DESCRI i‘T I 0 N CONTACT MAGNETI C RECORDI NG DI SK FILE WTH A
MAGNETORESI STI VE READ SENSOR Technical Field This invention relates to
magnetic recording rigid disk files (or drives), and in particular to such
di sk files: herein the magneti c recording transducer is in con tmqw%h t he
surface of the magnetic recording di sk durlng read and wite OEZ? ons.
Background of the Invention In conventional "air-bearing" rotatdf~rigid
disk files, each of the read/wite transducers (or heads) is supported on a
carrier (or slider) which rides on a cushion or bearing of air above the
surface of its associated-di'sk when the disk is rotating at its operating
speed. The slider is connected to a linear or rotary actuator by nmeans of a
relatively fragile suspension. There may he-a stack of disks in the disk
file with the actuator supporting a nunber of sliders. The actuator noves
the sliders generally radially so that each head may

DESCRIPTION

- CdNTACT MAGNETIC RECORDING DISK FILE WITH
A MAGNETORESISTIVE READ SENSOR

Technical Field

This invention relates to magnetic recording rigid disk files
(or drives), and in particular to such disk files wherein the
magnetic recording transducer is in contact with the surface
of the magﬁetic recording disk during read and write
operations. ’

Background of the Invention

In conventional "air-bearing" rotating rigid disk files{ each
of the read/write transducers (or heads) is supported on a
carrier (or slider) which rides on a cushion-of bearing of air
above the surface of its associated disk when thé disk is
rotating at its operating speed. The slider is connected to a
linear or rotary actuator by means of a relatively fragile
suspension. There may be a stack of disks in the disk file
with the actuator supporting a number of sliders. The actuator
moves the sliders generally radially so that each head may
access the recording area of its associated disk surface. 1In
these conventional disk files the slider is connected to a
suspension and is either biased towards the disk surface by a
small fcrce from the suspension or is "self-loaded" to the disk
by means 6f a "negative pressure" air-bearing surface. _The
slider is typically in contact with the disk surface only
during start and stop operations; i.e., from the time the disk
file is turned on until the disk reaches a speed sufficient to
cause the slider .to ride on the air-bearing, and again when- the
disk file is turned off and the rotational speed of the disk



access the recording area of its associated di sk surface. In these
conventional disk files the slider is connected to a suspension and is

ei ther Piased towards the disk surface by a snmall force fromthe suspension
or is "self-loaded" to the disk by neans of a "negative pressure"” '
air-bearing surface. The slider is typically in contact with the disk
surface only during start and stop operations; i.e., fromthe tinme the disk
file is turned on until the disk reaches a speed sufficient to cause the
slider to ride on the air-bearing, and again when the disk file is turned
off and the rotational speed of the disk The conventional head used for
reading and witing data on thin filmdisks in air-bearing disk files is a
dual function inductive read/wite head. Because such a head nust ‘be able
to both read and wite data, trade-offs mfsf be made in the design of the
‘head and di sk paraneters in order to optim ze both the read and wite data

signals in the disk drive. -In order to
The conventional head used for reading and writing data on thin

film disks in air-bearing disk files is a dual function
inductive read/write head. Because such a head must be able to
both read and write data, trade-offs must be made in the design
of the head and disk parameters in order to optimize both the
réad and write data signals in the disk drive. -In order to
overcome this disadvantage, magnetoresistive (MR) read sensors
(or heads), which generate a read signal as a result of a
change in electrical resistance caused by the magnetic fields
recorded on the disk, have been proposed to be used with
inductive write heads in air-bearing disk files. By way of
example, assignee's U.S. Patent 3,908,194 describes a -
"piggybéck“ thin £ilm head which combines an MR read head and
an inductive write head. The first commercial air-beéfing
rigid disk file with an MR read head and an inductive write
head was the IBM "Corsair" gisk drive available in 1991.

-

It has been known since the early days of magnetic recording
that "“contact" recording is desirable bhecause the amplitude of
the read signal from the disk decreases with increaéing
head-disk spacing. Thuas, iﬂ addition to the above-descr;bed
conventional air-bearing disk files, “contact" recording rigid
disk files have been prbposed..

In one type of contact recording, referred to as
"liquid-bearing" contact recording, the head-disk interface
includes a ligquid £film as a liquid bearing between the
transducer carrier and the disk. There are several references
which describe different types of liquid—bearing disk files.

In assignee's U.S. Patent 2,969,435, a sled-type transducer
carrier with a large flat surface rides on a layetr of oil on
the disk, the oil being supplied from an oil reser%oirfexternal
to the disk file and discharged from a nozzle located ahead of
the carrier. Other examples of liquid-bearing contact



overcone this disadvantage, magnetoresistive (MR) read sensors (or heads),
whi ch generate a read signal as a result of a change in electrica

resi stance caused by the magnetic fields recorded on the di sk, have been
proposed to be used with inductive wite heads in air-bearing disk files.
By way of exanple, assignee's U S. Patent 3,908, 194 describes a "pi ggyback"
thin filmhead which conbi nes an MR read head and an inductive wite head.
The first commercial air-bearing rigid disk file with an MR read head and
an inductive wite head was the IBM "Corsair" disk drive available in 1991.
It has been known since the early days of magnetic recording that "contact"
recording is desirable because the anplitude of the read signal fromthe

di sk decreases with increasing head-di sk spacing. Thus, in additi-on to the
above-descri bed conventional air-bearing3drsk files, "contact" recording
rigid disk files have been proposed. In one type of contact recording,
referred to as "liquid-bearing" contact recording, the head-disk interface

includes a |ifggbdofidn@ as 8.4 Gardnbesioongdst werdy t Becember 20, 1989.
In fhese types of liquid-bearing disk files a liquid is
continuously recirculated throughout the disk file to maintain
a relatively thick liquid £ilm on the disk, and the head

- carrier has a blurality of pads which plow through the liquid
film as the disk rotates. More recently, in assignee's
copending application U.S. Serial No. 07/724,646, a
liquid-bearing disk file has been described wherein a
relatively thin lubricant film is maintained on the disk and a
transducer carrier, having specially adapted pads or “ski
feet”, rides on the surface of the liguid film as the disk
rotates. When the disk file reaches operating speed, the
forward portion of the transducer carrier is raised above the
liquid film due to-an airrbearing effect, while the rear pad
or ski foot rides on the surface of the liquid film.

In another type of contact recording, referred to as "dry"
contact recording, the disk file uses an integrated
head-~suspension which makes physica%_contact with the disk
surface during read and write operations. In this type of
head-suspension, as described for example in U.S. Patent
5,041,932, a portion of the head wears away due to frictional
contact with the disk over the life of the disk file. Another
type of "dry" contact recording disk file, as described in
assignee's U.S. Patent 4,819,091 utilizes a wear-resistant
single crystal head carrier which is maintained in contact with
the disk by means of an attractive force genérated by the
frictional contact between the carrier and the rotating disk.
While these types of contact recording disk files are referred
to as "dry", it is possible to also utilize a thin liguid
lubricant film on the disk, even though this film may not
function as a liquid bearing in the same manner as for °
liquid-bearing contact recording disk files.



transducer carrier and the disk. There are several references which
describe different types of liquid-bearing disk files. In assignee's U S
Pat ent 2, 969; 435, a sled-type transducer carrier with a large flat surface
rides on a | ayet TbisShnedHasBeanRplﬁhe&k the oil being supplied froman oil

reservoir external l il e and di schargpd-+froma nozzl e | ocated
ahead of the carri |l es of 1iquid- bFHﬂlBr@HEm‘nHA‘StBE N3
e pLAGHD.

-367510, and in U. a , 368, filed December 1t hese
types of liquid- bearl ng di sk files a ltgutd is comti Iluuuo! y—+ecirdgul at ed

t hroughout the disk file to naintain a relatively thick liquid filmon the
di sk, and the head carrier has a plurality of pads which plow through the
liquid film agighid digk andairedecdlde thedshtll yoarrieastdygpeeisdayiagdi ng
application Ugg S?x"f@.ly Sber Qhk7dfsib40reaed. | GbwrRRAIdANT £dbShufddseshas

been descri bEd r%rrésen‘l: invention, the term "contact" recording in rigld

disk files shall include these types of "near contact"
recording as well.

None of the proposed contact recording techniques contemplate
the use of an MR read.sénsor, or suggest any means to
incorporate an MR read se€nsor, and its associated benefits,
into a disk file which has a head carrier maintained in contact
with the disk during read and write operations. Thus what is
needed is a contact recording disk file which utilizes an MR
read sensor.

Summary of the Invention

The invention is a tontact magnetic recérding disk file which
utilizes a magnetoresistive (MR) read sensor. In a preferred '
embodiment, the disk file is of the liquid-bearing type of
contact recording with the MR sensor supported on the trailing
end of a carrier which rides on the liquid bearing.

It was discovered that due to the extremely close head-disk
spacing in contact recording disk files, the "waviness" of the
disk substrate induces a baseline signal modulation on the
signal output from the MR sensor.‘ This modulation has been
determined to be due to cooling of the temperature-sensitive
and temperature-elevated MR sensor by the disk, with the
temperature ﬁariation being directly related to the variation
in head-disk spacing caused by the disk waviness.

The performance of the disk file of the present invention may
be improved by assuring that the effect of this baséline
Signal modulation is minimized. A filter may be incorporated
into the read signal processing -circultry to eliminate the
modulation, the MR sensor may be designed by appropriate
Selection of certain parameters in order to minimize the effect



relatively thin lubricant filmis maintained on the disk and a transducer
carrier, having specially adapted pads or "ski feet", rides on the surface
of the; I|qU|d filmas the disk rotates. Wien the disk file reaches
operatlng speed, THieSHEQ m@gegn Qrtlon of the transducer carrier is rai sed

above the |iquid f| 254 r bear i ng eff EEgar pad or
ski foot rides on éﬂ the liquid fil THHﬁ [ pe jof
contact recordi ng, "dry™ ¥ontact }ecor RERY igk file

uses an integrated head suspensi on whi ch makes physical cont act with the

di sk surface during read and wite operations. In this type of

head- suspenspb6ri¥R ®endes csadidagfl causedahypl the gliéseSheRindisk Sp@dingd32r a
portion of tRRe handadeassd aWaYhdUearir@et It ber@elsigﬁéaafot bei hded he di sk over

the life of the a@dilief&:{@h AQ%PE{T’%_}/‘BE%?} fgo‘gé‘,}q] gkecording di sk

file, as desCrID I'n assignee’s utrlizes a
wear -resi stant single crystal head carri er V\/m ch I's mai ntai ned in contact
wi th the di skobya fedher oinderssanding pfetlicomgbuyse apd aadvanbpgeh eoff thet i onal

contact betwgggsdrie €avéntdlondNdefdi@nkal sMduld Be Hade to the following
detailed description taken in conjunction with the-
accompanying drawings..

Brief Description of the Drawing

Fig. 1 is a view in section of a schematic of the
liquid-bearing contact recording disk file of the
present invention;

Fig. 2 is an open top view of the disk file deplcted
schematically in Fig. 1;

i

Fig. 3 is a side view of the head carrier on the disk

showing the disk in section to depict the liquid
film; '
Fig. 4 is a plan view of the bottom or disk side of the head

carrier shown in Fig. 3;

Fig. 5 is an enlarged sectional view of a portion of the-end
of the head carrier and the disk illustrating the
liquid bearing head-disk interface;

Fig. 6 is a sectional view of an integrated head-suspension
and the disk in the dry contact recording embodiment
of the present invention;

Fig. 7 is a graph of read signal voltage as-a function of
time from the MR sensor wihile the head carrier is in
contact with the rotating disk;



Whi |l e these types of contact recording disk files are referred to as "dry",
it is possible to also utilize a thin liquid lubricant filmon the disk,
even though this filmmy not function as a liquid bearing in the same
manner as for |iquid-bearing contact recording disk files. -4 - liquid
filmand/or because the head carrier may periodically skip or fly over the
di sk surface. Nevertheless, for purposes of the present invention, the
term "contact"” recording in rigid disk. files shall include these types of
"near contact" recording as well. ‘None of6tthe proposed contact recording
techni ques contenpl ate the use of an MR-read sensor, or suggest any neans -
to incorporate an MR read sensor, and its associ ated benefits, into a disk
file which hawsig.head dartherheadrdisk Aatetfaceostiaat imi Xiy.t Bemskisddedur i ng

read and write operati@gSs)ikfy¢sabbak,aksnfedediis a@sk UAake! €COrdi ng di sk
file which utilizes an MR read sensor. Sunmary of the Invention It is an

obj ect of the present invention to aneliorate one or nore di sadvant ages of
Fig. 9 is a graph of temperature of the MR sensor above

ambient as a function of bias current;

Fig. io is a block diagram of the read detection circuit
including a filter to remove baseline signal
modulation from the MR sensor signal;

Fig. 11 is an actual baseline MR sensor signal from a DC
erased track and is the baseline modulation caused
by waviness of the disk;

Fig. 12 is the MR sensor magnetic signal envelope from a
track recorded at 13.5 MHz and superimposed on the
baseline signal of Fig. 11; ’

Fig. 13 is a representation of a head carrier contact pad on
a disk having a particular waviness; and

Fig. 14 is a representation of the head-disk spacing when the
contact pad length is reduced for the disk

represented in Fig. 13.

Description of the Preferred Embodiments

Referring first to Fig. 1, there is illustrated in sectional
view a schematic of the liquid-bearing contact recording
embodiment of the disk file of the present invention. The
disk file comprises a base 10 to which are secured a disk
drive motor 12 and an actuator 14, and a cover 11. The base 10
and cover 11 provide a substantially sealed housing for the
disk_driVe. Typically there is a gasket 13 located between
base 10 and cover 1l and a small.breather port {not shown) for
equalizing pressure between the interior of the disk file and
the outside environment. This type of disk file is described



the prior art. According to one aspect of the present invention there is
provided a data recording disk file conprising: a rigid magnetic recording
di sk for the storage of data; neans connected to the disk for rotating the
di'sk; a magnetoresistive head for-generating a signal in response to data
magnetically recorded on the disk, the magnetoresistive head being at a
tenperature higher than the tenperature of the disk; a carrier supporting
t he magnetoresi stive head; and in contact Wi-th the di sk during readi-ng of
the data by the magnetoresistive head, the tenperature of the

magnet oresi stive head and therewith its electrical resistance varying in

response to Vaééaééﬂﬁsshﬁs%ghﬁl hel1eersilnke FRORSEPE Sndty \i§ fead and the
| ower - tenperat yre, |dsk ﬁéla’gg}. r”'? .rg%\atheo%s%éh thg_hcarr.l er < Lact;
A

means for proce33|%£ éi;a B SPEET V8 e S|gna
recei ved by t h&OFF é‘é-§| 3 grhaﬁPPﬁgn%zE’él i‘-?\‘?rﬁ‘ﬁau‘l:%mﬁ%‘t‘?“% a®esult of

sai d el ectri cahagmsiist arcerdiagi disloriéols tnvanbed et orebulstlidyewhieel ;isneans
for mnim zi ngasgdshpeeli AR atROH! B dRive 3RECLERNS SRANEGEHKEd6t Oiddlaqgearri er
fgt movi ng the C@h {4 Efrll ”90 oprR &ie&j ltqg:.gfcea;[n%rﬁlc%t | Vemg'%&gi%g&ogé t&ge di Sk
surface of disk 16 as a liquid bearing. A transducer carrier
20 supports the MR read/inductive write head 42. The carrier
20 is connected to the actuator 14 by means of a rlgld arm 22
and a suspens;on 24, the suspension 24 providlng a biasing
force which urges the transducer carrier 20 onto the liquid
bearing 50 on the recording disk 16. During operation of the
disk file the drive motor 12 rotates the disk 16 at a constant '
speed, and the actuator 14, which is typically a linear or
rotary voice coil motor (VCM), moves the transducer carrier 20
generally radially across the surface of the disk 16 so that
the head may access different data tracks on disk 16.
Fig. 2 illustrates a top view of the interior of the disk file
with the cover 11 removed, and shows in better detail the
suspension 24 which provides a force to the carrier 20 to urge
it into contact with the lubricant £ilm 50 of disk 16. The
suspension may be a conventional type of suspension such as
that used in magnetic disk files which have an air-bearing
slider. An example is the well-known Watrous suspension, as
described in assignee's U.S. Patent 4,167,765. This type of
-suspension also provides a gimballed attachmént of the
transducer carrier which allows the carrier to pitch and
roll as it rides on the liquid lubricant film. '

Fig. 3 illustrates a side view of the transducer carrier 20 and
a sectional view of the disk 16 in the liquid bearing'contact.
recording embodiment of the present invention. The carrier 20
has a contact pad in the form of ski foot 40 near its rear
end, and the MR read/inductive write head 42 located on its
trailing edge 44. The ski foot 40 is generally in contact with
a liquid film 50 of disk 16 and is urged_into;contact during



Accordi ng to anot her aspect of the present invention there is provided a
magneti c recordi ng disk drive conprising: a rigid magnetic recordi ng di sk
havi ng & surface wavi ness; a notor connected to the disk for rotating the
di sk; a magnetoresistive read sensor for sensing nmagnetically recorded data
fromthe disk and for generating a signal, the read sensor being heated by
an electrical current; a carrier supporting the read sensor and i.n contact
with the disk during the sensing of datag8y the read sensor, the spacing
bet ween the read sensor and the surface of the disk varying as the disk
rotates, due to the surface waviness of the disk; an actuator connected to

:Ee Carir]I ier fogadmys asiw%p@gtﬁi&{s g8 NeleAll ¥s rﬁﬂ'l’:@'édbp@@éﬁsﬁy rtfaE di sk so

e read sens a | ent_reqi on an_ the_ di sk ans
coupled to thg&r'%dsg%%gr Sggrr1 %‘océ‘gsﬁ% gf%re&fgi g‘%facfer (%%n %%%r?"e'%l%e sensor,
the signal fr&%fe Ireat ehedreasrdrtidkhdoaciiSe Fin Enongurad ittn fividuced by
t he vari ati onwhileshei nepthekietoptt U@ hizlesedn riaddisantsdilani t he surface of
the di sk; neagfed Whel 8U4IE118018 absak DAY GRJ 1 Ba S rBeidRAULBEEDON; and nmeans
for supporting the notor and actuator. According to still another aspect of
the present invention there is provided a data recording disk file S
conpri sing: rFRF ParEgRe?T ALk A THIUSF A0 dRelLiustageedingEis: 4 he disk
havi ng a surf @be fyantnebs bereing suohaet 28dincludee alipglirfof pastsabn@7 he

di sk; a magneiRi@sisskiye Heatde fQr-geaeimy ebflect $bNMHe bRArFrASPERSRL L O data

magnetically Lg ,Ora%eﬂe att?hg gé%:l% t{né‘eca'ﬁ%‘ﬁto%r €8s Sidp¥EL5a kG 59 at a
t enperature hlg er t ant,e? erature
when the disk is not rotating at its operational speed. The

surfaces and pads of carrier 20, as shown in Fig. 4, are formed
by conventional air-bearing slider fabrication techniques, such
as machining, . reactive ion etching, and ion milling.

Referfing now to Fig. 5, a sectional view illustrates a portion
of disk 16 with lubricant £ilm 50 and an enlarged portion of
carrier 20 with the MR read/inductive write head 42 formed as
a thin film head on the trailing edge 44. Both the MR read
sensor 60 and the inductive write head 62 are formed as thin
films on the rear or trailing edge 44 of the carrier 20, which
serves as the substrate for the deposition of the films. The
MR r=ad sensor 60 has an end 61 and is located between
spaced-apart shields 62, 63. MR sensor 60 is often referred to
as a "stripe" of magnetoresistive material having a thickness t
{in the direction parallel to the disk surface) and a height h
(in the direction perpendicular to the disk surface). The
inductive write head 70 has a coil 73 (shown in section) and a
recording.gap 75. The recording gap 75 is defined by two pole
tips, one of which is pole tip 76 and the other. of which also
serves as MR shield 63. Both the end 61 of MR read sensor 60
and the gap 75 of inductive write head 70 are oriented toward
the surface of disk 16 for reading and writing data and are
recessed from the end of ski foot 40. The end of the ski foot
40 and the end 61 of MR sensor 60 are typically in contact. with
the lubricant film 50 on disk 16 during read and write
operations. Because the inductive head 70 is not required to



of the disk; a carrier supporting the magnetoresistive head and i n contact
with the disk during reading of the data by the nagnetoresistive head, the
portion+of the carrier in contact with the disk having a length | ess than
the period of the surface waviness of the disk to mnimze variation in
spaci ng between the magnetoresistive head and the surface of the

| ower -tenperature disk as the disk rotatges, whereby variation in the
tenperature and therewith the electrical resistance of the nagnetoresistive
head is minimzed; means for processing the signal fromthe

baseli ne modtia (AE8cratdiach M0%nd BEFAIE Mivar 8¢ ICTP, ks HaTag " °
vari ation, ofal &&soPhiRiisfey weitdest of the anplitude of the magnetic

signal sensed by the magnetoresistive head as a result of said spacing
varitatiton_ ?ﬁﬁfﬁaﬂféﬁb@é&ﬁx ky g, lgngkd {igg:atci&teﬁeé&iﬁ%moﬁiﬁlbel@%&ri ert ihn
contact w - di sk:_an ns nn Q e rrier for novin e
carrier and Eﬁ%g%%tggnﬁ%ﬁg%ﬁggﬁ%1§$r¢§%ﬁ§aaf 5?%s%£} %?ddf%k.limcord?ng to
still anot hePregasses HRtq e dgtesapadbiffeAtot PHefNad PFOSEIRIAJa magneti c
recordi ng di sicahityg tonld dnbggratedi girduitgeidpi 80 rizcatddngn ik 2Ravi ng a
surface wavi fgsship 99t QfpicRN@Ciedubdys bhe-sipik el it 1ot ahdnecidie disk; a
magnet or esi st] ve . . A

signal processing circuitry using conventional techniques such

as that described in assignee‘'s U.S.- Patents 4,706,138 and

4,786,993. The signals from the MR sensor travel via cable 32

to chip 30, which sends its output signals via cable 34.

Fig. 6 illustrates a side sectional view of an integrated
head-suspension 80 and a sectional view of the disk 16 in a
"dry? contact recording embodiment of the present invention.
The integrated head-suspension 80 serves the function of both
the suspension 24'and the carrier 20 in the liguid bearing
embodiment of Fig. 3. 1In contrast, however, the.transducer, f
shown as an inductive write head, with pole piece 82, coil 84,
and MR read sensor 86, is embedded within the integrated
head-suspension 80. The head-suspension 80 has a wear pad 88
which makes contact with the surface of disk 16 during read and
write operations and slowly wears away during the life of the
disk file. The suspension portion of the integrated
head-suspension 80 is attached to the actuator with a slight
pre-stressed bend so that a force is maintaihed on the head
portion to urge the wear pad 88 generally into contact with
disk 16 and to maintain it generally in contact during read and
write operations. The disk 16 may include a thin film of
lubricant on its surface for contact by wear pad 88 to minimize
wear of the contact pad and the disk. l

The liquid-bearing contact recording disk file represented in
Figs. 1-5 was tested using a 2-1/2" thin film disk 16 having a
cobalt-platinum-chromium magnetic layer and a 150 Angstréms
thick protective carbon overcoat. A conventional



read sensor for sensing nmagnetically recorded data fromthe disk, the read
sensor being heated by an electrical current; a carrier supporting the read
sensor and in contact with the disk during the sensing of data by the read
sensor, the portion of the carrier in contact with the disk having a | ength
| ess than the period of the surface waviness of the disk, whereby variation
in spaci ng between the heated read sensqr. and the surface of. the disk as
the disk rotates is reduced; an actuator connected to the carrier for
novi ng the carrier generally radially across the disk so the read sensor
may access different %IOHS of data on the disk; neans cougled to the read

sensor for prﬁ‘i&%‘é‘?‘ﬁﬁ"’tl gEReT JuPricadih { PRMnuB Brand SR} Wash&PRHLPRIDYF r om t he
read sensor dpping rionifpmk HYesdbigmid dodl 50t tona mhdgkmsbyofvari ation in
spaci ng bet wegbrbhndteaies2 raeto6ms oh anyl chbbors bkoesatnf the disk as a
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of the carrier neans g the notor

and act uat or °°BP’F%‘?195€§CF?$t“P&|JI16$ WHta "Dr‘%f\ﬁ\bﬂ@ gKigpaq 4G EQ’&F%‘H’}% section
of a schenut ifxounf thdearrier drddyarprrpxinatelyt 1§ ¥ dndstpndi.skThe |lwadf t he
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di sk showi ng the di s a
pl an vi ew of HRefHTt CSnTdFh 78R (T4 8‘!") 1498 ReLRFiERr HeTs G\Hgﬁ%uﬁl g. 3;

to approximately 3-4 m/sec. From that velocity up to
approximately 10 m/sec. the pad 40 was generally in contact
with the liquid film on the disk.

The readback signal from MR sensor 60 was measured during
dperapion of the disk file. A significant fluctuation in the

. baseline of the output signal from MR sensor 60 was observed.

" This fluctuation or baseline modulation of the MR readback
signal was found to be synchronous with disk rotation. The
baseline modulation signal was additive to the magnetic signal,
but was not magnetic in origin. It could no£ be erased with
the inductive write head 70, and was also found to exist on
non-magnetic disks. The amplitude of this baseline modulation
signal was found to be as high as one half of the magnetic

. signal on disks with a nominal bias current applied to the MR
sensor 60. This unexpected baseline signal modulation can
contribute to errors in the readback signal, which can render
an MR sensor unusable in a contact recording disk file.

A typical baseline modulation signal.from the MR sensor 60 is
shown in Fig. 7. This signal was obtained with a conventional
MR sensor on the carrier on a disk rotating at a speed which
generated a local disk velocity beneath the carrié} 20 of
approximately 9 m/sec. A bias current, I, of 12 mA was
applied to the MR sensor which had a characteristic temperature
coefficient of resistance, referred to as f, of 0.23%/°C. The
maximum peak-to-peak amplitude of the baseline signal, AV(p-p).
was approximately 230 micro-volts. This baseline signal shown



- 5B - Fig. 5is an enlarged sectional view of a portion of the end of the
head carrier and the disk illustrating the liquid bearing head-di sk

interfaece; Fi*g. 6 is a sectional view of an integrated head-suspensi on and
the disk in the dry contact recordi ng enbodi nent of the present invention;
Fig. 7 is a graph of read signal voltage as a function of tinme fromthe M

sensor while the head carrier is in contaet with the rotating disk; -6
Fig. 8 is the head-disk interface shown in Fig. 5 nodified to illustrate
wavi ness of the disk surface; Fig. 9 is a graph of tenperature of the M

sensor aboven iy .ent réSedt ddRALALL QA wiRRab FeSBlut fdnd oz 1Pne dsSi@ bl ock
di agram of &Qg Jf%%%ldgﬁégé'c gn&é %HE%.the head was moved to another
radial positibn on the disk, but the new signal was again
synchronous with disk rotation. The signal also reversed

polarity with a reversal of bias current to the MR sensor.

The méchanism discovered to be responsible for -:t:he baseline
modulation can be expiained with reference to. Fig. 8. The
surface of disk 16 is not perfectly smooth, but has a residual
waviness. This waviness has a range of amplitudes and_
wavelengths, with the average amplitude and wavelength h_eing
represented by AX and L, respectively. " The MR sensor 60 rides
over this waviness at an averdge spacing X,. The rear pad 40
is designed to cause the average mechanical spacing X, to be
about 100 Angstroms. The disk 16 is at essentially the
constént ambient temperature T,. The MR sensor 60, however, is
at a temperature T,, which is greater than T, because of ‘Joule
heating caused by the constant bias current I. T, is
determined by the I?R power dissipated in the MR sensor 60 and
by the thermal conductance from the MR sensor 60 to its
surroundings, according to the following:

I2R I%R(G, - G,)

-T = -~
s [ (Go o+ Gl) Gg (1)

where R is the resistance of MR sensor 60, G, is the thermal
conductance from MR sensor 60 to the carrier 20, G, is the
thermal conductance from MR sensor 60 to disk 16, and G, is
typically much smaller than G,. Most of the heat is conducted
away from MR sénsor 60 internally to the body of carrier 20.
However, if the spacing between the MR sensor 60 and disk 16 is
small, as in contact recording, some heat will be -tonducted to
the disk through the gap X, separating the MR sensor 60 and
disk 16. Thus, the MR sensor 60 is cooled by the disk when the
head-to~disk spacing is small.

The degree of this cooling depends on T, - T, and the thermal
conductance G, between the MR sensor 60 and disk 16. Fig. 9



i ncluding a
signal; Fig.
track and is<the baseline nodul ati on caused by wavi ness of the disk; Fig.

12

is the

filter to renove baseline signal nodul ation fromthe MR sensor

11 Is an actual baseline MR sensor signal froma DC e

MR sensor magnetic signal envel ope froma track recorded

13.5 MHz and superinposed on the baseline signal of Fig. 11; Fig. 13
representation of a head carrier contacf, pad on a disk having a part

wavi ness;

and Fig. 14 is a representation of the head-di sk spacing

the contact pad length is reduced for the disk represented in Fig. 1
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actuator 14,; AR¢deamt AREold ltemptBEtLASGndR the carrier is riding at a

head-disk spacing of approximately 100 Angstroms. Note that at
a bias current of 12 mA, the MR sensor is about 10°C lower when
the carrier is riding on the liquid film. The close proximity
of the disk 16 to the MR sensor 60 in contact recording has
cooled the MR sensor in this experimental example from 44°C
above ambient to 34°C above ambient. As a result of the
above-described experimental results, the observed baseline
signal modulation of Fig. 7 can be described in terms of this
cooling effect. The disk waviness shown in Fig. 8 modulates
the thermal conductance G, between the MR sensor 60 and disk
16. This in turn modulates the degree of cooling and hence the
MR sensor temperature. The fluctuations in MR sensor
temperature result in corresponding fluctuations in reéistance,
and this gives r%se to the baseline modulation signal at
constant bias current of the MR sensor.

In order to optimize ihe performance of an MR sensor if such a
sensor is to be used in a contact recording disk file, it-is
thus necessary to develop techniques to remove or minimize
this unexpected baseline signal modulation. Referring now to
Fig. 10, there is illustrated a read channel for use with the
present invention. The conventional commercially available
components making up the read channel connected to MR sensor
60- include a preamplifier 100 included as part of a
conventional write driver and'preamp chip, which is typically
located on the actuator arm (see chip 30 in Fig. 1), an
equalizer/fiiter 102, auntomatic gain control (AéC)Jcircuitry
104, and one of three processing signal channel eiemenps. The
three processing signal channel elements which may receive the
output of equalizer/filter 102 include a peak detect channel
105, a partial-response maximum-likelihood (PRML) channel 106,
or a partial-response digital filter (PRDF) channel 107.



and cover 11 provide a substantially seal ed housing for the disk drive.
Typically there is a gasket 13 | ocated between base 10 and cover 11 and a
smal | - hreat her port (not shown) for equalizing pressure between the
interior of the disk file and the outside environnment. This type of disk
file is described as being substantially sealed since the drive notor 12
is located entirely within the-housingsand there is no external forced air
supply for cooling the interior conponents. A magnetic recording disk 16 is
mounted on a hub 18, which is attachéd for rotation by drive notor 12. The
di sk 16 ing¢l udes, a thln f Uld u | cant |ch nalntalned on

|
the surfac O?r Pk TE % FI‘.3(gl’| d"hﬁe% iR, © ‘Flgﬁ‘ﬂ% UHi&sF (15 Toer
supports t FBOWR fogad/ |?Pcﬁ§’@t1| %‘“Wrﬁ DE ¢raggdavrackhe B ildr tE’(‘F i s connect ed
to the actdalustrbdebythednasedina siggall aodul2timndcausadsgehsiwby?4, the

suspensi Onw%ir%é},Vb@"E‘lgeQanaéﬁﬁ&rEQéce B Gieght08s Idreahpafsidicer carrier
20 onto th?obl lﬁm the same track recorded with a 13.5 MHz signal is
shown in Fig. 12. Fig. 12 thus illustrates the effect of the
baseline signal modulation on the magnetic readback signal
envelope. The high f:equency components and additive nature of
the resultant Signal envelope shown in Fig. 12 are not
correctable by AGC circuitry 104 in a conventional recording -
channel. As shown by Figs. 11 and 12 the thermally induced
baseline signal modulation imposes a significant amplitude
excursion in the readback signal of up to 50% or greater. If
left uncorrected this signal envelope would greatly reduce the
noise margin available for signal detection available to the
channél processing circuits 105, 106 or 107, resulting in high
error rates of the readback signal. It has been determined
experimentally that if the maximum baseline signal amplitude is
less than about 20% of the amplitude of the magnetic readback
signal, the output from the read channel is acceptable,
although errors due to noise may be somewhat higher. However,
if the ratio of the maximum or peak baseline signal amplitude
to the amplitude of the magnetic readback signal is greater
than about 0.2, then something must be doné to remove or
minimize the baseline signal modulation. The fact that the
baseline signal modulation is additive to the readback signal
allows the modulation signal to be removed by appropriate
filtering. Referring again to Fig. 10, a high pass (H-P)
single pole filter 108 and buffer amplifier 110 are included in
the recording channel between AGC 104 and equalizer/filter 102
as a baseline modulation corrector. In the experimental
results described, the baseline modulation signal has frequency
'components of 200 KHz and lower, with the major signal envelope
excursions occurring at frequencies below 100 HHz. A single
pole high pass filter 108 with an optimally chosen corner
frequency effectively removes the detrimental effects caused by
the signal. Buffer amplifier 110 is needed for impedance



bearing 50 on the recording disk 16. During operation of the disk file the
drive notor 12 rotates the disk 16 at a constant speed, and the actuator

14, which is.typically a linear or rotary voice coil notor (VCM, noves the
transducer carrier 20 generally radially across the surface of the disk 16
so that the head may access different data tracks on disk 16. Fig. 2
illustrates a top view of the interior of the disk file wth the .cover 11
renoved, and shows in better detail the Buspension 24 which provides a
force to the carrier 20 to urge it into contact with the lubricant film50
of disk 16. The suspension may be a conventional type of suspension such as

that used in mR@RehfCarli T Ebm@msuleCib1246 AlkedtiorD@8Es Nik Thedgrr An
exanpl e is th?j.f\l@lrl éﬂfé‘.ow‘l'hg\aéfﬂé§i UEHE 142 Qi ndn Clﬁé%b?f%e'fﬁ.leaééﬂ e S

U S. Patent 4,167,765. This type of suspension also provi a_gl noal | ed
attachment of 14 e HRaR,eapeainantal THUARS AMOAEDTE BROY (FBF LPYR% ch and

roll as it rivdocdhytdfe theqdisk [nebatiemnttof themhepil pnd3the Ivayingsesfa si de
view of the tfi@naduRer Far thelexpRrabéhtalsastd @eatribeaVardved,héndi sk 16 in

the liquid be@HEnQQ EfEHd@EEy was determined to be approximately 150 KHz
which results in removing amplitude excursions of approximately
10% or higher. '

While the elements shown in Fig. 10 are illustrated as discrete
commercially available modules for a recording channel, it is
possible to integrate all the functions performed by elements
104, 108; 110, 102, and one of the processing signal channel
options 105, 106, or 107 into a single chip. WNo current
commercial channel chip incorporates a programmable H~P filter.
The programmability of the corner frequency of the H-P filter
is necessary for optimal removal of the baseline signal for
various combinations of disks and disk drive rotational speeds.
Such an integrated chip can be customarily built by mixed
signal integrated circuit suppliers such as Analog Deviées,
VTC, Cirrus Logic or Plessey, for example.

As illustrated in Fig. 9, because the baseline signal
modulation is a function of the difference between the
temperature of the MR sensor and the ambient disk temperature,
T, - T,, it may also be possible to substantially minimize the
effect of the unwanted signal by appropriate design of the MR
sensor. This can be understood by reference to Eg. (1) above.

The thermal conductance G, from MR sensor 60 to the carrier 20
can be estimated as follows: o

G, = Kyys * W * h/g (2)

where K, is the thermal conductivity of the insulator material
in the gap region between MR sensor 60 and the adjacent shields
62,63 (Fig. 8); g is the gap width between MR sensor 60 and

shields 62, 63; w is the track width; and h is the heiéht of MR



recordi ng enbodi nent of the present invention. The carrier 20 has a contact
pad in the formof ski foot 40 near its rear end, and the MR read/i nductive
wite head 42 located on its trailing edge 44. The ski foot 40 is generally
in contact with a liquid film50 of disk 16 and is urged into contact
during 8 read or wite operations by the bias force supplied by the
attached suspension 24. An air-bearing,surface 23 is provided at .the front
end of carrier 20 to cause the front end to fly while the rear ski foot 40
rides on lubricant film50 when the disk 16 is rotating at its operational
speed. The botton1§r disktgide of carrier 20 is illustrated in Fig. 4. The
ur

front air-beHHNg 8ur 5% P34l CRRNELENES . GFOh AT 598D FOWAP ch assist in
t he air-beadisiy 16f FaRtPS getiratadarsi £9llpwent end, as wel | as support the
carrier on the lubricant film50 when the disk is not rotating at its
operational - speed. Fh& K * W t/(X, + AX) ~ Ky *w * € (X, + dX) /X, (3)

wheré Ky is the thermal conductivity of the head-disk

interface, t is the thickness of the MR sensor 60, and dX is

the variation in head-disk spacing from X,. The resistance R

of the MR sensor 60 is §iven as follows:

R=p-w/({t-h) - (4)

where p = is the MR sensor'reéistivity. Substituting Egs. 2-4
into Eq. 1 and using the known relationship that variations in
MR sensor signal fluctuations are related to temperature
variations by the following:

gv=I-R-p 4T (5)
then,
AV = (p/Kpg)? * B * Ky - wI3(g2/(t - h%)) (dx/x2) (6)

Equation 6 thus expresses the variation in voltage, dv, of the
MR sensor signal as a function of variation in the distance,
dX, between MR sensor 60 and disk 16. The magnetic signal
output of the MR sensor 60 is given by the following

S ~py*I-w/(t?-h) (7)

where p, is the magnetoresitivity of the sensor material.

With an understanding of Eqs; 6 and 7 and thus the factors
which affect dv and S it is poss;ble to design the MR sensor,
by varying certain of its parameters, to minimize dV without
significantly affecting S. As stated previously if dv/s is
maintained below approximately 0.2, the output of MR sensor 60
may be acceptable. For example, since the sensor height h
inversely affects dV by the fourth power, but inversely affects
S only 1linearly, a slight increase in h car significantly
reduce dv/S. Similarly, a slight reduction in bias current I
can have the same effect since dV is directly related to the



surfaces and pads of carrier 20, as shown in Fig. 4, are formed by
conventional air-bearing slider fabrication techniques, such as nachi ni ng,
reactive ion.etching, and ion mlling. Referring nowto Fig. 5 a sectional
view illustrates a portion of disk 16 with lubricant film 50 and an
enl arged portion of carrier 20 with the MR read/inductive wite head 42
formed as a thin filmhead on the traili{g._edge 44. Both the MR read sensor
60 and the inductive wite head 62 are forned as thin filnms on the rear or
trailing edge 44 of the carrier 20, which serves as the substrate for the
deposition of _the Lilns. .The MR read sensor 60 has an end 61 and is | ocated
bet ween spaceﬂ‘fbaepg%ti’smhélass@f dgzeciyy 53{%%*1‘_1 EBLY JiBPEEN e&érred to as a
"stripe" of rehp¥edortiq Pei spparants bulrafaveree &ot Btk fesndt? (Hhatt s
di rection parsgdrebrigtd heediskiguihatie) sansom theckpddssht (amd tahe direction -
ggr Fgﬂgmu: ﬁrc%%F%Bﬁnﬁgﬁkrgwéﬁ%ﬁé in Qs egmh_ﬁf (Ao B.séﬁfeaql %%@g&_ea coi |
.{ecqrdin a e, Jecordin ap 'S

defined by t esﬁ‘gleg %elv&'l? 3Jr'1pleoa1c'ls\7m‘|i%f%la§e pl/es'ti%fs% gﬁ%e"?cﬁ%{‘o & of
whi ch al so scIRRFOPELANRISkeEIa] ghickdiaf pheladnghermads capdyctdgitendor 60

for the gap between MR sensor 60 and shields 62, 63 will make

the MR sensor 60 operate cooler and will reduce dV by the
sguare of any increase in the value of K,;. Thus by
appropriate selection of these design parameters of the MR
sensor it is possible to design a contact recording disk file
with a MR sensor which minimizes the effect of the unexpected
baseline  signal modulation caused by waviness of the disk
substrate, and without the need for a filter in the read
~channel.

It is also possible to minimize the effect of baseline signal
modulation by making the disk as smooth as possible. Since dV
is directly related to d¥X, as shown in Eg. 6, dv will go to
zero if the disk were perfectly smooth'(dx = 0). However,
"since there are limits to achievable disk smoothness, an
alternative approach is to minimize the maximﬁm dimension or
vlength" of the contact pad of the head carrier, or assure that
its "length" is less than the period of the "“waviness" of the
disk. The waviness period can be defined as the linear distance
from peak-to-peak or valley-to-valley in the disk surface.

(See waviness period L in Fig. 8.) Thus referring now to Figqg.
13, an idealized representation is shown when the portion of
the head carrier in contact with the. disk, contact pad 150,
with an MR sensor 160, rides on a disk 170 having a waviness
period L and amplitude AX. The variation dX of MR sensor 160
above the surface of disk 170 is due in part becauée the length
of contact pad 150 is greater than the average disk waviness
period L. Thus, by assuring that the length of contact pad 150
is less than L, either by reducing its length and/or improving
the smoothness of the disk, so that the pad 150 has dimensions
small enough to fit between the disk peaks, the effect of



and the gap 75 of inductive wite head 70 are oriented toward the surface
of disk 16 for reading and witing data and are recessed fromthe end of
ski foot:. 40. .The end of the ski foot 40 and the end 61 of MR sensor 60 are
typically in WOrMa%es with. the lubricant film 50 on disk 18COEPBAR ead and
wite operations. Because the inductive head 70 is not required to A
read data recorded in the magnetic ‘| ayer_ qf disk 16, its design can .be
aptim zed for witing. Referring again to Fig. 2, the data detected from
disk 16 by the MR sensor 60 (Fig. 5), which is part of head 42, is
processed into, a df.ta r eadback

naI roce CI ui |n t he
i ntegrated cir&aft ¢ 590° ocaulggb‘?{' 5%?71 ‘P iﬁ 15‘9 "V’yt
i ncl udes pre- aﬁﬁl?‘-’fg'cdt“l'oﬂh% %P%@‘SF@W&E‘:%P@E@QM Y‘?r’?gcli‘l llF?gﬂsl ng
conventi onal teobniXpses thashl asist hkpdwrdéstliowied the assigese'oE Wisk .17@atents

4,706, 138 and thereby reducing dX and minimizing dv/S.

While the preferred embodiments of the present invention have
been illustrated in detail, it should be apparent that
modifications and adaptations to those embodiments may occur to
one skilled in the art without departing from the scope of the
present invention as set forth in the following claims.



4,786,993. The signals fromthe MR sensor travel via cable 32 to chip 30,
which sends its output signals via cable 34. Fig. 6 illustrates a side
sectional view of an integrated head-suspension 80 anf mee i
the disk 16 in a "dry" contact recordi ng enbodi nent ¢llskn BEE;

i nvention. The imiﬁgi’eamdBdaﬁ_aeble&etspensi_o?%8O serves the PLAGEDf gyth

e liquid beari

t he suspension 24 r 20 in

Fig. 3. In contrasmmﬂx e transducer, shown as an inductive wite
head, with pole pi L 'col'l "84, and MR read sensojmmwllﬂlmmﬂm‘a
within the integrated head-suspensiof B& ITHe head- sUdBéN wear
pad 88 which makes contact with the surface of disk 16 duri hg Yedd dnd

wite operations andash MchraeRf didwedridl tobdiBendd fe of the disk file.
The suspension portion of the integrated head-suspension 80 is attached to

the actuator with a slight pre-stressed bend so that a force is nmaintained
on the head porti EnPegnefige FERFi@Yr dinl 188 Yen8Faasf PAtP ®intact with -

disk 16 and to maintain it generally in contact during read and wite
operations. The dingknd bcdiiécted|dedend difdiknedsd Irot@fing the disk;

a magnetoresistive head for detecting data recorded on the
disk;

a carrier for supporting the maghetoresistive head;

means for urging the carrier generally into contact with
the disk during reading of the data by the
magnetoresistive head; and

means connected to the carrier for moving the carrier and
supported magnetoresistive head across the disk. ;

2. The disk file according to claim 1 wherein the disk
includes a ligquid film on its surface for providing a
liquid bearing and wherein the carrier includes means for
supporting the carrier on the liquid bearing.

3. The disk file according to claim 2 wherein the carrier
includes a ski foot for riding on the liguid f£ilm.

4. The disk file according to claim 2 wherein the carrier
includes a plurality of pads for plowing through the
liguid £ilm. .

5. The disk file according to claim 1 wherein the carrier
includes a wear surface for wearing away during contact
with the disk. '



| ubricant on its surface for contact by wear pad 88 to minimze wear of the
contact pad and .the disk. The Iiquid-bearing contg recording disk file

—

represemted kn Figs. 1-5 Was tested using a 2-1/2' ; v havi ng
a cobalt-plati num"ﬂ jc layer and a 1

protective carbo Mmﬂﬂment i onal 10 ple er

| ubri cant (Demum br &nd tSPY was sappl | edgpy di ppi ng to formthe guid film

50 to a thickness of approximtely 42 Angstrons on the carbon overcoat. The
transducer carrier 20 depicted in Fig. 3 was fabricated by conventional i on

mlling with a carbo Ki ad 40 xtendln fromthe carrie
appr oxi matelfy 16 ﬁ{r;ige’gt %]0 BCTRE +’l§a&°a ime RETEHR - 15? 20 by the

suspensi on 24 wakn¢indeRelikiifanst on-igsgpurfince| fercantaeh of thaeveamrrier 20
wi th disk 16 I N siefdcer 0¥ ofhdicglraeng (>0.2 gnm) and velocity jitter occured

up

7.  The disk file according to claim' 1 wherein the carrier and
the means for maintaining the carrier in contact are
formed as an integrated head-suspension, the integrated
head-suspension having a wear surface for contact with the
disk. ' ' '

8. The disk file accordingtto claim 7 wherein the disk
includes lubricant on its surface for contact by the wear
surface of the integrate& head-suspension.

9. The disk file according to claim. 1 further comprising
means coupled to the magnetoresistive head for processing
the signal representing data detected from thé disk by the
magnetoresistive head. '

10. The disk file according teo claim 1 further comprising
means for minimizing baseline modulation of the signal
generated by the magnetoresistive head during the reading
of data from the disk.

11. The disk file accoxrding to claim 10 wherein the baseline
modulation minimizing means further comprises means for
filtering the baseline modulation signal generated by the
magnetoresistive head.

12. The disk file according to claim 10 wherein the baseline
modulation minimizing means further comprises. means for
maintaining the temperature of the magnetoresistive head
below a predetermined value.

13. The disk file according to claim 10 wherein the height of
the magnetoresistive head has a value such that the ratio
of the baseline modulation signal to the amplitude of the
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to approximately 3-4 nisec. Fromthat velocity up to approximately 10

nm sec. the pad 40 was generally in contact with the liquid filmon the

di sk. The readbatrk"si"g'nar"“f"r'ﬁ“m‘IVIT“Sensor 60 was neasur during _operation
of the disk fil e uct uation in the bageTHIBESHEETt S BRERT!
signal fromM s m ”m!m ved. This fluctuati gn or hes Lq{cE%e ﬁ?
nodul ation of the cr eadbac swgnal was 4%ind to be yrchreredsk t h df sk
rotation. The baseline nmodul ation signal was additive to the nagnetic
signal, but was not magnetic in origin. It could not be erased with the

i nductive wite heBRSTEFicapionRls sanged fyubbe magastaneshAthvh heagneti ¢ di sks.
The anplitude of thess thael apreroxisiatelsy on2si gnal was found to be as high as
one half of the magnetic signal on disks vvith a nom' nal bias current
applied to the ensqr Thi s une ul ati on can
contribute to Je"rroi?ge d?’f‘sfc g 1% 5‘8585‘&‘"&[) ﬁa? aj\Wh uérghe’fe °&‘§F"sgn%/R sensor
unusabl e i n a cont Beans £5r EMRRIYANGKET iY m%WBF%‘-‘d-I“b&%éF%ﬁ‘earerﬁ ation
signal .fromthe Mceetear h&ding ashalwe isuchki that/thd hasisi ghathewasseallinai ned.

with a Convent"Dnahodulatlon signal to the amplitude of the magnetic signal
sensed by the magnetoresxstlve head is less than

apprbximately 0.2.

15. The disk file according to claim 1 wherein thé portion of
the carrier in contact with the disk has a length less
than the a periqd of the éurface waviness of the disk,
whereby any baseline modulation of the signal'generated by
the magnetoresistive head ‘has no adverse affect on the
data read by the magnetoresistive head.

16. The disk file according to claim 1 wherein the.ratio of
the baseline modulation of the signal generated by the
" magnetoresistive head to the amplitude of the magnetic
signal sensed by the magnetoresistive head is less than
approximately 0.2. '

17. The disk file according to claim 1 further comprising an
inductive write head connected to the carrier for writing
data on the disk. '

18. A magnetic recording disk drive comprising:

a rigid magnetic recording disk;

a motor connected to the disk for rotating the disk;

a magnetoresistive read sensor for reading data from the
disk;

e
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MR sensor on the carrier on a disk rotating at a speed which generated a

| ocal di sk vel ocity beneath the carrier 20 of approximately 9 m sec. A bias
current, 1, ,of 12_mA -was applied-to the MR sensor which had a
characterlstlc t enperat ure coeff|C|ent of resistance, ed to as [err],

of 0.23%[err]C. TQWB“ lﬂ -peak anpl i tude gf 'HIBSHmRsaT]
AV(p-p), was appro volts Thi s bas

i ne Rg

11 in Fig. 7 repeated unchanged wi th each revolution o .
signal shape changed when the head was noved to another radial posrtien on
t he di sk, but the new signal was agai n Syfichronous with disk rotation. The
signal also reversed polarity with a reversal of bias current to the MR
sensor. The nechani sm di scovered to be responsible for the baseline

nmodul ati on can be eéxprarhd S@Ft$narefeimnGhstasadFegnsg., The aggriate of disk
16 is not perfect| ywesApoidtedbyéndiagifp 2ol 8otdact with the disk during

the reading of data by the read sensor;

an actuator connectad to the carrier for moving the
carrier generally radially across the disk so the read
sensor mayv access different regions of data on the disk;
means coupled to the read sensor for processing the signal
sensed from the disk by the read sensor; and

means for supporting the motor and actuator.

19. The disk drive according to claim 18 wherein the disk
includes a liquid film on its surface for providing a
liguid bearing and wherein the carrier includes means for
supporting the carrier on the liquid bearing.

20. The disk drive according to claim 19 wherein the carrier
includes a ski foot for riding on the liquid film.

21. The disk drive according to claim 19 wherein the carrier
includes a plurality of pads for plowing through the
liguid film.

22. The disk drive according to claim 18 wherein the carrier
includes a wear surface for wearing away during contact
with the disk.

23. The disk drive according to claim 22 wherein the disk
includes a lubricant for contact by the wear .surface of

the carrier.

24. The disk drive according to claim 22 wherein the carrier
is an integrated head—suspension; the integrated
head-suspension having a wear surface for contact with the
disk, and wherein the intggrated head-suspension'includes
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wavi ness.

spacing [err]
spaci ng [err] to be

Thi s wavi ness has a range of anplitudes and wavel engths, with the
average anplitude and wavel ength being represented by AX and L,
respecthvelyf The MR_sensor_60.rides over this waviness at an average

The rear pad 40 i s designed to caus

I R e e s

e nechani cal

constant anbient te a
tenperature [err] which is greater t han [err] because o ifng
caused by the constant bias current |I. [err] is determned by the [err]

power dissipated in the MR sensor 60 and,by the thermal conductance from

t he MR sensor

60 to its surroundi ngs, accordlng to the following: [err]

where R is the resistance of MR sensor 60, [err] is the thermal conductance

from MR sensor

60 to the carrier 20, [err] is the thermal conductance from

MR sensor 60 to df SKSPEPSLGN]IpEMAintainifg ELF (KPam T8RRI FeTRARN Merr] .
Most- of the heat ¢enteghdwidthedhavbygkir om MR sensor 60 internally to the body

of carrier
S

20. However,

i f the spacing between the MR sensor 60 and di sk 16

25. The disk drive according to claim 24 wherein the disk
includes a lubricant for contact by the wear surface of

the integrated head-suspension.

26. The disk drive according to claim 18 further comprising ~
means coupled to the signal processing means for
minimizing baseline modulation of the signal generated by
the magnetoresistive read head.

27. The disk drive according to c;aim_26 wherein the baseline

modulation minimizing means further comprises. means for

filtering the baseline modulation signal generated by the

magnetoresistive read head.

28. The disk drive according to claim 26 wherein the baseline

modulation minimizing means further comprises means for

maintaining the temperature of the magnetoresistive read

head below a predetermined value.

29. The disk drive according to claim 18 wherein the height of

the magnetoresistive read sensor has a value such that the

ratio of the baseline modulation signal sensed by the

magnetoresistive read sensor to the amplitude of the

magnetic signal sensed by the magnetoresistive read sensor

is less than approximately 0.2.

30. The disk file according to claim 18 wherein the insulator

material in the magnetoresistive read sensor .gap has a

thermal conductivity sufficient to cool the

magnetroresistive read sensor an amount such that the
ratio of the baseline modulation signal sensed by the
magnetroresistive read senseor to the amplitude of the

magnetic signal sensed by the magnetoresistive read sensor
is less than approximately 0.2.
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small, as in contact recording, sone heat will be-conducted to the di
through the -gap [err] separating the MR sensor 60 and disk 16. Thus,
sensor 60 i.srcool ed-by-the-di-sk—when t he head-to-di ' i

degree of this coolijn err] - [err] an r A% BEEN
E'Iiﬂ%.j iﬁ B”ﬁmhnsor 60 and diskl 16. REBLAGED 12
c » MR sensor bias current, T Cuarve™

conduct ance [err] 1
shows this effect a

sk
the MR
| . The
A" is

the MR sensor tenperature above anbi ent “wh&Im the head is unl oaded about 1
mm above the rotating disk. Curve "B" is the MR sensor tenpéerature when the

carrier

Note that at a bias current of 12 mA the MR sensor

Is riding at a head-di sk spacing of approximately 100 Angstrons.
I's about 10[err] C | owner

when the carrigh,isrid &89 O d Becdldhded khmn TheselQre Ro@Xd by of the
disk 16 to the MR sensor .60 in gont act g.eacgnggﬁprl%rggfstciq’%l ed the MR sensor
in this experinental exanple Front #4[&rric 2ne il

bias current having a value such that the ratio of the
baseline modulation signal to the amplitude of the

magnetic signal sensed by the magnetoresistive read sensor

is less than approximately 0.2.

32. The disk drive according to claim 18 wherein the disk has
a waviness which generates a baseline modulation of the
signal sensed by the magnetoresistive redd sensor and
wherein the portion of the carrier in contact with the
. disk has a length less than the period of the surface
waviness of the disk, whereby any baseline modulation of
the signal from magnetoresistive read sensor has no
aaverse affect on the data read by the magnetoresistive
read sensor. ’
33. 'The disk drive according to claim 18 wherein the disk has
a waviness which generates a baseline modulation of the
signal from the magnetoresistive read sensor and wherein
the ratio of the baseline modulation signal to the
amplitude of the magnetic signal sensed by the
magnetoresistive read sensor is less than approximately
0.2.

34.

inductive write head connected to the carrier for writing
data on the disk.

—

The disk drive according to claim 18 further comprising an

———
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above agzient to 34[err] C above anbient. As a result of the above-described
experi ment-ale results, the observed baseline signal nodulation of Fig. 7 can
be described in terns of this cooling effect. The di sk wavi ness shown in
Fig. 8 nodul ates the thermal conductance [err] between the MR sensor 60 and
disk 16. This in turn nodul ates the degree of cooling and hence the MR
sensor tenperature. The fluctuations in MR sensor tenperature result in
correspondi.ng fluctuations in resistance,.@ﬂp this gives rise to the
basel i ne nodul ati on signal at constant bias current of the MR sensor. In
order to optim ze the performance of an MR sensor if such a sensor is to be
used in a contact recording disk file, it is thus necessary to devel op
techniques to renove or mnimze this unexpected baseline signa

nodul ation. Referring nowto.-Fig. 10, there is illustrated a read channel
for use with the present invention. The conventional commercially avail able
conponents nmaki ng up the read channel connected to MR sensor 60 include a
preanplifier 100 included as part of a conventional wite driver and preanp
chip, which is typically
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| ocated on the actuator arm (see chip 30 in Fig. 1), an equalizer/filter
102, ad@tonakic gain control (AGC) circuitry 104, and one of three
processi ng signal channel elenents. The three processing signal channel

el ements which may receive the output of equalizer/filter 102 include a
peak detect channel 105, a partial-response maxi nrumlikeli hood (PRW)
channel 106, or a partial-response digital filter (PRDF) channel 107. 13
- Re-ferring nowto Fig. 11, the output of preanplifier 100 is shown for a
signal froma DC erased track. Fig. 11 thd&®illustrates the baseline signa
nodul ati on caused sol ely by wavi ness of the disk substrate. The out put of
preanplifier 100 fromthe sane track recorded with a 13.5 WMHz signal is
shown in Fig. 12. Fig. 12 thus illustrates the effect of the baseline

si gnal nodul ati on on the magnetic readback signal envel ope. The high
frequency conponents and additive nature of )
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the resultant signal envel ope shown in Fig. 12 are not correctable by AGC
circu;try }04 in a conventional recording channel. As shown by Figs. 11 and
12 the thermally i nduced basel i ne signal nodul ati on inposes a significant
anplitude excursion in the readback signal of up to 50% or greater. If |eft
uncorrected this signal envel ope woul d greatly reduce the noise margin
avai l abl e for signal detection available to the channel processing circuits .
105, 106 or 107, resulting in high erro3/9rates of the readback signal. It
has been determ ned experinentally that if the maxi num baseline signal
anplitude is |less than about 20% of the anplitude of the magnetic readback
signal, the output fromthe read channel is acceptable, although errors due
to noi se may be somewhat ‘hi gher. However, if the ratio of the maxi mum or
peak baseline signal anplitude to the anplitude of the magnetic readback
signal is greater than about 0.2, then sonething nust be done to renove or

mnimze the baseline signal nodul ation. The fact that the baseline signal
nodul ation is additive to the readback signal allows the nodul ati on signa
to be renoved by appropriate
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filtering. Referring again to Fig. 10, a high pass (HP) single pole filter
108 and buffer anplifier 110 are included.in the recordi ng channel between
AGC 104 and equalizer/filter 102 as a baseline nodul ation corrector. In the
experinmental results described, the baseline nodul ati on signal has
frequency conponents of 200 KHz and |ower, with the major signal envel ope
excursions occurring at frequencies below 100 HHz. A single pole hi.gh pass
filter 108 with an optimally .chosen-cornerg/grequency effectively renoves
the detrinmental effects caused by the signal. .Buffer npllfler‘llo:g§£r-
needed for inpedance 14 - matching and_Lp_LDapensaie_IQL_Lh
loss of the HP filter 108. The criterla for—deter =g t he
frequency i s based upon experinental rpesultg: nd dependsj updg
velocity of the disk relative to the head an ] mmV|ﬂ§>s q
the experinental data described above, |the Si= S
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corner frequency was determ ned to be approximately 150 KHz which results
in renwing.anplitude excursions of approximtely 10% or higher. Wile the
- elenents shown in Fig. 10 are illustrated as discrete comrercially
avai | abl e nodul es for a recording channel, it is possible to integrate all
. the functions perforned by el enents 104, 108, 110, 102, and one of. the

- processing signal channel options 105, 19/, or 107 into a single chip. No
current commercial channel chip incorporates a programmable H- P filter. The
programmability of the corner frequency of the HP filter is necessary for
optimal renoval of the baseline signal for various conbinations of disks
and di sk drive rotational speeds. Such an integrated chip can be
customarily built by m xed signal integr&ted circuit suppliers such as

. Anal og Devices, VIC, Cirrus Logic or Plg§sey, for exanple. As illustrated

in Fig. 9, because the baseline sigr@al rfdulation is a function of the
di fference between the tenperature t@g MR sensor and the anbi ent di sk
tenperature, [err] - [err] it may aljpo beé possible to substantially
m ni i ze the - B 2 '
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effect of the unwanted signal by appropriate design of the MR sensor. This
can be.undeyfstood by reference to Eq. (1) above. The thermal conductance
[err] from MR sensor 60 to the carrier 20 can be estimated as fol |l ows:
[err] where [err] is the thermal conductivity of the insulator material in
the gap region between MR sensor 60 and the adjacent shields 62,63 (Fig.
8); g is the gap wi dth between MR sensor 60 and shields 62, 63; wis the
track width; and h is the height of MR . ensor 60. The thernal
conductance [err] from MR sensor 60 to dﬁ%i 16 can be estimated as foll ows:
[err] where [err] is the thermal conductivity of the head-disk interface, t
I's the thickness of the MR sensor 60, and dX is the variation in head-di sk

spacing fromJ[err]. The resistance R of the MR sensor 60 is given as
fol | ows:
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R=p w(t h) (4) where p = is the MR sensor
resistiavity, Substituting Eqs. 2-4 into Eq. 1 and using the known

rel ationship that variations in MR sensor signal fluctuations are rel ated
to tenperature variations by the following: dV =1 R daT

(5) then, [err] Equation 6 thus expresses the variation in voltage, [err],
of the MR sensor signal as a function of variation in the distance, dX
between MR sensor 60 and disk 16. The magpetic signal output of the MR
sensor 60 is given by the followng [err] (7) where [err] is the
magnetoresitivity of the sensor material. Wth an understanding of Egs. 6
and 7 and thus the factors which affect dV and S it is possible to design
the MR sensor, by varying certain of its paraneters, to mnimze dV w thout
significantly affecting S: As stated previously if dV/ S is naintained bel ow

approximately 0.2, the output of MR sensor 60 =
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may be acceptable. For. exanple, since the sensor height h inversely affects
dV by the fourth power, but inversely affects Sonly linearly, a slight
increase in h can significantly reduce dV/S. simlarly, a slight
reduction in bias current | can have the sane effect since dVis directly
related to the cube of I, while Sis directly related only linearly. It
~shoul d al so be apparent by reference to Egqs. 6 and 7 that an appropriate
reduction in the sensor thickness t and -aggorrespondi ng reduction in bias
current | (to maintain S at the desired level) will also decrease dV/S.

Al so, selection of an appropriate material which has a high thernmal
conductivity, [err] for the gap between MR sensor 60 and shi-elds 62, 63
will make the MR sensor 60 operpate—eeeter—and—wtt——reduce—dvqby the square
of any increase in the value off [err]. Thus by appropriate sgl ection of

t hese design paraneters of the|MR sensor it is possible to dgsign a contact
recording disk file

| 100 — | :
MR SENSOR
OUTPUT |

(mV) 400 -
] : { _ | T
0 20 40 60 80 100
4 Sec.
DC ERASED TRACK
100
MR SENSOR 0
OUTPUT
(mV)

-100

o -1, 1 T - |
0 20 40 60 80 100 -

M Sec.
13.5 MHz RECORDED SIGNAL
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with a MR sensor which mnimzes the effect of the unexpected baseline

si gnal ®odukati on caused by wavi ness of the disk substrate, and w thout the
need for afilter in the read channel. It is also possible to mnimze the
effect of baseline signal nodul ati on by meking the di sk as snooth as
possible. Since dVis directly related to dX, as shown in Eq. 6, dv will go
to zero if the disk were perfectly smooth (dX = 0). However, since there
are l'imts to achi evabl e di sk snoot hnessgyean al ternative approach is to

m nim ze the maxi mrum di nension or "length" of the contact pad of the head
carrier, or assure that its "length" is |less than the period of the

"wavi ness" of the disk. The waviness period can be defined as the |inear

di stance from peak-to-peak or valley-tggyalley in the disk surface. (See
~wavi ness period-L in Fig. 8.) Thus refefring nowto Fig. 13, an idealized
representation is shown when the porti e ke rier-in contact
with the. disk, contact pad 150, with MR sensor 160, ji on a disk 170
havi ng a wavi ness period L jand anplitu AX. The vari atijon dX of MR sensor
160 '

170




above the surface of disk 170 i's due in part because the Iength of contact
pad 150 is greater than the average di sk waviness p —bﬁ-"
assuring that the length of contact pad 150 is | ess ﬁaﬁL&GE"éEﬁheEﬁE@Y
reducing its length and/ or inproving the snoothnessjjof th g so t hat
the pad 150 has di nensions small enough to fit bet f?h@ ﬁﬁtms t he
ef fect of WO 94/ 19793 -4- - e
PCT/ EP93/ 03299 17 - baseline signal nodul ation can be reduced. This'is

Lt iyl Sng o pobRE5s8 1R e P RBCh Pan NP O BTG

much | ess shown oW n Neéss o

reduci ng ditrapd Ny, éﬂlfeaeen %‘ l%gg%é}@éé %5%15@ ?éﬁrfn%&ltﬁfflﬁoﬂlhnﬁglg "&Snt&éie

pr esent i nventi on have ate et al | appar ent

that nodi fdcoading s rigRrldisk! fiksshh D ichide thERIPpRITOdbATRIdhRciEécHafiY asl WelPNe
skilled in the art wi thout departing fromthe scope of the

None of the proposed contact recording techniques contemplate the use of an MR

_read sensor, or suggest any means to incorporate an MR read sensor, and its associated
benefits, into a disk file which has a head carrier maintained in contact with the disk
during read and write operations. Thus what is needed is a contact recording disk file

which utilizes an MR read sensor.

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a data recording
disk file comprising: a rigid magnetic recording .disk for the storage of data; means
connected to the disk for rotating the disk; a magnetoresistive head for generating a
signal in response to data magnetically recorded on the disk, the magnetoresistive head
being at a temperature higher than the temperature of the disk; a carrier supporting the
magnetoresistive head; and in contact with the disk during reading of the data by the
magnetoresistive head, the temperature of the magnetoresistive head and therewith its
electrical resistance varying in response to variations in spacing between the
magnetoresistive head and the lower-temperature disk as the disk rotates with the carrier
in ébntact; means for processing the signal from the magnetoresistive head, the signal
received by the processing means having baseline modulation asa result of said electrical
resistance variation of the magnetoresistive head; means for minimizing said baseline
modulation; and means connected to the canfier for moving the carrier and supported

magnetoresistive head across the disk.



present invention as set forth in the follow ng cl ai — CLAING 1. A

data recording disk file conprising: a rigid magneti pgpg@@é;{}ig @Kk

t he storage of data; neans connected to the disk for jrotating the <G
magnet or esi stive head for generating a signal in respopge.0d BEG
magnetically recorded on the disk, the magnetoresi st ilve=head Bl
t enperature higher than the terrperature'ﬁf the disk; a carrier supporting
t he magnetoresistive head; and in contact with the di sk during readi ng of
the data by th tQraesihat | : f :
magnet or esi st i%% egg tﬁg@éﬁ%?ﬁc{‘ﬁﬁ?{esﬁgﬁgﬁctﬁﬁ@g@ ?%S? %t%gr??giee;r%a Eetf"n .
response tiecording2isRNdrive) coMpFibig: bat NERNmaBRetIRPLREEIMME Wisk! hivind eAdudid t he
| ower -tenperature disk as the disk rotates with the carrier in contact;
means for waviness kngotoheosnegd tof thendiskh fornmgatinizothe Hisk; i av mapeackesistive séagnal
recei ved by the processi ng neans havi ng basel i ne nodul ation as a result of
sai d el ectsensoal for sersingamagnetigallin récordedf datsh fromathe atiskr sl forigeneriatingla signal,

the read sensor being heated by an electrical current; a carrier supporting the read sensor
and in contact with the disk during the sensing of data by the read sensor, the spacing
between the read sensor and the surface of the disk yarying as the disk rotates, due to the
surface waviness of the disk; an actuator connected to the carrier for moving the carrier
genei‘ally radially across the disk so the read sensor may access different regions of data
on the disk; means coupled to the read sensor for processing the signal from the read
sensor, the signal from the read sensor including a baseline modulation induced by the
variation in spacing between the heated read sensor and the surface of the disk; means
for reducing said induced baseline modulation; and means for supporting the motor and
actuator.

According to still another aspect of the present invention there is provided a data
recording disk file comprising: rigid magnetic recording disk for the storage of data, the
disk having a surface waviness; means connected to the disk for rotating the disk; a
magnetoresistive head for generating a signal in response to data magnetically recorded
on the disk, the magnetoresistive head being at a temperature higher than the temperature
of the disk; a carrier supporting the magnetoresistive head and in contact with the disk
during reading of the data by the magnetoresistive head, the portion of the carrier in
qonfact with the disk having a length less than the period of the surface waviness of the
disk to minimize variation in spacing between the magnetoresistive head and the surface
of the lower-temperature disk as the disk rotates, whereby variation in the temperature
and therewith the electrical resistance of the magnetoresistive head is minimized; means
for processing the signal from the magnetorésistive head, the signal received by the

processing means having a baseline modulation signal, due to said electrical resistance



means for mnimzing said baseline nodul ation; and neans connected to the
carrier for noving the carrier and supported nagnet;esr&t.ue head across
t he disk. 2. The disk file according to claim1l wher Faﬁmhetgg_ﬁg .I ncﬂRjes

aliquid filmon its surface for providing a liquid bgaring and wh lhe
carrier includes neans for supporting t § carrier on h@atblqﬂ 30. || 3.
The disk file according to claim?2 whereth t he carrier Stereh "f't

for riding on the liquid film 4. The disk file according to clalm

wherei n t he,GRoh! 6f hés@%dﬁdﬁ&nﬁreﬁéfd&ﬁ'd {the GpRRME of the RlaGHiROsiEDN %eﬂéedtﬂéﬁ

liquid film 5. The di sk fi accordi ng claim1l whérein e carri

i ncl udes ath\éﬁﬁ,idgn‘éttfrésiﬁﬁ/ef Iad R rédalltFoRaid b{gdcﬁ@ a1atios tbeig! Midibezedi

-19- 6. The sk file according to clai wherein the disk inclu es

| ubri cant lengthtcf theipbetion dfothe wanfercin doptathwithahe disky imbmearis ¢onmectad to €e 7.
The disk file according to claim1 further conprising neans for maintaining
t he carrier for moving the carrier and supported magnetoresistive head across the disk.

According to still another aspect of the present invention there is provided a
magnetic recording disk drive comprising: a rigid magnetic recording disk having a
surface waﬂess; a motor connected to the disk for rotating the disk; a magnetoresistive
read sensor for sensing magnetically recorded data from the disk, the read sensor being.
heated by an electrical current; a carrier supporting the read sensor and in contact with |
the disk during the sensing of data by the read sensor, the portion of the carrier in
contact with the disk having a length less than the period of the surface waviness of the
disk, whereby variation in spacing between the heated reéd sensor and the surface of the
disk as the disk rotates is reduced; an actuator connected to the carrier for moving the
carrier generally radially across the disk so the read sensor may access different regionsl
of data on the disk; means coupled to the read sensor for processing the signal from the
read sensor, the signal from the read sensor having minimal baseline modulation induced
by variation in spacing between the heated read sensor and the surface of the disk as a
result of said spacing variation being reduced by the length of the portion of the carrier

in contact with the disk; and means for supporting the motor and actuator.

" Fig. 1 is a view in section of a schematic of the liquid-bearing contact recording
disk file of the present invention;
Fig. 2 is an open top view 6f the disk file depicted schematically in Fig. 1;
Fig. 3 is a side view of the head carrier on the disk showing the disk in section to
depict the liquid film; | |

Fig. 4 is a plan view of the bottom or disk side of the head carrier shown in Fig. 3;



carriér in contact with the disk and wherein the cafsier—and. the
mai ntaining the carrier in contact are forned as an'igﬂ;@g@@ﬁ%-?'
head- suspensi on, the integrated head- suspension .' ing a wear sur
contact with the disk. 8. The disk file according @at‘d:aﬂ.lﬂ.jnﬁm :
dirsk includes lubricant on its surface fgr cont act lby=the—wear s B Al
the i ntegrated head-suspension. 9. TREBdi sk file accordi ng to claiml
wherein the baseline nodul ati on m nim zing nmeans further conprises neans

for filtering ;rvi%e% gﬁ?éﬁlﬁme&i&ﬁi PRWSHTHNBortioR BE R &l HB/the Mead carrier and

magnet or esi st i 10.” The disk file according to claim1 wherein the
basel i ne pRAgkRiiREafihg (8 Bqui@ bemapshdad diskeintegfacg)r | ses neans for

mai ntai ning the tenperature of the nagnetoresistive head bel ow a

pr edet er m ned Rig\l 6iés a sdctiohhkbvidivséf 4n integasted helidrgpspensivinadnd the Wiskr ini the tdry
means for mnimzing baseline nodul ation conprises said magnetoresistive
head of acpntackrteeondingembadigient ofithé prdsent invastiont i o of t he baseline

nmodul ation signal to the anplitude of the magnetic sitqnal segﬁe&lﬁy t he
magnet or esi st iKig Thdsa graph ektead signahyoltageiate pgtion of timg from the; MR spngor
according to claim 1l wheregin the neans for mnj.mzing baseline nodul ation
conpri ses Wh@d%ﬁﬁﬁlﬁﬁ@cﬁwgﬂm&wg@gti ve head a bias current
havi ng a val ue such that the ratio of the baseline nodul ation signal to the
anplitude of the magnetic signal sensed by the nagnetoresistive head is

| ess than approximately 0. 2. :

8




13. The disk file according to claim1 wherein the means for ninimzing
basel i ne nodul ati on m nim zes the baseline nodul ati on si gnal generated by

t he mgnetW ess than twenty percent _of the anplitude of
t he magnetic signal t he magnetoresistive 8 ACEZNEH\IT
SHEET - vﬂ,ﬂul | e according to claim wﬁAﬁey%n‘ﬁrﬁ%l

i nductive, ﬂﬂed to the caldier for wgarténng_jaﬁﬁdgg']th d| sk.
15. A magnetlc ¢ edor @i n k drive conprising: a tb=gtdpmgnef{ ¢ &t rdi ng
di sk having a surface waw ness; a not wect ed to the disk for rotating
t he di sk; a magnetoresistive read senSor T1or sensing nmagnetically recorded
dat a fromjhe Aigia @Bdrdhﬁg’dﬁﬁﬁ%@dmﬁﬁklﬁg .signal, the read sensor being
heated by an electrical current; a carrier supporting the read sensor and
in contact w tahngmemdgndticdwdrdmgtdiﬂcﬂ)eﬂwsn@-agéoﬂdata, by the read sensor, the

spaci ng between the read sensor and the surface of the disk varying as the
di sk rotat es, mdeanstconnhé¢ntedstorthe diskvfar rotating thé diske di sk;

a magnetoresistive head for generating a signal in response to data magnetically
recorded on the disk, the magnetoresistive head being at a temperature higher than the
temperature of the disk; '

a carrier supporting the magnetoresistive head;

| and in contact with the disk during reading of the 'data by the magnetoresistive’
head, the temperature of the magnetoresistive head and therewith its electrical resistance
varying in response to variations in spacing bgﬁveen the magnetoresistive head and the
lower-temperature disk as the disk rotates with the carrier in contact;

means for processing the signal from the magnetoresistive head, the signal received
by the processing means having baseline modulation as a result of said electrical
resistance variation of the magnetoresistive head;

means for minimizing said baseline modulation; and

means connected to the carrier for moving the carrier and supported
magnetoresistive head across the disk.

2.  The disk file according to claim 1 wherein the disk includes a liquid film on its
surface for providing a liquid bearing and wherein the carrier includes means for
supporting the carrier on the liquid bearing. '

3. * The disk file according to claim 2 wherein the carrier includes a ski foot for riding
on the liquid film.

4. Thé disk file according to claim 2 wherein the carrier includes a plurality of pads
for plowing through the liquid film.

5. The disk file according to claim 1 wheréin the carrier includes a wear surface for

wearing away during contact with the disk.



an act uat er—connected—to—the—carrier for noving the carrier generally
radial ly acr )E i ‘1 ﬂ the read sensor may access.different regions of
data on the} led to the read sensor fqf g sSLno T

si gnal fromlﬂmljl MJQE EE* the signal fromthe rea seﬁ%?cﬁi%@?@&i%
basel i ne nodul ati on i nduced by the var i_%i_on i n spaciinggpet
read sensor and the surface of the disk; nmeans for r ' :
basel i ne nodul ati on; and neans for supporting the notor and actuator. .
The di sk @ri vaheckk fien@cdrding 19 dRIADS Whefedi theldigk MtRiled MBiUAR Ondtd dudfice
filmon its surface for providing a liquid bearing and wherein the carrier
i ncl udes fi@acomtdod by shpwedrt supface b theasatdie@ on the |iquid bearing. 17. The
di sk drive according to claim 16 wherein the carrier includes a ski foot
for ridind. onThaeisk §il¢ dcdording to&laifhé fuithér chnwising: oeans foy meintdising thé
wherein the carrier includes a plurality of pads for plow ng through the
|i quid fi Faarierdn cqpactgvidl therdiskeand whergin e carrier andribesmegns for maintainingrthe er

i ncl udes a ar. surface for wearin way during contact with the disk.
carV\rlieer in contact are tromecf‘ as z?n ?ntegyrated head-suspension, the integrated head-

suspension having a wear surface for contact with the disk.

8.  The disk file according to claim 7 wherein the disk includes lubricant on its surface

for contact by the wear surface of the integrated head-suspension.

9. The disk file according to claim 1 wherein the baseline modulati'on minimizing

means further comprises means for filtering the baseline modulation signal generated by

the magnetoresistive head. _

'10. The disk file according to claim 1 wherein the baseline modulation minimizing

means furtber comprises means for maintaining the temperature of the magnetoresistive
~ head below a predetermined value.

11. The disk file according to claim 1 wherein the means for minimizing baseline

modulation comprises said magnetoresistive head of a predetermined height such that the

ratio of the baseline modulation signal to the amplitude of the magnetic signal sensed by

the magnetoresistive head is less than approximately 0.2.

12. The disk file according to claim 1 wherein the means for minimizing baseline

modulation comprises means for supplying to-the magnetoresistive head a bias current

having a value such that the ratio of the baseline modulation signal to the amplitude of

the magnetic signal sensed by the magnetoresistive head is less than approximately 0.2.

13. The disk file according to claim 1 wherein the means for minimizing baseline

modulation minimizes the baseline modulation signal generated by the magnetoresistive

head to less than twenty percent of the amplitude of the magnetic signal sensed by the

magnetoresistive head.
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wear surface for*cohtdct "wi th the disk, _.and wher ei n lhe=i=t=e 60

head- suspensi on i ncludes a suspensi on f8 "mai ntaining the wear surface

generally in contact with the disk. 22. The disk drive according to claim

21 wher ei Ryt hghgia(g ifﬁ@'d&@&ﬁir% ' RldupantuftRér EQRpradihg A ind8ctveaivriieiHeade of

-suspensi onn. 23. The disk drive according to claim 15

the integrate

wher ei n t pgneeralth Mg edReiet firl Wittinigdats oRghe@isks further conprises nmeans for
filtering the baseline nodul ati on signal generated by the magnetoresistive

read headis24A Eb?ndiic&kc@iﬂingedidcdﬁvdbmpnisingzl aim 15 wherein the neans for

reduci ng the base
t enper at ur e of rigié ningactitirecaxsting disk daving acsurfacaiwawnessi bel ow a

I ne nodul ati on conprises neans for maintaining the

predet erm ned val ue. 25. The disk drive according to claim15 wherein the
means for redaaotgr comnepied 4o theedisk for rotating theodisks ses sai d magnet or esi sti ve

read sensor of a predeterm ned hei ght such that the ratio of e Jbaseline
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a carrier supporting the read sensor and in contact with the disk during the sensing

of data by the read sensor, the spacing between the read sensor and the surface of the

disk varying as the disk rotates, due to the surface waviness of the disk;

an actuator connected to the carrier for moving the carrier generally radially across

the disk so the read sensor mmay access different regions of data on the disk;

means coupled to the, read sensor for processing the signal from the read sensor,

the signal from the read sensor including a baseline modulation induced by the variation

in spacing between the heated read sensor and the surface of the disk;
means for reduéing said induced baseline modulation; and

means for supporting the motor and actuator.

16. The disk drive according to claim 15 wherein the disk includes a liquid film on its
surface for providing a liquid bearing and wherein the carrier includes means for
supporting the carrier on the liquid bearing.

17. The disk drive according to claim 16 wherein the carrier includes a ski foot for
riding on the liquid film.

18. The disk drive according to claim 16 wherein the carrier includes a 'plurality of
pads for plowing through the liquid film.

19. The disk drive according to claim 15 wherein the carrier includes a wear surface

for wearing away during contact with the disk.
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22. The disk drive according to claim 21 wherein the disk includes a lubricant for

contact by the wear surface of the integrated head-suspension.

23. The disk drive according to claim 15 wherein the baseline modulation reducing
means further comprises means for filtering the baseline modulation signal generated by
the magnetoresistive read head.

24. The disk drive according to claim 15 wherein the means for reducing the baseline
‘modulation comprises means for maintaining the temperature of the heated
magnetoresistive read sensor below a predetermined value.

25. The disk drive according to claim 15 wherein the means for reducing the baseline
modulation comprises said magnetoresistive read sensor of a predetermined height such
that the ratio of the baseline modulation signal sensed by the magnetoresistive read
sensor to the amplitude of the magnetic signal sensed by the magnetoresistive read sensor
is less than approximately 0.2.

26. The disk drive according to claim 15 wherein the means for reducing the baseline
modulation comprises insulator material in a gap of the magnetoresistiv; read sensor of a
predetermined thermal conductivity sufficient to cool the magnetbresistive read sensor an
amount such that the ratio of the baseline modulation signal sensed by the
magnetoresistive read sensor to the amplitude of the magnetic signal sensed by the
magnet_oresistive read sensor is less than approximately 0.2. |

27. The disk drive according to claim 15 wﬁerein the means for reducing the baseline

modulation comprises means for supplying to the magnetoresistive read sensor a bias



connected to the carrier for witing data on the disk. 3

disk file conprising: rigid magnetic recording disk for {hg-Storage-c
data, the disk having a surface wavi ness; neans connecte %@%ME&
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carrier supporting the nagnetoresistive head and in contact with the dis
during reagtrér Bivibge dalua duchtdher @0 RR{cOHE Ihe tbasedinbepddulatien Rinhi as té t he
carrier in contact with the disk having a length | ess than 1he period of

t he surf aamplinnderofdhe afaghétic sipadl sensedibyi the neagmetoresistive réad spsani sdessethagen

t he magnetoresi stive head and the surface of the | ower-tenperature disk as
t he di sk appraxiseatelpi{2eby variation in the tenperature and therewith the

el ectrical resistance of the _rrag‘get oresistive head is mnimzed; nmeans for
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connected to the carrier for writing data on the disk.

...A data recording

30. A data recording disk file comprising:
rigid magnetic recording disk for the storage of data, the disk having a surface
waviness;

‘means connected to the disk for rotating .the disk;

.a magnetoresistive héa_td for generating a signal in response to data magnetically
recorded on the disk, the magnetoresistive head being at a temperature higher than the
temperature of the disk; |

a éarrier supporting the magnetoresistive head and in contact with the disk during
reading of the data by the magnetoresistive head, the portion of the carrier in contact
with the disk having a length less than the period of the surface waviness of the disk to
minimize variation in spacing between the magnetoresistive head and the surface of the
lower-temperature disk as the disk rotates, whereby Qariation in the temperature and
therewith the electrical resistance of the mégnetoresistive head is minimi_zed;

" means for processing the signal from the magnetoresistive head, the signal received
by the processing means having a baseline modulation signal, due to said electrical
resistance variation, of less than twenty percent of the amplitude -of the magnetic signal
sensed by the magnetoresistive head as a result of said spacing variation being minimized

by the length of the portion of the carrier in contact with the disk; and



reans’ connected to the carrier for noving the carrier and supported
nmagnet or est-stive fnead acrosg the disk. 31. A magnetic W&.jrive
conpri si ng: i i C recording disk having a BEACERENTESS
nmot or COﬂaﬂmHImclmmﬂ[“l for rotating the disk; a net(U smﬁf%\%é%ﬁ?‘e d
sensor for &ensing wagmettcally recordedydata fromth ‘gﬁ'fek,...snéféé
sensor being heated by an el'ectrical cufrent; a carrier SupportegLthe"
sensor and in contact with the disk during the sensing of data by the read
sensor, the pefehhPNcéiinebd@ 36" the! cdrfief Ofdraahoving h thehecatiiek ad/i supparteéngt h
|l ess than the period of the surface waviness of the disk, whereby variation
i N spaci ngndpaétoRaitivh eltbadross thedikksensor and the surface of the disk as
the disk rotates is reduced; an actuator connected to the carrier for

movi ng t hdlca inagnatiemecarding diskidrivé gormprising t he di sk so the read sensor
may access different regions of data on the disk;, neans coupled to the read
sensor for preacigidimagneticresprgding disk dayipga sugfaee WaW88S; the signal fromthe

read sensor having m ninal basel, modu) atj on. j nd J
2 motor connected to edlsﬁl‘i:"\orrotaﬁlngtfle(rlllsf(; uced by variation

a magnetoresistive read sensor for sensing magnetically recorded data from the

disk, thé read sensor being heated by an electrical current;

a carrier supporting the read sensor and in contact with the disk during the sensing
of data by the read sensor, the portion of the carrier in contact with the disk having a
length less than the period of the surface waviness of the disk, whereby variation in
spacing between the heated read sensor and the surface of the disk as the disk rotates is
reduced; |

an actuator connected to the carrier for moving the carrier generally radially across
the disk so the read sensor may access different regions of data on the disk;

"means coupled to the read sensor for processing the signal from the read sensor,
the signal from the read sensor having minimal baseline modulation induced by variation .
in spacing between the heated read sensor and the surface of the disk as a result of said
spacing variation being reduced by the length of the portion of the carrier in contact with
the disk; and |

* means for supporting the motor and actuator.



i n spaci ng between the heated read sensor and the surface of the disk as a
result of said spacing variation being reduced by the | ength of the portion
of the carrier in contact with the disk; and neans f ting the notor
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CONTACT MAGNETIC RECORDING DISK FILE WITH A
MAGNETORESISTIVE READ SENSOR

ABSTRACT

A contact magnetic recording rigid disk file utilizes a magnetoresistive (MR)
sensor for reading data recorded on the disk. The disk file may be of the liquid-
bearing type of cbntact recording with the MR sensor supported on the trailing end
of a carrier (20) which rides on the liquid bearing. The performance of the disk file
is enhanced by including means for minimizing the effect of a discovered baseline
read signal modulation. The modulation has been determined to be caused by _
variable cooling of the temperature-sensitive and temperature-elevated MR sensor by
the disk, with the temperature variation being directly related to the variation in
head-disk (42) spacing caused by the waviness of the surface of the disk (16). A
filter may be incorporated into the read signal processing circuitry of the disk file to
eliminate the portion of the carrier in contact with the disk (16) surface may be
% selected to have a length less than the period of the disk (16) waviness so that it

more closely follows the disk surface topography.

FIG. 1



