Microstructure and Magnetic Properties of
Electroless Ni-Fe-B Alloy Films
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The objective of this study was to investigate the magnetic

properties and microstructure of electroless Ni-Fe-B alf Table 1

loy films deposited in different types of solutions. Soft Bath Composition and Operating Conditions
magnetic films with low coercive force (Hc) and good For Electroless Ni-Fe-B Plating
squareness were obtained in a solution using sodium

citrate and/or sodium tartrate as complexing agents. The Component Concentration, mol/L
lowest value of coercive force at Jum film thickness Nickel sulfate 0.05
indicated 20 A/m, as plated. The alloy films consist of fine- E‘:\;X’;S sulfate o 8-??5
particulate crystallite with high crystallinity. Sodium citrate e

Soft magnetic thin films of Ni-Fe have been extensively yst i?ndr'r:g?ﬂ:?:r;tjﬁate g:;g

in the fabrication of magnetic memoriédor information pH 9 (with NaOH)

storage in computers using very high speed switching.| T Temp 90 °C

alloys are noted for their potential applications to the unde.

coatings layer of double layer perpendicular recording |me-

dia?® thin-film head materiafsand EMI shielding materit of both were investigated as the complexing agent. The

als!® having high saturation magnetization and high permesercivities of the films were evaluated from the M-H loops

ability. under an external magnetic field of 4000 A/m, using a
We have already described the deposition behavior| anidrating sample magnetometer. Structural characteristics

solution stability of a new type of electroless Ni-Fe-B plafingere examined with an X-ray diffractometer and transmis-

solution, using dimethylamineborane (DMAB) as a redugingon electron microscope.

agent! In the current study, we investigated the effect of

plating conditions on the magnetic properties and micrhagnetic Properties

structure of electroless Ni-Fe-B alloy films. Comparison of Complexing Agents
. Figure 1 shows dependence of coercive force on thickness of
Experimental Procedure deposited films. The films were deposited from solutions

The electroless Ni-Fe-B alloy films were deposited fro
solution having composition and operating condition
shown in Table 1. To investigate the effect of plating co

wsing different complexing agents, namely, the single
@dmplexing agents sodium citrate or sodium tartrate, and a
diouble complexing agent with both. As shown in Fig. 1, the
tions on magnetic properties and microstructure, metalli¢ iodercive force (Hc) decreased with increasing thickness of
concentration, DMAB concentration and solution pH wetie deposited film. The coercive force of the films deposited
varied. Two materials were used as substrate—copper sheehe citrate bath exhibited greater value than that of the
(0.3 mm thick) was used to determine magnetic propefrtiastrate bath or double complexing agent bath. It has already
and X-ray diffraction data. Polyimide film ({6n) was used been reported that the solution using tartrate was not suffi-
for observation with the transmission electron microsgopient for stability® Accordingly, subsequent investigations
(TEM). will be carried out using the double complexing agent solu-
On the basis of preliminary experiments, the plating spltiens.
tions containing sodium citrate, sodium tartrate or a mixture
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Fig. 1—Effect of film thickness on coercive force. Fig. 2—Effect of metallic salt ratio on magnetic properties.
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Fig. 3—Effect of solution pH on Fig. 4—Effect of DMAB concentration on Fig. 5—Changes in X-ray diffraction patterns
magnetic properties. magnetic properties. with (a) metallic salt ratio and (b) solution pH.

Effect of Metallic Salt Ratio

The effect of the metallic salt ratio [Feg®BeSQ + NiSO,)]
on the coercive force (Hc) is shown in Fig. 2. In this study
metallic salt ratio was varied from 0 to 0.9, keeping
concentration of total metallic salt at 0.1 mol/L. As show
Fig. 2a, the optimum soft magnetic property is found
metallic salt ratio of 0.5. The squareness (Br/Bs) is aln
independent of the metallic salt ratio. The squareness
cates a constantly superior value of about 0.92. As shoy
Fig. 2b, for a metallic salt ratio in the solution above 0.5,
coercive force decreases from 400 A/m to 8 A/m as the
thickness increases from 0.3 to puwh. For solutions with

From this result, the optimum DMAB concentration is found
to be 0.03 mol/L.
the
tHdicrostructure
0 it is apparent that the coercive force is affected by composi-
qttign and structure of the deposited film. Figure 5a shows
naspresentative X-ray diffraction data of Ni-Fe-B films depos-
intkd with various metallic salt ratios. The composition of the
viiiims deposited in each solution is shown in the figure.
theAs the metallic salt ratio rises, the peak for a (110) plane of
fim(Fe,Ni) is reduced in intensity and the half-width of the
diffraction line increases. Reduction of the peak intensity

metallic salt ratio above 0.5, the coercive force at filiith increasing metallic salt ratio suggests that the crystallite

thickness above 2m exhibits superior values under 16 A/

Effect of pH

The magnetic properties of the films depend on pH, as sk
in Fig. 3a. The film thickness effect was observed in solut
of various pH ranges. Figure 3b shows the coercive for
a function of film thickness in various pH ranges. For
range from 7 to 10, the coercive force at the same

thickness decreased with increasing pH. The coercive

msize is decreasing. This change of size corresponds to conver-
sion to fine-particulated crystallite with high crystallinity.
X-ray diffraction data, as a function of solution pH, is
ollustrated in Fig. 5b. As the solution pH rises, the diffraction
opeak for (110) plane af-(Ni,Fe) increases in intensity. The
repgak for the (200) plane of Ni increases as well. This change
trgeems to be a result of reduction of boron content in the
figeposited films.
orcéigure 6 shows typical TEM bright field images and the

of films plated at pH 11, however, indicated higher value thearresponding THEED patterns. The films were deposited

for films plated at pH 8 to 10. The coercive force of a pne-
film plated at pH 9 was determined to be 24 A/m.

Effect of DMAB Concentration

Figure 4 illustrates the effect of DMAB concentration in

solution on the coercive force of the films. As the DM/
concentration increases from 0.01 to 0.03 mol/L, the coe
force decreases from 80 to 24 A/m. Inversely, the coef

- from varied metallic salt ratios from 0.3 t0 0.9. As the metallic
salt ratio increased, the average crystallite size of the depos-
ited films decreased from 120 to 38 A. At the metallic salt
ratio of 0.5, the optimum condition in terms of magnetic

theroperties, the average crystallite size was 75 A. The rings of

\B'HEED patterns are aresult of the fine-particulated crystallite.

cive

cive

force increased at DMAB concentration above 0.03 mg
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(Continued from page 36)

Table 2

Structural and Magnetic Properties of Electroless

Ni-Fe-B Alloy Films

FeSO/ Film X-ray diffraction

(NiSO,+ [ composition,

FeSO) mass%

in

solution

Fe B D(°) Lattice Half  Apparent

spacing  width  crystallite
(A) (°)  size (A)

0.3 175 1.6 44.29 2.0435 1.18 73

0.5 244 1.4 44.27 2.0443 1.28 67

0.7 305 1.3 44.10 2.0518 1.45 59

0.9 38.0 14 44.02 2.0554 1.52 57

Fig. 7—High-
resolution TEM
bright field image
of electroless
Ni-Fe-B film.
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Figure 7 shows a high-resolution TEM bright field imal
of the film deposited under the optimum condition. T
lattice spacing ranges from 2.04 to 2.08 A, which correspq
to the (111) plane ofi-Ni,Fe. From the results of X-ra

diffraction data, TEM bright field images and measuremegy

of magnetic properties, the effect of the metallic salt ratig

Table 2. As the metallic salt ratio in-
creases, Fe content in the deposited
filmsincreases; lattice spacing increases
as well, but crystallite size decreases
with increase of Fe content.

_ Conclusions

TEM - Coercve  The electroless Ni-Fe-B alloy films
image Ajorce deposited in the solution containing a
a/m) double complexing agent exhibited sev-
eral excellent soft magnetic properties,

Crystallife such as low coercive force or high
size (A) squareness. The optimum bath condi-
tions to obtain optimum magnetic prop-

erties were as follows; metallic salt

120 1040  ratio of 0.5, DMAB concentration of

74 24 0.03 mol/L and pH of 9.

23 gg Because the coercive force (Hc) of a

oneym thick film deposited from the
optimum bath was 24 A/m, and the
squareness of its hysteresis loops indicated superior value,
such films are suitable for use in magnetic memories for
computer applications or for undercoating of double-layer
perpendicular recording media, etc.

The deposited film consists of fine-particulated crystallite
with high crystallinity. The crystallite size decreases as the Fe
content in the deposited films increases. The crystallite size
of the deposited film from the optimum bath was indicated as
75 A, the film structure owing to onset of soft magnetic
properties.

Editor's note: Manuscript received, July 1994.
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