- 2- 3. The circuit of claim1, wherein the voltage generator

conprises a regi ster which outputs the anal og input value in
response to a ' digital input value provided by a disc drive
processor and indicative of the desired naghitude of the bias
current. : 4. The circuit of claim1, wherein the transconductante
circuit WO 97/0971d0NPri ses: (b) (i) a conpar at BETAISYSAAO28

whi ch receives the reference voltage signal and the output voltage
signal and generates a control signal in response to the
differential voltage therebetmeen and

(b)(ii) a transistor, r t and

t he conpar at or CIrCUIt Aﬁﬁﬁ%ggt NENﬁNEiO ETfME

by the preanplifier CIrCUIt In relation to the appllcatlon of the

15 .control 'signal” tTO0 a gate of the transistor. e cirrcuit of
clain11, wherein the head is charactegp&gﬁFﬁﬁgag

magnet o-resi stive head and the bias c pplied to the head

during a read operTisi ipventibreredites geacrallytoethe ficldvof disd dijye ddte stosagel dgdices, and
froma rotat %x‘@ pq}tﬁzﬁlaﬂ;', ISIR ﬁo%fﬁa}d{)f liffitation, to an apparatus and method for dynamically

programming write and read bias currents in a disc drive magneto-resistive head.
5 _ : Background Art

Modern hard disc drives comprise one or more rigid discs that are coated with a
magnetizable medium and mounted on the hub of a spindle motor for rotation at a constant
high speed. Information is stored on the discs in a plurality of concentric circular tracks by
an array of transducers ("heads") mounted to a radial actuator for movement of the heads

10 relative to the discs. .

Typically, such radial actuators employ a voice coil motor to position the heads with
respect to the disc surfaces. The heads are mounted via flexures at the ends of a plurality of
arms which project radially outward from a substantially cylindrical actuator body. The
actuator body pivots about a shaft mounted to the disc drive housing at a position closely

15 adjacent the outer extreme of the discs. The pivot shaft is parallel with the axis of rotation of
the spindle motor and the discs, so that the heads move in a plane parallel with ihe surfaces
of the discs. _

The actudtor voice coil motor includes a coil mounted on the. side of the actuator body
opposite the head arms so as to be immersed in the magnetic field of an array of permanent

20 magnets. When controlied DC current is passed through the coil, an electromagnetic field is
set up which interacts with the magnetic field of the permanent magnets and causes the coil to
move relative to the permanent magnets in accordance with the well-known Lorentz
relationship. As the coil moves relative to the permanent magnets, the acmator body pivots
about the pivot shaft and the heads are moved across the disc surfaces.

25 Typically, the heads are supported over the discs by actuator slider assemblies which

e include air-bearing surfaces designed to interact with a thin layer of moving air generated by
the rotation of the discs, so that the heads are said to "fly" over the disc surfaces.
Generally, the heads write data to a selected data track on the disc surface by selectively
magnetizing portions of the data track through the application of a time-varying write gurrent
30 to the head. In order to subsequently read back the data stored on the data track, the head
detects flux transitions in the magnetic fields of the data track and converts these to a signal



- 3- 6., In a disc drive of the type having a head used to transfer
data to and froma rotatable disc and a preanplifier circuit

whi ch applies a bias current to the head, a nethod for

control ling nmagni tude of the bias . current, conprising steps of:
5, (a) provi di ng an i nput val ue representatlve of a selected val ye
for the magni t ywaeemderishe bias current; (b) gener aPCTYS9E/17028
differential voltage conprising the di f f erence bet ween a
ref erence voltage signal and a out put vol tage si gnal
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bi as current caffu thin film element which has the chssbtnstm\nélhyvmpbmaem xehigtatrs o thes
posi ti oned a§1 argseert]lée SP fIngérEHnt. field of a predetermined onema%@ltl Traﬁﬂfkévaﬁagé B'terhﬂ' SC.
| characteristic, MR heads generally perform a read operation by passing a bias current
through this thin fitm element and detecting changes in this bias current as a result of
exposure of the thin film element to the flux transitions from the data track (as the resistance
of the thin film element is changed thereby). These changes in the bias current are
10 subsequently decoded by the read channel in order to reconstruct the data that was previously
stored on the track. Generally, the MR heads write data to the frack using an inductive
writing technique, whereby a write current of a selected magnitude and polarity is passed
through the head in order to selectively magnetize portions of the data track.
Typically, MR heads have two pairs of electrical connections, one pair for the write
15 element portion of the head and one pair for the read element pomon of the head, with each
pair of connections comprising a current source and a current return path. Thus, during a
read operation, one pair of the connections is used to pass the read bias current through the
thin film element of the MR head and time-varying changes in the read bias current are
detected by AC sense circuitry; during a write operation, the other pair of connections is
20 used to provide the write current to the head in order to selectively magnetize the data track.
It is well known that the utilization of MR heads has led to further improvements in
data storage capabilities of modern disc drives, in that increased areal densities (that is, the
number of storage elements per square unit of disc surface, presently quantified in megabits
per square inch) have been achieved partially in response to the use of such MR heads. As
25 market forces contimue to provide economic incentive for pushing the areal density design
envelope, it is increasingly desirable to optimize the performance of MR heads in new disc
drives.
Performance problems have been encountered, however, in these efforts to continuaily
increase areal density. Because of a variety of factors encou;xtered in modern disc drives, it
30 is generally desirable to vary both the write current and the read bias current, both from
drive to drive and with respect to location of the head over the disc surface. Such factors
influencing the read and write performance of the drives include, for example, variations in
the flight height of the heads with respect to the disc radius, changes in the linear velocity of



7. The nmethod of claim®6, wherein generating step (b)further

conpri ses steps of: 20 (b) (i) using a reference voltage generator to
generate the reference vol t age signal; and

(b)(ii) using a nultiplier circuit to nultiply the ref erence vol t age

signal by the input value to generate the output voltage v
signal. 25  wo o714 PCT/USHSNT028 8
The nethod of claim6, wherein controlling step (c) further

conpri ses .steps of: (C)(I) applying the reference vol tage
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Efforts have been made in the prior art to optimize currents passed throngh heads to

5 address these affects; see, for example, U.S. Patent No. 4,799,112 entitled METHOD AND
APPARATUS FOR RECORDING DATA, issued January 17, 1989 to Bremmer et al. (which
discloses zone based recording) and U.S. Patent No. 5,107,378 entitted ADAPTIVE

' MAGNETIC RECORDING AND READBACK SYSTEM, issued April 21, 1992 to Cronch
et al. (which discloses write current optimization). Both these are assigned to the assignee of

10 the present application and are incorporated herein by reference.

However, with continued efforts to increase areal density in disc drive designs, there
remains a need for an improved approach to dynamically control the write and read bias
currents in a disc drive employing the use of MR heads.

15 The present invention comprises a method and apparatus for dynamically
programming MR head currents in a disc drive. Particularly, in the preferred embodiment of
the invention, a microprocessor provides a digital input value to a register of a digital to
analog converter, the digital input value indicative of the desired magnimde of the head
current. A multiplier multiplies the digital input value by a reference voltage to generate an

20 output voltage, and the differential voltage between the reference voltage and the output
voltage controls the source to drain resistance of a transistor connected in series with a
preamp voltage source of a preamp circuit. By inputting different digital input values, the
source to drain resistance of the transistor, and hence the magnitude of the current generated
by the preamp voltage source, are precisely controlled.

25 The magnitude of the head current is provided as a muitiple of the magnitude of the
current generated by the preamp voltage source. Thus, during 2 read operation, the resulting
read bias current is provided to the head and the effects of flux transitions on the read bias
current are decoded by conventional read channel circuitry to retrieve the data stored on the -
disc drive. Correspondingly, during a write operation. the polarity of the resulting write

30 current is controlled in a conventional manner by write control circuitry operating in

. conjunction with the preamp circuitry.

An object of the present invention is to support the attainment of increased areal
densities in disc drive designs.



circuit, the magnitude of the current controlling the magnitude of 10

the bias current applied by the preanplifier circuit to the head. 9.
The net hod of claim6, wherein the magnitude of the bias current

applied by the preanplifier circuit to the-head varies in a

substantially linear relation to the input val ue. WO 97/ 09714
PCT/ US95/ 17028 wo 97097ppnt rol of a voice coil nmotor (VCM, shoRGTHSSATEAS| v
at 20. The VCM 20 is driven by electronic circuitry (not shown
in FIG 1) to controllably " nove the heads 30 to any desired one of a

plurality of concenijdikerobjebibfahe presak fvdrtioR fs lbh:@rggensatﬁ fSCActd afe@R the read

arcuate path 32. Signals used to _control the VCM 20, as well _as signals to
5 and from t he2pb¥HE performange pha dise) drjye,inprear &g achiqve improyed performance and reduce
Referring now {44ahéwrite epdtdias.t herein is a sinplified functional block

di agr am of the disc drive 10 of FIG 1, operably connected to a host
comput er 28. More p¥etianether,objept of the present ventionds tohdynamicallyprogram e wyite and

general |y COBPIad $iad chitfill #d i GiveCil'obded o pitinisd MR A8 pbBbrmanceC! roUI 38
pindle control circuit 40, all operably connected by way of control
bus 42 to Still another object of the present invention is to precisely control the desired head
current levels while compensating for the effects of voltage drift during disc drive operation.
Other objects, advantages and features of the present invention will be apparent from
the following description when read in conjunction with the drawings and appended claims.

10 Brief Descrintion of the Drawi

FIG. 1 is a perspective view of a disc drive constructed in accordance with the present
invention.

FIG. 2 is a functional block diagram of the disc drive of FIG. 1.

FIG. 3 is a functional block diagram of the read/write circuit of FIG. 2.

15 FIG. 4 is a detailed schematic diagram showing the operation of the read
transconductance amplifier circuit, the digital to analog converter and the preamp circuit of
FIG. 3.

FIG. 5 is a detailed schematic diagram showing the operation of the write
transconductance amplifier circuit, the digital to analog converter and the preamp circuit of

20 FIG. 3.

FIG. 6 is a graphical representation of the magnitude of the current passed through
the MR head of FIG. 3 in response to digital inputs provided to the digital to analog
converters of FIG. 3.

Best Mode of Carrving Out I i

25 Turning now to the drawings and more particularly to FIG. 1, shown therein is a
perspective view of a disc drive 10 constructed in accordance with the present invention.
The disc drive 10 includes a housing base 12 and a top cover (not shown) which
cooperatively engage to form a sealed housing which serves 1o protect delicate internal
components from external contaminants .

30 A plurality of discs 16 are mounted for rotation on a spindle motor hub 14 using a
disc clamp (not designated). An array of heads (one shown at 30) is mounted to an actuator
assembly 21 by way of flexures 26, which are attached to head arms 28 of an actuator body
22. The actuator assembly 21 is adapted for pivotal motion about a pivot shaft 24 under



10 a system mi croprocessor 44. It wll be recognized that the control bus
42 conprises the necessary connections for the system m croprocessor 44
to comuni cate with and control these disc drive circuits.

Additionally, an interface circuit 46 is shown connected to the .
read/wite circuit 36 (by way of signal path 50) and to the system *

m cr opr oce®sdfeAd (by way of signal path 51), with therusisanrézace
circuit 46 serving as a data interface for the disc drive. 15 As

wi |l be recognized. the spindle control circuit 40 controls the rotational

speed of t ' ' 16A, 16B by way of a
spi ndl e ] 0?1 no?ﬁéseer}%g‘r%%é{gﬁt efcmﬂgg%nwgﬁgﬂggig%eral |y indicated by signal
path 54. As t [The MCMt20us driven ynelectonic afrcuitry @fiot tshawn in FISpilhth eontrolizdbiyol
circuit 4 r v | on . e |l t -be further discussgd herein.
_The servo‘g%‘%ntﬁ? §%r&5:§pé%g?yaéd§“%$g%l‘&a Pé“ﬁ“@‘?'sﬂﬁﬁ%“ﬁ‘&‘% P&%Wﬁ%i%ﬂ Sition
i nf or mat i dists 26 alang rranateepath 0 ASigyalsasgd b contghthe VEMI2056s welllas sipnalsswponse
t hereto r,Qvi des .a ection, . i gnal .hy way of signal path 58 to an
.act uat of @gﬁm%ﬁxeilﬁa%?féfemqgssgggm §ﬂ9 If e""%ads 30A, 30B with respect
to the di scs Feferridghiow IhWFIG @, shdvat theeld is @Gimplified dwictiona block dagrar ahnent
magnets of the  \ 0 escrihed hereinabove, but faor purposes.of clarity
Chase e i 16 gt Bt G Ofcrably Gomtered i Rost estbuser 2%, Wipreloagistadivogn: zedt
ijnda dedijmst QGhows g@ die :ﬁbosuelrmf petRrallg TOmPFlsd H\RUl/briteocinit 36, 8 sevb conttrad,
edi cated .t o, provi di ng.gener ) ont i puous ser.yo posi.ti oni
nf or mat i GRS 48 BRE 2 SBIGIE coRFel cuTuiE 9. allipesshly sopneeie by way of GrmE PR 47 iy
sur f ac e of systam Wicheprddeésos 4.V INwillcte récogaited thactie SoutkoD biiddd evitprisksnheuch a
dedi cated servo system th& remai ni.n headsﬁBOB bei n%the o&gﬂ%ﬂer head
shown i n TEFRssary conngctiops ferthe System wier S§0L 44 L0 SorpmRichty Wik 2
transfer :ﬂ&eaidcmraaféir&lﬁ@m,&dmdnemiaﬂim&fﬁﬁ'Al c&hﬁmsl Rshowg coned H zgdmﬂeread g
operations,  respectjvely. ) ternatively, it w e cogni ze
Uhat i n RMUREE R 36, way of sigpal path 50bnd 1 ghe systmgpigeopeasesor b RIoVAY
serve as d¢rQighalSHily §1y2RthdRd AnerfediSirculti46teRfighhs adavOintehed fOR iHeQilscadifle. .
data being stored_on the tracks of the discs,k 16A, 16B. In an enbeddgd servo . .
syst e As will be recognized. the spindle contro! circuit 40 controls the rotational speed o
the spindle motor hub 14 and discs 16A, 16B by way ot_’ a spindle motor (not separately
shown), as generally indicated by signal path 54. As the construction and operation of the

spindie control circuit 40 are conventional, these will not be further discussed herein.
The servo control circuit 38 of FIG. 2 is shown to receive servo position information
20 from a head 30A by way of signal path 56 and, in response thereto, provides a correction
signal by way of signal path 58 to an actuator coil 60 in order to position the heads 30A, 30B
with respect to the discs 16A, 16B. The actuator coil 60 interacts with the permanent
magnets of the VCM 20 as described hereinabove, but for purposes of clarity these
permanent magnets are not shown in FIG. 2. As will be recognized, in a dedicated servo
25 system the head 30A would comprise a servo head, dedicated to providing generally
continuous servo positioning information to the servo control circuit 38 with the
corresponding surface of the disc 16A serving as a dedicated servo surface. In such a
dedicated servo system, the remaining heads (30B being the only other head shown in FIG.
2) would comprise data heads and would be used to transfer data to and from the remaining
30 discs during write and read operations, respectively.
Alternatively, it will be recognized that in an embedded servo system, each of the
heads 30A, 30B would serve as both servo and data heads, with both servo information and
data being stored on the tracks of the discs 16A, 16B. In an embedded servo system, .
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PCT/ US95/ 17028 connections would generally be provided from each of
the heads 30A, 30B to the servo control circuit 38 as well as to the
read/wite circuit 36. However, it wil] be-recognized that t he present
| nventi on does not depend on the use of a particular type of servo system
t hus for cWOINOPTIEf || ustration, a dedicated servo syst ePCTESISITS
generally illustrated in FIG 2. 5 For nore discussion regarding the
construction and operation of a typical dedicated servo control
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circuit 36 passes dgt av‘t:o %e V?II’I tt to an readb:?ﬂomt A(]%e{vg%%%ti@ﬁs
respecti vel y, fenclagity obfllustragien amqateszelam@ym hisctedn QGJBtalIYhhusunsd in FIG. 424
response tosag Qr
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t he host conp ext
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(by way of anand Woods, @ssigried ¢iathe aksignes 0ff the Present dmeanion dnd ixdorporatéd Hﬁgmluy
turn, provi dege ferelilel t € Current to the head 30B by way of the signal

path 62 in or o wite the data by selectively magneti zi ng
Finally, the read/write circuit 36 passes data to be written to and read from the disc

16B, respectively, by way of signal path 62 and the head 30B. That is, in response to a
write command received by the system microprocessor 44 from the host computer 28 (by
way of a command bus 52), the system microprocessor 44 controls the flow of data to be
written to disc from the host computer 28 to the interface circuit 46 (by way of an external
15 data bus 48) and from the interface circuit 46 to the read/write circuit 36 (by way of an
internal data bus 50). The read/write circuit 36, in turn, provides a write current to the head
30B by way of the signal path 62 in order to write the data by selectively magneuzmg
~3 selected data tracks on the disc 16B.
Likewise, in response to a read command from the host computer 28, the head 30B
20 detects flux transitions from the selected data tracks on the disc 16B and provides an analog
read signal to the read/write circuit 36, which in trn converts the analog read signal to
digital form and performs the necessary decoding operations to provide the data read from
the disc 16B to the interface circuit 46 for output to the host computer 28. In controlling
these various operations of the disc drive, the system microprocessor 44 includes the use of
25 programming stored in system microprocessor RAM 64.

Having concluded an overview of the disc drive functional block diagram of FIG. 2,
reference will now be made to FIG. 3, which shows a functional block diagram of the
read/write circuit 36 of FIG. 2, operably connected to the head 30B which is designated as
an MR head. |

30 As provided hereinabove, the read/write circuit 36 generally operates to transfer data
to and from the data tracks of disc 16B (as shown in FIG. 2) by way of the head 30B; more
particularly, the read/write circnit 36 shown in FIG. 3 comprises a write channel 66, a read
channel 68 and a preamp circuit 70. These components are conventional and it will be



sel ected data tracks on the disc 16B. Li kewi se, in response to a
read command fromthe host conmputer 28, the head 30B 20 detects fl ux
transitions fromthe selected data tracks on the disc 16B and provi des an

anal og read signal to the read/wite circuit 36, which in turn converts
the anal og read signal to digital formand perforns the necessary *
decodi ng oper awioom®9Mé provi de the data read from t he di SECIVOS517028 he

interface circuit 46 for output to the host conputer 28. In controlling
t hese various operations of the disc drive, the systen1nicroprocessor 44
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of paths 62A during a write operation. _
Additionally, it will be recognized that the read channel 68 generally operates during
10 a read operation to receive a read signal from the preamp circuit 70 and perform detection
and decoding operations thereon in order to supply the retrieved data 't-o the interface circuit
46 (of FIG. 2) by way of the internal data bus 50.
| It will be apparent to those skilled in the art that the foregoing is a generalized
description of disc drive data read and write operations and that additional considerations may
15 exist for these operations, depending upon the particular configuration of the disc drive. For
example, as described hereinabove, a disc drive employing the use of an embedded servo
system generally includes the placement of both data fields and servo fields on each track;
thus, a "write operation” in such a disc drive may be considered to include both the writing
of data to the data ficlds on the data track (on a sector basis), as well as the intermittent
20 reading of servo information from the servo fields (in order to maintain the position the heads
with respect to the track). In other words, those skilled in the art will recognize that a "write
operation” in a disc drive baving an embedded servo system generally comprises both the
writing and the reading of data. However, for purposes of clarity herein, it will be
understood that a "read operation" describes the sequence of actions taken by the disc drive
25 to read data (whether user data or servo data) from the disc through the application of a read
bias current to the head; correspondingly, a "write operation" describes the sequence of
actions taken by the disc drive to write data to the disc through the application of a write
current to the head. _ :
i Continuing with FIG. 3, the general operation of the write channel 66, the read
30 channel 68 and the preamp circuit 70 disclosed therein are conventional, except as provided
hereinbelow, and the arrowheads shown on the various signal paths between these circuits are
provided for reference purpo’ses only and do not necessarily represent the actual directions
that signals may take between these circuits. It will be readily understood that the present
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channel 66 generally operates to encode the data supplied fromthe
interface circuit 46 (by way of the internal data bus 50) and i nstruct

the preanp circuit 70 to output a tinme-varying wite current to the head,
30Bin order WO9MMite a representation of the input data PEVURSNZ28c"
16B. As provided herei nabove, the 5 head 30B is an MR head havi ng two
“pairs of connection paths, one for witing and one for readi ng, and for
reference thes mvaaioﬁ hseaiimgebawl tan bedimplentenied with aFiafiety f diffefiéhi\ typesi ofiEY and

respectively. Thus t. 70 ovid wite current t.o he .
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those skilled In the a recogni ze that a "wite operation” in

di sc drive havengrally require a8 &xtemal rﬁélsmm Bonder 30 sof thesopestcvaliefor e fise and
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it will be understood that a "read operation"” desCribés the sequence of

actions taken iernal ¥yoliags sourees,whichspropide sprmenisthat are rreuiated bﬁé’&“ﬂﬁ?a&%P a%rvo
data) from theegims refifiahés ypfyed @isdrerd lek@FhaPesiftof. Mk preamp operates as a "current

mirror”, in that the currents so provided from these internal voltage sources control the
magnitude of the currents applied to the head. For reference, in the preferred embodiment
20 the preamp circuit 70 of FIG. 3 comprises a VTC VM61312 Magneto-Resistive Head
Read/Write Preamplifier from VTC Inc., Bloomington MN, USA, and as configured,
. provides a current to the head that is generally 20 times the current providéd by the internal
voltage source.
Continuing with FIG. 3, also shown therein is a write current transconductance
25 amplifier 72 and a read current transconductance amplifier 74, constructed in accordance
with the present invention, hereinafter also collectively referred to as "amplifier circuits®.
The amplifier circuits 72, 74 are shown to be operably connected to the preamp circuit 70, as
well as to a pair of digital to analog converters (DACs) 76 and 78. In the preferred
embodiment, the amplifier circuits 72 and 74 as well as the DACs 76 and 78, respectively,
30 have nominally identical construction, although this is not required and shouid not be
considered to be a limitation. Additionally, in the preferred embodiment the DACs 76, 78
are implemented using an SSI 32H6521 Embedded Servo Controller from Silicon Systems,
Inc., Tustin, California, USA.



bias current to the head; correspondingly, a "wite operation" describes

t he sequence of actions taken by the disc drive to wite data to the
disc through the application of a wite current to the head.
-Continuing wwth FIG 3, the general operation of the wite channel 66, the
read 30 channel 68 and the preanp circuit 70 disclosed therein are - '

- conventi onal ,we¥gepis as provi ded her ei nbel ow, and t he amporwsesiazsshown .
on the various signal paths between these circuits are provi ded for
ref erence purposes only and do not necessarily represent the actual
directions th ' t .hese citcuits. It . wll _.be
readi | y under st oot t ha %@%&é&éﬁ#%ﬂ%,m&c ve Serite operanons,theamphger

7 ciredO7D @kdDde DAC 76 cooperatively operate to regulate the current provided from an I,

PCT/ US95/ 17028 i nventi. . as .clained:bel ow, can be i enent e i.th a
Vari sty of it of e preaBERiP Ay a1 it e St GFond Fopr i 5 B 200
read channel gby oay ofpdthso62A)j fifnilardy) tdutiyg eead @perptiohs, the ainplifiértcircuit 74 afdtheong
as these ci ' support .the use of eads. For.clarit t he e of the
Pormve O3 TG 38 HriRpiulerk BReie o Ropult € BBy pvickd Fom Ak Tpae of BE eteEmang
read bias curireilt 30 Hidrdérdo \sgulate the réudthidsamceMtivapyiied 36 the HeQS OB (by Wiy of patd
detects ti rre-&&r.yl,ﬂg ﬁ}.]ésn%e,%slegcl} Qr%v{dg Etiv(i:rlo chylt%ge ﬁe%l; ?&Eltiﬁed in FIG. 3 as Vgyp and

" Vgar respectively, to the amplifier circuits 72, 74, with the Vyg, voltage being a reference

voltage and the Vour voitage being digitally controlled. As will be discussed in more detail
10 hereinbelow, the Vyr voltage is a voltage referenced with respect to the Vgge voltage, and in

the preferred embodiment the value of Vyyy ranges from 0.5Vggr to 1.5Vpe.

In order to more fully explain the construction and operation of the circuit of FIG. 3,
FIG. 4 has been provided which comprises a detailed schematic diagram of the DAC 78, the
-read current transconductance amplifier 74 and selected portions of the preamp circuit 70.

15 Referring to FIG. 4, also shown therein is the system microprocessor 44 (of FIG. 2) which
provides a digital input value (by way of a portion of the control bus 42 of FIG. 2) to a
register 80 of the DAC 78. The contents of the register 80 are shown to be provided to a
multiplier 82, which also receives the Vg voltage as an input from a Vg, voltage generator
84. In the preferred embodiment, the V.. voltage is a voltage of 2.23V + 3% and the

20 digital input value provided to the register 80 is a 10-bit word (in two's complement form,
the MSB being a sign bit).

Thus, the muitiptier 82 acts to multiply the Vg voltage by the digital input value
from the register 80 and output the V,;; voltage, which as provided hereinabove nominally
ranges from about 1.12V (which is 0.5Vygr nominal) to about 3.35V (which is 1.5V,

25 nominaf). ' .

The Vg, voltage and the Vige voltage are provided to the amplifier circuit 74 on

signal paths 86 and 88, respectively, and provide inputs as shown to an opcrational- amplifier
circuit comprising an operational amplifier 90 ("op amp") and resistors 92, 94,-96, 98, 100
. and 102. It will be recognized that the Vi voitage is generally presented to the -+ input of
30 the op amp 90 and the Vi, voltage is generally presented to the - input of the op amp 90
. (neglecting resistor effects), in order to provide an output of the op amp 90 responsive to the
differential voltage between the Vy; and the Vg, voltages, as explained below. It will be
recognized that the values of the resistors 92-102 may be varied as required for a particular



as aresult of previously recorded flux transitions froma data track
during a read operation. It will be readily understood, however, that
the present disclosure applies not only to MR heads, but is also
applicable to conventional thin film heads, as well as to GWR and spi n- :
val ve head technol ogi es, anong ot hers, that operate in accordance herewith: .

10 wbahem4 continuing with a discussion of the remgMUISAgIToE cuits
shown in FIG . 3, it may be hel pful to first provide an overvi ew of the
present invention, which is a nethod and apparatus for dynamcally

pr ogr amgbpliatidks bIR@R plipeses Of dist16subd the PriferiidembdaihehOcomprisdtuse of M ‘head.

More particularly, preanp circuits, such as the preanp circuit 70 shown in. -

FIG 3, valwes Beddnfaple ki equire an external resistance path in order to set
the correct val ygsfsgy the wite andwi as currents supplied to a :
head. Such preanp circuits typicall ave one or nore I nternal voltage

sources which pro9de currents that 3%kehmsegul ated by the application of an

exterrsal resi stangg, typically a di $£k xternal resistor. The preanp
operates as a "cuirent mrror", 1'n at the currents so provided frem
these internal voPéage sources cont 133 kohms* - magni t ude of the currents

applied to the hegg. For reference,s."g]&%preferred enbodi nent 20 the
preanp circuit 70°of FIG 3 conprisés a VM61312 Magnet o- Resi stive Head
Read/ Wite PreandiOPfier from VTC | nél.j kBm®oni ngt on M\, USA, and as :
confi gured, qrgvi des a current ﬁ head that is generally 20 tinmes -
the current provi ged by the interna vol t age source. '
Conti¥uing with FIG 3, al%ablehown thereinis a wite current

oo e P uBAP e A e Lo O A BT .,
her ei nathe@rgssmsipvanﬁbn,eshiﬂvhds)beeminempmmﬂ dnta sn ‘applichtichi specifiv integrages!’ . The
el Fout t Cit Y. St G ok Recbfastf ) odh s BPBE B8 e SNSRI, | 7 " ( DACY)
76 and T@istancestaie gnenily desivible in ap HSIQ, asamsistarichds genprhily redatedciorlayout s 72 and
dentioe Bfeh, B8 hedfr itockd oBhlSant reqdfR ietuon foaty Jiber ISR AT i,
consi defhecresentioventibn may alsb da readilyl n:hplemaitédyusmgrdm:m pesistbrs; incethickrbasei nent
Cont r o 10getwathEe o ensSially B h6id i, 6 e W dpirpask U 7" 1
leakage current on the operation of the circuit.
Additionaily, it will be recognized by those skilled in the art that the resistor 98
20 operates as a feedback resistor for the op amp 90, in conjunction with the resistors 100 and
102 which also serve to provide a signal denoted in FIG. 4 as Vygys. The Vi, signal is a
voltage measurement signal indicative of the differential voltage between the voltages Vqur
 and Vig. | |
' It is contemplated that the voltage Vyg,s may be used as a means to independently
25 measure the differential voltage provided to the amplifier circuit 74 by the DAC 78.
~ Particularly, it is contemplated that the voltage V,g,s could be provided as an input to an
analog-to-digital converter (not shown) to generate a digital representation of the voltage
Vazas, Which could in turn be monitored By the system microprocessor 44. The use ofa
high precision DAC, however, as in the preferred embodiment disclosed herein, will 3
30 generally provide a sufficiently precise indication of the differential voltage without the need
for an independent measurement, but the voltage Vi,s may be found useful in an .
implementation using a relatively lower precision DAC. Of course, the amplifier circuit 74 '
may be implemented without generating the voltage Vyg,s at all (eliminating the need for

10



8 WD 97/ 09714 :

PCT/ US95/ 17028 E As described in nore detail below during disc
drive wite operations, the anplifier circuit 72 and the DAC 76
cooperatively operate to regulate the current provided froman I[err]

pin of the preanp circuit 70 in order to regulate the wite current *
suppl i edwoegorshead 30B (by way of paths 62A); sinptpusys/i7oelsri ng read
operations, the anplifier circuit 74 and the 5 DAC 78 cooperatively
operate to regulate the current provided from an I[err] pin of the preanp

t dyt.9. Lhe head
305 ( by "Kagork 10038 168, S, B i v G BB SOt et bl 07
| evel s mtamlmglydd providel tie s@nepsffecfiver nedistamee for the ofrenit. | , respect i veI y, to the

anplifier cirg eq?%thz:f(? IBBJ“ \%ﬁ% %ﬁrﬁ‘ﬁ’ referﬁ“c(
. vol t d t Vidggan e
\é?scﬁggeg rxl-espom ne ﬂwallﬁemmih@vﬁagegﬁém vbln&gesbl/;gg-,rahd \XQLFIagehxs supuridl t age
f d h | d f d

. embod TPtk SRR BEh 10F 15 BF ot F ad neBesyPfuefiEe osEEL Jfal T o1 °
In or der(hé:emannfxensfmdefeyreexcpkmmntxm 106M% t The $cucoe-degial padh f dtiel wahsisfor 106

o o S e B i £

current (denoted in FIG. 4 as "1;") provided on signal path 112 from a V, voltage source 114
of the preamp circuit 70; that is, the source to drain resistance of the transistor 106 is

10 controllably varied to regulate the magnitude of the current I; (the return path of the current
I; is identified in FIGS. 3 and 4 as signal path 113). The magnitude of the current I
supplied by the Vy voltage source 114 controls the magnitude of the read bias current
provided by the preamp circuit 70 to the head 30B by way of signal paths 62B; more
particularly, FIG. 4 shows the preamp circuit 70 to comprise a current source 116 which

15 supplies the read bias current (denoted in FIG. 4 as "20I;") having a magnitude 20 times the
Iz current supplied by the V; voltage source 114. For reference, the V voltage source 114
provides a nominal voltage of 2.5V *+ 6%.

Thus, as the resistance of the transistor 106 changes in response to the output signal

from the op amp 90, the magnitude of the current I, and the read bias current will be

20 correspondingly controlled. In the preferred embodiment, the resistor 108 (in series with the
source-drain path of the, transistor 106) is a precision resistor having a resistance of 576
ohms, with a 1% tolerance. It will be recognized that it is d:sirable' to hold the resistance of
the resistor 108 to a very precise tolerance, as a relatively large amount of variation in the
resistance of the resistor 108 will degrade the ability of the amplifier circuit 74 to precisely

25 control the magnitude of the current I;. Thus, in the preferred embodiment, the resistor 108

is laser-trimmed to ensure the required tolerance is achieved.

It is significant to note that the circuit of FIG. 4 operates to precisely and
instantaneously regulate the current I, in response to the digital input value from the system
microprocessor 44, while accommodating changes in circuit parameters, including voltage

30 drift in both the Vg voltage generator 84 of the DAC 78, as well as in the V,, voltage
source 114 in the preamp circuit 70. As provided hereinabove, the V.. voltage generator 84
outputs a voltage of 2.23V + 3%, but as the Vg, voltage is provided with respect to the
Vier voltage, the circuit operates to adaptively compensate for variations in the Vyg, voltage .

11



read current transconductance anplifier 74 and sel ected portions of the
preamp circuit 70. 15 Referring to FIG 4, also shown therein is the system
m croprocessor 44 (of FIG 2) which provides a digital input value (by
way of a portion of the control bus 42 of FIG 2) to a regi ster 80 of
the DAC 78. The contents of the register 80 are shown to be row ded to.a-
mul ti pl WO978%714 \hi ch al so receives the V[err] vol t age BEISSAt froma
V[err] voltage generator 84. In the preferred enbodi nent, the V[err]
voltage is a voltage of 2.23V 3%and the 20 digital input val ue provided

t o t he t¢ aginttiretheQI8siresi raadliiasdcutrrentor Kikéwise, ttheVg valtagp saureent 14f cutptits a t he MSB

LT Yol g g o S o BB b B 01 (1
e e PR B e o
gﬁ' mpensating fo x%%étgn
i/§| tlagemﬁﬁe_lur ovi dreﬁ;ﬁt o the amplifier cir cEgt 74$on si gnal pat ﬁ;r ]86 and
el b L o A s SR e
?g gggé(r)gfmﬁ%mst%rrslg?é 0 he %?&ﬂw atﬁab‘gh?n&;‘t hgb{./\[/glr '; ?ge
vol ta ‘g"r é’gb‘%‘l‘%ﬂ et © %&ﬁ free L
gsergLE%?;:?:%MM*“;?%%%?W TRy N
i reina SRR
y(['alletrﬁeqs iilficatibe mmaggg'ag@w; HRIdiRAI6BS I eq tmd P i?é?pgﬂ I tcnlear |
o ' Turning now to FIG. 5, shown therein is a schematic diagram comprising the DAC
76, the write current transconductance amplifier 72 and selected portions of the preamp
circuit 70 of FIG. 3, which operate to control the magnitude of the write current supplied to
15 the head 30B. As provided hereinabove, in the preferred embodiment the DAC 76 generally
| has the same construction and operational characteristics as the DAC 78, and the amplifier
circuit 72 generally has the same construction and operational characteristics as the amplifier
circuit 74; thus, many of the same item numbers from FIG. 4 have been used to identify the
corresponding components shown in FIG. 5 for these circuits. However, as the preamp
20 circuit 70 operates in a somewhat different manner during a write operation as compared to a
read operation, for purposes of clarity FIG. 5 has been provided herein.
As with the circuit of FIG. 4, FIG. 5 shows a digital input value is provided to the
shift register 80 of the DAC 76 by the system microprocessor 44. The multiplier 82
multiplies this digital input value by the Vg voltage (generated by the Vi voltage
25 generator 84) to generate the Vi, voltage, with the differential voltage therebetween being
presented to the op amp 90 of the amplifier circuit 72 as shown. The output of the op amp
90 drives the gate, and hence the dc resistance, of the transistor 106. Thus, as with the
circuit of FIG. 4, the amplifier circuit 72 operates to regulate the magnitude of a current Iy,
supplied by a Vy, voltage source 120 on signal path 118. The vojtage generated by the Vy,
30 voltage source 120 is nominally 2.5V, + 6%. '
As shown in FIG. 5, the preamp circuit 70 further comprises a write current amplifier
circuit 122 which receives the current Iy, and, in response thereto, outputs the write current
to the head 30B by way of connection paths 62A. More particularly, the write current

12
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PCT/ US95/ 17028 . application, but for purposes of disclosure the

preferred enbodi nent conprises use of the values listed in Table |

Resi st or Nom nal Val ue 92

59 kohnms 5 94 , * 31.6 kohns *

96 WO 97/09714 133 kohns - O /US95/17028

37. 4 kohns 100 71.5 kohns '
102 100 kohns 10 ' Tabl e

l. e T rg';}'!.l_g“{ (Y ﬁq* §¥ﬁggg cBm;! se the
preferr e&mg%gd%#fﬁ%%hﬁgﬁfgﬁ%r esen ﬁiaﬁv@ﬁpﬁgdng%l C as (Ia‘én .
i ncor por a podaritydetesminebby ac inpitovigmebprovided by theovrite chainel 66 (of FIGhi 3) byAGC) .. | t
will ber ﬂﬂE’li sllﬁq . ”-]@E is I 1 er
_resist ancogs%- ar e&gfei#ga{\?%%&é@rea e dl“% géfnqg%gf'éc as r(églo?%la"ﬁ?ééi gggeneral ly
rel at ed t"301;3y prowvided toathe eada30B is 20gimes thesmagnitmdeesf theasrant Iy require -
correspondi ng @g{ . el r nt | ntion nmay
.also begjr eadi :1% ll|°ra}'rp erreljnlﬁex%dfsts%éﬁ%al ns("?(r)og% #‘recg}tss?folﬁ@,g' Fﬁgﬁléﬁé@!@‘&é
|l arger vaheiread bins ahdh evritecursenns; sespagivily, FiG. € Ide beenairdvidedf whiclestmgslae, t o ,
decrease the.effects of | eakage cur.rent th e | gn._of the '
circuit. grap%lca{ “P‘es“}&%fﬁ’ﬁ‘ﬂfé‘?fa‘f‘ﬂ’?}‘g CWIWI&EJ&%M(S%@%%Q{H?&?O%‘PI ed in
the art tdigital inpat vahses provideddo 2ithes pf tiet RACH36,78f of FBG 2B K Mars ipattionlaflyprthé he op
anp 90, in conjMRpcti.on with.the resistors 100 and whi.ch al so serve X
to provi c%apg' %{ﬂaﬁa% ‘ﬂ%ﬁ?&“e‘a heye ﬂ'@“ axis TCRresFPHNg Vajpss Qf%?”gi'“:"_‘éﬂt is a Do
10 (which correspond to the values of the read bias current "20L;" in FIG. 4 and the write o
current "201," in FIG. 5). Additionally, the graph of FIG. 6 is shown to have two
corresponding horizontal axes, with the first horizontal axis representing the nominal value of
the voltage Vqyy as it ranges from 0.5Vyg: (nominally 1.12V) to 1.5Vgg: (nominally 3.35V).
As provided hereinabove, the voltage Vg is referenced with respect to the voltage Vg, SO
15 that the acnral values of Vg, will depend upon the nominal value of Vyg:; however, as
explained above, the differential voltage between the Vo and Vygr voltages will not change
- with variations in Vies-
The second horizontal axis shown in FIG. 6 represents the DAC digital input value

which is provided to the register 80 by the system microprocessor 44. As provided above, in
20 the preferred embodiment the DAC digital input value is a ten-bit word in two's complement
form; thus, as shown in FIG. 6 the value 0000000000 represents the midrange value (and
corresponds to a Vg, of 1.0Vyge or 2.23V), the value 1111111111 represents the minimum
value within the range (and corresponds 10 2 Vogy of 0.5Vgge or 1.12V), and the value
0111111111 represents the maximum value within the range (and corresponds to a Vgyr of
25 1.5Vpg or 3.35V). It will be recognized that the DACs 76, 78 disclosed herein are ten-bit
bipolar DACs, inasmuch as the value 1111111111 represents the minimum value and the
value 0111111111 represents the maximum value for these DACs. Alternatively, unipolar
DACs could be implemented instead of bipolar DACs, with a corresponding change to
0000000000 and 1111111111 as the minimum and maximum values, respectively. It will be
30 recognized that a variety of DAC configurations and levels of precision are available and may
be implemented as desired for each particular application.
_ Finally, plotted against these horizontal and vertical axes is a response curve 130,
which represents the MR head current with respect to the voltage Voyr and the DAC input,
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vol tage neasurenent signal indicative of the differential voltage between
the voltages V[err] and V[err]. It is contenplated that the
voltage V[err] may be used as a neans to independently 25 nmeasure the
differential voltage provided to the anplifier circuit 74 by the DAC 78.
Particularly, it is contenplated that the voltage V[err] could be provided -
as an input toV¥n9I9714anal og-to-digital converter (not shom)PwUWMte a

digital representation of the voltage V[err], which could in turn be
noni tored by the system m croprocessor 44. The use of a hi gh preci sion
DAC, however, heAﬂéﬁiﬁaﬁGﬁi ofthE REVER5H rélbAs s e lé?ﬁﬁﬁ&& f@‘?&’m&g{m
general ly provide a suff|C|ent preC|se I ndi cati1on of entra

vol t age wi t hoSEr¥eHa0 ferresents an Hé?ftab%é?slﬂﬁéﬂfeﬁwff%mwommﬂ
vol tage V[ err lyiavorage bPHos aH&ﬁszv 1‘8 BBt 1.30V. "R aﬂb%é ?Qaygl 50V,
relatively lower precision DAC. course, the anpli

be i npl ement edheFuryRHlA0 EMlh@@smlemﬁﬂg&WP@m mhez(deﬁmmheﬁabmg

the need fors 28 mA bei lied 0
VO 97/ 09714 being supplied with a corresponding Vg, voltage of about 3.35V. Thu%

PCT/ US95/ 17028nagnitudes pfthe MR headres! biajamiopite comeritoeay bepreciselyvprbgramned ftore0
ot her resi St O td"atod 26 flAC UrirRf, Ghdsh B H rrent magnitudes will be precisely controlled and

maintained, mdcpendent of subsequent changes in circuit parameters encountered during
operation.

10 Having concluded a discussion of the graph of FIG. 6, reference will now be made to
the FIGS. 2-5 in order to provide a detailed example of the operation of the circuits shown
therein during write and read operations. Beginning with a write operation, the host
computer 28 sends a read command (with appropriate address and data information) to the
disc drive 10. The system microprocessor 44, in response thereto, instructs the servo control

15 circuit 38 to perform a seek of the actuator assembly 21 to position the head 30B over the
appropriate data track on the disc 16B. At this time the digital input value for the selected
data track is determined, and this may be accomplished in a variety of ways.

For example, in disc drives employing the use of zone based recording (such as
disclosed in the previously incorporated Bremmer reference), the digital input value may be

20 predetermined on 2 zone basis, so that the digital input vatue is optimized for all the tracks m
each zone on the disc (the tracks in each zone having the same number of sectors). in such a
case, the appropriate digital input value is retrieved for the zone containing the selected data
track and the system microprocessor 44 provides this digital input value to the DAC 76.

Alternatively, the digital input value may be calculated with respect to track radius

25 (such as disclosed in the previously incorporated Cronch reference) based on initially
determined write current magnitudes for tracks at the inner and outer diameters of the disc,
respectively. In such a case, the appropriate digital input value is caiculated from these
values using, for example, linear or exponential interpolation.

In yet another alternative, the optimum write current may be optimized using

30 minimization techniques disclosed in United States Patent Application Serial No. 08/536,958
entitled WRITE CURRENT OPTIMIZATION IN A DISC DRIVE filed September 29, 1995
by Roger J. Kassab, assigned to the assignee of the present application and incorporated
herein by reference, which discloses optimizing write current levels across the disc surface
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accordingly to provide the same effective resistance for the circuit.
Continuing with FIG 4, as provided herei nabove, the op anp 90 provi des an
out put in response to the differential voltage between the voltages
V[err] and V[err] and this output is -5 provided on signal path 104 to the
gate of an n-channel enhancenent MOSFET 106 (hereinafter also referred
to as "trwom7epise 106").. The source-drain path of the treayUssare2806 S
shown to be connected in series with a resistor 108 so as to cooperatively
regul ate the current (denoted in FIG. 4 as "l[err]") provided on signal

path 112 FniMinSitih I%F krcuit 70;
that is, o egr&slource %t%r arn reS| stance oFofsh ansi s{ or g ”5 10
control |l ably Iravill bd r@@gmagumtt optanaldigitat inpus value tforea particwlartwiitter r | (t he

LT DBl U o S e D i ol e B %5,
V[err L voblnugd; tho digisel input velve i providedhto thauegisten 86 otithetIMCﬂéadAddmnnalbur [ ﬁnt :
r 0 at hs :
grzgw n§detb‘¥m &@%r&tﬁ% %%ﬁom@ﬁpr%% )r?ﬁé %ﬁ?éﬁ Sf?%*élgg%o?rpr ise a
current smm ssstehisﬁ mnhaycbe deSmﬂ:l@m haes atskeyo madpﬂocessorc(mtrshmn)(whcmhnyl ben FIG

gugrs)l i ggl h’g) haw%dﬁ@ g Siﬁ)‘ﬂ‘ﬁ% ?%Fe‘i”e‘h%@ d?f’g "Eﬂrt%arcf

vol t age ﬂmmynemlmdroproceqsomﬂ ahadisciosadh nRegdrdless) bm:geheodlgiﬁal iput Gelue is so

Thus, e.r SIS 106 ¢ in.re nse t he
out put - < PUREH: B2 cRpAEGETRY, 5 el 40 labla of iR BF e Wit SRR BB o 1)
and t o wethd hbadaBOB;uhatés)tthaM‘ldtd pioeided by dierlestonites 2y (as entoded) ie svritten td he
preferre odi e_resist |n serie our e-drain
path of gﬁesn?’? Eﬁé‘} wgmﬁgﬂn]jo%s i f&&‘?@% Iﬂﬁ’dasq}ae nce of
576 dhrmntwliddm&cm{gbﬁﬂxerpahnq ofl the wirikd cupeent. ecogni zed that it is

re5|st nce of res a very precise

d bl t I t
o er o b 0 Sy Farl ¥ 4 Sl e pofs Romhipe A Sivines o Bectssily L PLEST 58
of the reshmhsd toltfi8dist Hhvdug(mdﬁmgﬁ@p&kpﬂatetayldmésmgmmmaidnjaﬁ in respotise 74 to

precis 25 control the ude, of ent er hus, .in .the
pref er exhe RENT ¢ Iﬂ%c ist %eadlli()%] %Ygﬁ g"t‘f gk o the
required dtecﬂyaemﬁﬁﬁrdpﬁocesshl #Vpdvides an appropmté tigital ispug mlﬁd: foothé régister@0coft hat
the circyit I 4, operates to precis and . St ngousl|
regul at elﬂ{ehlaxéfsr gﬁw}tﬁ r‘f“?ﬁ“?ﬁ‘gd"éfﬁw‘f frc? ‘&nﬁfytqnmﬁ%ﬂ%g\%ﬂﬁ)"ﬁ omt he
Ssystem usedro delfhine ﬂ&%pproﬁﬁate\ﬁglthﬁmpﬂmmﬁﬁl oiden® progromale imagitude of the
par anet er ncI udi udi ng, v Ita
‘réa bia e apgropnate sectors on the selected data track subsequently pass
20 under the head 30B, the AC sense circuit 115 detects the effects of flux transitions on the
~ read bias current from the stored data on the data track and provides the corresponding signal
to the read channel 68 in order to provide the retrieved data to the host computer 28.
It will be clear that the present invention is well adapted to carry out the objects and
attain the ends and advantages mentioned as well as those inherent therein. While a presently
25 preferred embodiment has been described for purposes of this disclosure, numerous changes
may be made which will readily suggest themselves to those skilled in the art and which are

encompassed in the spirit of the invention disclosed and as defined in the appended claims. -
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30 dri ft in both the V[err] voltage generator 84 o‘f\“\“tmmgml wel | as
in the V[err] voltage source 114 in the prearrp rovi ded
her ei nabove, ‘the V[err] vahi. -ou puTs a vol tage of 2.23Vv
3% but as the V[err] vol §ags iSﬁEE)T(M’SdBEENMth respect to the Verr]
voltage, the circuit operdtes tgppmaappi vel yjconpensate for variations in

t he V[ er WP %884 ge n PCT/US9S/17028

PCT/ US95/ 17028 to mintain the desired read bias current. Likew se,
the VR voltage source 114 ouputs a voltage of 2.5V 6% but the

anpl i f i éWhatiig clninied st rmnitors the current I[err] and adj usts the

source to drain_resis t an .0r 6 C ntaln a -
const ant stezdgggtdzﬁc (ifb) FF%’R #ﬁ!ﬁﬁ ‘iﬁfe(,lgghg@é@é ﬁ%é%%t 3for t he
eL f ect s (@f) aéjabémgie disd, filie zicummtizhbhxdi@l Ca/hdaﬂm ﬁBFMmd(iﬁ?r c%ﬂ (60) ofa Also
sownlnFI conv nt| nal .AC, se It 115 (of t eanp -~
circuit Vv ?’é}n%@?? fﬁ{) Wﬂ@%rtg‘?ﬁij‘a SReCt 1 aidaga ?@gépél%s
current sdise, RSakd diive ﬁahﬁx sm;ﬁmﬁim (70) for applyirigedhdall ictént ¥ R heddhe t hin
filmele aggnt of the head 3\[2‘? sense circuit 115 proyi des
| ok 1B 8 e FUGOPDRSRE, (P o ekl KB OlinE selksio GREFEeSf S ikt ( by way
of si gndnvithaﬁﬁo%t;mmfead channel 68 of FI G 3, which as provided
her ei nabove odes t hese [ ndlg%l_t iops i n@%der v@ rovi de .t he data

I

st or ed on_th _ F?Eall‘ﬁ’ﬁ?ge’f°“‘_'°°m COmpIIRE Waerein is
a schematic di agrdifferefdEbetvwden @ rbﬂﬁl@@)ltage and an output voltage, wherein the

cutput voltage is a selected multiple of the reference voltage; and
- 10 current regulating means, responsive to the differential voltage, for controlling the
magnitude of the head current. '

2. The improved disc drive of claim 1, wherein the differential voltage provided by
the differential voltage source means is determined by a digital input value supplied by the
system microprocessor (44). '

15 3. The improved disc drive of claim 2, wherein the differential voltage source means
- comprises a digital to analog converter (76, 78) comprising a multiplier (82), wherein the
- multiplier multiplies the digital input value by the reference voltage to provide the output
voltage.

*

4, The improved disc drive of claim 3, wherein the digital to analog converter further
20 comprises a register (80) and a reference voltage generator (84).

5. The improved disc drive of claim 4, wherein the output voltage ranges from a
value of 0.5 t_imes the reference voltage to a value of 1.5 times the reference voltage.

6. The improved disc drive of claim 1, wherein the current regulating means -
comprises a transconductance amplifier (72, 74) comprising an operational amplifier circuit
25 (90, 92, 94, 96, 98, 100, 102) and a transistor (106). _ .
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76, the wite current transconductance anplifier 72 an ns
. of the preanp circuit 70 of FIG 3, which operate B &E “m llg

nmagni tude of the wite current 9 d tthe hea d v Owl de
her ei nabove, in the pref erred @"ﬁ ‘&?hagg%ﬁc 76 gener aI ly has t he
same construction and operatijpnal ics as the DAC 78, and the
anplifier WO T4 72 general |y has t he sane const ructi on PERAISIS/17028
operational characteristics as the anplifier circuit 74; thus, many of

the sanme item nunbers fromFI'G 4 have been used to identify the
correspondi Ng CONPRNERY fingrérdMisc lrivk ©f cizini 6] whetEifi SheChighithdcSof thio NeA durredsSis

the preanp 20 cirgcuit 70 operates in a sonewhat different manner dur| r}gea
write operat i fuifipleofthe magniude gf a current genegyiedt byt the preampcinsut 610

clarity FIG gﬁﬁdpgp&egﬁﬂyﬂt oﬁi'cE Hfanpf
FIG,4, FIG 1gmshows gital rﬂﬁ({ vglleué c&cgl\tlllsrégmf%&%m %I

register 80 Oxeslsqqgcemgle]galgystog K Wﬁtérdwﬁ wsistanes ofghe W@F@Wﬁﬂm@pl | er
82 MUl t 5 Phd ﬁ&l@&l&gﬁ@&ﬁ%ﬂ%ﬁ Hfin iﬁemﬁc}{[(gér e”?@% 466 "Rop e

by the V[err] VO tage 2 erat or enerate t vol t age,
the diff er ent fesponge;tor thedi mﬁ@b@m@en be| ng presented to the op anp 90
of the anplifier circuit 72 as shown. The output of the op anp 90
drives the gate, and hence the dc resistance, of the transistor 106. Thus,

as with the ci8r cidiscairive haying a disp £1Q)apd p radisllyosigignable7actuspos aaseably: @1)

ot co 120 orititeht WG, otk alerintinbiing o FEAPROAT SOMY 1k dil A0

vol t age sour cmcl |a§yﬂammenop§oc€ssw44) m%:ontrolhng selected gperatiopsvof the discdrive,,

E!‘?cﬁ??ai“z’éw% e b 0T ot [orr] and. i reaponse. thereto,

out puts the write acdigitatnd analog mvertce(’lﬁea'ﬂ) pioHding aweferente eoltage and amoypaths

- %A More particularl yvOlrtarég, k' w}”ltgg%néompnsmg a multiple of the reference voltage, the
output voltage determined by a digital input value provided to the digital to
analog converter by the system microprocessor (44);

15 a preamp circuit (70) including a voltage source (114, 120) for generating 2 preamp
current, the preamp circuit providing a head current to the head, wherein the
magnitude of the head current is controlled as a multiple of the magnitude of
the preamp current generated by the voltage source; and

a transconductance amplifier (72, 74) connected to the digital to analog converter and

20 - the preamp circuit, the transconductance amplifier inciuding an operational

amplifier circuit (90, 92, 94, 96, 98, 100, 102) and a transistor (106), the

.. transistor connected to the voltage source of the preamp circuit, wherein the
operational amplifier circuit compares the differential voltage bétween the

~ reference voltage and the output voltage from the digital to analog converter

25 and, in response thereto, provides an output to the transistor to control the
magnitude of the preamp current generated by the voltage source.

9. Ina disc drive (10) of the type having a disc (16A, .16B) and an actator assembly
(21) adjacent the disc, the actuator assembly including a head (30A, 30B) and an actuator coil
, (60) of a voice coil motor (20) for selectively positioning the head with respect to a data
30 track (18) on the disc, the disc drive having a preamp circuit (70) for applying electrical
currents to the head during read and write operations and a system microprocessdr (44) for
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WD 97/ 09714

PCT/ US95/ 17028 anplifier circuit 122 outputs the w “"I!E n ﬂ Hlﬂll
anplified value of the current I|[¢€ olarit

an input signal provided by the WLJ{@S HA%@E?Nf FIG 3) by way of
signal path 124. As shown, the maghit udBESLA @&Qa writle current (denoted in
FIG 5 as Vs ") provided to the head 30B 1s 20 ti ne®CTAU895/17028
magni tude of the current I[err]. 5 To now further illustrate the
operation of the circuits of FIGS. 4 and 5 in regul ating the read bias

Spgpm L;F ?gugggnt at | onﬁ.ﬁ%s Eétgdcﬂﬁn?r?t suppfl?ggﬂ}'eg 3#% Wof FI G

3 in response ngMglwmoﬂMémmwmﬂmemM of the DACs 76,

78 of FIG 3. Mire @‘aﬂiin
vertical axis representi Rg v%%ghb@m%gﬁgcgéPg%&sfgd%ﬁmﬁ@% rbﬁ%‘n%ta
to the val ues of the redbe hiadsumrentr ent "20l[err]" in FIG 4 and the wite

current "20lI [err]" %eﬂen%ﬁx% §Qf%reégq}oh§%?‘a”y’ the graph of FIG 6 is shown
spon

to have two corr orizon axes, with the first horizontal

axi s representing tmultlplymgrtbé referbnece voltage bytthedrgmdlumgaevﬂﬁemrgenaatelah duqmges
fromO.5V[err] (nom nal va 12V) to 1.5V[err] (nomnally 3.35V).

provi ded herei nabove, the Ttage V[err] is referenced with respect to t he
voltage V[err], so cbinpating the lvatpartalmafe toathel eeferefice Wolage] andigbheraiinp ah GutpOsighah e
nom nal val ue of Vierr] xpl ai ped above he differenti al
vol tage between the V[e??%}cge Wﬁ?&?’%ﬁ%&f nge wth
vari ations i10 V[ er nising the output slgnalTﬂoeonmﬂoliﬁimedd)mmé hauicﬁrr&itpvm in FIG 6
represents the DAC digital input val ue which is provided to the register

80 by the system m croprocessor 44. As provided above, in 20 the preferred
enmbodi ment t he DAC 10 Theamethoxboft claimi 9)ewlieseim tHeateph of generating # réfeyence voltage and

conpl ement multiplying the reference voltage by the digital input value are performed by a digital to
analog converter (76, 78) comprising a reference voltage generator (84) and a multiplier (82).

11. The method of claim 9, wherein the step of using the output signal to control the
15 magnitode of the head current comprises the steps of:
generating a preamp current from a preamp voltage source (114, 120);
providing a transistor (106) having a gate and a source to drain path, the source to
drain path in series with the preamp voltage source;
controiling the magnitude of the preamp current by applying the output signal to the

20 gate to control the dc resistance of the source to drain path; and
providing the magnitude of the head current as a selected multiple of the magnitude of
the preamp current.

12. In a disc drive (10) of the type having a disc.(16A, 16B) and an actuator
assembly (21) adjacent the disc, the actuator including a head (30A, 30B) and an actuator coil
25 (60) of a voice coil motor (20) for selectively positioning the head with respect to a data
track (18) on the disc, the disc drive having a preamp circuit (70) for applying a head current
to the head and a system microprocessor (44) for digitally controlling selected operations of
the disc drive, a method for controlling the magnitude of the head bias current comprising:
providing a digital input value representative of a seiected value for the magmmde of
30 the head current;

This Sheet Has Been R ﬂ

A



/ .
form thus, as shown in FIG 6 the val ue 0000000000 r mﬂm‘“ \Nﬁlwtange
' val ue (and corresponds to a V[err] of 1.0V[err] 01 y;
- 1111111111 represents the mni iIn t he ¥ arfge "( and :
Hi5) S‘Eﬁ‘\rﬁl @EF“

corresponds to a V[err] of 0.5 nd the val ue

01111112111 represents the maxi m valREE [0 tHe range (and corresponds
to.a V[err]| WYY s\ierr] or 3735Y). It wi Il be recogni Z&d¥51¥7%%e DACs
76, 78 disclosed herein are ten-bit bi pol ar DACs, inasnuch as the val ue
1111111111 represents the m ni num val ue and the vaI ue 0111111111
represents the gmerannma\mlfcrmﬁabvoltagemlpmm thedifferencet beweden a refergnok aoltage

DACs coul d be inpler S bi. [ wi_t h rr ’
change to OOOOOH%@O’S1 i@%%%@fﬁ?ﬁgai}u ﬁcﬁﬁgmrﬁ %ﬁ&éﬁ&ﬁ‘ﬁﬂ € ues,
r'ezplect i ?/el y].c It wi Ii_efdrmcé!@oltagedlgmmindl b}gﬁe digxtﬂanpmwylue;fz}da?AC tcogf i guaat i onzI
and | evel s of precision,are | nd nma el ement e esire
for each parti cﬁ?’i’r‘) ?ﬁ§ Wa%ﬁ P&ﬁea% “‘“mépﬁléﬁdl‘g’%%wg Fﬂzfn t hese
horizonta and vertissponsexoshe differensid woltape. cur ve 130, whi ch represents

the MR head current with respect to the voltage V[err] and the DAC input,
13 WD 97/ 09714

PCT/ US95/ 17028 13, The method of claim 12, wherein the step of generating a differential volmge
comprises the use of a digital to analog converter (76, 78) comprising a multiplier (82),

-
e

wherein the muitiplier multiplies the digital input value by the reference voltage to provide
the output voltage. '

10 14. The method of claim 13, wherein the output voltage ranges from a value of 0.5
times the reference voltage to a value of 1.5 times the reference voltage.

15. The method of claim 12, wherein the step of controlling the magnitude of the
head current comprises the steps of:
providing a preamp voltage source (114, 120) and a transistor (106) having a gate and
15 a source to drain path, the source to drain path in series with the preamp
voltage source;
generating a comparison signal indicative of the differential voltage between the
reference voltage and the output voltage;
controlling the magnitude of a preamp current generated by the preamp voltage source
20 by applying the comparison signal to the gate of the transistor to control the dc
resistance of the source to drain path; and
providing the magnitude of the head current as a selected multiple of the magnitude of
. the preamp current. N

e ——
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respectively. An exam nation of the curve 130 reveals that the |eft-nost,

first portion of the curve 130 represents an initial MR head current of
about 0 mA for a correspondi ng nom nal V[err] voltage of from about
1.12V to about 1.30V. For voltages V[err] above about 1.50V, t he curve

130 is shown to be essentially linear, with a maxi rum MR head current of
about 5 28 mAYRIMY ™Mupplied with a corresponding Verr] vol PERESH¥I7680UT
3.3V. Thus, the magni t udes of the MR head read bias and wite currents
can be precisely progranmed fromO mA to about 28 mA. Further, these
head current nmagnitudes will be precisely controlled and mai nt ai ned,

i ndependent of subsequent changes in cirpygt paraneters encountered during
operation. 10 Havi ng concl uded a di‘scussion of the graph of FIG 6,
reference will now be nade to the FIGS. 2-5 in order to provide a

det aid ed exanpl e of theﬁgpe )ti on of the circuitg, shown t herein during

wite and read ! tio éderT ‘operation, the host
conputer 28 sends a r apprOpri ate address and data
. pd m croprocessor 44, in

i nforfration) to the
response thereto,&n $5, circuit 38 to performa
QBgover the

ool

seek of the actualor a§\§/y/(
appropri ate data track

val ue for the sel ected s 2Rd this may be
acconplished in a vari oy \ 2. | N&H1BC drives
enpl oyi ng the use of S J2&ed B 0 LBl & Kosed in the
previ ously incor porat ed "Bl f 4 )\ K& di iddtanal ue may be
20 predeterm ned on a zone S\ N Sy i / vape is
optimzed for all the trac ' 3 : tracks in
each zone having the sanme now Qe o ) ase, the
appropriate digital input val ' : 11 taining the
selected data  track and the. s) ISR OTES pridvi des this
digital input value to the i : , the digital

i nput val ue may be cal cul at S
di sclosed in the previously incorporated ¥ ence) based on
initially determned wite current magm tudes for tracks at the inner
and outer dianeters of the disc, respectively. In such a case, the
appropriate digital input value is calculated fromthese. val ues usi ng,

for exanple, linear or exponentia,,|_,_j_n,r_a;;_p,g_]_a,u,on._|
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In yet another alternative, the optimumwite current nmay be optinm zed
using 30 mnim zation techniques disclosed in United States Patent '
Application Serial No. 08/536, 958 entitled WRI TE CURRENT CPTINIZATICN

IN A DISC DRIVE filed Septenber 29,- 1995 by Roger J. Kassab, assigned
to the assignee of the present application and incorporated heréin by -.
ref erenggommdieh di scloses optimzing wite current | esalsogengss t he dISC
surface 14
WD 97/ 09714 '
PCT/ US95/ 17028 b¢¢ed on m m ZI ng the occurrence of hard read :
errors during manufagfuffng testi dt w Il be recognized that -
the optimal digi ' val ue fo \\\ngrtlculéz e operation may be
obt ai ned usi.ng \dny whitEhege, or/o‘t sUi tabl e ottotoyi es, but once so
obt ai ned, o ded tA the regjster 80 of the DAC
76. Addltlo |1 be readburﬁﬁnﬁﬂc | that, particularly in disc
drives enpl bf enbdded?” Sgrvo)s e t may be desirable
to have g Aot READWN) fufi 4 part of the
Servo CoR . o e t | T g U e]Jto the DAC 76,
i nst ead oS0 the systen1n1crowrocessor 44 as (i scl osed] Regardl ess, once
the digital |n9)r |s720~\\ 118 62A
G Vours| WRITE CURRENT nl Wy ,/ (308
) DAC TRANS~ 1 Wb
REF"C CONDUCTANCE AMP _ 1 MR
feetel HEAD
78-\\ B6 88 RTN R o
Vout READ CURRENT \\
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—
entered, the circuit of FIG 5 operates to regulate the nagnitude of the
wite current provided 10 to the head 30B; that is, the data provided by
-the host conputer 28 (as encoded) is witten to the sel ected data track
by the wite channel 66, preanp circuit 70 and the head 30B t hrough . the
;controlled swtching of the polarity of the wite current.

Similarly, dwoergea4read operation, the host conputer 28 prREA/ERIS/1T08%

necessary command to the disc drive 10 (i ncl udi ng appropriate
addressing information) and, in response 15 thereto, the servo control
circuit 38 positions the head 30B over the selected data track and t he

system m croprocessor 44 provi des an approgr |3ate digital input value to the
regi ster 80 of , the te current discussed above, a
vari ety of nethdg gay be /’ﬂdﬁged to determ ne the appropLijaye
digital input val ue |n er td’progé&n1the magni t ude of the read bias
the selected dat@ ti3 subseﬂyently

current. As thelappro r|atw,
pass 20 under th * AC sense circuit 14% detec{d the effects of

flwtrmeom i@___mengyggiig@i@jg)dd&aonme
data track andfp pra i des the co?}espondlng si gnal to the read channdl 68
in order to provi #é retrie dat & he host conpute !

It will be clear {hat the presgn W ¢ ;

t he objects an in the
t hose i nherent |t k¢

descri bed for
which will readil N skt
are enconpas

in the appende

CURRENT
30mAq
20mA
10mA -
OmA r — . r r
S 1.12v  1.50V 2.00V 2.50V 3.00v 3.35V
VOLTAGE, ¥y (NOMINAL)

111111111 0000000000 0111111111
DAC INPUT (2'°) |

r
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97/ 09714 7H I ”| ” T e WQro s cony.
PCT/ US95/ 1 m ! WE\ !& cl ai ned i s: N qrive (10)
of the type !y 6A, 16B) and an actu&E'ELAggchum YV (21)

adj acent the disc, the actuator inclddim a head (30A 32%33 ‘:ﬁj ary actuator
coil (60) of a voi ce coil notor (20) for sellct % gniing t he
head with respect to a data track (18) Omims the |sc the di dgrive
having a preanp circuit (70) for applying a headjcurrent to the hgad 5 and
a systemm croprocessor (44) for digitally contrblli-rg—setectedoperations
of the disc driv the i nprovenent conpri s+ ifferential
vol t age sourcMﬁJﬂ%\e F‘OVI ding a different |T$ﬁs\§ﬂ¥é# corrprl sing the

di fference between a reference voltage and an jout pu lerein the

output voltage is a selected nultiple of the réeference voltage, and 10

current regul af i ng ABRAHL uE&S ROEGIHIYS] ﬁlﬁg}%@d@bﬁﬁ%@i@dg%ﬁr_l AHRELDby ROT
controlling the magni tude o ead current.

preamplifier circuit (70) to a head (30A, 30B) of a disc drive (10),

comprising:

(@) avoltage generator (76, 78) which generates a reference

voltage signal and an output voltage signal as an algebraic

10 combination of the reference voltage signal and an analog

input value indicative of a desired magnitude of the bias

current; and

(b) atransconductance circuit (72, 74), operably coupled to the

voltage generator and the preamplifier circuit, which

15 establishes a resistance used by the preamplifier circuit to

maintain the bias current at the desired magnitude in

response to a differential voltage between the reference

voltage signal and the output voltage signal.

20 2.

30

The circuit of claim 1, wherein the voltage generator comprises:

(a)(i) areference voltage generator (84) which generates the

reference voltage signal; and

(a)(ii) a multiplier circuit (82) which mu1t1p11es the reference voltage

signal by the analog input value to generate the output
voltage signal.

The circuit of claim 1, wherein the voltage generator comprises a

register (80) which outputs the analog input value in response to a

digital input value provided by a disc drive processor (44) and

indicative of the desired magnitude of the bias current.
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provi ded by the diffprent sjour c

2. er Tmsolgig-,a‘{gie& reil

vol t age

eREHa%GFWEN@eSIﬁEﬂ‘ ed by a

s Wl lllﬂPllIlLMl WP or e ms wierei b I

source cOnprises a digrtaF to anal of

CT OpT OCESSOT

,onvgwge@?@ "

). 15
vol t age

corrprrsrng a multiplier (82), wherein the

|I+|nljnr-r~n||1‘i

digital input yal Ue’rﬁé(cfrl?@ltb‘ﬁfarlﬁnf‘iv%&]eh?ﬁ%t;@% ﬁ}ﬂ derc %ir jgput

vol t age. FOv-Ea—eH-S€

digital to anal og ceomprises: further 20 conpri ses a regi ster (80) and a

reference vol tage generator (84

The i nproved disc drive of

claima4, wherein th®)dht %G?W@%@lrﬁ‘aﬁdg@,) Wh@ﬂr rgceives the refereince vbltagees

the reference voltage to a Y

I
6. The inproved disc dri -

ne Eef rence volta e.
rat nmeans

conpri ses transcoduct %ﬁ aPii'Hl ) onal
arrprr}or fier gr rcuit 25 (98’51 ekﬁbﬁée ére%.gig’%%gagg}%ﬁé&{ (106).

and

(b)(ii) _a transistor (106), operably coupled to the preamplifier circuit

and the comparator circuit, which establishes the resistance

used by the preamplifier circuit in relation to the application

10 of the control signal to a gate of the transistor.

5.  Thecircuit of claim 1, wherein the head is characterized as a
magneto-resistive head and the bias current is applied to the head
during a read operation wherein data are recovered by the head

15 ~ from a rotatable disc (16A, 16B) of the disc drive.

20

30

6. In a disc drive of the type having a head (30A, 30B) used to transfer

data to and from a rotatable disc (16A, 16B) and a preamplifier

circuit (70) which applies a bias current to the head, a method for

-controlling magnitude of the bias current, comprising steps of:

@)

(b)

generating a reference voltage signal and an output voltage

signal as an algebraic combination of the reference voltage

signal and an input value indicative of a desired magnitude

of th_e} b_igs_ current;

generating a control signal in response to a differential

voltage between the reference voltage signal and the output
voltage signal; and

using the control signal to control the magnitude of the bias

_current applied to the head by the preamplifier circuit.
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PCT/ US95/ 17028 7. REPLACEDDI ove ~C-a wher ei n

MHMMHUH healcurTent 15 a nul tifplle of the magni tLde of a

Y the preanp cirgyt_(70), wher i &2 MAR 1998 ndgri t ude of

the cur’ ent generated by the preanp circuit is regulated by thelsdurce to
drain resi stance of the transistor (106), thp Source to drainhﬁ

resistance of 7t he Mbﬁ{dlfol(él%ﬁég@}é?&%@%ﬁ@ diled
operational anplifi

response to the di f(a)(r)en:tsmga\teﬂeragmvoltagegeneratorj&) tégénemtdlthae havi ng a
disc (10) and a radially DOSI T 1 onabl e act uat or assenbly (21) adj acent
the disc, the actuator _Zgiexemgevolinge signal: 2 ead (30A 30B), the disc drive

further i ncl udi | roce ont oII|ng sel ected
operations of the &%&fﬁfﬁgm@ﬂp SP r&g@i@@j 3¥Jﬁﬂxe erence a

digital toganal og converigifagesf @}gtﬁé%b@tﬂﬂu@t{) éﬁ&éﬁ\éfeh?ﬂe and an
out put vortage;—the—output—yvol-t-aff a multiple
of the reference vol t agepoltage signal. out put vol t age det erm ned
by a digital input valuéprovided to the digital to

anal og converter by the system nicroprocessor (44); 15 a preanp

ci rcui E (Zg) Bncl udihegnethosl @fmjelrl‘csjéu%d‘er?]mlsg? @rTefcg?FlfSBB@s\%fpreanp
curren e preamzbij FCul di a CULTE 0_the hea erein
the 0 ety ingdhs retefere Vol age sighal and & altage ,

mul tiple the mgﬁﬂaﬂ'g@gﬁerenhal inputs o{g compa&é}%r@‘@qg%‘ul k& 3'52 gener at ed

by the voltage souret gefartce-arpH r (72, 74)
connected to the dtgnﬁa[m Aadog converter and 20 t he
preanp circuit, the ns ance anplifier including an operat I onal

_ (b)(u) applymg the control signal to a base of a transistor (106)

operably coupled to the preamplifier circuit to establish a resistance

used to control a magnitude of a current generated by the

15 preamplifier circuit, the magnitude of the current controlling the

magnitude of the bias current applied by the preamplifier circuit to
the head. |

9. The method of claim 6, wherein the magnitude of the bias current

20 applied by the preamplifier circuit to the head varies in a

substantially linear relation to the input value.
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rrpl ifier circuit- %%—94—9&~—98 100 102) and a trarf®iSst éwﬂ( 106),
th transi stor .connected to the voltage sour ce of the

T LT N— e o e

f er ence

o

‘vol tage and the out pu vol tage fromthe digital anal 0g co’r‘i\'/:é.r—tetr 25
and, in response thereto, provides an output to [ Rg4py tlojcontrol
t he magni t ude of the pre%mp C rrenp%‘gﬁeﬁat ed b) t he
vol t age source. 9. In a disc drive (2 - Ravi ng a
di sc (16A, 16B) and an actuator assenbly adj acent the didc, the
actuator assenbly inluding a head (30A, @@B}“and an_ actuator coil (60)

of a voice coil notor (20) for selectively positioning the head with
respect to a data 30 track (18) on the disc, the disc drive having a preanp

circuit (70) f pPEMimedgs.ectri cal currents to the head during read
and wite operations and a system m croprocessor .(44) for WO
97/ 09714

5’&1’(/;892/ ié?ﬁg"d f- or- . diqgi ‘tégﬂlci e}) go%rg‘; glnlaéﬂﬂﬂéﬁel ct ed oper at %&@?IS@;S tihhgagi sc
Fepr esent SFFC'eSLPgaﬁs%ﬁ#@ﬁ%%gt too8 hepd of aghis ﬂﬁ %P%‘Pdﬁﬁh%a' ot value
(@)  avoltage generator which generates a reference voltage
signal and an output voltage signal as an algebraic
combination of the reference voltage signal and an analog
10 : input value indicative of a desired magnitude ipf the bias
current; and | | .
(b)  a transconductance circuit, operably coupled to the voltage
generator and the preamplifier circuit, which controls the

magnitude of the bias current applied by the preamplifier

15 circuit in relation to a differential voltage between the
reference voltage signal and the output voltage signal,

wherein different magnitudes of bias current can be

selectively applied as the head is positioned adiacent different
data tracks on the disc.

20 _
‘2. Thecircuit of claim 1, wherein the voltage generator comprises:

(a)(i) areference volf'age generator which generates the reference
voltage signal; hnd
(a)(n) a multiplier cir¢uit which multlphes the refererice voltage
2% . signal by the analog input value to generate the output
- voltage signal. |



the head current;.—5" generating a referq

mul ti plying the ref the di gi t{anLs CEMEN o o generate an
But put ﬂm [mn “ mm cdnparing the oyt jput vol t age
to the reference vo mgenerati ng an tiodt giIMAR 1999

I ndi cative of the dlfferentlal vol t age thereb t ween; and 10 usi ng the
out put signal to control the nmagnitude of §he jhead—curTent. '
10. The method of claim9, wherein the stéps generating a_reflerence
vol t age and mul tiplying the reference voltage by the di gi tal input

val ue are perfr nedrjy e t % Gé(#é

conprising a rsef erence i\i/l% gggﬁg%‘r}g% egF f)%l aégx{#?l plier %

11. The nethod of dl.‘élgwmﬂ%ﬂphtéﬂfeﬁﬁﬂb ﬁ usvmetlha-eepmsétosagnal to
control the 15 magni Tfude of the head curren grl ses the steé)s of :

generating a preanpdigital inputivalue prqmded}hy\mdiss hempracessaxiand imdirative

provi di ng atranS|sto (106) .havin gate and a source to drain path, the
source to edlesu'eg &mgegmo thekias gursgnt.n the preanp vol t age
. source; control | ing the nmagnitude of the preanp current by

- applying tﬁe out put,__si gn gate to control the dc
resistance of 4he sER® %6 OEF]:iFﬁle‘fhﬁreHhﬂ‘eh'anscond uctanceGirguily t he

magni t ude of the. he&%ﬁgg&ent as a-selected nultiple of the magnitude of
the preanp current. 12. In a disc drive (10) of the type

having a disc (16Ap z@F)aw& paPatdf citéhitwhich réedi08Pthe refdvenddivdmage t he
di sc, the actuator uding”a head (30A, 30B) and an actuator corl 25 (60)

of a voice coil m)tor (mm&&mwmlqagelsigxmhandgémrhmamn&ol
tt dat
respee %)a 2 e signal in response to the differential voltage therebetween;

and
(b)(ii) a transistor, operably coupled to the preampliﬁer circuit and
the comparator circuit, which establishes the resistance used
by the preainpiifier circuit in relation to the application of the
5 : control signal to a gate of the transistor.

5. The circuit of claim 1, wherein the head is characterized:as a
rﬁagneto-reéistive head and the bias current is applied to the head
. during a read operation wherein data are recovered by the head
20 from a rotatable disc of the disc drive.



track (18) on the disc; the disc drive having a preanp circuit (70) for
applying a head current to the head and ssor (44)

f digitall t oper at i ongREP (:EN@}H ""ET rive, a
mg{ hololg:c o? antC?& Iu"ulmmmmwnepof t he re'”'L%. 2SN ?éﬁ onpri si ng:

roviding a digital *i nput*val ué répresentatide |of edjval ue for the
brovidtng & digital inp : o8 WA

magni t ude of 30 t he head curr4gnt|; 97/ 09714
PCT/ US95/ 17028 gener ati ng a di f flerlepnt.ial "“I.t..\?.g(, onpri Si ng
the difference between a reference volt ageg- and an out put

vol tage, wherein the output voltage is a sel deteg—feH-ttpre—0T 1 he
reference voltage determ ned by the digi taI | nput val ue; and

control ling tiée madnia dide drive dfthedype ha heaql)llmedtb\,trarkséermaartpawdrCU| t
(70) in 5 response to the I fferential voltage

13.  The met hod of cfrgmﬁmtamedacraummpbﬁe@@r@mwmg applies akias i al
| t t t er.t 6,. 78

corpr i ng a multi pEekigihe haad s ethof fof orflERliRg PERNHFE of Ehe bish,.

digital i nput val umeﬁpgoﬁ@f[ﬁ&fé]&@pgaktage to provide t he out put

vol t age. i
5 . (@) _providingan input value regresentatxve of a sélected value
" for the magmtude of the bias current;

(b)  generating a differential voltage comprising the difference
between a reference voltage signal and a output voltage

signal, wherein the output voltage signal is selected multiple

('\

10 ' of the reference voltage signal determined by the input value;
and

(é) controlling the magnitude of the bias current applied by the

preamplifier circuit in response to the differential voltage,

wherein different magnitudes of bias current can be

15 selectively applied as the head is positioned acfiacent different
data tracks on the disc.

7. The method of claim 6, wherein generating step (b) further

' comprises steps of:
20 (l:;)(i) using a reference voltage generator to generate the reference
voltage signal; and
(b)(ii) usinga multiplier circuit to multiply the reference voltage
signal by the input value to generate the output voltage

signal.



10 14. The rrethed—eﬁf—e—l—&l—m——la——vmereln t he-oL

"“Tanges from:
a value of 0.5 voltage t WBB1ti mes the

s ef erence vol tage. WEilmﬂ ilih e met hod T efn the

step of controlling t he hedd |c @ é i ses-the
steps of: provi ding a prearrp vol t age {squr ﬁ % 12(;) and a

transi stor (106) having a gate and 15 drain

path, the source to drain path in series with the preanp -
vol t age source; generating a cOnpari ser—srygmar~Tndi cati ve of the
differential voltage between the reference vol tage and

Lo oot Panoc B S5 Bemethorof G Sl ool s e 51
appl yi ng the conpa ﬁﬁi} the gate of the transistor to control the
dc co é%tga csedfgf the source to drain path; and

providing the magn{¢)ije applying theadferencevoltage gﬁﬂlafdaﬂbautputthagfe the

magni t ude of t he preanp currten
signal to dlfferentxal inputs of a comparator to generate the_
5 differential signal; and

(c)(ii) applying the cbntrol signal to a base of a transistbr operably

coupled to the preamplifier circuit to establish a resistance used to

control a magnitude ¢f a current generated :by the préamplifier

circuit, the magmtude of the current controlling the magnitude of
10 ' the bias current applied by the preamphﬁer circuit to the head.

9, The method of claim 6, wherein the magnitdde of the bias current
applied by the preamplifier circuit to the head variesina
substantially linear refation to the input value.
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programming the magnitude of read bias and
write currents in a disc drive head (30A, 30B).
A digital input value is provided to a register

(BO) of a digital to analog converter (76, 78),
the digital input value indicative of the desired
magnitude of the head cument. A multiplier
(82) of the digital to analog converter (76,
78) nmultiplies the digital input value by a
reference voltage to generate an cutput voltage.
The differential voltage between the reference
voltage and the output voltage controls the
source to drain resistance of a transistor (106)
connected in Sexics with 2 preamp voltage source
(114, 120) of a preamp circuit (70). By inputting
different digital input values, the source to
drain resistance of the transistor (106) connected
in series with a preamp voltage source (114,
120) of a preamp circuit (70). By inputting
different digital input values, the source to drain
resistance of the transistor (106), and hence
the magnitude of the current generated by the
preamp voltage source (114, 120), are precisely
controlled. The magnitude of the head current is
provided as a multiple of the magnitude of the
current generated by the preamp voltage source
(114, 120). During a read operation, the read
bias current is provided to the head (30A, 30B)

-

[ e e e

andﬂ:eeffectsofﬂuxlnnsitionsonthcreadbiascnmntmdecodedbyarcadchannel(&)tomﬂievethedalasmdontlwdiscdﬁve.
During a write operation, the polarity of the write current is controlled by a write channel circuit (66) operating in conjunction with the

preamp cirqlﬁt (70) to write the data to the disc (16A, 16B),




