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Abstract

Nickel-iron nanocrystalline alloys with different compositions and grain sizes were fabricated by electro-
plating for MEMS devices. The iron content of the deposits was changed by varying the nickel/iron ion
ratio in the electrolyte. X-ray diffraction (XRD) analysis was applied for measuring the strength of the texture
and grain size of the deposits. The nickel/iron atom ratio of the deposits was analyzed by EDS. The hardness
of the alloys was evaluated by Vickers hardness indenter. The internal stress of the deposits was measured
by Thin Film Stress Measurement using Stoney’s formula. Surface morphology and roughness were inves-
tigated by Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM). The results of this
study revealed that at a grain size of approximately 17~24 nm the hardness, internal stress and roughness
depend strongly on the iron content. With increasing the iron content, the hardness and internal stress of
the deposits increased. An excellent correlation between the increase in the internal stress and the loss of
(200) texture was found.
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Table 1. Condition of nickel-iron alloy electroplating

solution

Contents and conditions Value
Nickel sulfate (g/]) 180
Iron sulfate (g/1) 1~6
Nickel chloride (g/) 3
DC current density (A/dm?) 2,4
pH 4.0~4.2
Plating thickness (um) 40~45
Temperature (°C) 55~60
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3.1 Microstructures
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Table 2 Peak intensity of nickel-iron electroplating with
iron content

40 oz

A7F Az, ol &=9 7] ]Xq =7 b‘ﬁ@fg
. AMe UAy 27 5 W&
EDSE ol&sto £kt Table 2& v

Fe Zhe UAE d=9 (1) (200) Hel) oist
peak intensity$} A& vERHd Fot}

Fig. 12> A2d UA-H g5 XA 34 d4d
olty. XA 3 S FAsE AL, peak width,
peak location, peak intensity & W3S 2T
AR AR, 7+ AHH W] peake] FWHM(Full
Width at Half Maximum)©] ¥ 3= peak broadening
o] #FEHIIT. Fig. 194 Ee wpe} 7ho], 7}
Zre) As A% F2ANA (1119 W3] peak width
7b EE HY el wet SUlkeke ALE e
o) o] peak width& o8 W4 2 (scherrer's
formula)el] #1838l AAYe A& UgHoz
T+ 4= %Y. H.Q. Li¢t F. Ebrahimie W= ©
E o|FX A5 AHYE A& AAsh= d
Ao] XA 3)H Aol 840 #d A7 A
g Bx|= sk,

2

DC-Plating 4A/dm 4A/dm’

(200)
(1 11
Fe 6.98wWt %
30 40 50 60

2 theta

Fig. 1. XRD patterns of the deposits with different iron content.

d ] Rel. Intensity
Sample | pum] | [Adm] [ (111 | 200
Fe 5.28 wt% 38.6 2.0 54 132
Fe 9.99 wt% 34.6 20 52 56
Fe 10.76 wt%  36.1 2.0 47 29
Fe 0.20 wt% 44.6 4.0 16 378
Fe 6.98 wt% 39.2 4.0 39 93
Fe 8.80 wt% 43.2 4.0 55 30
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Fig. 2. Grain size distribution with increasing iron content.
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3.2 Hardness
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Fig. 4. Variation of hardness with different iron content.
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3.3 Surface roughness
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