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Development of Soft Magnetic Materials with High B by the Electroplating Method,
and Their Application to an MR Write Core Head
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Magnetic recording densities are increasing rapidly
as a result of the development of new media, heads, and
related technologies, and have now reached 3 to 4 Gb/
in?>. New materials for MR write head cores instead of
plated 82-permalloy, are strongly needed in order to
realize higher densities, as well as GMR sensor materi-
als. In this review, we present and review CoNiFe
materials that we developed by means of an electro-
plating method. This ternary alloy was firstly devel-
oped in the 1950s, but we recently newly-developed it
as a soft material with high B. (saturation magnetic
flux density). One of the optimum points CogNii2Fezs
(at%) with B.=2.1 T, A,=2X107% and H.=1.7 Oe. This
material shows the thermal stability up to 270°C and
almost the same corrosion resistance as the plated 82
-permalloy. The results of using the material for com-
mercial production of developed MR head are briefly
reviewed. In addition, soft magnetic materials with
high p (resistivity), by an electroplating method, are
also reported.
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Fig. 1 Schematic drawing of a rotating disk
electrode (RDE) (a) and paddle cell (b).
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Fig. 2(a) Dependence of the film composition on
the (CoSO;+FeSO,) concentration (NISO;=0.2
mol/dm?®) for 1.5-um-thick CoNiFe films.
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Fig. 2(b) Dependence of the Ni composition on
the (CoSO;+FeSO,) concentration (NiSO,=0.2
mol/dm?) for 1.5-um-thick CoNiFe films.
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Table 1 Basic bath composition and operating
conditions for using saccharin as additive

Chemicals Concentration (mol/dm?®)
CoSOy « 7H,O 0.03-0.0875

NiSO, * 6H.0 0.2

FeSO; « 7H,0 0.005-0.045

H3BO; 0.4

NH,CI 0.28

Saccharine Na 2 g/dm?

Bath pH 2.8

Bath temperature
Counter electrode
Current density

Room temperature
Pt wire
20 mA/cm?
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Fig. 3(a) The films were produced by electro-
plating with saccharin as additive. The low H.
(<160 A/m) region is located within the B.=1.6-
1.7 T region in the fcc single-phase area.
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Fig. 3(b) The films were produced by electro-
plating with thiourea as additive. The low H.
(<160 A/m) region is located within the B.=1.7-
18T region. The fcc—bec phase boundary is
shifted to the right toward the Fe-poor region.

Fig. 3(c) The films were produced by electro-
plating with no sulfur-containing additive (SCA).
The low H. (<160 A/m) region is shifted to the
high B; (>18T) region. The fcc-bcec phase
boundary is shifted to the left toward the Fe-rich
region.

Fig. 3 Element maps of the magnetic properties
and structures of three types of CoNiFe films.
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Table 2 Basic bath composition and operating

conditions for No-SCA additive

Chemicals Concentration (mol/dm?
CoS0y * 7H:0 0.03-0.0875

NISO4 * GHZO 0.2

FeSO, « 7TH0O 0.005-0.045

Hs;BO; 0.4

NH,Cl 0.28

Na laulyl sulfate 0.01 g/dm?

Bath pH 2.8

Bath temperature
Counter electrode
Current density

Room temperature
Pt wire
3-20 mA/cm®

. Saccharin
| grain: 0.3 at%
1b0undary: 1.3 at%

Thiourea
S:3.2 at%

Fe content (at%)

Rapidly quenched ribbon

Fig. 4 Dependence of the fcc-bece phase bound-
ary on the film composition for electroplated
CoNiFe films and quenched CoNiFe ribbon.
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Fig. 5 Dependence of the A, zero line on the film
composition for electroplated CoNiFe films and
quenched CoNiFe.

Table 3 Characteristics of electrodeposited high
B. CoNiFe film

Film composition (at%) CossNij2Fess

H. (Oe) 1.7
B (T) 2.0-2.1
A +2-+7x10°°
o0 (U cm) 21
U 600 (1 MHz)
Hy (Oe) 15
Thermal stability 270°C

CDEINEBACESUTIOWRELERLED T NALD
751996 FURBLREREORBEE TH S, 0L
D - ZXH%Z Table 2 1TRT. FOEE, FHEBD
bee-bec iBAES 1 Y B. DFL, T E B A 20T L
LOERICHEE L (Fig. 4), €01, 5144 FeSHEBD
ZORRBICHEE L 72 (Fig. 5). X512, Z OMEREAEM
ITTH 72 20e UFORMAESh:. HEBRMNIO D
EH MBESNIEE, BHEEROBEEHEL T, #&H
FOBH LI Tl &k, KH BESHEFREE
Eans, RN, HERERNSS B ABRICEEL, ¥
Ol 514 b FeSHERBOSVAIKICBE L2, BY
DS B MBS S OEK TR - 1o by TH 3178
L7cis->T, BEVILEERIEREEE b1 40 %5
B9 3N (SCA: sulfur containing additive) & AN
WH - ZFFRT, B.A21T Thov 7 MEASTOERRIEM
KARHET LA~/ DL ZDEFY Co-
NiFe BEOHME % Table 31039, BEL oA, 514 b
SEFEHDUCHBEEBBIIBEHLI-HLITH S
(Fig. 5).

Fig. 6 128 CoNiFe(HB-CoNiFe) Dt @158 % 7R
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Fig. 6 Anodic polarization curves in a 2.5%
NaCl solution. Shown are the curves of electro-
plated permalloy, CoNiFe, and HB-CoNiFe films
in the anodic direction at 10 mV s ' at ambient
temperature. The sequence of anodic dissolution
potential is HB-CoNiFe (—840 mV)>permalloy
(—820 mV)~CoNiFe (—820 mV), whereas that of
pitting corrosion potentials is HB-CoNiFe (—65
mV)>permalloy (—170 mV)>CoNiFe (—420 mV).
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Fig. 7(a) Relation between the DET concentra-

tion and the resistivity of NiFe films prepared at
10 mA/cm?.

Fig. 7(b) Relation between the DET concentra-
tion and H. of NiFe films prepared at 10 m/A
cm?®.
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Fig. 8 Dependence of the B, H,, and p of NiFeP
films on the DET concentration.
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Fig. 9 Schematic drawing of the merged-type MR head structure and its process flow.

Table 4 Magnetic properties and resistivity of
NiFe and FeNiP films

Sample | Bs(T) H. (Oe) o (U cm)
Nig]FEm 1.0 0.5 20
NizsFess » )

(3 ppm DET) 1.1 1.9 56
FeasNi11P24 1.2 0.6 110
Fe7oNigPay

. . 1
(200 ppm DET) 1.2 18 70
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