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Abstract
High-performance optical devices are being increasingly miniaturized, driving the demand for higher-
performance optical thin films for optical components. However, the mechanical strength of low-refractive-index

optical thin films fabricated by conventional methods is insufficient for practical use: the films peel during ultrasonic
cleaning and are easily crushed. Combination deposition can be used to deposit low-refractive-index films with a
columnar structure by performing sputtering and electron beam vacuum deposition in the same vacuum chamber,
controlled by dome rotation. We fabricated low-refractive-index optical thin films of SiO,, MgF,, and ALO3 by
combination deposition with refractive indices of 1.35, 1.34, and 1.50, respectively. Lower crystallinity resulted in a

lower refractive index in the films. The films could withstand ultrasonic cleaning and had mechanical properties

suitable for practical applications.
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Table 1 Comparison of characteristics of electron-beam
vacuum deposition and sputtering.

Deposition Film |Internal . Depos'ltlon
. Adhesion | particle
method density | stress
energy
Electron-
beam Low Low Poor Low
vacuum
deposition
Sputtering High High Excellent High
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Fig. 1 Schematic diagram of the combination deposition system.
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Fig. 2 Structure of thin films by the combination deposition

method.
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Table 2 Deposition conditions of each thin film.

Electron-beam vacuum deposition
Film

Sputtering

Material Beam current (mA)

O, (sccm)

Target RF power (W) | Oz (sccm) | Ar (sccm)

SiO; Si0; 120

12

Si 50 5 160

Mng Mng 25

0

Si 50 1 160

AL O3 Al>O3 450

12

Al>O3 50 1 160

2.2 BEOFEM A E

VESRL U 7o I oD 53 S et & 4 Y B EEFH(V6T70, B ARGy
FHEYZ THIE LT, WU 72 W TR FHEE ng 2
M4 DEIFEIZZET D L AT PV E =7 BRD
5. TOE—=7IZBIT 5 KHERLBREOMHENE, £
DWEICBITHHEROETREZRDD LN TE S, K
EERTIX, ROZEHTERE S & IC Hartmann D%

HAWT, fER L 72K P O R TRy e B L7z 12,

Hartmann O 73 % DL N IZRT.

c

no R AICET S EEO TR
A T EP—IEE
A B,C T K

HELEZIEBZBBARYZ AL, BFROFREICEA
72913 Si02 : 399 nm, 518 nm, 724 nm, MgF; : 389 nm,
542 nm, 899 nm, ALO;: 422 nm, 601 nm, 962 nm T&
L., IRHOMEERMDMEHAWCCTEITRSBEREH L.

Fio, (ERL 7RO R BEE 2 X BRI B (XRD,
X’ Pert PRO MRD, Philips)& W CTEHEI L7z, 2L T, &
D 2 1 K OVEE W7 i 8 23102 13 B A R E 1 B K 85 (SEM,
S4800, HITACHD A L7-. F£7-, OB EEE 7 1
ANy FIRBRASO 9211-4) DT, T BT % $4E 1 L A BR(JIS
K 5600-5-4) 'O CHITE L7z, & 512, BEEERBRE(TYPE: 38,
HEIDON) % i\ Clif BEEEE 2 571 L 7=, BEEERBR I ISO
201-4 IZHEMLTEHY, ERICHLF—X7m2%2E]Y
FHF e B~ > R 2R BERE S W72 BEFERBRIZ T Table
3 TR TRBR S 01) & (02) & H L7z,

Table 3 Abrasion test (ISO 9211-4).

Degree of | =, 02 03 04
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Cheese Cheese
Abrader cloth cloth Eraser Eraser
Number
of strokes 50 100 20 40
Force [N] 5+1 5+1 10+1 5+1
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Fig. 3 Transmittance spectra of each film.
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Table 4 Refractive index and packing densities of the films.

Material RF |Refractive Decre;n ent Packing
(re.sfractive power | index refr:c tive density
index) (W) | =550 nm index (%) (%)
SiO, (1.46) 50 1.35 7.5 76
MgF, (1.38) | 50 1.34 2.9 89
ALO;3 (1.63) | 50 1.50 7.9 79

Surface

Tokai.Univ 10.0kV 16.3mm x50.0k SE(M) '

(a) SiO,
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(b) MgF»
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Fig. 4 SEM images of each film.
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Fig. 5 X-ray diffraction pattern for each film.
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Table 5 Results of crosshatch test, pencil hardness test and
abrasion test.

Crosshatch test Pencil ISO 9211-4
Material (Test number/ enct (01) and (02)
N hardness
residual number) test
SiO, 25/25 4H No peeling
Mgk, 25/25 2B No peeling
Al O3 25/25 Over 9H No peeling
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