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Fig.1  Schematic diagrams of grain boundary phonon specular 

reflectance (a) and diffuse scattering (b) 
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Fig.2  Schematics of grain boundary surface geometric structure 

model: (a) rectangle, (b) triangle, and (c) semicircle 
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Fig.3  Small roughness (a) and large roughness (b) grain  

boundary surface 
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Fig.4  Schematic diagrams of cartesian coordinate system (a) and 

cut-off height (b) 
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Fig.5  Variation of grain boundary surface roughness (∆) with the 

height of grain boundary surface bulge (d) 
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Fig.6  Variation of specular reflectance (P) with ratio of 

roughness to wavelength (∆/λ) 

1 2 3 4 5

0.0

0.5

1.0

1.5

2.0

2.5

G
r
a
i
n
 
B

o
u

n
d
a
r
y

 
S

u
r
f
a
c
e
 
R

o
u
g
h

n
e
s
s
,
 
∆

Height of Grain Boundary Surface Bulge, d/�10

-10

 m

 Rectangle

 Triangle

 Semicircle

0.10 0.15 0.20 0.25 0.30

0.0

0.1

0.2

0.3

0.4

0.5

S
p
e
c
u
l
a
r
 
R

e
f
l
e
c
t
a
n
c
e
,
 
P

Ratio of Roughness to Wavelenth, ∆/λ    

 θ=15

o

 

 θ=30

o

 θ=45

o



! 31                                23456��789:;<� ZnO��=>? &@A                       �929�  

 

 

 

 

 

 

 

 

 

 

� 7  BCDE&���F*	+,-(P

eff

)�$%��

( )d

G

H&'()�  

Fig.7  Relationship between effective specular reflectance (P
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) 

and the convex height (d) of grain boundaries with 

different geometric shapes 
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Fig.8  Variation of thermal conductivity (k) with ratio of 

roughness to wavelength (∆/λ) of nanocrystalline ZnO 

þ}YZ¼HÀ�&e66�ED�¦�&}YZ�

�¼HÀr6�ª�¿Tã�Y����	
EÎ-

�Y ZnO ���SA¿è�YZ����,�2�

�wýE 

p 9 :}å½�YZ����,¬	3�WK

∆/λ-�YZ
���A¬�&X�æv��ÍQE»

p�y-�ç�è��&X�æ�2��YZ
��

�A�èv2�E¦X�æùýª(θ=5º)�»�YZ�

���,¬	3�WK�å½�
���A�ÁÂä

: 0~0.21Ek$D:¦�&X�æùýª��&}Y

Z��·XåHÀq�E¦�&X�æ} 5º~40ºv�

ª�
�6�A¿è�X�æ�2�ÜÝ2é�X�

æ�Ü�`YZ
���A;<ùýE¦�&X�æ

�� 40ºª�
�6�A¿è�X�æ�2�æø2

���&�
���A`X�æ�Ü�ù:�E�

hM��}ÈÉ�&X�æ,-�YZ����,Ð

ý�`Û�
���AÐ�E»�yÚ�`YZ
�

��AÃÀB�;<�$YZ����,��&�X

�æ$ç�;<DFEk�»è�Àm��Ziman é

1 çsç
���Aª�:�´²³YZ����,

�;<�bc��&X�æE 

p 10 :}å½�YZ���)�+,-��Y

ZnO����SAè�&X�æ�Ü�ÍQE»p�

y-�ç�è��&X�æ,�2���Y ZnO��

��SA�èv2�EHÀ
���ª�ç��&¬

X��&ê�a�còHÀõÜ��M����$#

ë�E��ç��&¿ìm}YVíP5��!��

y-Ê:�&HÀ
���¬�&}a�wx�HÀ

��&-�&v��5�íP$\½�EÎ-
���

å¿v9�Y���SA�wµ�D�è��&X�

æ,�2���Y ZnO����SA�èv2�E\

½��&X�æ-��Y ZnO ���YZ�� 

 

 

 

 

 

 

 

 

 

 

� 9  ��*	+,-(P)�IJK,L(θ)&'()� 

Fig.9  Variation of specular reflectance (P) with the incidence 

angle of phonons (θ) of grain boundary 
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Fig.10  Variation of thermal conductivity (k) with the incidence 

angle (θ) of phonons of nanocrystalline ZnO 
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Fig.11  Relationship between thermal conductivity (k) and specular 

reflectance (P) of nanocrystalline ZnO 
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Fig.12  Variation of thermal conductivity with grain size of  

nanocrystalline ZnO 
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Effect of Grain Boundary Geometry on the Thermal Conduction of Nanocrystalline 

ZnO 

 

Liu Yingguang, Han Xiao, Hao Jiangshuai

 

(North China Electric Power University, Baoding 071003, China) 

�

Abstract: Nanocrystalline ZnO is widely used in the field of microelectronics, and its thermal conductivity has an important effect on the 

performance of electronic devices. In order to explore the effect of grain boundary geometry on the thermal conduction of nanocrystalline 

ZnO, the grain boundary geometries were abstracted into several typical structures. On this basis, the calculation of grain boundary surface 

roughness was conducted and the effect of phonon incident angle on specular reflectance was discussed, and the calculation model of grain 

boundary specular reflectance was improved. PhonTS software was used to solve the Boltzmann transport equation iteratively to obtain the 

perfect lattice thermal conductivity of nanocrystalline ZnO. The thermal conductivity of nanocrystal ZnO was calculated based on the 

molecular dynamics theory, and effects of specular reflectance, phonon incident angle and grain size on the thermal conductivity were 

analyzed. The results show that the decrease of grain boundary surface roughness or the increase of phonon incident angle will increase the 

specular reflectance of grain boundary; phonon specular reflectance at grain boundary will not generate thermal resistance, and the thermal 

conductivity of nanocrystalline materials increases with the increase of specular reflectance; the thermal conductivity of nanocrystalline 

ZnO shows a strong size effect, which decreases with the increase of grain size. 

Key words: nanocrystalline ZnO; thermal conductivity; specular reflectance; size effect 
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