Structural Properties and Electronic Structures of Amorphous
HfO,/Si(001) interface
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Using the projector augmented wave method within the generalized gradient approximation, we have performed ab-initio molecular dynamics
simulations to generate an atomic structure model of amorphous hafnium dioxide (a-HfO,) by a melt-and-quench scheme, and have investigated the
structural and electronic properties of a-HfO, /Si(001)-c(2 X 2) interface. The structure of a-HfO, sample is analyzed via the atomic coordination
number and partial pair-radius distribution functions. Our results show the average Hf-O nearest-neighbor distance is 2.06 A, which is comparable
with the Hf-O bond lengths (in the range from 2.04A ~ to 2.251&) in monoclinic HfO, crystalline, and also indicate the generated sample essentially
reflects the experimentally measured structural characteristics of a-HfO,. Most importantly, it is found that the valence band offset of a-HfO,/Si
interface is about 2.97¢V, and our results suggest that the coordination of Si atoms at interface would significantly affect the electronic properties of

interface. -
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96 atoms in a cubic cell for a total simulation time of 22.5 ps
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Comparable to that in crystal and the exp.

Structure Analysis

S® | N [N | donr/A G /A Coordination number < that in crystal HfO,
0 \ Resonable amorphous HfO, was obtained

Si(1) 0 2 - 1.67,1.67

Si(2) 1 1 2.72 1.70

Si3) | 2 1 | 278,340 1.80 Si: (001),.,

Si(4) 1 2 3.07 171,174 6 layers (48 atoms)

Si(5) 1 0 2.87 - e . .

Si(6) 2 0 291,338 a*b*c=10.936*10.936*c

Si(7) 2 0 |2.83,297 - no surface reconstruction

Si®) | 1 ! 316 1.76 a: 0.5468nm (cal) H saturated (16 H atoms)

0.5340nm(exp.) (H relaxed with 5 layers fixed)

Coordination number of the Si atom at the interface
is smaller than that in the bulk.
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2.97eV and 1.61eV inhibit the Schotty emission of electrons or holes.‘
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(1) Reasonable amorphous HfO, sample has been obtained via the ab-initio molecular dynamics.
(2) The electronic properties of the Interface are greatly affected by the coordination of the interface Si atoms.

(3) The VBO(2.97eV) and CBO (1.61eV) inhibit the Schottky emission of electrons or holes. <http://www.intel.com/technology/4Snm/index htm>




