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Full space elastic field of heterogeneous structures

with an ellipsoidal inhomogeneity
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Abstract: Heterogeneous semiconductors usually have better performance than homogeneous
semiconductors, but the eigenstrain caused by lattice mismatch or thermal expansion of the embedded
inhomogeneity has a serious impact on the overall performance of the material. Therefore, it is necessary to
study the effect of inhomogeneity on the full space elastic field of heterogeneous structures. According to
the classical inclusion theory of Eshelby and considering the anisotropy and heterogeneity of practical

semiconductor materials, an analytical model of heterogeneous structure with an ellipsoidal inhomogeneity
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is established based on the equivalent inclusion method and Green’s function method. In order to solve the
model, the exact numerical integration of Green’s function and its derivatives in real space are derived by
Fourier transform and inverse transformation, and the numerical integration expression of the elastic field
in full space is obtained. The comparison of the results obtained by the proposed model with those by the
finite element method and those reported in literature verifies the correctness of the model and shows the
necessity of the anisotropy hypothesis. The results show that the shape change of heterogeneous inclusions
changes the internal elastic field from the plane stress state to the plane strain state, and affects the strain
magnitude and attenuation degree near the interface. Interestingly, when the eigenstrain only contains
normal components, the final elastic field does not change with shear elastic constants of the inhomogeneity
with orthotropic or higher symmetry, but it is only related to tensile elastic constants with the same
changing trend.

Keywords: ellipsoidal inhomogeneity; anisotropic; eigenstrain; elastic field; Green’s function
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Fig. 1 Ellipsoidal inhomogeneity model of heterogeneous structures
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Fig. 2 Vector w in Fourier space
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Fig. 3 Comparison of strain field in the matrix between results of this study and Andreev’s results in homogeneous materials



% 12 4 B, F . AWK ELERGFREME TR BMRY 87

Bl 3 e, WARMBAS, r Ry BEAR by a8 s B PR RS, S 24 B Andreev &5 R tP i [001 1,110 ]F0
C111]3 A5 1] B8 AR b B AR e, (8 43 A il 2 B0 AR SCRBE AR 3 45 2R . AL 3 Tl LA, B0l AR 40 45
Y5 Andreev W45 RILIE AR, 300E 7 A SR AL IES Y. 57— Jrm, MK 3 al fl.e 76 3 D Jrm B
A IEARARIR, BAFAERR R 2280 . AE001 5 [ 111 175 ) 55t 1 B30T A9 1 722 2 BF A KL 323 30 %0, 3K IEJ2 B T4
RF AR 2% 1) 5 P T 7 2 A 8 2R U G R R A % ) [ M A TR R S AR T IR ANE
2.2 FEHFRE

T G B E R  A B TE M LBROE AR B SRR g 5], 4 R B A B B E T S A R 5 A TR
JCHT AT BN EE R ATXF LA 0. ZEA FRITH A ABAQUS i i RV AN & 4 i, BN Gy 2 — BRIKS54 , o
FAR o F1B 43 A RN A R T AR . HR ERIE AR Y R AL B A InAs, B 1 nm., IR B GaAs,
AR B A SR BN 3R 1 TR .
x1 #RsHY

Table 1 Material parameters

HL}H‘ Cll/GPa C12/GP3 C44/GP3
InAs 83.3 45.3 39.6
GaAs 122.1 56.6 60.0

B4 FHREMFRTER

Fig. 4 FEM model of heterogeneous structures

35 Al 35 Jo A4 v Pl A K B S B ARAE LS S e * = 0,067, & 5 B R Bk AR AR PRI 111707 ) i 4% b
F1% TE AR A 2k . fR TR D BRI IR EE A L DT 1) A e, 5 ] 1) AR e g B D AR S S DR O SRR (i 0 AR
o YN WAL e TEFEATXF B o L rp SC AN AT BROGIT S 45 2R, Bmi i 20 o B3 2 sC R BB T 33 45 R .
HT T 5 AT, 75 BRBR AR 2 BTH P9 38 L B AR 2 20 O3 A, B 5 20 e Z B il A 45 R — B, AR SR A b AR 2 1
TR W AE DRI 2~ 3 A I R ARAL T T 00 AR R e 2 SL A IR T e, A6 S 10 A0 Hh $7
07 AR GEAE g R AL AR HESE oA . AN 5 H Sk S IR B0 H A5 2R R I AR 0 B 4 R S A RO Y
SR GE e — B PR N] T A SCEUE AR 23 23 U IE B P L O HE o 2 T T 3R B SO L 7 52 B TR ()

HA 3 1

0.04 -

(PR o & (BUERSY)
o g, (BUERSY)
002 o R
e CHT)
« 0.00
-0.02 |
-0.04 -
-0.06 I I I ! | )
0 1 2 3 4 5
r/nm

5 FHERMHMTREGFHERSIEREARTERTL

Fig. 5 Comparison of strain field between numerical integration results and FEM results in heterogeneous materials
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Fig. 9 Effect of inhomogeneity shape on the strain g,, distribution along x axis in matrix
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Table 2 Material parameters of common semiconductors

1 Rk C./GPa C1,/GPa C../GPa
GaAs 122.1 56.6 60.0
InAs 83.3 45.3 39.6
AlAs 125.0 53.4 54.2
GaN 293.0 159.0 155.0
AIN 304.0 160.0 193.0
InN 187.0 125.0 86.0
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