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Table 1. List of the symmetrical tilt angles and the

corresponding X' values.

Tilt angle 6/(°) X
5.45 221
11.42 101
20.02 149
25.98 89
30.51 65
36.86 5
38.94 9
53.13 5
60.0 3
67.38 13

ANFRBE R LR [001] T 1) A 300 B EE AR B, A
T 54 M 5.45°F 30.51°/ 1 B A9 XU ZnO.
/INF R A BT A HER A TE FH AR AR O, 3k
FEANESMEEMET 51 M 36.86°F] 67.38°
KA JE b BB ZnO. FIF 1k & S AR £ 5 06 10
1) XA ULZE 1. BLAh, ARPEIE Lt LA B XA
AT RE R e, B R e I Z5 AL kR
5.45°/ N BE S FLFT 38.94° A1 BE S AR T [, SR
FH OVITO AR H AT LA 091 & 1 iR, mT LA
THHEHE ) 5.45° 5 A AL SA8 1, T 38.94°
T A KA.

2280 sassnd :‘o'.',!-'gi%""i' waf
§a3sass SESSTetuetaty
R
B B SLmSRR
e iy

geeiees . SESSSSNISTRRENRINeY

Y= [010] a8 ﬁ:: gBEE 3 :&?:3?#:-%-"'-.':‘ é‘}'
t  SEESSESEEERIIIIIT  SNSSSISSMSRRNSTRS
SEEInsiimseicaaisy  SAsUsessiSsUusRestes
BIISEICIIaERiatatet  Soeeseire TMteRey

> X =[100] @®@Zn QO

B 1 A 5.45°00 5 (42) Fl 38.94°0 % A (F7) BT ZnO 251
Fig. 1. Structures of the 5.45° grain boundary (GB) (left)
and the 38.94° GB (right) in bicrystal ZnO.
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Fig. 2. Schematic diagram of the NEMD model for calculat-

ing the thermal properties.
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Fig. 3. The GB energy and dislocation density as a func-

tion of misorientation angle.
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Fig. 4. Kapitza resistance as a function of misorientation

angle.
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Fig. 6. Thermal conductivity as a function of sample length.
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Fig. 7. Temperature-dependent Kapitza resistance for the
5.45° and 38.94° GBs.

16

14

12

10

K /W mK-1
[oe]

A ./‘\o\‘\‘
9 . . . . .
300 400 500 600 700
W T/K

Pl 8 5.45°F1 38.95° k% S 45 4 14 AT AR I AL (19 48 Ak
Fig. 8. Temperature-dependent thermal conductivity for the
5.45° and 38.94° GBs.
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Fig. 9. Phonon density of states for the 5.45° and 38.94°
GBs.
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Heat transport behavior of bicrystal ZnO
containing tilt grain boundary”
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Abstract

Zinc oxide (ZnO), as a conventional semiconductor material, has excellent characteristics, such as
piezoelectricity, photoelectricity, gas sensitivity, etc. With the improvement of nanopreparation technology,
different types of nanostructrued ZnO compounds have appeared and their heat conductions have become a
main research topic in nanodevices. In order to study the effects of grain boundary on the thermal properties of
materials of this kind, bicrystal ZnO containing small-angle and high-angle grain boundaries are constructed by
the embedded dislocation line and coincidence site lattice method. The variation of grain boundary energy with
tilt angle is studied by the non-equilibrium molecular dynamics simulation. In addition, the dislocation density
is calculated by using the Frank-Bilby formula. Our results show that the grain boundary energy and
dislocation density increase with the increase of tilt angle in a small-angle region, and they tend to be stable in
a high-angle region. The tilt angle of 36.86° is defined as the transition angle. The trend of the Kapitza
resistance is the same as that of the grain boundary energy and satisfies the theoretical value from the extended
Read-Shockley model. Furthermore, it is found that both the Kapitza resistance and thermal conductivity have
a significant size effect. When the sample length is between 23.2 nm and 92.6 nm, the Kapitza resistance
decreases sharply with the increase of the length and then tends to be stable. The thermal conductivity of the
sample increases with length increasing, but is always less than that of the single crystal. At the same time,
temperature is an important factor affecting the heat transport properties. The Kapitza resistance and thermal
conductivity decrease with temperature increasing. At different temperatures, the Kapitza resistance of 38.94°
grain boundary sample is greater than that of 5.45° grain boundary sample. In order to further explore the
influence mechanism of grain boundary angle on heat conduction, the phonon state density of 5.45° and 38.94°
grain boundary sample are calculated. The results indicate that the high-angle grain boundary has stronger
scattering for acoustic branch phonons and the peak frequency becomes lower, whereas the optical branch ones
have almost no effect on the heat conduction.
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