Vol.36 No.b
May 2000

m36FE W5
2000 % 5 A

A A % W

ACTA METALLURGICA SINICA

(L rzr—&*z
BT RS Fe—Ni & SBEAFRIYERE * TH-

oA MM ARFER ZHER TQ;S‘
TR g LR SRS, L 200050)

WO B S GEEIREAR MRS I T Fe-Ni/Cu/Si M4 #WHE, 1+ Fe-Ni @M% 3 ym, Cu BK 0.2 um. #IH
I E M HEE 1.3 Pa SETF, M3 BER+ Fe-Ni(Fe 64, Ni 36, F&0%, %. Fid) asiimiaspa&Ey 1077, flAS
Tt mMch [ MR, M Fe-Ni(Fe 57, Ni 43)/Cu/Si #2808 Young's #8% 1.0x10'! N/m®. Fe-Ni
L DT AR Y B Fe RN 2L REM . % Invar 44 (Fe 64, Ni 36) &4 BOE AP KX4T 300 MPa,
Fe-Ni ss@pei K 2B SMF Fe S MEEMSHUAHE. HE4&EREELAES -8, & Invar &4 65 BEER &
. HAEMTF R RS SR, £16x1079% C.

XA g, Fe-Ni S a@WAN M. SWKEK. Young's #i. W&
RS TQ153.2, 0484.4 YRGB A YRS 0412-1961{2000)05-0525-05

CHARACTERISTICS OF Fe-Ni ALLOY DEPOSITS FOR
MEMS APPLICATIONS

CHEN Yao, ZHANG Xuanziong, XIONG Xingguo, WANG Weiyuan
Shanghai Institute of Metallurgy, The Chinese Academy of Sciences, Shanghai 200050

Correspondent: CHEN Yao, Tel: (o21)62511070, Fax: (021)62513510, E-mail: sensor@itsur.sim.ac.cn
Manusacript received 1999-06-25, in revised form 2000-01-18

ABSTRACT The Fe-Nij/Cu/Si composite cantilevers were made with the combination of bulk—
silicon micromaching technology and electrodeposition technology. Using the composite cantilever, the
internal friction and Young's modulus of Fe—Ni deposit were measured. The internal friction of Fe-Ni
deposit (Fe 64, Ni 36, mass fraction,%) is about 10~3 under resonant frequency 247 Hz and vaccum
1.3 Pa. Based on home-made load—deflection balance method, the Young’s modulus of composite
cantilever (Fe 57, Ni 43, mass fraction,%) was measured to be 1.0x10'' N/m?. Average internal stress
of Fe—Ni deposits increases with Fe content up to a maximum of about 300 MPa at 64% Fe, then
decreases with Fe content. On the contrary, thermal expansion coefficients (TECs) of Fe-Ni deposits
decrease with Fe content down to 2 minimum of about 6x107¢/ C near the composition of Invar alloy.
TECs of Fe-Ni deposits change with the same trend as those of bulk Fe-Ni alloys, although TECs of
Fe-Ni deposits were higher than those of bulk Fe-Ni alloys near the Invar composition,
KEY WORDS microelectrcmechanical system (MEMS), Fe—Ni alloy deposit, internal stress, ther-
mal expansion coefficient {TEC), Young's modulus, internal friction
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1 XBAHE
1.1 A S0 Fe-Ni THAMME

EWEAHER Si KL, ARFHMAERS—
A 0.2 pm [ Cu {EAEMFFR, REHUH
Watts S10HCH Fe-Ni 587 Cu -, S#EEYE
W ER SR ST EMEEE iR O
WHEN Watts sSRAHRINT: NiSO4-6H20, 10—
100 g/L; NiCl;-6H30, 1—5 g/L; FeS04-TH,0, 10—
60 g/L; HaBOs, 40—50 g/L; #iiRILE 3—4 g/L; #
™ 5—10 g/L; + 4z RHERH 0.2—0.4 g/L; Frm=
& 15 g/L; BAF 4070 C, pH {f 4; E®E 0.5—
4.0 A/dm?.
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Fig.1 Schematic of Fe—Ni/Cu/S1l composite cantilever
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Fig.2 Dependence of internal stress on deposit composition
and deposition condition
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Table 1 Content of iron, phases and thermal expansion co-
efficients of electrodeposited Fe—Ni alloy

Mass fraction of iron,% Fhase a 1078/ C
68.0010] fce + bee B.4
66.4 fce + bee 11.0
64.0010] fcc + bec T
5.0~ (10] fcc 4.6
69.0* [10] fecc 4.2
56.0 foe 7.0
54.4 fcc 6.5
37.6 fce 11.5

100{iron)*1 bec 12.0
0 [nicken['] fec 13.0

* Annealed at 680 T
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Fig.4 Relationship of (Fe57-Ni43)/Cu/8i composite can-
tilever between micro force and micro deflection
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