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DYNAMICALLY PROGRAMMABLE MAGNETO-RESISTIVE 
HEAD WRITE AND READ BIAS CURRENTS 

Technical Field 

This invention relates generally to the field of disc drive data storage devices, and 

more particularly, but not by way of limitation. to an apparatus and method for dynamically 

programming write and read bias currents in a disc drive magneto-resistive head. 

Dackaround Art 

Modem 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 fJexures at the ends of a plurality of 

anns 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 

IS 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 the surfaces 

of the discs. 

The actua'.tor voice coil motor includes a coil mounred. on the. side of the acmator body 

opposite the head anns so as to be immersed in the magnetic field of an array of permanent 

20 magnets. When controlled 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 beads are. supported over the discs by actuator slider assemblies which 

ioclude 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 ~ 

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 
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which is decoded by read channel .circuitry of the disc drive. 

Of the variety of head constmctions presently used in modem disc drives, magneto­

resistive heads (hereinafter 11MR heads") are of particular interest. MR heads include the use 

of a: thin film element which has the characteristic of having a changed de resistance in the 

5 presence of a magnetic field of a predetermined orientation. Taking advantage of this 

characteristic, MR heads generally perform a read operation by passing a bias current 

through this thin film element and detecting changes in this bias currem 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 track 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 ponions 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 portion 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 modem 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 panially in response to the use of such MR heads. As 

25 market forces continue 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 continually 

increase areal density. Because of a variety of factors encountered 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 sllrface. 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 
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the disc with respect to disc radius, the skew of the slider with respect to the data track, the 

throat height of the head, changes in data transfer rates with respect to disc location and 

general head/media tolerances inherent in high volume disc drive manufacturing processes • 

Efforts have been made in the prior an· to optimize currents passed through heads to 

S address these affects; see, for example, U.S. Patent No. 4,799,112 entitled METIIOD 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 entitled 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 

currems in a disc drive employing the use of MR heads. 

Disclosure of the Inyention 

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 magnitude of the bead 

currem. 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 multiple of the magnitude of the 

current generated by the preamp voltage source. Thus, during a read operation, the resulting 

read bias current is provided to the head and the effects of flux transitions on the read bias 

currem 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 suppon the attaimnent of increased areal 

densities in disc drive designs. 
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Another object of the present invention is to compensate for factors affecting the read 

and write perfonnance of a disc drive in order to achieve improved performance and reduce 

read and write error rates. 

Yet another object of the present invention is to dynamically program the write and 

S read bias currents in a disc drive in order to optimize MR head performance. 

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 Demiptjou of the Drawjnp 

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. I. 

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. S 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 Careyjng Out lnyentjon 

25 Turning now to the drawings and more particularly to F.IG. 1, shown therein is a 

perspective view of a disc drive 10 constrocted 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 to 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 acruator 

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 
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control of a voice coil motor (VCM). shown generally at 20. 

The VCM 20 is driven by electronic circuitry (not shown in FIG. 1) to controllably 

move the heads 30 to any desired one of a plurality of concentric circular tracks.18 on the 

discs 16 along arcuate path 32. Signals used to control the VCM 20, as well as signals to 

S and from the heads 30, are passed via a flex circuit 34. 

Referring now to FIG. 2, shown therein is a simplified functional block diagram of 

the disc drive 10 of FIG. l, operably connected to a host computer 28. More particularly, 

FIG. 2 shows the disc drive 10 to generally comprise a read/write circuit 36, a servo control 

circuit 38 and a spindle control circuit 40, all operably connected by way of control bus 42 to 

10 a system microprocessor 44. It will be recognized that the control bus 42 comprises the 

necessary connections for the system microprocessor 44 to communicate with and control 

these disc drive circuits. Additionally. an interface circuit 46 is shown connected to the 

read/write circuit 36 (by way of signal path 50) and to the system microprocessor 44 (by way 

of signal path 51). with the interface circuit 46 serving as a data interface for the disc drive. 

15 As will be recognized. the 5l>indle control circuit 40 controls the rotational speed of 

the spindle motor hub 14 and discs 16A, 16B by way of a spindle motor (not separately 

shown), as generally indicated by signal path 54. AI; the constrUction and operation of the 

spindle control circuit 40 are conventional, these will not be further discussed herein. 

The servo control circuit ~8 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 em.bedded 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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connections would generally be provided from each of the heads 30A, 30B to the servo 

control circuit 38 as well as to the read/write circuit 36. However, it will be recognized that 

the present invention does not depend on the use of a particular type of seryo system; thus 

for clarity of illustration. a dedicated servo system has been generally illustrated in FIG. 2. 

S For more discussion regarding the construction and operation of a typical dedicated servo 
control circuit, see U.S. Patent No. 5,262,907 entitled HARD DISC DRIVE WITH 

IMPROVED SERVO SYSTEM, issued November 16, · 1993 to Duffy, McKenzie. Heydari 

and Woods, assigned to the assignee of the present invention and incorporated herein by 

reference. 

10 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 tum, provides a write current to the bead 
30B by way of the signal path 62 in order to write the data by selectively magnetizing 

selected data tracks on the disc 16B. 

Likewise, in response to a ,-ead command from the host computer 28, the head 30B 

20 detects flux transitions from the selected data tracks on the disc 16B aDd provides an analog 
read signal to the read/write circuit 36, which in mm convens the analog read signal to 

digital fonn 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 circuit 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 tie 

6 

.. 

• 



" 

• 
W097/09714 PCT/US95/17018 

recognized by those skilled in the an that the write channel 66 generally operates to encode 

the data supplied from the interface circuit 46 (by way of the internal data bus 50) and 

instruct the preamp circuit 70 to outpUt a time-varying write current to th~ head 30B in order 

to write a representation of the input data to the disc 16B. As provided hereinabove, the 

5 head 30B is an MR head having two pairs of connection paths, one for writing and one for 

reading, and for reference these have been generally identified in FIG. 3 as 62A and 62B, 

respectively. Thus, the preamp circuit 70 provides the write current to the head 30B by way 

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 to the interface circuit 

46 (of FIG. 2) by way of the internal data bus SO. 

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 bereinabove, 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 fields 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 an will reco~ that a "write 

operation" in a disc drive having 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. 

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 purposes 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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invention, as claimed below, can be implemented with a variety of different types of read and 

write channels, including PRML read channels, as well as different types of preamp circuits, 

as long as these circuits suppon the use of MR heads. For clarity, the use of the term "MR 

head" herein applies to a disc drive head that uses write and read bias currents during write 

5 and read operations, respectively, and detects time-varying changes in the read bias current 

as a result of previously recorded flux transitions from a data track during a read operation. 

It will be readily understood, h<>Wever, that the present disclosure applies not only to MR 

heads, but is also applicable to conventional thin film heads, as well as to GMR and spin­

valve head teChnologies, among others, that operate in accordance herewith. 

10 Before continuing with a discussion of the remaining circuits shown in FIG. 3, it may 

be helpful to first provide an overview of the present invention, which is a method and 

apparatus for dynamically programming the magnitude of the current provided to a disc drive 

head. More panicularly, preamp circuits, such as the preamp circuit 70 shown in FIG. 3, 

generally require an external resistance path in order to set the correct value for the write and 

15 read bias currems supplied to a head. Such preamp circuits typically have one or more 

internal voltage sources which provide currents that are regulated by the application of an 

external resistance, typically a discrete external resistor. The 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 provided 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 constmction, although this is not required and should not be 

considered to be a limitalion. 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. 
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As described in more detail below, during disc drive write operations, the amplifier 

circuit 72 and the DAC 76 cooperatively operate to regulate the current provided from an lw 

phl of the preamp circuit 70 in order to regulate the write current supplied to the head 30B 

(by way of paths 62A); similarly, during read operations, the amplifier circuit 74 and the 

5 DAC 78 cooperatively operate to regulate the current provided from an IR pin of the preamp 

circuit 70 in order to regulate the read bias current supplied to the head 30B (by way of paths 

62B). The DACs 76, 78 each provide two voltage levels identified in FIG. 3 as V0ur and 

Vamr, respectively, to the amplifier circuits 72, 74, with the VREF voltage being a reference 

VOitage and me V OUT Voltage being digitally Controlled. As will be discussed in more detail 

10 bereinbelow, the V 0UT voltage is a voltage referenced with respect to the V UP voltage, and in 

the preferred embodiment the value of VoUT ranges from 0.5Vm: to l.SVREF. 

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 V '11.EF voltage as an input from a V REF voltage generator 

84. In the preferred embodiment. the V REF vol~ge 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 multiplier 82 acts to multiply the V REF voltage by the digital input value 

from the register 80 and output the V oUT voltage, which as provided hereinabove nominally 

ranges from about 1.12V {which is O.SVREF nOminal) to about 3.35V (which is 1.SVDF 

25 nominal). 

The V our voltage and the V& voltage are provided to the amplifier circuit 74 on 

signal paths 86 and 88, respectively, and provide inputs as shown to an operational amplifier 

circuit comprising an operational amplifier 90 ("op amp") and resistors 92, 94, ·96, 98, 100 

and 102. It will be recognized that the V0ll'l' voltage is generally presented to the + input of 

30 the op amp 90 and the V REF 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 V our and the V REF voltages, as explained below. It will _be 

recognized that the values of the resistors 92-102 may be varied as required for a particular 
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application, but for purposes of disclosure the preferred embodiment comprises use of the 

values listed in Table I: 

Resjstor Nominal Yaluc 
92 59 kohms 

94 31.6 kohms 

96 133 kobms' 

98 37.4 kohms 

100 71.5 kohms 

102 100 kohms 

Table I. 

The use of these particular values of resistance comprise the preferred embodiment of 

the present invention, which has been incorporated into an application specific integrated 

circuit (ASIC). It will be recognized by those skilled in the an that relatively smaller 

resistances are generally desirable in an ASIC. as resistance is generally related to layout 

15 area, and larger resistances generally require correspondingly larger layout areas. However, 

the present invention may also be readily implemented using discrete resistors, in which case 

larger values for the resistors may be more desirable, for example, to decrease the effects of 

leakage current on the operation of the circuit. 

Additionally, 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 VMEAS. The VMEAS signal is a 
• 

voltage measurement signal indicative of the differential voltage between the voltages V 0UT 

and VREF. 

It is contemplated that the voltage V MIAS 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 MEAS could be provided as an input to an 

analog-to-digital converter (not shown) to generate a digital representation of the voltage 

VMEAS, which could in tum be monitored by the system microprocessor 44. The use of a 

high precision DAC, however, as in the preferred embodiment disclosed herein, will 

30 generally provide a sufficiently precise indication of the differential voltage without the need 

for an independent measurement, but the voltage V MEAS 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 VMEAS at all (eliminating the need for 
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resistors 100 and 102), as long as the values of the other resistors in the circuit are changed 

accordingly to provide the same effective resistance for the circuit. 

Continuing with FIG. 4, as provided hereinabove, the op amp 90 provides an output 

in response to the differential voltage between the voltages V OTJT and V RBF and this ouqmt is 

S provided on signal path 104 to the gate of an n-cbannel enhancement MOSFET 106 

(hereinafter also referred to as "transistor 106"). The source-drain path of the transistor 106 

is shown to be connected in series with a resistor 108 so as to cooperatively regulate the 

current (denoted in FIG. 4 as "lit") provided on signal path 112 from a VR 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 IR (the retum path of the current 

11. is identified in FIGS. 3 and 4 as signal path 113). The magnitude of the current IR 

supplied by the VR 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 

IS supplies the read bias current (denoted in FIG. 4 as "20Ia ") having a magnitude 20 times the 

11. current supplied by the V R voltage source 114. For reference, the V R voltage source 114 

provides a nominal voltage of 2.SV ± 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 IR 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, ttansistor 106) is a precision resistor having a resistance of 576 

ohms. with a 1 % tolerance. It will be recognized that it is desirable 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 Ill. 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 Ill 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 V REP voltage generator 84 of the DAC 78, as well as in the Va voltage 

source 114 in the preamp circuit 70. As provided hereinabovc, the VR'EF voltage generator 84 

outputs a voltage of 2.23V ± 3 % , but as the V OUT voltage is provided with respect to the 

VRl!P voltage, the circuit operates to adaptively compensate for variations in the VDF voltage 
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to maintain the desired read bias current. Likewise, the V R voltage source 114 outpnts a 

voltage of 2.SV ± 6%, but the amplifier circuit 74 monitors the current 11. and adjusts the 

source to drain resistance of the transistor 106 accordingly to maintain a constant steady-state 

current magnitude, thereby compensating for the effects of voltage drift from the Va voltage 

S source 114. 

Also shown in FIG. 4 is a conventional AC sense circuit 115 (of the preamp circuit 

70) which monitors time-varying changes in the read bias current as a result of the passage of 

flux transitions under the thin film element.of the bead 30B. The AC sense. circuit 115 

provides indications of these time-varying changes in the read bias current (by way of signal 

10 path 117) to the read channel 68 of FIG. 3, which as provided hereinabove decodes theSe 

indications in order to provide the data stored on the disc 16B. 

Turning now to FIG. 5, shown therein is a schematic diagram comprising the DAC 

76, the write current transconductance amplifier 72 and selected pbrtions 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 hereinabove9 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. S 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 pmposes of clarity FIG. S 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 V REP voltage (generated by the V 1lEF voltage 

2S generator 84) to generate the V 0ur 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 de 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 lw 

supplied by a Vw voltage source 120 on signal path 118. The voltage generated by the Vw 

30 voltage source 120 is nominally 2.SV, ± 6%. 

As shown in FIG. S, the preamp circuit 70 farther comprises a write current amplifier 

circuit 122 which receives the current Iw and, in response thereto, outputs the write current 

to the head 30B by way of connection paths 62A. More particularly, the write current 
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amplifier circuit 122 outputs the write current as an amplified value of the current Iw having 

a polarity determined by an input signal provided by the write channel 66 (of FIG. 3) by way 

of signal path 124. As shown, the magnitude of the write current (denoted in FIG. 5 as 

"20Iw ") provided to the head 30B is 20 dnies the magnitude of the current lw. 

5 To now further illustrate the operation of the circuits of FIGS. 4 and 5 in regulating 

the read bias and write currents, respectively, FIG. 6 bas been provided which shows a 

graphical representation of the current supplied to the MR head 30B of FIG. 3 in response to 

di~tal input values provided to either of the DACs 76, 78 of FIG. 3. More particularly, the 

graph of FIG. 6 is shown to have a venical axis representing values of MR head current 

10 (which correspond to the values of the read bias current "20In. • in FIG. 4 and the write 

current "20Iw" 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 V0UT as it ranges from O.SVREF (nominally l.12V) to 1.SVREF (nominally 3.35V). 

As provided hereinabove, the voltage V 0'11f is referenced with respect to the voltage V REF• ~o 

15 that the acmal values of V oUT will depend upon the nominal value of V am:; however, as 

explained above, the differemial voltage between the V OTJT and V REF voltages will not change 

with variations in V REP· 

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 \n FIG. 6 the value 0000000000 represents the midrange value (and 

corresponds to a V0ur of 1.0VREF or 2.23V), the value 1111111111 represents the minimum 

value within the range (and corresponds to a V0 rrr of O.SVw or 1.12V), and the value 

0111111111 represents the maximum value within the range (and corresponds to a VoUT of 

2S l.SVam: 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 mjnirnum and maximum values, respectively. lt will be 

30 recognized that a variety of DAC configurations and levels of precision are available and may 

be implememed as desired for each particular application. 

Finally, plotted against these horizontal and vertical axes is a response curve 130, 

which represems the MR head current with respect to the voltage V our and the DAC input, 
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respectively. An examination of the curve 130 reveals that the left-most, first portion of the 

curve 130 represents an initial MR head -current of about 9 mA for a corresponding nominal 

Vour voltage of from about 1.12V to about 1.30V. For voltages V0U'I' above about 1.SOV, 

the curve 130 is shown to be essentially linear, with a maximum MR head current of about 

S 28 mA being supplied with a corresponding V0 rrr voltage of about 3.35V. Thus, the 

magnitudes of the MR head read bias and write cmrents can be precisely programmed from 0 
mA to about 28 mA. Further, these head current magnitudes will be precisely controlled and 

maintained, independent 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, insttucts 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 mcorporated Bremmer reference), the digital input. value may be 

20 - predetermined on a zone basis, so that the digital input value is optimized for all the tracks in 
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 calculated from these 
values using, for example. linear or exponential interpolation. 

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

30 minimizadon techniques disclosed in United States Patent Application Serial ~o. 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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based on minimizing the occurrence of bard read errors during manufacturing testing. 

It will be recognized that the optimal digital input value for a particular write 

operation may be obtained using any of these, or other suitable methodologies, ~ once so 

obtained, the digital input value is provided to the register 80 of the DAC 76. Additionally. 

S it will be readily apparent that, particularly in disc drives employing the use of embedded 

servo systems, it may be desirable to have a servo microprocessor (not shown) which may be 

part of the servo control circuit 38 provide the digital input value to the DAC 76, instead of 

the system microprocessor 44 as disclosed. Regardless, once the digital input value is so 

entered, the circuit of.FIG. S operates to regulate the magnitude of the write current provided 

10 to the head 30B; that is, the data provided by the host computer 28 (as encoded) is written to 

the selected data track by the write channel 66, preamp circuit 70 and the head 30B through 

the controlled switching of the polarity of the write current. 

Similarly, during a read operation, the host computer 28 provides the necessary 

command to the disc drive 10 (including appropriate addressing information) and, in response 

15 thereto, the servo control circuit 38 positions the head 30B over the selected data track and 

the system microprocessor 44 provides an appropriate digital input value to the register 80 of 

the DAC 78. As with the write current discussed above, a variety of methodologies may be 

used to determine the appropriate digital input value in order to program the magnitude of the 

read bias current. As the approp~te 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 

2S 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 att and which are 

encompassed in the spirit of the invention disclosed and as defined in the appended claims. 
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1. in·a disc drive (10) of the type having a disc (16A, 16B) and an actuator assembly 

(21) adjacent the disc, the actuator includhlg a head (30A, 308)" and an actuator ~il (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 

S and a system microprocessor (44) for digitally controlling selected operations of the disc 

drive, the improvement comprising: 

differential voltage source means for providing a differential voltage comprising the 

difference between a reference voltage and an outpUt voltage, wherein the 

outpUt 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 l, wherein the differential voltage provided by 

the differential voltage source lllCans is derermined 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 con~erter (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 amlog converter further 

20 comprises a register (80) and a reference voltage generator (84). 

S. The improved disc drive of claim 4, wherein the output voltage ranges from a 

value of O.S times the reference voltage to a value of 1.5 times the reference voltage. 

6. The improved disc drive of claim I. 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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7. The improved disc drive of claim 6, wherein the magninide of the head current is 

a multiple of the magnitude of a current generated by the preamp circuit (70), wherein the 

. magnitude of the current generated by the preamp circuit is regulated by the source to drain . . 

resistance of the transistor (106), the source to drain resistance of the transistor (106) 

5 determined by an output of the operational amplifier circuit (90, 92, 94, 96, 98, 100, 102) in 

response to the differential voltage. 

8. A disc drive having a disc (10) and a radially positionable actuator assembly (21) 

adjacent the di5c, the actuator assembly including a head (30A, 30B), the disc drive further 

including a system microprocessor (44) for controlling selected operations of the disc drive, 

10 the disc drive comprising: 

a digital to analog converter (/6, 78) providing a reference voltage and an output 

voltage, the output voltage comprising 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 a preamp 

20 

25 

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 

the preamp circuit, the transconductance amplifier including 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 between the 

reference voltage and the OUlpllt voltage from the digital to analog converter 

and, in response thereto, provjdes an output to the· transistor to control the 

magninide of the preamp current generated by the voltage· source. 

9. In a disc drive (10) of the type having a disc (16A, 168) and an actuator assembly 

(21) adjacent the disc, the actuator assembly including a head (30A, 30B) and an acniator coll 

(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 microprocessor (44) for 
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digitally controlling selected operations of the disc drive, a method for dynamically 

programming the magnitude of a head current comprising the steps of: 

• 

providing a digital input value representative of a desired value fo~ the magnitude of 

the head current; 

generating a reference voltage; 

multiplying the reference voltage by the digital input value to generate an output 

voltage; 

comparing the output voltage to the reference voltage and generating an output signal 

indicative of the differential voltage therebetween; and 

10 using the output signal to control the magnitude of the head current. 

10. The method of claim 9, wherein the steps of generating a reference voltage and 

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 magnitude of the head current comprises the steps of: 

20 

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; 

controlling the magnitude of the preamp current by applying the output signal to the 

gate to control the de 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, 168) 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 selected value for the magnimde of 
30 the head current; 

-----------------
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generating a differential voltage comprising the difference between a reference voltage 

· and an output voltage, wherein the output voltage is a selected ~ultiple of the 

reference voltage determined by the digital input value; and , 

controlling the magnitude of the head current applied by the preamp circuit (70) in 

response to the differential voltage. 

13. The method of claim 12, wherein the step of generating a differential voltage 

comprises the use of 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. 

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

15 

20 

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 magnimde of the 

head current comprises the steps of: 

providing a preamp voltage source (114, 120) and a transistor (106) having a gate and 

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 me magnimde of a preamp current generated by the preamp voltage source 

by applying the comparison signal to the gate of the transistor to control the de 

resistance of the source to drain path; and 

providing the magnimde of the head current as a selected multiple of the magnitude of 

the preamp current . 
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