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ANAT BOONSAWAT : ANALYSIS OF HEAD DISK CLEARANCE DUE
TO VARIANCE OF TEMPERATURE IN HARD DISK DRIVE TESTING
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THERMAL FLYING HEIGHT/WALLACE SPACING LOSS/POSITION ERROR
SIGNAL/AMPLITUDE RATIO/READBACK SIGNAL/HEAD DISK CONTACT

PROCESS

The thermal flying-height control (TFC) is important in the efficiency of hard
disk drive. The head was protruded to disk from heater power increasing. The
objective of thesis is study to accurate clearance for working fly height at inner zone,
outer zone and medium zone of disk. This thesis is study and compare head disk
clearance by the Position Error Signal (PES) and Read/back signal process as 25 and
50 degree Celsius.

The results of Read/back signal show more efficiency than Position Error
Signal at medium zone for high areal density. The clearance of 50°C use heater power

less than 25°C.
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HDI = Head Disk Interface

PES = Position Error Signal

FFT = Fast Fourier Transform
HDD = Hard disk drive

HSA = Head Stack Assembly

HGA = Head Gimbal Assembly
VCM = Voice Coil Motor

PCBA = Print Circuit Board Assembly
TFC = Thermal fly-height control
RPM = Revolutions per minute

FH = Fly-Height

kHz = Kilo hertz

nm = nanometer

mW = milliwatt

C = AL HIE L

mV = millivolt

DOF = Degree OF Freedom

DAC = Digital to Analog Converter
dB = AFID

A = AMuEIAAY

SD = Standard Deviation

RSD = Relative Standard Deviation

dPES = delta Position Error Signal
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Oneway Analysis of PES By HD
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Head | PES(S1) | RBS(S2) S1°/82° Head PES (S1) RBS (S2) S1°/82°
1 0.52 0.18 8.16 11 0.52 0.15 12.59
2 0.39 0.26 2.33 12 0.54 0.15 13.26
3 0.48 0.17 7.99 13 0.50 0.19 7.08
4 0.52 0.19 7.33 14 0.37 0.19 3.85
5 0.54 0.14 15.04 15 0.42 0.27 2.49
6 0.37 0.17 4.50 16 0.48 0.10 24.48
7 0.42 0.18 5.32 17 0.49 0.16 9.00
8 0.33 0.19 2.98 18 0.44 0.18 6.03
9 0.54 0.15 13.17 19 0.33 0.25 1.72
10 0.37 0.19 3.89 20 0.42 0.13 11.29
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MINN 4.4 5288 1INQUNYN 25 18T 50 DIAUAIT YT

Head X1 (nm); 25C | X2 (nm); 50C X Head X1 (nm); 25C | X2 (nm); 50C X
X2 X2

1 9.68 9.19 0.49 11 10.41 9.79 0.62
2 9.75 9.12 0.63 12 10.40 9.84 0.56
3 10.53 10.21 0.32 13 9.53 8.75 0.78
4 9.64 9.18 0.46 14 9.53 8.81 0.72
5 10.41 9.82 0.59 15 9.73 9.14 0.59
6 9.55 8.82 0.73 16 10.58 10.18 0.40
7 9.53 8.83 0.70 17 10.41 9.81 0.60
8 9.82 9.16 0.66 18 9.58 8.79 0.79
9 10.40 9.87 0.53 19 9.76 9.16 0.60
10 9.53 8.80 0.73 20 9.58 8.78 0.80
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Name Occurrence | DATA_ZONE | RD_CNTCT DAC | RD_CNTCT PW RD CLR
HDO_25C.txt 0 0 156 111 11.47
HDO_25C.txt 1 0 156 111 11.47
HDO_25C.txt 2 0 156 111 11.47
HDO 25C.txt 3 0 154 109 11.38
HDO 25C.txt 4 0 154 109 11.38
HDO 25C.txt 5 0 156 111 11.47
HDO_25C.txt 6 0 154 109 11.38
HDO_25C.txt 7 0 154 109 11.38
HDO_25C.txt 8 0 154 109 11.38
HDO_25C.txt 9 0 154 109 11.38

v 1
“Viﬁ\1fl]'lﬂuUﬁ'lﬂTiﬂTﬂ'lmafJ‘lJ@\ﬂTﬂMuﬁﬂﬁ’Jﬂ

2%

N

X =

(11.47+11.47+11.47+11.38+11.38+11.47+11.38+11.38+11.38+11.38)/10 =11.416

v 1
ﬂﬁ\1fl]”lﬂui‘!ﬁ”lﬂﬁﬂTﬂ”llﬁfNL‘Uuiﬂ@Sg”lu

Z(X_ —X) =0.01944
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SD = =0.04648

Y 1
i ald 11aa o rsp

SD 0.04648
%RSD = — X100 =

X 11.416

X100 = 0.40711
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8 5.32 448 407 384 369 358 350 344 339 835 328 222 315 312 308 3.04 301 287 293
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28 423 337 208 274 259 247 230 232 227 222 215 207 190 185 180 1.85 1.80 1756 1.89
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Study 1n Head/Disk contact process with Readback
Signal under thermal control on variable temperature
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Abstract— the thermal flying-height control (TFC) is important
in hard disk drive (HDD). The finding Head/Disk contact was
used to set up working flying height (FH) by increasing heater
power (mW) to target write and read clearance. Amplitude ratio
(AR) and harmonic ratio equation (HR) were used to monitor the
dynamic flying height. In perpendicular recording of Head/Disk
contact process, pattern 2T (1%) and 6T (3™) were written on the
testing track after that read back to the signal. The amplitude
ratio was calculated by Wallace spacing loss equation to find
touch down clearance. The temperature in drive has effected to
FH on head. The head run in hot temperature has flying height
lower than in cold temperature in the same heater power.
Keywords— flying height (FH), Wallace spacing loss, amplitude
ratio, Head Disk contact process.

[. INTRODUCTION

The areal density of magnetic recoding system has steadily
since its birth in 1956. The proportional scaling of recording
bits was used to mmprove areal density. The head media
spacing (HMS) is important to determine the linear density of
magnetic recording system. In order to assure long term
reliability of head disk interface, the fly height (FH)
adjustment was invented by the thermal flying-height control
(TFC) technology. During read/write process, read/write
heads protrude to media and perform data read or write at
lower FH actuating by the head heater. Tn consequence, the
read/write heads return to the higher FH and may suffer from
the low FH which caused to HDI problems [1]. Although the
TFC technology significantly reduces the duration of low FH
operation, the control of head-disk spacing fluctuation at
thermally actuated lower FH is still the key conceming
parameter of this technology. Another difficulty due to the FH
was decreased in static FH variation such as radial position,
surrounding temperature, altitude, and fabrication and
assembly tolerances.

A previous study[2] treated vibration of a slider in near
contact by considering a friction force and focused on the
simplified one degree of freedom model of slider horizontal
vibration. The slider in near contact shown vibration in the
vertical and horizontal directions. The horizontal vibration
was described by friction force. The slider vibration motion
with intermittent contact. The vibration of the slider on
touchdown height was simulated in Fig.1.
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Fig. | Simulation one freedom model of touchdown behaviour.

The damping constant and spring constant were acquired
from the measurement of the resonance frequency on the
horizontal motion of a slider. The damping ratio of vibration
used LESER Dappler Vibrometer (LDV). In Fig.2 show slider
contact with vary friction force. All of figure show slider
vibration after touchdown process.
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Fig. 2 Slider vibration behaviours after slider short contact.

Normally finding Head/Disk contact process in drive level
used position error signal (PES), which definite as
demodulation read back signal generated from servo patterns
on disk [3]. The deviation in PES is depending on friction
force between head and media. At zero skew angles, the
contact force is directed parallel to slider/suspension no
sideway resulting in forces so Head stays ontrack. In this
work, the readback signal-based on 1% and 3" harmonic
amplitude method combined into harmonic ratio equation. It
was measured and observed to monitor the flying stability of
slider during heat activated head protrusion in variable
temperature environment.

II. EXPERIMENT SETUP

In this experiment fly height between head/disk contact
process is observed using amplitude ratio and harmonic ratio
methods. The code pattern 2T (1%) and 6T (3) were written
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on the testing track and then is the signal read back. Then the
Wallace spacing loss equation is used to find touch down
clearance [4-6]. In the AR method, amplitude only at
fundamental frequency is measured at two different spacing
and the spacing change Ad, is estimated as follows.

LA A A W
VO VO VO
,1:22 27z><r><RPM><//60
/ Sf
n & :27Z'(Ad)
v, A
Ad :rXRRMhl ﬁ
®s0xf |1

In the HR method, amplitudes at the fundamental frequency
f and it’s harmonic frequency e=+f) are measured at two
different spacing and the spacing change Adyy is estimated as
follows.

In the HR method, amplitudes at the fundamental frequency
f and it’s harmonic frequency (=3*f) are measured at two
different spacing, where as in the AR method only the
fundamental amplitudes are measured. However, the above

AR and HR delta spacing equations can be combined as
follows.

ny/
r x RPM / V3f,1
Y,
120x £ |V, /
V
/3f2
RrRPM |V,
By, = nd L2
Tooe0xf |V,

erPM V3f72
’ 60x f V3f,1
1
AdHR,f :E[3XMA.R,3f _AdAR,f]

The delta FH can be calculated by the delta voltage from the
amplitude ration signal. The signal was observed by Lecroy
wavepro 7300A 3GHz oscilloscope.

Fig 3 The FH signal on voltage amplitude.

In this test used the radius of media is 45mm at 7200 rpm
and velocity of disk is 33.9 m/s. FH measurement on skew
angle is zero due reduce head affect and make sure track
testing during on FH monitoring method. The temperature on
drive has varied to 257 and 50° C degree. During heater was
excited by TFH control, head would protrude out by thermal
increasing.

III. RESULTS AND DISCUSSION

In Fig.4, the data show FFT from FH signal. Fig. 4(A) is
show FFT signal on normal fly height. The median trace
shows difference FET between before and after head was
protruded by heater power. The top trace is delta on FFT and
observed trend to bottom trace which minimum value of the
delta (high peak FFT). The peak-to-peak on trend of delta in
normal fly height is range 0.4 dB to 1.2 dB at minimum delta
FFT. Fig. 4B) is show FFT signal on Head/Disk contact
process. The observation found FFT signal before/after is
significant difference on the trend of delta FFT value. The
peak-to-peak of trend show signal over 3dB on minimum
delta FFT.

(4)

Fig. 4 The FFT from FH signal (median trace of each graph) , the delta of
FFT (top trace of each graph) and peak-to-peak of trend delta FFT (bottom
trace of each graph) at (A) notmal fly height and (B) head/disk contact.
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InFig. 5 show the clearance drop with FH control compare
on 6T and 2T write pattern and clearance drop with harmonic
equation by AR method. The clearance drop is calculated by
delta amplitude voltage in Fig.3. In Fig. 5(A) is show Head
Disk contact process at temperature base 25°C and Fig, 5(B) is
50°C. The 2T pattern show clearance drop less than 6T at the
same heater power. When the power increases to a certain
value, 96 mW for temperature base 25°C and 92 mW for
temperature base 50°C. The slope of fly height increases and
peak-to-peak of minimum trend on delta FFT from Fig. 6 is
over 3dB.
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Fig 5 the clearance drop with FH control compare clearance on 6T,2T and
harmonic ratio equation at (A) temperature base 25°C and (B) 50°C
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Fig 6 the peak-to-peak value of delta FFT signal at (A) temperature base 25°C
and (B) 50°C

In Fig. 6 1s show high peak-to-peak similar heater power on
plot with clearance drop. At the point of slope change, the
PES signal show Head/Disk contact has occurred (PES signal
nearly the zero skew angle). The FH drop compare Head/Disk
contact with vary temperature base in Fig. 7, the temp base

25°C show contact point is 9.6 nm and 9.3 nm at 50°C. The
clearance difference in cold and hot temp 1s 0.3 nm.
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Fig 7 the clearance drop with FH control compare clearance on harmonic ratio
equation at temperature base 25°C and 50°C

From FH measurement both of heads 1 and 2 have same
flymg height with the heater protruding. The harmonic
equation show Head/Disk contact process of head 1 lower
than head 2 both of temperature base 25°C and 50°C in Fig 8.
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Fig. 8 The clearance drop of 2 heads with harmonic equation (A) temperature
base 25°C and (B) 50°C

All of temperature base in Fig. 9 show the peak-to-peak
trend are high value at contact point similar slope change in
Fig. 8. The head 1 show high peak-to-peak signal at contact
point. After we had continued protrude heater, the peak-to-
peak trend shown value drop at 25°C and 50°C. The head 2
show peak-to-peak drop at 50°C. The head 1 has much larger
FH modulation than head 2 because of the head 1 start to
contact the disk at lower heater power.
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Fig. 9 The peak-to-peak trend value of 2 heads by 6T and 2T at (A)
temperature base 25°C and (B) 50°C

For head slider design, the highest protrusion point under
heater excitation is close to the writer. When the head
protrude to contact the disk, the writer had contact disk first.
Due to the pitch angle of slider and position, there is still room
for the reader to further approach the disk under the increased
heater power.

IV. CONCLUSIONS

This work 1s show calculation fly height drop in harmonic
ratio equation by AR method for Head Disk contact process.
The Head Disk contact point can observe by peak-to-peak of
minimum delta FFT trend. It can protect touch down process
when the values above to baseline. The difference temperature
can change Head Disk contact, the hot temperature base show
heater power lower than cold temperature base. This 1s way of
using harmonic ration equation method is effective to compare

the flying height control at medium zone of the disk at vary
temperature in addition to PES method.
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