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Proton diffusion mechanism in a-Si0,
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Abstract: The diffusion of proton in semiconductor electronic devices can cause performance
degrading. Nevertheless, it is seldom known to date about the mechanism of this process in oxide. In this
work, proton diffusion is studied in a-SiO, using Ab Initio Molecular Dynamics(AIMD) from the atomic
scale. The diffusivity, activation energy in a-SiO are calculated, and the diffusion paths are discovered. In
a-S5i0,, the proton is found to be diffusing via forming and dissociating bonds with oxygen atoms. Two
diffusion means of proton in a-SiO; are proposed, hopping diffusion and rotation diffusion. Meanwhile, the
energy barriers for these two diffusion methods are calculated respectively.
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Tablel The local structural characteristics of a-SiO, system before and after adding proton

bond length/A angle/(°)

. Si-O H-0 Si-O-Si
Si0; 1.63 null 166.63
H"-SiO, 1.80 1.001 147.52

12 HAEBITE
SCH i Y 5 67 # (Mean Square Displacement, MSD) 5 i T 1 4 Hl 3  »
MSD =s < r(t+t,)—rt)> (1)
K. r R FHOBNEE; t 0t BT R K
TR — BB N, R AR, B L TR 2 ps B F9 8O0 Sk %, RAEH 2 ps 2 9 ps B
KWL (S B . MSD S & AW el 48 B 1 00 46 5 H 58 20 . Bk AN 2 ps FFIR, R HE 10 fs H— Bt
BN 0.1 ps MIBLE, a2 700 Bl gi455E 1 . it MSD A=Al 28 .

1
MSD = —— |r(t+t))—r(t) (2)
700 {Z} ’

TS UE BE ECECHE (A B, TR T YT O A B AH OC pR 4k (Velocity  Autocorrelation Function,
VACF)., MF#AY Sl bl 2P, RFar)s 2 B2 3 vORD v(erAt)Z 18] 9 47 SOk iR /N, i
F B R LA DR Z sl B i ic A2, AR AR BOR BOR AR OC, BB 58 ek B X LAETEE id s, R EAe Tk,
e R, Bk, A BEEEK R 10 fs, t,=0.1 ps &AM

HRAEAS [R) 3 B R 19 MSD, i FH & I B 30y B F 5 A9 81 7 RN IR R IR 99 5 R 2 D(T):
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2 z’g % '_ﬁ' 'LTJ' 'L'% Fig.1 Autocorrelation function of the proton diffusion rate
when the simulated temperature is 500 K(solid line)
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Fig.3 (a) time dependencies of MSD of proton in a-SiO, at different temperatures
(b) In D vs 1/KT for proton diffusion. The dash lines represent the two linear fits,
with their corresponding activation energies.
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Fig.5 Proton hopping diffusion between the oxygen atoms O, and O, §
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Fig.6 Change of proton’s valence electron during the hopping
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