ebatco

Exponential Business and Technologies Company

Bridge You and Nano

Light Load Reciprocating Wear of Computer Hard Disk Coatings

With computers having a large role in daily life, it is important to protect the hard drive as much
as possible to minimize the risk of data loss. Hard drive manufacturers implement techniques
such as take-off and landing zones for the head slider as well as magnetic locks for the actuator
arm to help protect the hard drive. Even with such precautions, unexpected shock or vibration
can cause the head to contact the hard drive platter, causing damage to magnetic recording layer
on the disk. To prevent this, lubrication and diamond-like carbon (DLC) coatings are applied to
the hard disk surface to protect the magnetic layer from crash damages and frictional wear.

Because both the lubrication layer and DLC coatings are on the order of tens of nanometers in
thickness and the head slider is a very small and light device, thus, wear study of these coatings
requires light contact loads and high sliding speeds. Ebatco NAT Lab’s TS-501 tribometer made
by Kyowa is capable of carrying out such a challenging task. The TS-501 can operate under 5-
500¢f load at a speed up to 100mm/second in order to create a reciprocating wear track on the
platter surface. The reciprocating wear test may be performed up to hundreds or even thousands
of cycles along a single wear track. With the ability to use wear counterparts of different contact
formats as well as to perform tests at light loads and a large number of cycles, the TS-501 is an
excellent choice for evaluating the wear resistance and durability of the hard disk platter.

The data presented here is for a hard disk platter that underwent reciprocating wear tests using
the TS-501. A sapphire ball of 3mm in diameter was used as the wear counterpart. A 10 mm
stroke length, 20 gf load, 5mm/second sliding speed, and 700 or 1000 cycles were used for the
wear tests. After the wear tests, three segments from each wear track were analyzed using
scanning probe microscopy in order to determine the cross-sectional area of the wear tracks.
From the cross sectional area and the stroke length, the wear volumes were determined. Knowing
the wear volume, force and total sliding distance yields the wear rate of the hard disk platter
under the selected wear testing conditions.

Table 1 Wear Test Results of a Hard Drive Disk

Test Wear _Cross Wear _Cross Wear _Cross Average | Wear Volume Wear Rate

Cycles Section 1 Section 2 Section 3 (um?) (um?) (M3/N*m)
(um?) (um?) (um?)

700 0.335 0.397 0.216 0.316 3160 2.30*1015

1000 0.531 0.470 0.323 0.441 4410 2.25*1015
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Figure 1. Scanning probe microscopy images of the 700 cycle (left) and 1000 cycle (right) wear
tracks on a hard drive disk surface.
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Figure 2. Line profile across the 1000 cycle wear track on a hard drive disk surface.

As exemplified above, light load, high speed reciprocating wear analysis is a very useful and
effective approach to evaluate wear resistance and durability of ultra thin films, coatings and
bulk material surfaces used in applications where contact force is low and sliding speed is high.

These applications may include electrical switches, printer heads, printing papers, flooring
materials, touch screens on electronics, and light load ball bearings.
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