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Ab Initio Molecular Dynamics calculations on hydrogen
diffusion in a-quartz

ZHOU Baohua, ZUO Xu
(College of Electronic Information and Optical Engineering, Nankai University, Tianjin 300350, China)

Abstract: The diffusion mechanism of hydrogen atom in o -quartz was investigated by using Ab
Initio Molecular Dynamics(AIMD) under different temperatures (300 K,700 K,1 000 K,1 200 K) and the
activation energy(0.078 eV) and pre-factor Do(7.72x10 *cm’/s) were calculated by Einstein relation. The
study demonstrates that there are two paths of diffusion of hydrogen atom in o -quartz. Under low
temperatures, the hydrogen atom mainly moves in a network of cavities connected by silicon and oxygen
atoms until it jumps from a ring to another cavity. In addition,the diffusion of hydrogen atom at 1 500 K has
also been studied. The hydrogen jumps among the three oxygen atoms, resulting in three types of defect
structures during the diffusion, which can be converted to each other. To clarify the diffusion mechanism of
hydrogen atoms in quartz has important applications in reliability analysis of microelectronic devices.
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A 3¢l VASP(Vienna Ab initio Simulation Package)%k %
AT % & i pR B 12 (Density Functional Theory, DFT)flJEF
DFT M3k 843 F 3 Jp 2Bl 1) OB B 3 ol
(Generalized-Gradient Approximation, GGA) | ) PBE
(Perdew Burke Ernzerhof)yZ pfififi i Hi 22 [H] 1) 3¢ # G R AR
FH L 552 4800 - TR R A B 7 S s S8R A 1
FERDUB R K S B R B Monkhorst-Pack J7
U A R T I AT AR E Y 520 eV, S5
O Ak T 53R T B BB SR U IR R AR B O <
0.01 eV/A i, RFZEBEN ISRl h THRRER K
MU BB Ix I, 5RO 1k i Wi Sobr o 2 B fE 22
F 10 eV, HFEEMTTHMARMEREE 107 eVe N T A AL G2 B, AR iR & 4T IF A BE ik ML T
XKoo MRS AE 72 NMEF 2x2x2 WS a-m3. IAEFRHEEE a-quartz 35 a=b=10.039 A,
c=11.023 A, a=p=90°, y=120°, ML5E 5+ 3l J1 2#BHR A IE W & 25 (Isothermal and isochoric ensemble, NVT),
XTI E #E4T Nose #4145, K Gaussian smearing J7i5, RESERE N 0.1 eV, - Fah i MEtRIZEK N 0.5 fs, 5
B — N EEFHEHLCE T a-quartz B, I HAEE R 75 8 B 05 A S0 . B M7E NVT R L8 T ) B Ar ik
JE#(300 K,700 K,1000 K,1200 K,1 500 K), #HTHE S FERF L2028 7.5 pso NVT R L 0] DLk G 855 7 o 14
BB shim = AN E Rz, B 1R 700 K BF &R F7E a-msd P 5 .

Fig.1 H atom trajectory over a span of 7.5 fs in
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(a) mean square of diffusion at different temperatures (b) InD vs. 1/kT for H diffusion in a-quartz

Fig.2 Diffusion of hydrogen atoms in a-quartz
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FSRIF AR T Y 8RS D), MRS B MU ORI, N R SR TR BCE (R S T E
NEETF)e WG ITLLAE I 10 MK, P ERBHOREH, A 30D £=500 fs FATLLRGE K . Arrhenius SE R 5
TLHER K.

D(T)=Dge ¥ )
K Do EATH T E AW LRE; kK RBR G2 F
J T E AR TV BN IR RE . B SERYE Arrhenius SR W InD I 1AT 6 F, WIE 2(b).
hIE 20)Af AF AR TAE o-A R P 1K Dy A 7.72x10* em®/s, WEALAEN 0.078 eV, TUTTLE fH#& T
600 K I E 175 -5 A4 PP HUAY Do(1.5%107 em®/s) % AL HE(0.2 eV), 7E SiO, H 4 B Dy Ay 8.1x107 ¢cm?/s,
WHALRE N 0.2 eV, X AR B ST TAME, TR ERASHME, HEREREMIY . S2m 5 m
SR TP B I AL REAVE R AE 0.05~0.2 eV Z 121 HRS TP B D, (B0 91 R0 ST 6 A T 00 B 9040 )
ﬂ‘] 10—4 *n 10—5[18,21]o
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(a) configuration of forward-projected (b) similar to the [SiO4/H]° center (c) configuration of back-projected
hydroxyl dangling bond hydroxyl dangling bond

Fig.5 Atomic configurations and spin density of the defects in the simulation
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Fig.6 Density of states of a-quartz and defects in the diffusion
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