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ZrCuNiAl Metallic Glass Films Prepared by rf Magnetron Sputtering Using an Alloy Target

Shozo INOUE, Masanobu FUNAKOSHI, Miki SHIMIZU, Keisuke YOSHIKI and Takahiro NAMAZU

Metallic glass alloy can be a promising structural material for MEMS application because of its superior properties.
However, there was limited information on fabrication and properties of thin metallic glass films. This paper reports the
metallic glass film deposited by rf magnetron sputtering using a ZrssCuy7.sNijAlss alloy target. Although the composition
of as-deposited films changes along with the substrate position, it was found that films grew with relatively uniform
composition at the substrate holder center facing within the target erosion circle. Ar pressure also affected the film
composition. Residual stress of deposited films changes from compressive to tensile with increasing Ar pressure as
crystalline metallic films did. Tensile fracture stress of deposited films rapidly decreased when the Ar pressure was higher
than 0.7 Pa, while the microhardness of deposited films were ~6 GPa regardless of Ar pressure. The deposited films showed

glass transition behavior and the ability of micro-molding.
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Fig. 1 Typical X-ray diffraction pattern of the as-deposited film
deposited at 0.4 Pa
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Fig.2 Variation of film composition as a function of the distance
from the center of the substrate holder
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Fig.3 Composition of the film deposited at the center of the
substrate holder as a function of Ar pressure
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Fig.4 Residual stress of as-deposited films as a function of Ar
pressure
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Fig.5 Relationship between Ar pressure showing stress transition
from compressive to tensile and atomic weight of the target

Fig. 6 Cross-sectional SEM photographs of the films deposited at
(a) 0.4 Paand (b) 1.2 Pa
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Fig. 7 Typical force curve taken by a nano-indentation test for the

film deposited at 0.4 Pa
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Fig.8 Hardness and Young's modulus of as-deposited films as a
function of Ar pressure
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Fig.9 Typical stress-strain curves of as-deposited films
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Fig. 10 Typical tensile fracture surfaces of as-deposited films

TRAENNE L RBEANSN Y ZEOHEA, I 0HEVEERRES
R->TWAHAfEE b H 5. WSRO gE, T—F
8 DS AW E U5 THEMEAS R S B0, ARFZED
BB TR — 3R O T b B ORHEE R OB AN RE L T
BY, BHICELBBREEMIZIIBRT A LI TERho T,
i, AWFETIE, 7V —AZy MUY TH T AN |
ORB BRI RIS 5 Z & bRAED, BOATETERL
FREHZ DWW T HEEOBRICHET 2 Z L S0 2 DT,
AETER LB L 0 e TH 5 Z L i iRoE
EHTienWe x5, ZoOYBAECEN LZIE @R 5
ARSI THE Z EEHE LT B,

BED XA »rForTF—a R CismatEmic
KEARBBRSNAMoToh, A8y ¥ Ar[EIC X AilEOK
B OZEIEBBRV IEHICH LT X VU Th D - Lith
hote, #-T, ZOMEEZERIZT S ZCERT BRI,
IEHAMT RSB LGRS ETH S L TE 5.

3.4 HSRERBEH

AHFZECIEM Lo o R iR E i v EEw S RAEIC X
HRETIIH 450CTH 0, FERGMHE S B 2B ITRD 5
nighoie. £, ThoOfllE Tidssiciesio N 7 i
BRMTHET AR — 7 2METH LI TE R o,
ZIT, RBAIC—EDOSBEYISHZAR LIRIETHRE LA
MEOTHRERET SHZ L THT AEBREZFHETSZ L%
ATz, ZOEBRTIE, WEHRERT 7 AlEgAicELizLZ
ATOTHBRMICHAT 5 Z Ll Eh 5. RBRIEIYS
R IR SEANICFEEL T 7 U —AZ > FIELEIE 1 mm, £
& 5mm, JEE S umDBEMHRTH D, M, ATFEHIE 5 MPak L,
iR 5 5C/min T 500°CE THIRT 2 MOUTHOZE L& E
L7z, ArfE 0.4 PaCER L7 30El o A0 2 I ER A B 11 1
Y. ZOEPG, REZECICHE ) OFHOHINEIE A 420°CH
IEEHIIREL B LTHA Z Eitbhhsd. L20CREE TOD
FTHEMIBEFRICHE L TBY, Fnll EoUFHofdiz
HIMIH 7 2RI L 30 EEZ BN, ZORBOT T A
AL 20°CLHEETE D, ARROFIETAIE 0.6, 0.8 PaT{E

BBIT$R5E/Journal of the Japan Society for Precision Engineering Vol81, No.3. 2015 279



BTy bEAVTERUEZR/\vE ZrCuNiAl B S AER

60

LTI P T I TP (A T T
£ Zr based MG film 3
55 Py =04Pa n
- rf power = 150 W :
50 F Thickness = 5 ym 3

Displacement pym

2051||||x||||11||||x||||x||
250 300 350 400 450 500

Temperature °C

Fig. 11 Temperature-displacement curve of a metallic glass film
under a constant stress of 5 MPa

(a) Si mold

Fig. 12 Optical micrographs of (a) Si mold and (b) the film surface
after a micro-molding experiment.
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