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Abstract—Recent developments in the tunneling giant magneto
resistive (TGMR) head technology incorporating an M@ barrier,
is currently the most promising candidate for replaing a GMR
head. The TGMR head whose junction utilizes an MgMarrier
yields a higher performance with a lower areal resitance (RA)
value. However, as the areal density increases,ettactual flying
clearance of the head above the media surface dugrread/write
operations is reduced to less than 10 nm. The hedk interaction
under such conditions results in a thermal responsevhich causes
a shift in the baseline of the readback signal anexhibits bi-polar
magneto-striction on opposing DC (positive and nedive)
backgrounds. This magneto-striction causes the theral response
to look different from the classical thermal respose that could
distort the readback signal to the extent of causima sector read
failure. In this paper, we investigate and charactrize the thermal
response induced by the head/disk interaction in é@TGMR head
with an MgO barrier that is currently used in perpendicular
magnetic recording systems.

Keywords— MgO Barrier; Perpendicular recording; TGMR
head; Thermal response.

I.  INTRODUCTION

Tunneling giant magneto-resistive (TGMR) sensorsshav
many advantages over the GMR sensors when implehest
a read element in a hard disk drive (HDD). Thebeaatages
include increasing an MR ratio [1], and reducin®RA (i.e.,

read head to be interacted and heated easily. hgas will
cause the resistive properties of the read headhsmge,
resulting in a thermal response (or, equivalenthermal
transient) in the readback signal. This thermgdoase affects the
performances of both recording and disk drive béligy. If
precautions are not carefully taken, the stringmwbrs in the
detected data caused by the thermal response eadily
exceed the correction capability of error correctiode (ECCs),
resulting in unrecoverable data. Therefore, teetial response
is a crucial problem in perpendicular recordingesyss.

With the current TGMR read head (using an MgO ba)yi
the thermal response no longer looks like the @akthermal
response proposed by Stugial. [4]. Thus, the characteristic
of the thermal response introduced by the curr&i¥iR head
is of importance, as studied in this paper.

.  CURRENTTGMR HEADSWITH MGO BARRIER

Currently, the TGMR head has been replaced the GMR
one because the TGMR head has a higher MR ratibe T
TGMR design implements the Current Perpendiculd?léme
(CPP) architecture in the read head. The CPPesnihst
significant deviation from the Current In Plane RCI
architecture implemented in the GMR head, as shiowig. 1.

The CPP architecture has many design advantageés tha
allow for high data recording density. By flowitige current
perpendicularly to the plane, the read element lmamade

RA = resistancex area) value [1] and head noise. Thesephysically smaller than that with CIP technologys the read

advantages allow for an increase in data storagacdy.

The head-disk clearance in disk drives is beingiced
continuously by current designs, in an effort tingarite/read
performance. Recently, drives are being built viigad-disk
clearance close to 10 nm. Furthermore, head-deskrance
can become even less with decreased ambient asuree
The reduction in head-disk clearance causes aredsed
sensitivity in the air bearing surface (ABS) altiey resulting
in variations in head flying characteristics. Tdfere, head-
disk interaction in real disk drive environmentgduently
occurs. As the amount of pole-tip protrusion iases, the
gap between the head and the disk surface narroitais,
HDDs become more susceptible to shock and vibratiging
manufacturing and normal operation [2, 3]. Theuidn in
an effective fly height could cause the media sigfand the

elements become smaller, the potential data rencgrdiénsity
increases. From Fig. 1 (d), the top to bottom entriflow

within the CPP element allows for the removal & ihsulator
gap. Not having an insulator gap makes the readheht
more sensitive and can be used in higher Bit peh I{BPI)

designs. Furthermore, CPP architecture allowsliedd to be
placed in direct contact with the TGMR element. e E&hield
will act as the upper and the lower terminals te trevice.
This layout prevents cross-talk with adjacent tsackhus
allowing an increased Track per Inch (TPI) densityn

addition, to prevent shorting around the sensaulators are
aligned under hard magnetic layers.

Futhermore, the TGMR heads are often made withdyarr
layers consisting of magnesium-oxitde (MgO). Tihireases
the performance of the tunneling magneto-resistamesor by
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Fig.1. The difference between GMR and TGMR headbded5].
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Fig. 2. Configuration of the TGMR head with an Mgé@rrier [1].

allowing increased amplitude when compared to cotiveal
spin valve devices. The inclusion of MgO within tharrier
layer also reduces the RA (resistancearea) value, thus
reducing head noise, while maintaining a high MRora
Practically, the MR ratio is defined a/R whereR is the
minimum resistance of the TGMR sensor dids the change
in resistance observed by changing the magnetie stathe
free layer. A higher MR ratio improves the readepeed.
Because of the smaller physical size and highesitbeity of
the TGMR head, high recording densities can beeaell. A
high performance TGMR sensor is fabricated by ipocating
a tunnel barrier consisting of a Mg/MgO/Mg configtion, as
shown in Fig. 2.
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Fig. 3. Experimental setup.

thick along with the upper Mg layer of 2 — 8 angsis thick

are deposited by a DC sputtering method [1]. Trelwiched

MgO layer is formed by a process of natural oxioiati
(NOX). The natural oxidation of an MgO layer iseth
preferred method of formation because it can pmwitbre

uniformity than the conventional sputtering method$he

natural oxidation process involves pressurizinggexy from

0.1 mTorr to 1 Torr (1 torr = 1 mm of Hg) and aliogy

exposure for 15 — 300 seconds. In practice, the NiG¥ and

pressure may be varied to optimize the MR ratio.

Ill.  EXPERIMENTAND DISCUSSION

This paper characterizes the behavior of the therma
response induced by head/disk interaction in thereat
TGMR head as a function of head/disk spacing, zmition,
temperature, and writing polarity. To achieve,thie performed
an experiment in the laboratory. We use the TGMBRdhwith
an MgO barrier whose structure is shown in Fige2duse it
has a high MR ratio and a low RA value. Additidpaive
also set parameters for this experiment as follows:

The interface is SATA , a drive capacity is 1500,G@GB
track density is 191 KTPI average, a maximum lingamsity
is 1293 KBPI, and the resistance of the head iscxqpately
300 Q. The rotational speed of the disk is 7200 RPM.e Th
magnetic spacing between the read gap of the heddhe
medium surface is controlled by adjusting the pade-
protrusion directly from a computer. This compuwdt send a
command via an USB Hyperport to a HDD as shownign 8.
The voltage of the drive was +5 volts. We measihe
readback signal from the RDx/y test points on thimted
circuit board (PCB) of the HDD with a differentigrobe
connected to an oscilloscope. The Servo Gate §8@)Read
Gate (RG) test points on the PCB are very important
indicate the exact reading location within the diskre. The
Servo Gate and Read Gate signals are monitoredhen t

The current TGMR stack technology is comprised of &scilloscope.

seed layer (Ta/Ru) in a bottom spin valve confijarg an
AFM layer (IrMn), a pined/symthetic antiferromagicg{SAF)
layer (CoFe/Ru/CoFeB), a barrier layer (Mg/MgO/Ma)free
layer (CoFe/NiFe), and a cap layer. All layers sgquentially
formed on a bottom shield in the read head [1].e TGEGMR
stack technology differs from the GMR stack techbggl in
the fact that the Cu layers have been replacedxlmedayers
within the barrier layer. The lower Mg layer of4.4 angstroms

By design, the flying clearance of the drive untlst is
close to 10 nm. W.ith this low clearance along witie
decreased clearance due to reduction in ambiergragsure,
head/disk interaction frequently happens in a nbrdisk
drive environment. To prove that ambient pressaffects
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Fig. 4. The flying clearance of different TGMR heass a function of ambient
air pressures.
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Fig. 5. The effect of the head/disk spacing, wh@ethe normal readback
signal, and (b) the corrupted readback signal chbgehe thermal response.

head/disk clearance, we perform an experiment ia th

laboratory. The ambient air pressure is graduadgrelased
from 800 to O torr, while measuring the clearandeth®
head/disk. The results of this experiment are shimwFig. 4.
It is clear that head/disk clearance is relatethéoambient air
pressure. Specifically, a lower ambient air pressesults in
a lower head/disk clearance. Furthermore, wherathkient
air pressure approximately reaches 100 torr fothel heads
tested, a strange head/disk interaction phenomisrairserved.

As a result, we can force the head/disk interadioaccur
in a real HDD by decreasing ambient air pressufeep in
mind that when the head/disk interaction happévesthiermal
response will suddenly occur in the readback sigral the
following subsections, we investigate how head/digkcing,
zone position, temperature, and writing polarityeetfs the
behavior of the thermal response resulting fromhbad/disk
interaction.

A. Evaluation of Head/Disk Spacing

In this experiment, the spacing between the readofishe
head and the medium surface is controlled by adgishe
pole-tip protrusion from a computer. We observée t
head/disk interaction phenomenon only when the -pple
protrusion of the TGMR head slaps the disk surfadée
result of the slap can be seen by a corruptionréfaelback
signal caused by thermal response. This implied the
thermal response causes corruption in the RDxfyasignd is
a function of head/disk spacing, as depicted in Fig

B. Evaluation of Zone Position
To study this, we adjust the read position of tVIR head
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Fig. 7. The effect of the temperature upon the shafpthe readback signal,
where (a) the readback signal corrupted by thentheresponse at cool
temperature (e.g., 0°% and (b) the readback signal corrupted by thentae
response at hot temperature (e.g., 8p C

from an OD (outer diameter) zone to MD (middle déden)
zone and ID (inner diameter) zone, and look atrdsalback
signal. We observed that although the zone pasitichanged,
the shape of the readback signal corrupted by hieemtal
response remains the same throughout the OD, MDIRand
zone positions. This implies that the corrupteddback
signal in terms of its amplitude and its time dimatis
independent of the zone position as illustrateBign 6.

C. Evaluation of Temperature

This experiment investigates how temperature afféloe
shape of the readback signal corrupted by a theresglonse
due to head/disk interaction in terms of its anjolé and its
time duration. This can be done by gradually aéjgsthe
ambient temperature fronfO to 55C. We found that even
though the temperature is varied, the shape ofctheupted
readback signal is still the same for all zone fms$. This
implies that the corrupted readback signal is aisependent
of temperature as shown in Fig. 7.

D. Evaluation of Writing Polarity

In this experiment, we study how the polarity ofrels
written on the medium surface affects to the ptjlaoif the
readback signal corrupted by the thermal responsko
achieve this, we write the positive and the negab\C erase
pattern on the medium. We observed although theripo of
signals written on the medium surface is changedositive
or negative, the corrupted readback signal stifl tiee same
polarity as depicted in Fig. 8. This implies thia¢ polarity
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Fig. 8. The effect of the writing polarity, whera) (the corrupted readback
signal with a positive DC erase pattern, and (b)dbrrupted readback signal
with a negative DC erase pattern.
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Fig. 9. Thermal response caused by the current T@GEHRI design with an
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Fig. 10. The readback signal caused by the clddsieemal response, where
the corrupted readback signal (a) before and (b} afgh-pass filtering [4].

of the corrupted readback signal is again indepetntte the
polarity of signals written on the medium surface.

E. Noteon Thermal Response Caused by TGMR Heads

The four experiments described above reveal that th

thermal response resulting from the current TGMRache
design with an MgO barrier can distort the readlsgkal and
causes a baseline shift of approximately 160 — B@8.
Furthermore, we also observed that the thermal oressp
occurred in all experiments exhibits a bi-polarpmsse on
opposing DC (positive and negative) backgroundsis Ts
primarily driven by magneto-striction [6] as degidtin Fig. 9.
The magneto-striction causes the thermal responseak
different from the classical thermal response desdr by
Stuppet al. [4], as shown in Fig. 10.

Typically, magneto-strictioin is a property of femagnetic
materials that change physically in response tanging its
magnetization. This effect was first identified 1842 by

James Joule [7] when observing a sample of nickat t
changed in length when it was magnetized. Thiscef€an
cause losses because of frictional heating in gtibbe
ferromagnetic cores. Because the mechanism of aetagn
striction is at an atomic level and is relativelymplex, this
paper will skip its details. For details about meaigstriction,
readers can find in [6].

IV. CONCLUSION

With the increases of areal recording density irdtdisk
drives, the current TGMR head design is currertly most
promising candidate. Specifically, the head plalsiddecomes
smaller, and the junction with an MgO barrier extsithigher
TGMR performance with a lower RA value. Howeves the
actual flying height is reduced, negative head/di¢&raction
in real disk drive environments frequently occured acan
distort the readback signal to the extent of causiossible
sector read failures. The head/disk interactioenpimenon
seen on the readback signal is known as a “therespbnse.”

Practically, the thermal response causes a shifthe
baseline of the readback signal and exhibits bapplagneto-
striction on opposing DC (positive and negativejkggounds.
This magneto-striction causes the thermal respaos®ok
different from the classical thermal response ohticed by the
MR sensors. Based on our experiments, we fountthiea

thermal response caused by the current TGMR head is

independent of head/disk spacing, zone positianpézature,
and writing polarity. This can, in turn, enable thevelopment
of new algorithms for detecting and correcting tthermal

response, which will improve the performance of tiwerent

hard disk drives.
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