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Functional Thin Films by Electroless-plating Method

—— Application to High-density Magnetic Recording Media
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Ni?* + H,PO,” + H,O0—=Ni | + H,PO,~ + 2H"

a) b)

M"* : Metal ion M : Metal
e: Electron Red : Reducing agent
a) Electroless-plating b ) Electroplating

Fig. 1. Classification of plating.
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gan/ pH 2 ZEICHR> pH BREH, S&EA + >~ &
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LA LI L DRSNS (Table 1).
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Table 1. Constitution of electroless-plating bath.

Element Purpose

Source of deposit metal
Reduction of metal ion

pH adjustment

Stabilization of pH
Formation of metal complex

Metal salt -
Reducing agent
pH adjuster

pH buffer
Complexing agent

Substrate | glastlgs
eramics
— Metals
Cleaning
Pre—treatment - Etching

| Hydrophilization

Catalyzation - Pd active sites

Plating

—-Ni, Cu, Co, etc.

Fig. 2. Process of electroless-plating.
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Fig. 3. Electroless-deposited elements.
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Lubricant

Protective overcoat

(Spin—coated Si0O;) 0.05~0.08 pm

Recording medium
(Electroless plated medium)

0.05~0.08 um

Intermediate layer

(Polished Ni-P film) 15~25 pm

Disk substrate
(Aluminum alloy)

/\/

Schematic cross section of plated rigid

1.85 mm

Fig. 4.
disks.
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(1) Substrate fabrication process
*Al substrate lathing or polishing
*Ni-P under-layer electroless plating
*Ni—P under-layer grinding and polishing

!

(2) Recording medium formation process
+Co alloy film electroless plating

'

(3) Protective film formation process
Polysilicate film spin-coating
+Annealing for polysilicate film

!

(4) Lubricants application process
»Lublicants spin—coating

Fig. 5. Fabrication method of plated rigid disks.
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Fig. 6. Effect of impurity metals on coercivity.

Table 2. Bath composition and operating condition
of CoNiP films.
Suitable Optimum
(mol dm™3)  (mol dm™%)

Reducing agent NaH;PO;-H;0 0.1 ~0.3 0.2
pH buffer (NH,)2S04 0.05~0.6 0.1
Sodium malonate 0.2~0.6 0.3
Complexing agent Sodium malate 0.2~0.6 0.4
Sodium succinate 0.3~0.7 0.5
CoS04-7H,0 0.045~0.08 0.06
Metal salt NiSO4-7Ha0 0.02~0.055  0.04

Plating condition pH=8.9~9.3, 75~85°C
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Photo. 1. Head disk assembly of GEMMY.

Table 3. Disk storage unit specifications.

Storage units
GEMMY PaTTY
Specifications

Storage capacity (GByte)

Per Unit 8.8 3.2

Per HDA 2.2 0.4

Per Actuator 1.1 0.4
Data rate (MByte/s) 4.4 1.344
Average seek time (ms) 12 18
Latency time (ms) 8.3 10
Recording density

Areal density (bit/mm?) 62 k 24 k

Linear density (bit/mm) 1240 550

Track density (track/mm) 50 43

First customer shipment 1987 1982
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Fig. 7. Trends of recording density, data transfer
rate and seek time of large-capacity-recording
system.
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Fig. 8. Relation between Dso value and recording
parameters.
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a) Longitudinal mode

A—0,Hd—47M //,//’// o
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High He Y SO N S S
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(Uniaxial)

b) Perpendicular mode

A—0, Hd—0 ///////,///
Thicker 0 4 r’l/' id -
RGN

f -
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Fig. 9. Recording mode.
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Table 4. Bath composition and operating condition
of CoNiReMnP and CoNiReP films.

CoNiReMnP CoNiReP,
(mol dm™°)  (mol dm™°)
Reducing agent NaH,P0,-H0 0.3 0.2
pH buffer (NHy4)2S04 0.5 0.5
Sodium malonate 0.3 0.75
Sodium tartrate 0.2 0.20
Complexing agent Tartronic acid 0.03
Sodium gluconate - 0.3
Sodium succinate 0.3 -
C0S04-7H,0 0.06 0.06
Metal salt NiSOy4-6H0 0.12 0.08
etal sa MnSO4-4~6H20 0.05 —
NH4ReO4 0.005 0.003

Plating condition pH=9.2 (by NH40H), 80°C

Table 5. Magnetic properties of CoNiReMnP and
CoNiReP films (0.5 um).

CoNiReMnP  CoNiReP
Saturation magnetization (Ms) 220 360 (emucc™ ')
Anisotropy field (Hk) 3.4 4.6(kOe)
Anisotropy energy (Ku) —0.4 0.6(X10° erg ce )

Perpendicular coercivity (He (1)) 890 1000 (Oe)
In-plane coercivity (He (/) 490 610 (QOe)

a ) CoNiReMnP film

: b) CoNiReP film
Photo. 2. TEM image of electroless-plated perpendicular-recording films.”
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Fig. 10. Depth profile of perpendicular coercivity

of electroless-plated perpendicular recording
media.
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Fig. 11. Dependence of recording density on the

reproduced voltage for a plated rigid disk.
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Fig. 12. Dependence of recording density on the
reproduced voltage for a CoNiReP/NiWP flexible
disk.
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