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INTRODUCTION

Numerous gudies have been caried out to
develop ternary CoNiP magnetic thin films becaise of
their hard magnetic properties with potential applications,
including hgh density recording media [1-2] and
microeledromechanicd system (MEMS) devices [3-4].
Eledrochemicd proceses (eledrodeposition and
eledroless deposition) have many advantages over
vaaum proceses. low cost, esy scde up and
maintenance, low operating temperature, and the aility to
“tailor” deposit structure and properties.

Since lwasaki and Nakamura propcsed the
potential  of high density recrding media by
perpendicular magnetic recording [5], the dedroless
depasition process has been studied by a number of
investigators to develop CoNiP magnetic thin films for
perpendicular magnetic recording media [2, 6]. However,
few electrodeposition studies have been conducted on
perpendicular magnetic reaording media [7]. Hard and
soft magnetic materials have receitly been incorporated
into MEMS devices, including microaduators, sensors,
micromotors and frictionless microgeas.
Eledromagneticdly-acduated MEMS are more stable for
high force ad large gap applicaions, more robust in
harsh (dust and humidity) environments, and can be
acdtuated with low cost voltage antrollers[4].

The purpose of the present work is to study the
effed of eledrodeposition parameters on the magnetic
properties of CoNiP thin films from chloride baths, and to
apply this information to incorporate hard magnetic films
into MEMS.

EXPERIMENTAL PROCEDURE

CoNiP thin film aloys were dedrodepaosited
from chloride baths. NaCl and baic add were used as
suppating eledrolyte and pH buffer, respedively.
Sacdarin was added to reduce the deposit stress Solution
pH was adjusted with KOH or HCI; experiments were
conducted at 10mA/cm? and room temperature without
stirring. Current density of 10 mA/cm® was used to
produce édedrodeposited CoNiP films with coerciviti es of
Hc o > 1600and Hc, > 800, squarenessof S, > ~ 0.4 and
SH>~0.2

The dfed of the solution Co™/Ni*? ratio on the
depaosit composition of CoNiP was investigated by
varying the Co*? concentration from 0.10 M to 0.206 M,
with Ni*? concentrations st at 0.2 M. The dfed of
NaH,PO, concentration on the deposit P content and
magnetic properties was also examined by varying the
NaH,PO, concentration from 0.009 M to 0.283 M with
Ni*? and Co'? concentrations st at 0.2 M and 0.206 M,
respedively. Co™ concentrations were varied to produce
CoNiP eledrodepasits with nanocrystalli ne grain size (30-
70nm). CoNiP films were dedrodeposited on brass
substrates and nickel shed was used as luble anodes.

Magnetic properties gich as magnetic saturation
(Mg), coercivity (Hc), squareness (S=M,/Ms) and BHax
were determined using a vibrating sample magnetometer.
Microstructures of CoNiP eledrodepaosits were examined
with a scanning eledron microscope and an opticd
microscope. X-ray diffradometer (XRD) with Cu K,
radiation was used for the identificaion of the eisting
phases and the measurement of grain size

RESULTSAND DISCUSSION

Magnretic CoNiP aloys were dedrodeposited
using chloride baths to investigate the dependence of the
magnetic properties on eledrodeposition parameters.
Magnetic properties were strongly influenced by Co*" and
NaH,PO, concentrations, deposit thickness and solution
pH. Coercivity (Hcn and Hc,y) increased with increasing
depasit P content as $own in Fig. 1. The badksadtered
eledron image reveded a finely-columnar structure of
CoNiP e€ledrodeposits as wown in Fig. 2. The
eledrodeposits  from  solutions  containing  low
concentrations of NaH,PO, (0.009 M) exhibited hcp
structures with (100), (101) and (110 planes. Higher
concentrations (= 0.028 M) resulted in depaosits with
nanocrystalli ne grains in the 46-60 nm range and preferred
(002 planes, the intensity of which increased with
incressing solution pH; these wnditions appea to be
closely related to increased depasit coercivity.
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Fig. 1 Coercivity (Hc)
dependence of CoNiP

Fig. 2 Microstructures of
CoNiP deposit cross

eledrodeposits on sedions with 0.028 M
NaH,PO, concentration. NaH,PO, concentration,
10 mA/cm? and pH 3.
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