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(57) ABSTRACT 

Apparatus and method for simultaneously biasing multiple 
magneto-resistive read elements in a disc drive head/disc 
assembly. A preampli?er circuit sequentially applies read 
bias currents to successive pairs of heads of the head/disc 
assembly, Wherein the read bias current applied to a selected 
one of each pair of the heads is used to transduce the servo 
data from the associated disc recording surface, and the read 
bias current applied to the remaining one of each pair of the 
heads is used to prepare the remaining one of each pair of the 
heads to subsequently transduce the servo data from the 
associated disc recording surface. The preampli?er circuit 
includes at least ?rst and second read bias current sources 
and a head selection circuit. 
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SERVO WRITING WITH SIMULTANEOUS 
BIASING OF MAGNETO-RESISTIVE READ 

ELEMENTS 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/088,064, ?led Jun. 5, 1998. 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to the ?eld of disc 
drive storage devices, and more particularly, but not by Way 
of limitation, to improving data transfer operations such as 
servo track Write veri?cation by biasing multiple magneto 
resistive read elements of a disc drive. 

[0004] 2. Background of the Invention 

[0005] Hard disc drives are used in modern computer 
systems to enable users to store and retrieve vast amounts of 
data in a fast and ef?cient manner. A typical disc drive is 
generally composed of a head/disc assembly (HDA) Which 
houses requisite mechanical portions of the drive and a 
printed Wiring assembly (PWA) Which supports requisite 
electronic portions of the drive. 

[0006] The HDA includes a base deck to Which various 
components are mounted and a top cover Which cooperates 
With the base deck to form a sealed housing to reduce 
particulate contamination. Within the housing, a disc stack is 
formed from one or more magnetic recording discs Which 
are aXially aligned for rotation by a spindle motor at a 
constant, high speed, such as 10,000 revolutions per minute 
during normal disc drive operation. 

[0007] A rotary actuator assembly is mounted adjacent the 
disc stack and includes a plurality of rigid arms Which 
eXtend into the stack betWeen adjacent discs, as Well as 
above and beloW the top and bottom discs. The rigid arms 
support ?exible suspension assemblies Which in turn, sup 
port a corresponding number of read/Write heads adjacent 
the surfaces of the discs. One head is provided for each disc 
surface to read data from and to Write data to the corre 
sponding surface. 

[0008] Of particular interest are magneto-resistive (MR) 
heads, Which utiliZe thin?lm inductive Write elements to 
Write data and MR read elements to read previously Written 
data. A typical MR read element is formed from an alloy of 
materials so as to have a baseline electrical resistance Which 
varies in the presence of a magnetic ?eld of a selected 
orientation. By passing a bias current through the MR 
element, the selective magnetiZation of a corresponding 
track can be determined in relation to variations in voltage 
detected across the MR element. 

[0009] A preampli?er/driver circuit is typically mounted 
to the side of the actuator assembly and includes a Write 
driver circuit to apply Write currents to a selected Write 
element during a Write operation. The preampli?er/driver 
circuit further includes a bias current source Which is 
sequentially connected to the appropriate read element to 
effect a read operation. 

[0010] The electronics provided on the disc drive PWA 
primarily serve to control the operation of the HDA and to 
communicate With a host computer in Which the disc drive 
is mounted. Generally, the top level functional blocks oil the 
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PWA include a read/Write channel Which controls the read 
ing and Writing of data from and to the discs, a spindle motor 
control circuit Which controls the rotation of the spindle 
motor, and a servo control circuit Which controls the position 
of the heads. 

[0011] Aspects of a typical servo control circuit are dis 
cussed in US. Pat. No. 5,262,907 issued to Duffy et al., 
assigned to the assignee of the present invention. The servo 
control circuit positions the heads relative to the tracks 
through the application of current to a coil of a voice coil 
motor (VCM) Within the HDA, the coil being mounted to the 
actuator opposite the heads. The tracks are de?ned from 
servo data Written to servo data ?elds on the surfaces of the 
discs during the manufacturing of the HDA. The servo data 
are stored as a series of radially extending servo Wedges on 
each of the disc surfaces, With the servo Wedges composed 
of adjacently aligned servo data ?elds, With each servo data 
?eld in each Wedge de?ning a unique track. Hence, by 
periodically transducing the servo data associated With a 
particular track, the servo control circuit can adjust the 
current applied to the coil to adjust the position of the 
corresponding head. User data ?elds, Which are used to store 
user data from the host computer, are subsequently de?ned 
betWeen adjacent servo ?elds during a disc drive formatting 
operation. 

[0012] Conventionally, the servo data are Written using a 
servo track Writing system, also commonly referred to as a 
servo track Writer A typical servo track Writer 
comprises a ?Xture on Which each HDA in turn is mounted. 
Once mounted, the servo track Writer proceeds to Write the 
servo data using the heads of the HDA. Thus, a typical servo 
track Writer includes control circuitry Which generally emu 
lates portions of the electronics disposed on the PWA, as 
Well as a closed loop positioning system Which both detects 
the radial position of the heads and mechanically advances 
the heads. Access to the actuator is achieved by providing an 
opening in the base deck of the HDA Which is later sealed. 

[0013] Position detection and feedback are usually carried 
out using a laser inferometer or other precise optical dis 
placement instrumentation. Mechanical advancement of the 
heads can be carried out by inserting a pusher pin assembly 
into the HDA to engage and move the actuator assembly. 
More recently, positioning systems have also been devel 
oped Which apply current to the actuator coil, thereby 
utiliZing the VCM to advance the position of the heads. The 
control and positioning systems are usually interfaced With 
a personal computer (PC) Which provides a graphical user 
interface for the STW operator to control the operation of the 
system. 

[0014] The Writing of servo data is an important, but 
correspondingly time consuming, portion of the HDA manu 
facturing process. A typical STW operation can take up to 
several hours per HDA, so that disc drive manufacturers Will 
often implement large numbers of STW stations to accom 
modate large scale disc drive production efforts. For pur 
poses of ef?ciency, a servo track Writer does not typically 
Write all of the servo data on one disc surface before moving 
to the neXt surface; rather, each of the heads are selected in 
turn so that, after a selected head Writes a portion of the data 
at a given radius, the neXt head is selected and used to Write 
a corresponding portion of the servo data at a selected 
angular distance from the ?rst portion, and so on. This 
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results in the servo data on each disc surface being offset 
With respect to the data on adjacent surfaces, resembling 
steps of a spiral staircase. This is repeated multiple times 
around the circumference of the discs, as disc drives typi 
cally have from 30 to 90 servo Wedges on each surface. 

[0015] Once all of the servo data have been Written at a 
given radius, the servo track Writer proceeds to verify the 
accuracy of the Writing operation. This generally entails 
sequentially applying a read bias current to each of the heads 
in turn to transduce and verify the servo data from the 
respective surfaces in the order in Which the data Were 
initially Written to the surfaces. Because only one read bias 
current source is available in the preampli?er circuit, the 
elapsed time betWeen successive servo data ?elds on suc 
cessively read data surfaces must be long enough to alloW 
the current to be sWitched from the ?rst head to the second 
head and to alloW the second head to reach an equilibrium 
state before the second servo data ?eld is read. Hence, it may 
require a reduction in the rotational speed of the disc, or 
additional revolutions of the discs, in order to enable the 
servo track Writer to verify all of the servo data. This can 
present a bottleneck in a disc drive manufacturing process, 
requiring additional investments in resources to meet the 
required process throughput. 

[0016] Accordingly, there is a continued need for 
improvements in the manner in Which data are tranduced 
from disc recording surfaces, such as during the read veri 
?cation operations carried out during the Writing of servo 
data. It is to such improvements that the present invention is 
directed. 

SUMMARY OF THE INVENTION 

[0017] The present invention is directed to an apparatus 
and method for providing improved read operations upon 
disc recording surfaces through the simultaneous biasing of 
multiple magneto-resistive read elements. 

[0018] In accordance With preferred embodiments, a disc 
drive includes a head/disc assembly (HDA) housing a plu 
rality of disc recording surfaces and an actuator assembly 
Which supports a corresponding plurality of heads adjacent 
the surfaces. Apreampli?er circuit is mounted to the actuator 
assembly and includes a ?rst read bias current source Which 
generates a ?rst read bias current of selected magnitude. The 
preampli?er circuit further includes a second read bias 
current source Which generates a second read bias current of 
selected magnitude independently of the ?rst read bias 
current. A head selection circuit of the preampli?er circuit 
selects ?rst and second heads of the HDA so that the ?rst and 
second read bias currents are simultaneously directed to the 
?rst and second heads, respectively. 

[0019] In this Way, a read operation, such as a veri?cation 
operation used to verify accuracy of servo data Written to the 
disc recording surfaces during a servo track Write operation, 
can be carried out ef?ciently by sequentially applying read 
bias currents to successive pairs of the heads. The read bias 
current applied to a selected one of each pair of the heads is 
used to transduce the data from the associated disc recording 
surface, While the read bias current applied to the remaining 
one of each pair of the heads is used to prepare the remaining 
one of each pair of the heads to subsequently transduce the 
data from the associated disc recording surface. 
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[0020] These and various other features as Well as advan 
tages Which characteriZe the present invention Will be appar 
ent from a reading of the folloWing detailed description and 
a revieW of the associated draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a top plan vieW of a head/disc assembly 
(HDA) of a disc drive constructed in accordance With 
preferred embodiments of the present invention, With the 
HDA combinable With a PWA to complete the disc drive. 

[0022] FIG. 2 illustrates the manner in Which servo data 
are arranged on each of the disc surfaces in a plurality of 
radially extending Wedges, each Wedge comprising a plu 
rality of adj acently disposed servo data blocks. 

[0023] FIG. 3 shoWs a preferred con?guration of one of 
the servo data blocks. 

[0024] FIG. 4 provides a functional block diagram for a 
servo track Writer used to Write the servo data to the discs of 
the HDA in accordance With preferred embodiments. 

[0025] FIG. 5 provides a functional block diagram of a 
servo control circuit used to effect head positional control by 
the disc drive, With the circuitry being disposed on the disc 
drive PWA and at least portions of Which preferably emu 
lated by the servo track Writer. 

[0026] FIG. 6 is an elevational vieW of a disc stack of the 
HDA, generally illustrating the manner in Which servo data 
are sequentially ordered on successive disc surfaces. 

[0027] FIG. 7 shoWs a basic construction of one of the 
MR heads of the HDA. 

[0028] FIG. 8 provides a representation of a prior art 
preampli?er/driver circuit used to supply read bias currents 
to a plurality of MR heads. 

[0029] FIG. 9 provides a representation of a preampli?er/ 
driver circuit having multiple read bias current sources to 
simultaneously apply read bias currents to a plurality of MR 
heads in accordance With preferred embodiments of the 
present invention. 

[0030] FIG. 10 provides a representation of an alternative 
construction for the preampli?er/driver circuit of FIG. 9 in 
accordance With preferred embodiments of the present 
invention. 

[0031] FIG. 11 is a How chart illustrating a SERVO 
TRACK WRITE OPERATION routine, generally indicative 
of steps preferably carried out by the servo track Writer of 
FIG. 4 in accordance With preferred embodiments of the 
present invention. 

[0032] FIG. 12 is a How chart illustrating a VERIFY 
SERVO DATA subroutine preferably carried out as part of 
the routine of FIG. 11 in accordance With preferred embodi 
ments of the present invention. 

DETAILED DESCRIPTION 

[0033] Referring ?rst to FIG. 1, shoWn therein is a top 
plan vieW of a disc drive 100, constructed and formatted in 
accordance With preferred embodiments of the present 
invention. The disc drive 100 is formed of tWo primary 
assemblies: a head/disc assembly (HDA) 101 Which com 
poses substantially all of the mechanical portions of the disc 
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drive, and a printed Wiring assembly (PWA) Which supports 
electronics used to control the operation of the HDA. The 
PWA is mounted to the underside of the HDA 101 and is thus 
not visible in FIG. 1. 

[0034] The HDA 101 includes a base deck 102 to Which 
various disc drive components are mounted. A top cover, 
Which has been omitted from FIG. 1 to facilitate the present 
discussion, cooperates With the base deck 101 to form a 
sealed housing for the HDA 101. A spindle motor 104 is 
provided to rotate a stack of discs 106 at a constant high 
speed during normal disc drive operation, With a disc clamp 
108 securing the discs to the spindle motor 104. 

[0035] To access the discs 106, a controllably positionable 
actuator assembly 110 (also referred to as an “E-block”) is 
provided Which rotates about a cartridge bearing assembly 
112 in response to currents applied to a coil (a portion of 
Which is shoWn at 113) of a voice coil motor (VCM) 114. 
The actuator assembly 110 includes a plurality of actuator 
arms from Which corresponding ?exure assemblies extend, 
the topmost of Which are identi?ed at 116 and 118 respec 
tively. Heads 120 are provided at distal ends of the ?exure 
assemblies 116, 118 and are supported over the discs 106 by 
air bearings established by air currents set up by the rotation 
of the discs 106. The heads 120 are positionably located over 
data tracks (not shoWn) of the discs 106 in order to read data 
from and Write data to the tracks, respectively. As discussed 
more fully beloW, the heads 120 are characteriZed as mag 
neto-resistive (MR) heads, With each head including a thin 
?lm inductive Write element and a MR read element. 

[0036] A latch assembly 121 secures the heads 120 over 
texturiZed landing Zones (not shoWn) at the innermost diam 
eters of the discs 106 When the HDA 101 is not in an 
operational mode (i.e., When the discs 106 are brought to 
rest). A ?ex circuit assembly 122 facilitates electrical com 
munication betWeen the actuator assembly 110 and the 
PWA. The ?ex circuit assembly 122 includes a ?ex circuit 
board 124 Which supports an encapsulated preampli?er/ 
driver circuit 130 Which applies read and Write currents to 
the heads 120. Preferred construction and operation of the 
preampli?er/driver circuit 130, also referred to herein as the 
“preampli?er circuit” and the “preamp,” Will be discussed in 
greater detail beloW. 

[0037] FIG. 2 provides a generaliZed representation of a 
preferred manner in Which servo data are arranged onto the 
surfaces of the discs 106. Particularly, a number of servo 
Wedges (one denoted at 150) radially extend from innermost 
to outermost radii of recording surface portions of the discs 
106. Each of the servo Wedges comprises a plurality of 
adj acently positioned and aligned servo data ?elds, as shoWn 
at 152 in FIG. 3. 

[0038] The servo data ?eld 152 includes an automatic gain 
control (AGC) ?eld 154 Which stores an oscillating pattern 
(such as a 2T pattern) to prepare servo control circuitry (not 
shoWn) of the disc drive for receipt of remaining portions of 
the servo ?eld 152. A synchroniZation (sync) ?eld 156 
provides timing information to the servo control circuitry. 
Index and Gray code ?elds 158, 160 respectively, indicate 
the angular and radial position of the servo ?eld 152. A 
position ?eld 162 provides inter-track positioning informa 
tion and serves to de?ne track boundaries on the disc 
surface. 

[0039] The servo data are Written to the discs 106 during 
manufacturing of the HDA 101 using a servo track Writer 
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(STW) 170, such as generally represented in FIG. 4. The 
HDA 101 is mounted over a mounting ?xture 172 Which 
serves as a mechanical reference for the servo track Writer 
170. The mounting ?xture 172 typically comprises a granite 
block having a calibrated, level top surface on Which a 
mounting plate is placed. The mounting plate includes 
clamps Which locate and secure the HDA 101 to the mount 
ing ?xture 172. As such mounting ?xtures 172 are Well 
knoWn, additional discussion Will not be provided herein 
except to state that the HDA 101 is mounted in such a 
manner so as to provide access to the actuator assembly 110 

(shoWn in FIG. 1) by the STW 170 during a servo Write 
operation. 
[0040] Continuing With FIG. 4, a pusher block assembly 
174 is mounted to the mounting ?xture 172 underneath the 
HDA 101 so as to engage the actuator assembly 10 in order 
to selectively position the actuator assembly 110 relative to 
the discs 106. Typically, an opening (not shoWn) is provided 
in the bottom of the base deck 102 of the HDA 101 so that 
the pusher block assembly 174 can access the internal 
environment of the HDA 101 by extending up through the 
opening in the base deck 102. Once the servo data have been 
Written, the opening is typically covered by an adhesive 
label or other means to seal the internal environment of the 
HDA 101. 

[0041] The STW 170 further comprises a positioning 
system 176 mounted to the mounting ?xture 172 relative to 
the HDA 101. The positioning system 176 rotates the pusher 
block assembly 174 about a central axis in order to advance 
the position of the actuator assembly 110. The position of the 
pusher block assembly 174 is controlled by the positioning 
system 176 through a detection system (not separately 
designated) Which detects the position of the pusher block 
assembly 174 and provides correction signals to a motor 
(also not separately designated) in order to rotate the pusher 
block assembly 174 accordingly. 

[0042] A control circuit 178 emulates portions of the disc 
drive PWA in order to control the operation of the HDA 101, 
including the transfer of servo data to the HDA 101 from a 
personal computer (PC) 180. The PC 180 provides a graphi 
cal user interface for a user to control the STW operation. 

[0043] During operation of the STW 170, the user mounts 
the HDA 101 to the mounting ?xture 172 and instructs the 
STW 170 (by Way of the PC 180) to commence Writing the 
servo data to the discs 106. The control circuit 178 instructs 
the HDA 101 to commence rotation of the discs 106 by Way 
of the spindle motor 104(FIG. 1) and instructs the pusher 
block assembly 174 to place the actuator assembly 174 at a 
starting position, such as near the outer radii of the discs 106. 
The STW 101 thereafter instructs the HDA 101 to Write the 
servo data to each of the surfaces of the discs 106, While 
mechanically advancing the pusher block assembly 174 so 
as to de?ne each neW successive track on the discs 106. Each 
of the heads 120 in turn Write the servo data to the corre 
sponding discs 106 at each incrementally selected disc 
radius. 

[0044] The time required to complete the Writing of the 
servo data to a typical HDA depends upon the amount of 
servo data to be Written to the discs, the rotational speed of 
the discs, the number of individual disc surfaces, and the 
time required to validate, or verify, that the servo data Were 
Written correctly. For reference, it can take several hours to 
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complete the STW operation for a single high capacity 
HDA. Hence, there are substantial economic bene?ts to not 
only Writing the data correctly the ?rst time (to avoid the 
time and expense of reWriting the data), but also to carrying 
out all aspects of the STW operation as ef?ciently as 
possible. 

[0045] Before turning to a discussion of preferred meth 
odologies by Which the STW 170 of FIG. 4 advantageously 
carries out readback veri?cation functions of the Written 
servo data, reference is made to FIG. 5, Which provides a 
functional block diagram of a servo circuit 182 used to effect 
head positional control for each of the heads 120 With 
respect to the corresponding disc surfaces. It Will be recog 
niZed that most of the servo circuit 182 is disposed on the 
aforementioned disc drive PWA and used during normal disc 
drive operation. HoWever, since the STW operation is car 
ried out on the HDA 101 before the PWA is mounted thereto, 
the control circuit 178 preferably includes this circuitry so as 
to emulate functional aspects of this circuit. Although the 
STW 170 of FIG. 4 utiliZes a pusher pin assembly 172 to 
mechanically advance the actuator assembly 110, the STW 
170 can be readily provided With an alternative con?gura 
tion Wherein the control circuit 178 utiliZes circuitry such as 
set forth by FIG. 5 to apply current to the actuator coil 113 
to sequentially advance the actuator assembly 110. 

[0046] As set forth by FIG. 5, servo data are transduced 
from a selected disc surface and, after preampli?cation by 
the preamp/driver circuit 130 (previously shoWn in FIG. 1 
and herein also referred to as the “preamp”), the servo data 
are passed to a demodulator circuit (demod) 184 Which 
conditions the servo data for presentation to a digital signal 
processor (DSP) 186. During servo circuit position control 
operations, the DSP 186 operates in accordance With pro 
gramming stored in DSP memory 188 to output current 
command signals to a coil driver 190, Which in turn applies 
current to the coil 113 to position the head 120 as desired. 

[0047] Additionally, the DSP 186 communicates With the 
preamp 130 to select the desired head 120 as Well as to select 
the desired bias current for the head. FIG. 6 shoWs a 
schematic representation of a selected head 120, generally 
illustrating the presence of both a Write element 192 and a 
read element 194. As Will be understood, the Write element 
192 is used to Write data to the discs 106 and preferably 
comprises a thin ?lm inductive element With a conductor 
Wrapped multiple times around a horseshoe shaped core 
With an air gap brought into proximity to the disc surface. As 
pulsed Write currents are passed through the conductor, 
magnetic fringing occurs across the gap, selectively mag 
netiZing the disc surface. 

[0048] The read element 194 preferably comprises an MR 
element formed from an alloy of cobalt, nickel and iron and 
possesses a nominal direct current (dc) electrical resistance 
(such as 40 ohms). When the MR element is subjected to a 
magnetic ?eld of selected orientation, the element undergoes 
a change in the baseline electrical resistance. Hence, data are 
read from a disc surface by passing a bias current through 
the MR element and monitoring changes in voltage there 
across induced by the magnetiZation of the disc surface. This 
produces the readback signal Which can then be decoded by 
read/Write circuitry to reproduce the originally stored data. 
The bias current is applied by the preamp 130 and has a 
magnitude selected by the DSP 186. 
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[0049] It Will be recogniZed that all of the heads 120 have 
the same nominal construction as shoWn in FIG. 6. 
Although MR head technology has been presented herein in 
accordance With preferred embodiments, it Will be further 
recogniZed that the present invention, as claimed beloW, is 
not necessarily limited to such construction, but can readily 
be used With other, similar technologies Wherein bias cur 
rents are applied to read elements to transduce magnetic 
data, such as giant magneto-resistive (GMR) and spin-valve 
technologies. 
[0050] FIG. 7 shoWs the generally stair-step manner in 
Which servo data are Written to successive disc recording 
surfaces. Particularly, FIG. 7 is an elevational representation 
of a plurality of discs 106 of the HDA 101 and correspond 
ing heads 120 Which are supported adjacent the surfaces of 
the discs 106 by ?exure assemblies 118, as discussed above 
in FIG. 1. The servo Wedges 150 (FIG. 2) are angularly 
displaced as shoWn so that, as discussed above, the heads 
120 are cycled to Write the servo data at different angular 
locations While being maintained at the same radial location 
With respect to the discs 106. 

[0051] FIG. 8 shoWs a generaliZed functional block dia 
gram of relevant portions of a prior art preampli?er/driver 
circuit (“preamp”) 200 Which is operably coupled to a total 
of four read/Write heads 202, 204, 206 and 208. The heads 
202, 204, 206 and 208 are nominally identical to the heads 
120 discussed above, each thereby possessing an MR con 
struction. It Will be understood that the use of four heads is 
merely for purposes of illustration, in that prior art preamps 
such as 200 are commercially available to service a Wide 
variety in the number of heads (such as up to 20 heads). 
Moreover, it Will be understood that the preamp 200 further 
includes circuitry used to apply Write currents to the Write 
elements 192 (FIG. 6) of the heads, but such has been 
omitted for clarity. 

[0052] The functional blocks of the prior art preamp 200 
set forth in FIG. 8 include a buffer 210, a bias current source 
212, a head selection circuit 214, sWitching circuitry repre 
sented as a multiplexer (mux) 216, and a read ampli?er 
(amp) 218. During operation, a multi-bit input Word is 
supplied to the buffer 210 Which indicates, among other 
things, a desired head to be selected and a desired magnitude 
of bias current to be applied thereto. This input Word is input 
along path 220 and can be supplied, for example, by a DSP 
such as illustrated at 186 in FIG. 5. 

[0053] In response to the input Word, the bias current 
source 212 selects and outputs the appropriate read bias 
current along path 222 to the mux 216. At generally the same 
time, the head selection circuit 214 uses the input Word to 
select (via path 224) the desired head from the population of 
heads 202, 204, 206 and 208 (for example, the top head 
202). In this manner, the bias current source 212, head 
selection circuit 214 and mux 216 cooperate to pass the 
desired magnitude of read bias current through the MR 
element of the selected head 202. As the head 202 transduces 
the selective magnetiZation of the corresponding disc sur 
face, variations in the voltage across the MR element of the 
head 202 are sensed and ampli?ed by the read amp 218 to 
output an ampli?ed read signal on path 226. The ampli?ed 
read signal is thereafter decoded to reconstruct the previ 
ously stored data. 

[0054] While operable, the prior art preamp 200 of FIG. 
8 presents limitations in the ability to transduce data from 
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multiple heads. For example, switching from the ?rst head 
202 to the second head 204 requires the input of a neW input 
Word to the buffer 210, the decoding of this Word by the bias 
current source 212 and the head selection circuit 214, the 
adjustment of the magnitude of the bias current to the neW 
level and application of the neW bias current magnitude to 
the second head 204, and the thermal stabilization of the 
second head 204. The foregoing actions are necessary before 
data can be transduced using the second head 204. Thus, 
these and other considerations limit the speed at Which data 
can be transduced from successively selected disc surfaces. 
In the context of a STW operation, the rotational speed of the 
discs 106 may need to be sloWed, or the servo Wedges 150 
spaced suf?ciently apart on successive surfaces, to alloW 
these actions to be carried out Without requiring multiple 
revolutions of the discs 106. 

[0055] Accordingly, FIG. 9 provides a functional block 
diagram of relevant portions of the preamp 130, constructed 
in accordance With preferred embodiments of the present 
invention. For ease of illustration, the preamp 130 is con 
templated as being connected to the four heads 202, 204, 206 
and 208 discussed in FIG. 8. It Will be understood, hoWever, 
that the present invention as claimed beloW is not limited to 
the particular con?guration shoWn in FIG. 9. 

[0056] As With the prior art preamp 200 of FIG. 8, the 
preamp 130 of FIG. 9 generally includes functional blocks 
that carry out bias current generation, head selection, sWitch 
ing and read signal ampli?cation. Signi?cantly, hoWever, the 
preamp 130 includes multiple read bias current sources 
(identi?ed at 232 and 234, respectively), each of Which 
independently and simultaneously outputs a bias current of 
a selected magnitude. 

[0057] Generally, during operation a multi-bit Word is 
provided to a buffer 236, indicative of not only the presently 
desired head to be selected (such as the ?rst head 202) and 
the associated magnitude of bias current to be applied 
thereto, but also of the next head to be successively selected 
(such as the second head 204) and the associated magnitude 
of bias current for the next head. In response to the input 
Word, the bias current sources 232, 234 each select and 
output the respective magnitudes of bias current on paths 
238, 240 respectively, to ?rst, second and third multiplexers 
(muxs) 242, 244 and 246, as shoWn. It Will be noted that the 
?rst and second muxs 242 and 244 are each connected to 
each of the heads 202, 204, 206 and 208. Although these 
interconnections are shoWn to be outside the dotted line box 
representing the preamp 130, it Will be understood that these 
interconnections are contemplated as being formed Within 
the preamp 130 so that only tWo conductors are preferably 
extended from the preamp 130 to each MR read element of 
the heads 202, 204, 206 and 208. 

[0058] A head selection circuit 248 is operably coupled to 
the buffer 236 and the ?rst and second muxs 242, 244 to 
channel the ?rst and second bias currents (from the ?rst and 
second bias current sources 232, 234) to the appropriate 
heads; in this example the ?rst and second heads 202 and 
204, respectively. Thus, the preamp 130 advantageously 
operates to simultaneously apply read bias currents to mul 
tiple heads. HoWever, as the data transduced from the discs 
106 is output serially (i.e., one disc at a time), the third mux 
246 sWitches betWeen the ?rst and second heads 202, 204 by 
a selection input on path 250 to connect the appropriate 

May 10, 2001 

readback signal to the read amp 218. This results in the 
generation of an ampli?ed readback signal on path 226, as 
before. The selection input on path 250 can be provided, for 
example, by a sequencer (not shoWn) of the read channel 
circuitry Which outputs read gate signals indicative of times 
When data are expected to be received from the preamp 130. 

[0059] In this Way, With reference again to FIG. 7, While 
the servo data are veri?ed on the top surface of the top 
recording disc 106, the appropriate read bias current is 
simultaneously applied to the next head so that, When the 
servo data on the bottom surface of the top recording disc 
106 reaches the next head, the next head is ready to 
transduce this next servo data. This operation continues to 
each successive head in turn, alloWing ef?cient read veri? 
cation of the servo data. It Will be noted that the preamp 130 
is particularly suited for operation during servo Write veri 
?cation, since the selection of heads occurs in accordance 
With a predetermined order. 

[0060] Hence, With reference again to FIG. 9, it Will be 
noted that in one preferred embodiment, the buffer 220 
receives successive input Words Which alloW the head selec 
tion circuit 248 and the bias current sources 232, 234 to 
sequentially apply the desired bias currents to the desired 
heads in the desired order. In another preferred embodiment, 
the preamp 130 is con?gured to operate in a special STW 
mode (set by a particular bit in the input Word on path 220), 
Which instructs the preamp 130 to automatically cycle 
among a series of predetermined head/bias current combi 
nations suitable for a particular STW operation. 

[0061] FIG. 10 provides an alternative preferred construc 
tion for the preamp 130, similar to that set forth by FIG. 9 
except that each of the heads 202, 204, 206 and 208 is 
provided With a separate bias current source (identi?ed at 
252, 254, 256 and 258, respectively). Again, only four heads 
have been shoWn in FIG. 10 for purposes of illustration, but 
the claimed invention is not so limited. 

[0062] A head selection circuit 260 operates to selectively 
direct bias currents of selected magnitude from the bias 
current sources 252, 254, 256 and 258 to the heads 202, 204, 
206 and 208, respectively. The voltages across the heads 
202, 204, 206 and 208 are presented to a suitable sWitching 
netWork, such as a multiplexer 262, to sequentially apply 
these voltages to the read amp 218. Although it is contem 
plated that all of the bias current sources 252, 254, 256 and 
258 could be simultaneously applied to the heads 202, 204, 
206 and 208, such operation could undesirably increase the 
poWer requirements (and hence, the heat dissipation) of the 
preamp 130. 

[0063] Hence, the head selection circuit 260 preferably 
operates to direct bias currents to only tWo heads at a time: 
the head that is presently being used to transduce data and 
the next head in line to transduce data. Once each head in 
turn has ?nished reading a particular servo data ?eld 152 
(FIG. 3), that head is deselected in favor of the next head in 
line. For example, the head selection circuit 260 operates to 
apply read bias currents to the ?rst and second heads 202 and 
204; after the data are transduced by the ?rst head 202, the 
preamp 130 proceeds to transduce the data by the second 
head 204 While applying read bias current to the third head 
206, and so on. As before, it is contemplated that the head 
selection circuit 260 can operate in response to input Words 
on path 220, or can be con?gured to operate in a special 
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STW mode to enable automatic cycling of the heads in a 
predetermined order. Selection inputs on path 250 can be 
used to indicate times When data are expected to be received 
from the preamp 130. 

[0064] FIGS. 11 and 12 summarize preferred operation of 
the preamp con?gurations of FIGS. 9 and 10 during STW 
operations. As discussed above, the preamp con?gurations 
of FIGS. 9 and 10 are particularly suited to servo track Write 
veri?cation operations, since the order in Which the heads 
are to be successively selected are predetermined in relation 
to the arrangement of the servo data on the disc surfaces. It 
Will be appreciated, hoWever, that to the extent that it is 
knoWn Which head is to be selected next during normal disc 
drive operations, the preamp con?gurations of FIGS. 9 and 
10 can be also used in a similar fashion to improve data 
transfer performance. 
[0065] Beginning With FIG. 11, shoWn therein is gener 
aliZed ?oW chart for a SERVO TRACK WRITE OPERA 
TION routine 300, generally indicative of steps carried out 
by the STW 170 of FIG. 4 in accordance With preferred 
embodiments. 

[0066] At step 302, the HDA 101 is ?rst mounted to the 
mounting ?xture 172 (FIG. 4) and necessary preparations 
are made to Write the desired servo data to the HDA 101. 
Such preparations can include the insertion of a clock head 
(not shoWn) into the base deck 102 in order to Write a clock 
track to an outer radius of a selected disc 106 in order to 
provide timing information during the STW operation. 
[0067] Next, appropriate magnitudes of read bias and 
Write currents are selected at step 304. As Will be recogniZed, 
although MR heads are nominally identical, each Will gen 
erally provide optimal performance at slightly different 
magnitudes of read bias and Write currents. Thus conven 
tional operations can be ?rst carried out to select appropriate 
current magnitudes for each of the heads; alternatively, 
based on historical data, it may be determined that the servo 
data can be adequately Written to and transduced from each 
of the disc surfaces using the same magnitudes of currents 
for each head. 

[0068] At step 306, the STW 170 proceeds to position the 
actuator assembly 110 to the desired location so that the 
heads are ready to commence Writing, Which occurs at step 
308. More particularly, the STW 170 (FIG. 4) operates to 
Write the desired servo data to a selected radial location on 
the discs 106, cycling through each of the disc surfaces as 
illustrated in FIG. 7. Although STW operations can vary, it 
is common to Write the servo data in multiple increments for 
each track (such as in one-half track increments) so that 
multiple passes are made to complete all the servo ?elds 152 
(FIG. 3) in a given cylinder (i.e., all tracks on all the discs 
106 at a given radius). Hence, in a preferred embodiment 
one complete cylinder of servo ?elds 152 are Written during 
the step 308 before readback veri?cation takes place. 

[0069] The servo data are next veri?ed at step 310, Which 
is set forth more fully by the How of FIG. 12, discussed 
beloW. Once the veri?cation step is completed, decision step 
312 determines Whether all of the servo data have been 
Written to the discs 106; if not, the routine continues to step 
314 Wherein the head position is incremented to prepare the 
heads to Write the next cylinder of servo data, and the routine 
returns to step 308. Once all of the servo data have been 
Written to the discs, the routine passes from the decision step 
312 to end at step 316. 
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[0070] FIG. 12 provides a How chart for a VERIFY 
SERVO DATA subroutine, preferably constituting steps 
carried out by the step 310 of FIG. 11. 

[0071] At step 318, the routine operates to select a pair of 
heads identi?ed as the “present head” and the “next head,” 
With the present head comprising the head from Which servo 
data are to be transduced and the next head comprising the 
next head in line for use in transducing servo data. In 
accordance With the foregoing examples of FIGS. 9 and 10, 
the present head Would initially be the ?rst head 202 and the 
next head Would initially be the second head 204. During 
step 318, the appropriate bias currents are simultaneously 
applied to the present head and the next head, in that the next 
head receives read bias current While the present head 
receives read bias current. 

[0072] Next, the present head is used to transduce the 
servo data on the corresponding disc surface, as indicated by 
step 320. As before, a readback signal is generated as the 
servo data pass under the present head, With this readback 
signal being ampli?ed by the read amp 218 and output on 
path 226. During the operation of step 320, any servo data 
?elds 152 having errors are logged for subsequent rereading 
and, if such persist, appropriate corrective actions. Once the 
present head has completed reading the servo data, the 
present head is deselected at step 322. This entails the 
removal of the read bias current from the present head by the 
preamp 130. 

[0073] Decision step 324 next determines Whether all of 
the servo data at the selected position of the heads have been 
veri?ed; if not, the present head and the next head are 
incremented at step 326. For example, if the heads are 
identi?ed as KO through KI] and the present head is initially 
set to head Ko and the next head is initially set to K1, then 
the operation of step 326 serves to adjust the present head to 
K1 and the next head to K2. The subroutine continues in like 
fashion until all of the servo data at the selected head 
location (such as the selected cylinder) have been veri?ed. 
For example, if there are 90 servo Wedges 150 (FIG. 2) on 
each disc surface, then the subroutine 310 Will cycle back 
through 90 times to read verify each of the associated servo 
data ?elds 152. It is contemplated that this operation can be 
readily carried out during one revolution of the discs 106. 
Once all of the servo data have been veri?ed, the routine 
returns at step 328. 

[0074] In vieW of the foregoing, it Will be recogniZed that 
the present invention is directed to an apparatus and method 
for simultaneously biasing multiple magneto-resistive read 
elements in a head/disc assembly (HDA) of a disc drive. 

[0075] In accordance With preferred embodiments, an 
HDA 101 includes a preampli?er circuit 130 having a ?rst 
read bias current source 232, 252 Which generates a ?rst read 
bias current of selected magnitude and a second read bias 
current source 234, 254 Which generates a second read bias 
current of selected magnitude independently of the ?rst read 
bias current. A head selection circuit 248, 260 selects ?rst 
and second heads 202, 204 of the HDA disc drive so that the 
?rst and second read bias currents are simultaneously 
directed to the ?rst and second heads, respectively. 

[0076] For purposes of the appended claims, the phrase 
“disc drive” Will be understood consistent With the foregoing 
discussion to describe a data storage device of the type used 
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to store computerized data, such as 100. The phrase “head/ 
disc assembly,” as denoted above by reference numeral 101, 
Will be understood to describe a mechanical assembly of a 
disc drive housing one or more rotatable discs 106 and an 
actuator assembly 110 Which supports a plurality of heads 
120, 202, 204, 206, 208 adjacent the discs 106. The term 
“magneto-resistive” Will be understood to cover head con 
struction technologies Which utiliZe read bias currents to 
transduce magnetically stored data. 

[0077] It Will be clear that the present invention is Well 
adapted to attain the ends and advantages mentioned as Well 
as those inherent therein. While a presently preferred 
embodiment has been described for purposes of this disclo 
sure, 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 
de?ned in the appended claims. 

What is claimed is: 
1. Amethod for performing a read operation in a head/disc 

assembly of a disc drive, comprising steps of: 

(a) applying a ?rst read bias current to a ?rst head of the 
head/disc assembly to transduce data from a corre 
sponding disc recording surface; and 

(b) simultaneously applying a second read bias current to 
a second head of the head/disc assembly. 

2. The method of claim 1, further comprising a step of: 

(c) using the second read bias current to transduce data 
from a corresponding disc recording surface While 
simultaneously applying a third read bias current to a 
third head of the head/disc assembly. 

3. The method of claim 1, Wherein the read operation 
comprises a Write veri?cation operation and the data com 
prises servo data. 

4. Apreampli?er circuit for applying read bias currents to 
magneto-resistive heads of a head/disc assembly of a disc 
drive to obtain readback signals in relation to selective 
magnetiZation of disc recording surfaces adjacent the heads, 
comprising: 

a ?rst read bias current source Which generates a ?rst read 
bias current of selected magnitude; and 

a second read bias current source Which generates a 
second read bias current of selected magnitude inde 
pendently of the ?rst read bias current, Wherein the 
preampli?er circuit simultaneously outputs the ?rst and 
second read bias currents. 

5. The preampli?er circuit of claim 4, further comprising 
a head selection circuit, operably coupled to the ?rst and 
second read bias current sources, Which selects ?rst and 
second heads of the head/disc assembly so that the ?rst and 
second read bias currents are simultaneously directed to the 
?rst and second heads, respectively. 

6. The preampli?er circuit of claim 5, further comprising 
a read preampli?er, operably coupled to the ?rst and second 
read bias current sources, Which ampli?es ?rst and second 
readback signals successively generated in relation to the 
selective magnetiZation of ?rst and second recording sur 
faces adjacent the ?rst and second heads, respectively. 

7. The preampli?er circuit of claim 5, Wherein the head/ 
disc assembly further comprises a third head, and Wherein 
the ?rst read bias current source is subsequently coupled to 
the third head to apply a read bias current of selected 
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magnitude to the third head While the second read bias 
current remains directed to the second head. 

8. The preampli?er circuit of claim 5, Wherein the head/ 
disc assembly further comprises a third head, Wherein the 
preampli?er circuit comprises a third read bias current 
source Which generates a third read bias current of selected 
magnitude independently of the ?rst and second read bias 
currents, and Wherein the third read bias current source is 
subsequently coupled to the third head to apply the third read 
bias current to the third head While the second read bias 
current remains directed to the second head. 

9. A head/disc assembly of a disc drive, comprising: 

a plurality of rotatable disc recording surfaces on Which 
data are stored; 

a plurality of heads adjacent the disc recording surfaces, 
Wherein each head is provided With a magneto-resistive 
read element to transduce the data from a correspond 
ing disc recording surface as a read bias current is 
applied to the read element, the plurality of heads 
including at least ?rst and second heads; and 

a preampli?er circuit, operably coupled to the heads, 
Which simultaneously applies ?rst and second read bias 
currents to the ?rst and second heads, respectively, 
While outputting a ?rst readback, signal indicative of 
data transduced by the ?rst head in response to the ?rst 
read bias current. 

10. The head/disc assembly of claim 9, Wherein the 
preampli?er circuit subsequently outputs a second readback 
signal indicative of data transduced by the second head in 
response to the second read bias current. 

11. The head/disc assembly of claim 9, Wherein the 
plurality of heads further includes at least a third head, and 
Wherein the preampli?er circuit subsequently applies a third 
read bias current to the third head While the second read bias 
current remains directed to the second head. 

12. A head/disc assembly of a disc drive, comprising: 

?rst and second heads supported adjacent corresponding 
?rst and second disc recording surfaces; and 

bias means for simultaneously applying ?rst and second 
read bias currents to the ?rst and second heads. 

13. A method for Writing servo data to a head/disc 
assembly of a disc drive, comprising steps of: 

(a) mounting the head/disc assembly to a servo track 
Writer, the head/disc assembly comprising a plurality of 
heads supported adjacent a corresponding plurality of 
disc recording surfaces; 

(b) using the heads to Write servo data at a selected radial 
location on each of the disc recording surfaces, Wherein 
the servo data on each of the disc recording surfaces is 
angularly offset With respect to the servo data on 
adjacent disc recording surfaces; and 

(c) performing a Write veri?cation operation to verify 
accuracy of the servo data by sequentially applying 
read bias currents to successive pairs of the heads, 
Wherein the read bias current applied to a selected one 
of each pair of the heads is used to transduce the servo 
data from the associated disc recording surface and the 
read bias current applied to the remaining one of each 
pair of the heads is used to prepare the remaining one 



US 2001/0000981 A1 

of each pair of the heads to subsequently transduce the 
servo data from the associated disc recording surface. 

14. The method of claim 13, Wherein the head/disc 
assembly comprises a preampli?er circuit operably coupled 
to the heads and comprising: 

a ?rst read bias current source Which generates a ?rst read 
bias current of selected magnitude; and 

a second read bias current source Which generates a 
second read bias current of selected magnitude inde 
pendently of the ?rst read bias current, Wherein the 
preampli?er circuit simultaneously outputs the ?rst and 
second read bias currents. 

15. The method of claim 14, Wherein the preampli?er 
circuit further comprises a head selection circuit, operably 
coupled to the ?rst and second read bias current sources, 
Which selects each successive pair of heads so that the ?rst 
and second read bias currents are simultaneously directed to 
each successive pair of heads. 

16. Apparatus for Writing servo data to a plurality of disc 
recording surfaces of a disc drive head/disc assembly, com 
prising: 

a positioning system, operably coupled to the head/disc 
assembly, Which controls radial position of heads of the 
head/disc assembly With respect to the disc recording 
surfaces; 

a control circuit, operably coupled to the heads, Which 
controls the Writing of the servo data to the disc 
recording surfaces; and 
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a preampli?er circuit, operably coupled to the heads, 
Which sequentially applies read bias currents to suc 
cessive pairs of the heads, Wherein the read bias current 
applied to a selected one of each pair of the heads is 
used to transduce the servo data from the associated 
disc recording surface and the read bias current applied 
to the remaining one of each pair of the heads is used 
to prepare the remaining one of each pair of the heads 
to subsequently transduce the servo data from the 
associated disc recording surface. 

17. The apparatus of claim 16, Wherein the preampli?er 
circuit comprises: 

a ?rst read bias current source Which generates a ?rst read 
bias current of selected magnitude; and 

a second read bias current source Which generates a 

second read bias current of selected magnitude inde 
pendently of the ?rst read bias current, Wherein the 
preampli?er circuit simultaneously outputs the ?rst and 
second read bias currents. 

18. The apparatus of claim 17, Wherein the preampli?er 
further comprises a head selection circuit, operably coupled 
to the ?rst and second read bias current sources, Which 
selects each successive pair of heads so that the ?rst and 
second read bias currents are simultaneously directed to 
each successive pair of heads. 


