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ABSTRACT

In this paper, we present the temperature and humidity controlled system for the flying
height measurement of magnetic recording heads. This system performs to install on the dynamic
flying height tester model DFHTS. In today’é the hard disk drives were used in many application and
many environment. As well know the effects of the temperature and humidity to flying height change
are critical in HDD due to the spacing between read/write element of slider have low ﬂymg hexght in
range 7-10 nm. The small environmental changes in the low ﬂymg helght can cause the variation of
the head-media spacing. The flying height measurement system is based on the commercial dynamic
flying height testing machine that include environment controlled system. The maximum temperature
that the flying heigﬁt measurement can be performed is 60 degree Celsius at the relative humidity of
10%.The flying height on read/write element is linearly increase with increasing temperature and the
flying height on read/write element (FHCR) is linearly increase with iﬁcreasing temperature and the
flying height on the leading edge of slider (IRLE ,ORLE) is linearly decrease with the increaéing of

temperature and humidity.
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-Bandwidth :20 KHZ
-Detector and data acquisition
- -Wavelength : 658 nm
-Light source : Laser diode
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-Spindle speed :15000
Spindle Type : Air Bearing
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Delta FH of FHCR vs Temperature, Relative humidity
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Delta FH of ORLE vs Temperature, Relative humidity
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A Flying height measurement system with the controlled

temperature and humidity.
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Abstract

In this paper, we present the environment controlled system for the flying height measurement of
magnetic recording heads. The effect of the temperature and humidity to flying height change is critical in
HDD due to the relatively small head-media spaciné (7-10 nm). The small environmental changes can
cause the van:ation of the head-media spacing. The ﬂy_ing height measurement system is based on the
comtnercial dynamic flying height testing machine. The maximum ’tempcr.;aturc that the flying height
measurement can be performed is 58 degree Celsius at the relative humidity of 3%. The sli;‘lcr flying
height is linearly reduced with increasing temperature comparable with the measurerent and simulation
result shown in the literature.
Keywords : The flying height measurement of magnetic recording heéd » HDD, Temperature ,Humidity
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Abstract— This paper presents the environmental
controfled system for the flying height measurement.
The effect of temperature and humidity to flving height
change is seriously needed due to the critically smali
head-media spacing. The small environmental changes
can cause the variation of the head-media spacing. The
flying height measurement system is based on the com-
mercial dynamic flying height testing machine. The max-
imum temperature that the flying height measurement
system can be performed is 58 degree Celsius at the rela-
tive humidity of 3 %. The slider flying height is lineacly
reduced with increasing temperature comparable with
the measurement and simulation results shown in the
literature.

Index Terms—Flying Height Measurement, DFHT4,
Envirenmental control.

1. INTRODUCTION

The requirement of the higher storage density in hard

disk drive is pushing the head o ~media spacing (HMS) to
become ever smaller. Particularly, the most hard disk drives
were applied to various environments, At the difference en-
vironment has a significant influence on the flying height of
the air bearing slider. Currently. the air bearing design of
hard disk drives have many designs and each air bearing
have been designed to assembly with difference material
(c.g. suspension). The difference air bearing design may be
performed difference disk rotational speed, skew and flying
height. Therefore, the effect of temperature and humidity to
flying height change is critically needed. However, the pre-
vious research is mainly focused on the simulation model to
investigate the flying height change at various environments.
A change in ambient humidity causes the change the air
bearing pressure and thus the slider’s Flying height [1]. Si-
mulation studies showed the flying height may decrease for
more than 2 nm in hot and humid environment [2]. This dee-
rement is critical as the flying height is only a few nanome-
ters in current hard disk products. As result this issue is be-
coming more and more important recently.

This paper presents an environmental flying height tester
on Dynamic Flying Height Tester IV (DFHT 4) machine.
The system used to investigate the flying height changes of
the actual sliders at various environmental conditions. At the
difference environment and air bearing design the behavior
of flying height change may difference. Therefore, the envi-

ronment flying height test can help to studies the flying
height performance of slider.

IL EXPERIMENT SETUP

In this research we have four systems for control envi-
ronment at various condition. The four main systems are
shown in figure 1. The system approach for investigation the
FH behavior of thermal actual sliders at various environ-
mental condition. The flying height measurement system is
based on the dynamic flying height testing machine (DFHT
4) as show in figure 2. All system design for install on
DFHT 4 tester type, therefore that machine was modified
with add plastic chamber that cover the main measurement
function. The objectives of the plastic chamber are to ensure
the minimum contamination from outside environment and
also to provide the closed environment for de-humidity sys-
tem. Inside the plastic chamber we have special design
stainless steel chamber covered the measurement area (we
call the measurement chamber) is used to keep temperature
and humidity constant for a period of time. The probe com-
bined humidity and temperature sensor was set as close as
possible to measurement point, in order (o assure that the
reading humidity and temperature are close to values to ac-
tual ones of slider-disk interaction area.

System configuration _

Figure 1. The system configuration of an environment flying
height tester.



Figure 3. The image of the measurement chamber

The special design stainless steel chamber covered the
measurement area (the measurement chamber) is used to
keep temperature and humidity censtant for a period of time.
The image of the measurement chamber is shown in figure
3. The design of this chamber is to provide the protection of
measurement area from the nearby supporting parts such as
x-y stages and interface electronics. The chamber cannot be
an enclosed environment since it has some difficulty to de-
sign the chamber incorporated with the mechanism of the
sample (HGA) loading system. However, we try to minimize
the opening part of the measurement chamber as much as
possible. The probe combined humidity and temperature
sensor is also attached to the measurement chamber. The
sensitive area of the sensor was set as closed as possible to
the measurement point, in order to assure that the reading
humidity and temperature are the closed values to the actual
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ones of slider-disk interaction area. One more thing attached
to the measurement chamber is a heater. The heaier has the
output power so that the nearby environment can has the
peak temperature of 80 degree. At this high temperature. the
nearby electronic and mechanical parts might have destruc-
tive effects without the protection from the mcasuring
chamber.

For the humidify system, we use the experimental set
from ETS (US). The system is capable to produce full satu-
ration (at room temperature) in enclosures up 1o 20 cubic
feet. With applying power to the humidity generation unit,
the submerged ultrasonic transducer inside the basin oscil-
lates and produces a fine mist. An air-moving device forces
the mist out of the humidifier, through a 1™ plastic (ube and
into the enclosure. A 47, 110 cfin fan is provided. it run con-
tinuously to circulate the moist air throughout the chamber.

Desiccant dehumidification system is a closed loop sys-
tem, designed to reduce the relative humidity within the
plastic chamber to less than 10%. The key part of de-
humidification system is the desiccators. The desiccators is
connected with the vacuum pump in which it is used to con-
vey the humid air from inside the main chamber to be de-
humidify and then the dry air after the desiccators is sent
back to the main chamber.

For the cooling system, our choice is to use the cooling
liquid such as liquid nitrogen. The heat-transferred chamber
is specially designed to connect with the liquid nitrogen
tank. The fan system is designed to circulate the warm air
inside the plastic chamber into the cooling chamber. The
cooling coil with the liquid nitrogen flowed inside serves as
the heat-transferred elements. The warm air transferred its
heat to the cooling coil and circulates the cooled air back to
the plastic chamber. With this system, we can reduce the
temperature inside the plastic chamber from the ambient
temperature down to 5 degree Celsius within 15 minutes.
The temperature inside the plastic chamber can be held at
constant for several minutes if we turn the circulation air fan
off. This allows us to perform the flying height measurement
at desired temperature.

HI. RESULTS AND DISCUSSION

With the four systems described above, we can catego-
rize the systems in terms of the operation and problem asso-
ciated with flow-induced contamination and vibration as fol-
lows:

1) The system that produces the negative pressure inside
the plastic chamber. The system that falls into this category
is the de-humidification system. There will be no problem of
flow induced contamination and vibration. The system can
be operated in the same time as the flying height measure-
ment.

2) The system that produces the positive pressure inside
the plastic/measurement chamber. The systems that fall into
this category are the humidifying. heating and cooling sys-
tems. There will be a problem of flow induced contamina-
tion and vibration. The heating and cooling are the most se-
vere. The humidifying sometimes causes the problem.



For all systems, we can summarize the operating proce-
dure as shown figure 4. In the start-up period A, the systems
are in fully on stage producing the 100% output. During this
period the temperature/humidity is raised or fallen to the set-
ting level. Once the temperature/humidity is in the desired
range, the controller is in the off stage. In this statc (B), the
temperature’humidity may be held at constant values for
some period of time depending on the dissipation character-
istic of the systems. Although the chamber is designed so
that the heat and humidity loss is minimum, the temperature
and humidity will be raised or fallen depending on the heat
transferred inout the chamber in period C.

In order to successfully measure ihe flying height char-
acteristic of the slider, the measurement procedures has to
be set out to avoid the flow induced contamination and vi-
bration as follow:

1) For the measurement in the range of high tempera-
ture and high-low humidity, the heating system is turned on
uatil the temperature reaches the maximum of 60 degree
Celsius. In the same time, the humidifying system is also
turned on until the relative humidity reaches the desired val-
ue. The heating system and the humidifying are then turned
off. The de-humidifying system is turned on, in order to
keep the relative humidity at desired level. The flying high
measurement is then performed while the temperature is
slowly fallen down. According the Figure 4, the measure-
ment is performed in the period C.

2) For the measurement in the range of low temnperature
and high-low humidity, the cooling system is tumned on until

the temperature reaches the minimum of 3 degree Celsius. In -

the same time, the humidifying system is also turned on untit

-~ the relative humidity reaches the desired value. The cooling -

system and the humidifying systems are then turned off, The
de-humidifying system is turned on, in order to keep the rel-
ative humidity at desired level. The flying high measurement
is then performed while the temperature is slowly risen up.
According the Figure 4, the measurement is- performed in
the period C.
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Figure 4 the operation of the temperature and humidity
controller :
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Figure 5 shows the recorded flying height measurement
value of slider with the same ABS designed. The x-axis is
the temperature in Celsius and y- axis is in the flying height
changed in micro-inches. The results can be categorized in
two parts as follows.

1) For the measurement in the range of high temperature
and high-low humidity, the maximum temperature that the
flying height measurement system can be performed is 5§
degree Celsius at the relative humidity of 3 %. With the
higher relative humidity. the maximum temperature that the
flying height measurement can be performed is reduced to
57 and 50 degree Celsius, for the relative humidity of 8 %
and 20 % respectively. The maximum relative humidity the
flying height measurement system ¢an be performed is 20%.
For the relative humidity more than this, the contamination
is the limiting factor. All of three mecasurements groups
show the same trend, which is the slider flying height is ki
ncarly reduced with increasing temperatures. The higher rel-
ative humidity is higher rate of flying height changed. Three
results are comparable with the measurement and simulation
results shown in the literature [2-4]. However. the results
show the first direct flying height measurement with various
environmeatal conditions.

2) For the measurement in the range of low temperature
and high-low bumidity, the flying height value does not
show significant variation. The lowest temperature that the
flying height measurement system can be performed is 8§ de-
gree Celsivs. The flying height changed is no more than -
0.015 micro-inch. The maximum relative humidity that the
flying height measurement can be perfonmed is 20%. Above
this, the frost and contamination is limited factor.
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Figure 5. The measurement results af various temperature
and relative humidity values.

IV. CONCLUSION

We have successfully designed and constructed the envi-
ronment flying height tester system to investigate the flying
height value changes the thermal actual sliders at various
environmental conditions. Although we had the problems of
the flow induced contamination and vibration for many en-
vironmental conditions. We were able to make the flying



height measurement at some ranges of temperature and hu-
niidity. The maximum temperature that the flying height
measurement system can be performed is 58 degree Celsius
at the relative humidity of 3 %. The slider flying height is
linearly reduced with increasing temperature comparable
with the measurement and simulation results shown in the
literature [2-4]. The lowest temperature that the flying
height measurement system can be performed is 8 degree
Celsius. The flying height changed is no more than -0.015
micro inches in the low temperature range.
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