated. Especially, an effective barrier
height between metal gate and dieleciric was extracted by using Fowler-Nordheim (FN) plot and
Direct Tunneling (DT) plot of quantum mechanicallQM) modeling. The calculated barrier heights of
thermal Si0.. ALD SiO;, HIO; and ALO; are 3.35 eV, 06 eV, 1.75 eV, and 265 eV, respectively.
Therefore, the performance of non-volatile memorv devices can be improved by using engineered

tunnel barrier which is considered effective barrier height of high-k materials.
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Fig. 3. Energy band diagram of HfO; which is
considered calculated effective barrier
height.

Thermal SiQz, ALD SiOs, AlOo) tldiA = 9
o} =AF WY o7 effective barrier heightZ 7l
sated zhzh 335 eV, 06 eV, 265 eVel @ 7t
AL #ostm, A dnE ® 19 chERITE
A4HE thermal SiO:8F Al A= Apolo] A ==
effective barrier height2 3.35 eV& ¢2i3 SiO»
¢} Al Atol2] barrier height (3.3 eV)3} w]s:§ ft
& 7HAS #9889l =3 Al4td ALD SiOs
o] 3& effective barrier height® %3 2 19l
Lhebdl ALD Sidn2) 2 4 AFe @i} w2
Bdd AfFol dis) die] 7Hestch

1. Fowler-Nordheim (FN) plot # Direct Tunneling (DT) plot% o] &3te] Aite A@A A A,

Table 1. The calculated results reported in this study based on Fowler-Nordheim (FN) plot and Direct

Tunneling (DT) plot.

B Effective barrier height | Electron Affinity | Transition voltage
bl Methode | vv/em) | o A1 - @, (V) X (V) Vi (MV/cm)
SiOe Thermal 300 3.35 0.75 10.3
Si02 25 - 0.6 35 14
HfO: ALD 110 1.75 2.35 2
AlOs 210 2.65 1.45 6.3
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