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Abstract

In the deposition of highly oriented thin film, growth prediction by using the lattice mismatch rate from the

lattice constant between the substrate and thin film is widely used. However, this method has a serious drawback

in that the choice of substrates is limited because the crystal structure of the substrate and the thin film must be

very similar. In this study, we developed a new crystal growth evaluation method that uses any atomic

arrangement existing on the surface. The points where the atomic arrays of the substrate and thin film match

within the constant mismatch rate were calculated by simulation. The crystal structure of the substrate and thin

film is not considered in this method, therefore, it is possible to flexibly select the substrate independently of the

crystal system. In this study, we focused on Au (111) and Pt (111) highly oriented thin films on Si (111) substrates.

In the simulation, the number of atomic contacts in each plane orientation of Au and Pt on the Si (111) substrate

was calculated. Any rotation within the plane direction of the substrate with thin film is allowed as a calculation

condition because it does not depend on the crystal system. This suggested that the (111) surface grows with a

large number of atomic contacts per unit area. Furthermore, Au and Pt thin films were deposited on Si (111) by the

ECR sputtering method to confirm the effectiveness of the simulation method. Both Au and Pt thin film showed

strong orientation in the (111) direction in the simulation results. In addition, the in-plane rotation angle also

matched the simulation. From the above, the effectiveness of the new evaluation method was confirmed.
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’ : Atom of substrate
() : Atom of thin film

: Atomic contact

Fig.1 Pattern diagram of atomic arrangement between substrate

and thin film in simulation.

Fig.2 Flow diagram of atomic contact simulation.
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Fig.3 Definition of mismatch error at atomic contact.

2.4 Si(MMN)EMLED AU, PtIRFES

Al D EFRIC X0 M % Si(l1)E L7ZBEO Au, B X
OPtHEDF 8 32— a %2179 . BIEDR
FEANCIE, EERE SO E LT(I11), (100), (110)HEHIZ
B D 2RTMESNZH WD, ZOHRMICTEWNT, M
D JEAFLFN O K G170 B R BE D N B 5 2 0 725 30 ©
DO#PHT 1 °Z A TEESEFHEEIT Y. FEAEFEe,, D
TFPREHZ 10510 %OMTI1 %T 2B 720,
b FEAHEESENE L o - AEICH T D HREA R
D SR % Table 1 (TR, Table 1 £V, Au, Pt WFh
DEAFIZEB VT face-centered cubic (FCC)D &% M C &
HAIDNEICBWTHEREN R K otz £, FES
ROBRMEOERNIC X883 MT 2EHmch 5 2 &
&R L7z,

Table 1 Result of overlap atom simulation at Au and Pt.

Number of overlap atom
Element Au Pt
Plane direction | 111 | 100 110 | 111 | 100 | 110
1 54 | 22 6 18 | 12 4
2 1150 32| 12 | 54| 18 | 10
3 1150] 32|36 72| 30| 24
) 4 1150 62 | 54 [ 108 | 44 | 40
nﬁjgﬂi:h 5 [150| 108] 72 [ 108] 64 | 56
ratio (%) 6 | 150| 108 | 98 | 108 | 84 | 70
7 | 186| 108 | 128 | 108 | 96 | 82
8 240 130 156 | 144 | 116 | 94
9 | 312|176 | 172| 174 | 136 | 106
10 | 348 | 176 ] 202 | 204 | 178 | 126
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Table 2 Sputtering conditions of Au and Pt on Si(111)

substrate.
Target Au, Pt
Substrate Si(111)
Substrate size (mm) 13x13
Substrate thickness (pm) 525
Accelerator voltage (eV) 3000
Target angle (°) 55
Microwave power (W) 100
Flow rate of Ar gas (sccm) 1.2
Sputtering time (min) 20
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Fig.4 XRD diffraction image of Au thin film on Si(111).
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Fig.5 XRD diffraction image of Pt thin film on Si(111).

Table 3 Evaluation of Au and Pt thin film orientation by peak

intensity ratio "'V,

Peak intensity ratio (%)
Experiment Reference """
Plane direction | 111 [ 100 | 110 | 111 [ 100 | 110
Au [73.5112.6 |13.9 |54.3 |28.3 |17.4
Element
Pt |71.0 [18.2 110.8 |54.3 [28.8 | 16.8

Table 4 Correlation coefficient between overlap atom ratio
and peak intensity ratio.

Ratio of overlap atom (%)
Element Au Pt Correlajuon
coefficient
Plane direction | 111 | 100 | 110 | 111 | 100] 110
1 165.9126.8|7.3 |152.9135.3|11.8 0.88
2 |77.3116.5] 6.2 |165.922.0]12.2 0.96
3 168.814.7(16.5]57.1 (23.8]19.1 0.99
4 [56.4(23.3(20.3 [56.3 (22.9 [20.8 1.00
Lattice | 5 (4551327 (21.847.4]28.1|24.6] 092
mismatch
ratio (%) 6 |42.1130.3127.5|41.2132.1|26.7 0.82
7 144.1125.6130.3 |37.8|33.6|28.7 0.80
8 [45.6124.7(29.7 140.7 |32.8 [26.6 0.87
9 |47.3126.7126.1|41.8132.7|25.5 0.92
10 [47.9124.2 127.8 140.2 135.0 |24.8 0.90
Peak intensity
. 73.5112.6113.9171.0 |18.2110.8
ratio (%)
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Fig.6 Pattern diagram of XRD measurement considering ¢
and y.
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