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The Study of Corrosion Induced Co migration and
Its Effects on Thermal Asperity Phenomenon

Sung-Hoon Choa

Samsung Electronics, HDD Division

Abstract — Corrosion of the disk has been an ongoing concern for the manufacturers of hard disk drives.
With the advent of magnetoresistive (MR) head, very low levels of corrosion and contamination become
more critical since the raised defects and corrosion products on the disk surface-anything that heats the MR
sensor due to the contact-can distort the output signal of the head. This phenomenon is called as thermal
asperity. In this paper, the effect of corrosion as a form of Co migration on the occurrence of thermal asper-
ity in MR drives was investigated. The corrosion test at high temperature (60°C) and high relative humidity
(80%) was emphasized in this study and the testing results at ambient condition were compared. The corro-
sion on the disks was characterized as the amount of Co ion migration using an ion chromatography (IC)
and a time-of-flight secondary ion mass spectroscopy (TOF-SIMS). It is proved that corrosion on the disk
surface after storage testing is closely correlated to the amount of Co ions migration from the magnetic layer
to disk surfaces and higher Co migration causes more thermal asperities in the drive. In order to reduce Co
migration, several methods such as burnishing process and structure of the carbon overcoat were investi-
gated. It is found that the hydrogenated carbon overcoat shows the least Co migration among different types
of overcoat layer. However, the most effective way to reduce Co migration is the application of Cr layer

between the overcoat and the magnetic alloy layer.

Key words — hard disk drive, corrosion, cobalt migration, thermal asperity.
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Fig. 1. Sectional view of thin film disk.
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Fig. 2. Brief overview of disk manufacturing process.
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Fig. 3. Readback signal of MR head during thermal
asperity phenomenon.
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Table 1. The number of TA found and Co ion imigr-
ation measured by ion chromatography before and
after storage test

Before storage

Disk  No. of TA Co

After storage
No. of TA Co

(count) (ug/disk) (count) (ug/disk)
A None <0.005 0 <0.005
B None <0.005 3 0.011
C None 0.110 4 0.360
D None 0.075 5 0.480
E None 0.610 23 1.000
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Fig. 6. Typical picture of hair-line scratch in the disk
surface.
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Table 2. Amount of Co ions detected after storage test
for Disk C

Disk C Co (ug/disk)
Original disk 0.36
After improvement of burnishing process 0.18
After improvement of burnishing as well as 0.16

cleaning process
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Fig. 7. Co migration after storage test with different
carbon overcoat samples.
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Table 3. Co ion intensity scan from OD to ID area by
TOF-SIMS

Surface scan measured from OD to ID (unit: counts)

Disk
25mm 375mm 325mm 27.5mm 22.5mm
B 149 33 11 16 10
C 1276 1218 858 843 1165
D 1434 927 531 821 568

OD: Quter Diameter, ID: Inner Diameter

Table 4. The effects of disk outer edge seal on Co
migration.

Co ions (ug/disk) without Co ions (ug/disk) with

Disk

OD edge seal OD edge seal
C 0.570 0.150
D 0.092 0.017
E 0.610 0.070
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Table 5. Drive level storage test results

No. of failed drive No. of failed drive

Disk i g/;isk) after 7 days after 21 days
storage test storage test
A <0.005 078 0/8
B 0.011 0/8 0/8
C 0.36 2/8 8/8
D 048 Not tested 4/5

A/B: A =total number of the failed drives, B = total number
of the tested drives
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Table 6. The effect of Cr layer on Co migration mea-
sured after storage test. TA test was performed on
Guzik spinstand

. Co (ug/disk)
Disk without Cr layer

Total no. Co (ug/disk) Total no.
of TA with Crlayer of TA

A 0.005 None <0.005 None

C 0.36 4 0.056 1

D 048 5 0.072 None
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