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DIRECT ACCESS STORAGE DEVICE (DASD) WITH A VARIABLE
SPINDLE ROTATION SPEED

Field of the Invention

The present ihvention relates to a direct access
storage device (DASb), and nore particularly to method
and apparatus for variable spindle rotation speed in a
direct access storage device. '

Description of the Prior Art

Direct access storage devices (DASDs) or hard
drives are widely used with modern computers. Disk
drive units often incorporating stacked, commoniy
rotated rigid magnetic disks, are used for storage of
data in magnetic form on the disk surfaces. Data is
recorded in radially spaced data information tracks
arrayed on the surfaces'of'the disks. Transducer heads
driven in a path toward and away from the drive axis
write data to the disks and read data from the disks.

In today's disk drives the spindle motor rotational
speed or motor revolutions per minutes (RPMs) typically
is a fixed value, for example 7200 RPM. By fixing the
spindle rotation speed value, all the other components
are then designed to operate at that value. When
designing the spindle motor and its control circuits the
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affects torque constant and drag. The motor and winding
drag is assumed to vary as much as +/-50% from part to
part. Coil, wiring, and power device resistance can

vary as much as 20%. Motor torque constant can vary +/-
5% from part to part.

Once all the worst case conditions are factored
into the design, the resulting torque constant selected
for the spindle motor must be smaller than it would be
possible if nominal conditions were assumed. This
selection of a smaller torque constant results in a
larger run current being required, which results in a
much larger file power requirement. For example, at
least .20-30% more power is needed in order to design a
disk drive so that it will operate at a given RPM under
all operating conditions.

In battery operated systems, this larger file power
requirement is an important factor, limiting the
available stand alone battery life. In conventional
systems, once the battery falls below a given value such
that the fixed motor speed can not be maintained, then
the disk file stops working.

Summary of the Invention

A principal object of the present invention is to
provide an lmproved method: and apparatus for variable
spindle rotation speed in a direct access storage device
(DASD) .  Other important objects of the present
invention are to provide such method and apparatus’
substantially without negative effects; and to provide
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variable spindle rotation speed in a direct access
storage device (DASD). The direct access storage device
(DASD) includes a multi~phase, brushless, direct current
(DC)'sbindle motor. Control signals are applied to a
plurality of spindle motor drivers for normally

" operating the plurality of spindle motor drivers in
saturation mode while performing read and write _
operations. A spindle rotational speed is detected and
compared with a predetermined spindle speed range.
Responsive to the detected spindle rotational speed
being within said predetermined spindle speed range,
normal operations of the direct access storage device
(DASD) are enabled. One or more write sync fields are
provided on each surface of a magnetic disk media. The
write.sync field is used for timing write operations in
the direct access storage device.

Brief Description of the Drawing

The present invention together with the above and
other objects and advantages may best be understood from
the following detailed description of the preferred
embodiments of the invention illustrated in the
drawings, wherein:

FIG. 1 is a schematic and block diagram of a data
storage disk file embodying the present invention:;

FIG. 2 is a block diagram illustrating the data

storage disk file of FIG. 1 in accordance with the
present invention: '

FIG. 3 is a diagram illustrating customer data
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and apparatus substantially w thout negative effects; and to provide

FIG. 4 is a schematic and block diagram
illustrating exemplary spindle motor drive control
apparatus for carrying out the variable spindle rotation
speed in accordance with the present invention;

FIG. 5 is a diagram illustrating exemplary spindle
back electromotive force (EMF) motor drive control
signals for carrying out the variable spindle rotation
speed in accordance with the present %pvention;

FIG. 6 is a flow diagram illustrating exemplary
sequential steps spindle motor drive control operations
in the data storage disk file of FIG. 1 in accordance
with the present invention; and

FIG. 7 is a flow diagram illustrating sequential
steps. for read and write operations in the data storage

disk file of FIG. 1 in accordance with the present
invention.

Detailed Description of the Preferred Embodiments

Having reference now to the drawings, in FIG. 1
there is illustrated a data storagé disk file generally
designated as 100 including a rigid magnetic disk drive
unit 112 and an interface control unit generally
designated as 114. Unit 112 is illustrated in
simplified and diagrammatic form sufficient for an
understanding of the present invention. The utility of
the present invention is not restricted to the details
of a particular drive unit construction.

The disk drive unit 112 includes at least one disk
116 having at least one magnetic surface 118. The disk
116 is mounted for rotation on and by an integrated
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ganged together for simultaneous pivotal movement by a
head drive servo motor 132 including a voice coil (not
shown) cooperating with an internal magnet and core
assembly. Drive signals applied to the voice coil cause
the arms 130 to move in unison to position the
transducer head assemblies 128 in registration with
information storage tracks on the disk surfaces 118
where information is written or read.

The disk drive unit 112 is controlled in operation
by signals provided by the control unit 114, including
motor control signals on line 126A and head position
control signals on line 132A. In a typical arrangement,
control unit 114 provides an interface with a computer
that provides data read and write commands, and data
signals are transmitted to .or from the transducer head
assemblies 128 over corresponding lines 128A, one of
which is seen in FIG. 1, Servo position information is
recorded on the disk surfaces 118, and the transducer
head assemblies 128 read this servo information to
provide a servo position signal to the control unit 114.
This information is employed by the control unit 114 to
provide position control signals on line 132aA.

Referring now to FIG. 2, there is shown a block
‘diagram functional representation of the disk file 100
generally designated as 200 for carrying out the
variable spindle rotation speed method of the invention.
Servo information and customer data are read by the
transducers 128 and amplified by read/write '
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of the preferred enbodi nents of the invention illustrated in the draw ngs,
wher ei n: FIG 1 is a schematic and bl ock di agram of a data storage
di sk file enbodying the present invention; FIG 2 is a block
diagramillustrating the data storage disk file of FIG 1 in accordance
with the present invention; FIG 3 dig.a diagramillustrating

custorer data .
preamplifiers (preamps) 222. A data channel 224 uses

sampling techniques of the preferred embodiment for
detecting the readback signals from the disk surfaces
118 that contain the customer data. An embedded disk
controller 226 is coupled to the data channel 224 and a
servo controller 228, The servo controller 228 performs
servo control functions providing servo positioning
.control signals to a powér drivers block 230 coupled to
the VCM and the spindle motor assembly 126. An
interface controller 232 coupled to the disk controller
226 performs interface processor functions. A host

interface 234 is coupled to the disk controller 226 via
the interface controller 232.

In accordance with features of the invention, the
disk file 100 is not limited to operate at a given RPM.
In disk file 100, a predetermined wide operational range
of spindle rotational speed is provided. For example,
with a nominal RPM specification of 10,000 RPM, a
minimum RPM specification of 8,000 RPM and a maximum RPM
specification of 10,100 RPM can be provided. The
nominal RPM specification is set close to the maximun
RPM specification. The minimum RPM specification is set
far below the nominal RPM specification. With a wider

allowed range of spindle rotational speeds, more power
savings are provided.

The data channel 224 is arranged to operate over a
range of data frequencies that is wider than
conventional disk files. Also an additional write sync
field illustrated and described with respect to FIGS. 3
and 7, is required for timing data write operations.

The servo controller 228 corrects for a variation in its
sample rate based upon a detected spindle rotational
speed. The servo controller 228 measures spindle RPM,
and correction for sample rate variation is dynamically
provided as it occurs.
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;schematic and bl ock diagramillustrating exenplary spindle motor drive
control apparatus for carrying out the variable spindle rotation speed in
accordance with the present invention; FIG 5 is a diagram

Il lustrating exenplary spindle back el ectronotive force (EMF) notor drive
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file of FIG 1 in accordance he present invention
stops working. This invention allows the spindle motor

to slow down as the battery runs down, while the drive
continues to work until a predetermined low threshold
spindle motor speed is reached. The predetermined low
threshold spindle motor speed may correspond to a low
voltage level where the logic modules would stop
working. Also the battery life is about 20-30% longer

with this invention as compared to conventional battery
operated systens,

FIG. 3 illustrates a customer data format generally
designated by 300 for carrying out the variable spindle
rotation speed method of the invention. The customer
data format 300 includes a servo field 302, a write sync
field 304, a read sync field 306 together with customer

~data 308. The write sync field 304 is a new field
needed for carrying out the variable spindle rotation
speed control method of the invention. The write sync
field 304 is written at the same time as with servo
information during the manufacture of the disk file 100.
The write sync field 304 is never rewritten, unlike the
read sync field 306 that can be rewritten during the
operation of the disk file 100. In the preferred
embodiment, one write sync field 304 is written for each
servo field 302. The use of the write sync field 304
during write operations of the disk file 100 is
illustrated and described with respect to FIG. 7.

Referring now to FIG, 4, there is shown an
exemplary spindle motor drive control apparatus
generally designated by 400 .for carrying out the
variable spindle rotation speed control in accordance
with the present invention. The spindle motor drive
control apparatus 400 provides a control drive signal to



Det ail ed Description of the Preferred Enbodi nents Havi ng reference
:now to the drawings, in FIG 1 there is illustrated a data storage di sk
file generally designated as 100 including a rigid magnetic disk drive unit
112 and an interface control unit generally designated as 114. Unit 112 is
illustrated in sinplified and diagrammatic formsufficient for an
under st andi ng of the present invention. The utility of the present
invention is not restricted to the details @~ a particular drive unit
construction. the spindle sote VR anindigatedcatudeschtlinasiabadedi sk 116
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rotation on and by _an integrated . -5-
includes three stator coils or motor windings 402, 404,
and 406 connected with a common center tap in a Y-
configuration. The spindle motor drive control
apparatus 400 includes multiple driver transistors
including a plurality of P-channel field effect
transistors (FETs) 408, 410, and 412, a plurality of N-
channel FETs 414, 416, and 418,  and a plurality of Zener
diodes 420, 422, and 424. The spindle motor drive
control apparatus 400 includes a commutation and speed
control circuits block 430 enabling the respective pairs
of FETs 408, 414; 410, 416; 412 and 418 to operate in
saturation mode during normal run mode of the disk file
100. The FETs 408, 410, 412, 414, 416, and 418 are
respectively coupled to the motor windings 402, 404, and
406 and the Zener diodes 420, 422, and 424.

As a result of operating the FETs 408, 410, 412,
414,.416, and 418 in saturation mode, the need for
complex pulse width modulation (PWM) and control
circuits and the accompanying electronic noise of
conventional spindle motor drivers are eliminated. Also
as result of the lower overall power dissipation in the
FETs 408, 410, 412, 414, 416, and 418 from operating in
saturation'mode, smaller FETs may be used than
conventionally required.

In accordance with features of the invention, the
spindle motor assembly 126, a multi-phase, brushless,
direct current (DC) motor can be provided with a higher
torque constant and a more efficient spindle motor than

typically used with conventional disk files having a
fixed spindle speed.

FIG. 5 illustrates exemplary spindle motor drive
control signals for carrying out the variable spindle



spindl e and notor assenbly 126. Information on each magnetic di sk surface
118 is read fromor witten to the disk surface 118 by a correspondi ng
transducer head assenbly 128 novable in a path having a radi al conponent
across the rotating disk surface 118. Each transducer head assenmbly 128 is’
carried by a suspension arm assenbly 130. The suspension arm assenblies 130
are ganged together for simultaneous pivétal novenent by a head drive servo
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voltage between the minimum and peak voltages is
illustrated at a dashed line labeled AVERAGE BEMF
VOLTAGE. The average back EMF voltage of the present
invention typically equals the supply voltage +V minus
the I*R losses of the sets_of'the motor windings 402,'
404, and 406. In disk file 100, the peak back EMF plus
the I*R losses is chosen to equal the nominal power
supply voltage. The spindle rotational speed can be
detected by measuring the time between zero-crossings of
one of the sine wave signals Vap, Vpe, . Or Vea-

Referring to FIG. 6, there are shown exemplary
sequential steps for splndle motor drive control
operations performed by the servo controller 228 in the
data storage disk file 100 in accordancé.with the |
present invention. The spindle motor drive control
operations start at a block 600 for functional
operations of the disk file 100. The spindle driver
devices are operated in saturation mode as indicated at
.a block 601. A spindle speed measurement is obtained as
indicated at-a block 602. The measured spindle speed is
compared with the predetermined range of spindle
rotational speeds for the disk file 100 as indicated at
a decision block 604. If the measured' spindle speed is
within the predetermined range, then normal file
operations are continued as indicated at a block 606.
Then the operations return to block 601 to continue with
operation of the spindle driver aevices'in saturation |



provide a servo position signal to the control unit 114. This information
is enployed by the control unit 114 to provide position control signals on
i ne 132A. - Referring nowto FIG 2, there is shown a bl ock diagram
functional representation of the disk file 100 generally . designated as 200
for carrying out the variable spindle rotation speed nmethod of the

I nvention. Servo information and custoner data are read by the transducers
128 and anplified by read/wite _ - 6-
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servo contnﬂ¢Qmp@28dpwntbrnbe minimum and maximum spindle rotatlonal
speeds for the disk file 100 as indicated at a dec1sion
block 608. If the measured spindle speed is less than
the minimum spindle rotational speed, then a file
shutdown signal is generated as indicated at a block
610. If the measured spindle speed is greater than the
maximum spindle rotational speed, then operation in the
saturation mode is stopped and the spindle driver
devices are operated in the linear mode to reduce the

- spindle rotational speed as indicated at a block 612.

‘Then the operations return to block 602 to continue
measuring the spindle rotational speed. Then the
operatibns return to block 602 to continue with the
measurement of the spindle rotational speed.

FIG. 7 is a flow diagram 111ustrat1ng§$equential
steps for read and write timing operatlons 1n the data
storage disk file 100 in accordance with the present
invention.. The sequential operations begin upon the
arrival of the transducer 128 on track .as indicated at a
block 702. A data channel timing voltageifrequency
oscillator (VFO) is synchronized with the read back
-frequency from the first write sync field 304 as
indicated at a block 704. The frequency is held until
the write VFO is resynchronized with the read back

- frequency from the next write sync field 304 as
indicated at a block 606. Then the selected read or
write operation is performed as indicated at a block
708. For a write operation at block 708, the write VFO
is used as the write clock. v

While the present invention has been described with
reference to the details of the embodiments of the '
invention shown in the drawing, these details are not
intended to limit the scope of the invention as claimed



servo control functions providing servo positioning control signals to a
power drivers block 230 coupled to the VCM and the spindl e notor assenbly
126. An interface controller 232 coupled to the disk controller 226
perforns interface processor functions. A host interface 234 is coupled to
the disk controller 226 via the interface controller 232. In
accordance wth features of the invention, the disk file 100 is not limted
to operate at a given RPM - In disk file 100, a predeterm ned w de
operational range of spindle rotational speediis provided. For exanple,
with a nom nal cificatiqgn of ,10,000 RPM a m ni num RPM

speci fi cation ongygéggRéRPﬁﬂéeg HEQFW§NIRPM speci fication of 10,100 RPM
can be provided. The nomi nal RPM specification is set close to the naxi num
RPM speci fication. The m ni nrum RPM specification is set far below the

nom nal RPM specification. Wth a wider allowed range of spindle rotational

speeds, nore power savings are provided. The data channel 224 is
arranged to operate over a range of data frequencies that is w der than
conventional disk files. Also an additional wite sync field illustrated

and described with respect to FIGS. 3 and 7, is required for timng data
write operations. The servo controller 228 corrects for a variation in its
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battery operated Hpatesks claimed is:
1. A method for variable spindle rotation speed
in a direct access storage device (DASD) inclﬁding a
multi-phase, brushless, direct current (DC) spindle
motor cowprising the steps of: '
applying a control signal to a plurality of spindle
motor drivers for normally operating said plurality of
spindle motér drivers in saturation mode during normal
read/write operations of the direct access storage
device;

-

detecting a spindle rotational speed;

comparing said detected spindle rotational speed
with a predetermined spindlé speed range; and

responsive to said detected spindle rotational -
speed being withih said predetermined spin@%p speed
range, enabling said normal read/write 6per&tions of the
direct access storage device (DASD).

2. A method for variable spindle rotation 'speed
in a direct access storage device (DASDf as recited in
claim 1 wherein said enabled normal operations of the
direct access sﬁorage device (DASD) include the steps
of: ' i

providing a write sync field on each surface of a
.magnetic disk media; and ' .

utilizing said write sync field for timing write
operations in the direct access storage device.

3. A method for variable spindleé rotation speéd
'in a direct accéss.storage device (DASD)'as'recited in
claim 1 further includes the step responsive to.said
detected spindle rotational speed being outside -said’
predetermined spindle speed range, of ending normal”
operations of the direct~ac¢ess storage device (DASD).



FIG 3 illustrates a custoner data format generally designated by 300 for
:carryi-ng-out. the variable spindle rotation speed nethod of the invention.
The custoner data format 300 includes a servo field 302, a wite sync field
304, are together with custoner data 308. The ki sync
field 304mmmmﬁ"ﬂlﬁﬂ eeded for carrying out the,wasuabt gaspeanl )
rotation speefl cont ol met hod of the invention. ThHe wi ggrsrceofi el d|304 . is
witten at the sane tinme as with servo.informatio ' ture
of the disk file 100. The wite sync field3304 is never rewitten, unlike
the read sync field 306 that can be rewitten during the operation of the
di sk file 100. In thhe prefigthed e%‘édYﬁEh?PlSnép\M‘fﬁé AR FRB.Y; S
\él\“ tten for eaahas&itedt ?dﬁ}é&%-sﬁbfﬁa?éedgﬁibbe (msml |. amge‘dje&easmﬂ bed
uring wite er.ati,ons. qf, the, di i 1 IS | I cribe
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exenpl ary spi dgtteatmdrspimdke contatlionppaszeed yeiagalodutsdais ggaidd by 400
for carrying ddterMadad! pdl at. p i i £, accor dance
wi th the preng% |nvéﬁ?fgﬁ£ %agﬂgggnnggﬁnkgﬁagﬁisgﬁggﬁgégﬁkaggératus,400
provi des a COﬁ@&ngﬂq\Rpmggﬁ@$i9g control signal to said plurality of

spindle motor drivers to change the spindle_rotational
speed."

5. A method for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
claim 1 wherein said predetermined'spindle’speed range
includes a maximum spindle speed of N and a'minimum
spindle speed of 0.8%*N.

6. Apparatus for variable spindle; rotation speed
in a direct access storage device (DASD) including a
multi-phase, brushless, direct curren£ (D@i spindle
motdr comprising: - o

a plurality of spindle motor drivers for applying
driving current to the spindle motor;

‘ speed and commutation control meq&s for applying a
control signal to said plurality of spindle motor
drivers for normally operating said plurality of spindle
motor drivers in saturation queé |

means for detecting a spindle rotational speed;

means for comparing said detected spindle
rotational speed with a predetermined spindle speed
range; and _ ' ' .

means respénsive to said detected spindle
rotational speed being within said predetermined spindle
speed range, for enabling normal operat{ons of the

 direct access storage device (DASD). -
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the spindle motor 126 indicated at each |ine |abel ed MOTOR A, MOTOR B and
MOTOR C. The spindle notor 126 includes three statqr_coils or notor
wi ndi ngs WIHMJl HH M|Connect ed with a commolf £48glE d B
conf i gur at iTgael iy |"¥ ot or drive control apqaratwg;ﬁiﬁégc?udes
mul tiple driver transistors including a pluralitytet=-channerftiald ef fect
transistors (FETs) 408, 410, and 412, a plurality of N channel FETs 414,
416, and 418, and a plurality of Zener diodes 420, 422, and 424. The
spindl e notor drive control apparatus 400 inglgudes a conmutati on and speed
control circuits block 430 enabling the respective pairs of FETs 408, 414,
410, 416; 412 and 418 %o optPrRaratys steurvdt HAbABJEPIDALAgrAERARAPTY, SPeRSe

of the disk filei}0Q diteedtElfcddds braddZdedide 4DAsDRNEs4i8cdted in

ospect el oouRed O RS ORI i LTSO8 %nd0Re 10dpoRitva R0t Rd e Zomer
detected spindle rotational speed being less than said
predetermined spindle speed range, for ending normal
operations of the direct access storage device (DASD).,

8. Apparatus for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
claim 6 further includes means responsive to said
detected spindle rotational speed being greater than
said predetermined spindle speed range, for applying an
adjusted commutation control signal to said plurality of
spindle motor drivers to reduce the spindle rotational
speed.

9. Apparatus for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
claim 6 further includes means for providing a write
sync field on each surface of a magnetic disk media; and
means, utilizing said write sync field for timing write
operations in the direct access storage device.

10. A direct access storage device (DASD)
comprising:

at least one disk mounted for rotation;

a transducer head mounted for movement across
tracks recorded on the at least one disk,

means for providing a write sync field on each
surface of a magnetic disk media; and

means, utilizing said write sync field for timing
write operations in the direct access storage device.
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As a result of operating the FETs 408, 410, 412, 414, 416, and 418 in
saturati on node, the need for conpl ex pul se MAdth nDduIatlon (FWM@ and

contr e acconpanying el ectroni ¢ noise-at—cervem oma
spi ndT“IMHﬂ““ﬂ"m m re elimnated. Also as res

i ug ErERe HAGREE Dler al |
power disSiphti®n n*the FETs 408, 410, 412, 414, 416, REELRQEPfro

operating in saturation node, snmaller FETs nmay be eet—th : onventional [y
requi red. In accordance with features of the invention, the spindle
notor assenbly 126, a nulti-phase, brushl essl5d rect current ([XD not or can

ffici I ndl e
mot br ¢ han typi cal| C' oy SR PO St ESR fe¥inay(RESDIF pRec
spi ndl e speed. rec tqd(}nEClaimBlmafwsthannphalydepundIe mot or drive
control signals for caf i GMadd® NALLRPLES SPERELEL current (DC)
spindle motor;
a plurality of spindle motor drivers for applying
driving current to the spindle motor; and
speed and commutation control means for applying a
control signal to said plurality of spindle motor
drivers for normally operating said plurality of spindle
motor drivers in saturation. mode.

12. A direct access storage device (DASD) as
recited in claim 11 further includes:

means for detecting a spindle rotational speed;

means for comparing said detected spindle
rotational speed with a predetermined spindle speed
range; and

 means responsive to said detected spindle
rotational speed being within said predetermined spindle
speed range, for enabling normal operations of the
direct access storage device (DASD) .

13. A direct access storage device (DASD) as
recited in claim 12 further includes:

means responsive to said detected spindle
rotational speed being less than said predetermined
spindle speed range, for ending normal operations of the
direct access storage device (DASD) .

l14. A direct access storage device (DASD) as
recited in claim 12 rurther includes:

means responsive to said detected spindle
rotational speed being outside said predetermined
spindle speed range, for applying an adjusted
commutation control signal to said plurality of spindle

mr drivers to change the sp;ndle rotational speed.
MR



-9- rotation speed in accordance with the present invention. In FIG 5,
there are shown three sine waves respectively |abeled V[err], V[err], and
V[err] separated by 120[err] phase representing voltages at |ines MOTOR A,
MOTOR B and MOTOR C across respective sets'®r pairs of the notor wi ndings
402, 404, and 406. Comutation points for sw tching between the respective
pairs of FETs 408 and 414; 410 and 416; 412 and 418 are indicated by dots
representing nmni mum back EMF voltage. Average back EMF voltage between the
i ni mum and p QBREGTAGEESSSTORASH DEVIGE MASDY WITH A,V ARJARIE SEVNRIE:
BEMF VOLTAGE. The average back EMF VROTATHION SPREDpr esent invention

typically equapSrRReEUPPIY voltage +V minus the | *R | osses of the sets of
the notor w lrfg?ngs 402, 404, and 406. In disk file 100, the peak back EMF

plus the I*R | osses is chosen to equal the nom nal power supply voltage.
The spi ndl e Avmethodrand apparatisase pEided: for vatipblg spindle getption speed dn Aditeet ween
Ref o1 ng 1o B SQMcteicR TR 0 iR et ol eny abralt SEvibe (ORSEVRLAD 1 ¢
not or dr-igve dpglydes 2 %E?‘msﬁn‘%mﬂﬂﬁeqsofkmréﬁ?""?‘%@ﬁ%?%k@ﬂ@ﬁf@r éi’SSj gﬂdt he
dat a st or age comphutitionecobfidl signals are ajpplied to\a plurilitg of spindle motor drivers (126) for
normally operating the plurality of spindle motor drivers (126) in saturation mode while
performing read and write operations. A spindle rotational speed is detected and
compared with a predetermined spindle speed range. Responsive to the detected spindle
rotational speed being within said predetermined spindle speed range, normal operations
of the direct access storage device (DASD) (100) are enabled. One or more write sync
fields are provided on each surface of a magnetic disk media. The write sync field is
used for timing write operations in the direct access storage device (100).
Fig.6




present invention. The spindle notor drive control operations start at a
bl ock 600 for functional operations of the disk file 100. The spindle
driver devices are operated in saturation node as indicated at a bl ock 601.
A spindl e speed neasurenent is obtained as indicated at-a bl ock 602. The
measur ed spindle speed is conpared with the predeterm ned range of spindle
rotational speeds for the. disk file 100 as indicated at a decision bl ock
604. If the neasured spindle speed is within the predeterm ned range, then
normal file operations are continued as indicated at a bl ock 606. Then the
operations return to block 601 to continue with operation of the spindle
driver devices in saturation -10-
node. |f the nmeasured spindle speed is outside the predeternined range,
then the neasured spindle speed is cquared with the m ni num and maxi num
spindl e rotationa

CONTROL UNIT 114 132A

S TEE

116
N 126 [ 132

L

11 \

128 130

FIG.1




spéeds for the disk file 100 as indicated at a decision bl ock 608.
nmeasured spindle speed is |l ess than the m nimum spi ndl e rotational
then a file shutdown signa

is generated as indicated at a bl ock 610.

If the
speed,
| f

t he neasured spindle speed is greater than the maxi num spindle rotational

speed,

rot ati onal

then operation in the saturation node is stopped and the spindle
driver devices are operated in the |linear node to reduce the spindle
speed as indicated at a blak 612. Then the operations return to

bl ock 602 to continue nmeasuring the spindle rotational

speed. Then the

operations return to block 602 to continue with the neasurenent of the

spi ndl e rotational sp U %§(3 7 is a flowdiagramillustrating
sequential steps for r a?ﬁﬁi el timn ﬂgerations in the data storage
disk file 100 in accorjdance th the pres i nvention. The sequenti al
operations begin upon e argrval the transducer 128 on track as
i ndi cated at a bl ock 70 JAldat a charnpl tinmng vol|
oscillator (VFO is sy gﬂagg th tlhe read back|ff|
first wite sync field ggﬁcatec t /
held until the wite VF nch ronifgﬁA&P&%Q%%%
fromthe next wite sypc f| 304 as iindi cated at ;
selected read or wite Dperatlon‘I performed as 1
POWER SERVO INTERFACE
DRIVERS }—CONTROLLER CONTROLLER
230 228 232
VCM AND HOST
SPINDLE INTERFACE
MOTOR 126 234
.
SERVO WRITE SYNC | READ SYNC | CUSTOMER
FIELD 302 FIELD 304 FIELD 306 DATA 308

FIG.3



708. For a wite operation at block 708, the wite VFOis used as the wite
cl ock. Wil e the present invention has been described with reference
to the details of the enbodi nents of the invention shown in the draw ng,

these details are not intended to Iimt the scope of the invention as
-11- in the appended cl ai ns.

cl ai ned
3/6
COMMUTATION i
AND SPEED
CONTROL CIRCUITS 408
430 N |
FOR NORMAL RUN - g 402
oD, - ‘ MOTOR A
SATURATION -
MODE FOR FET 414l_
DRIVERS < Tzo
Y =
410
! 126
404
MOTOR B
400
= 416
r——
l*f ‘lL422
= <+
+V
) 412
——‘l[ﬁj
406
MOTOR C
418
l"f P 424

FIG. 4




-12- O ains What is clained is: 1. A method for variable
spindle rotation speed in a direct access storage device (DASD) including a
mul ti - phase, brushless, direct current (DC) spindle notor conprising the
steps of: applying a control signal to a plurality of spindle notor
drivers for normally operating said plurality of spindle notor drivers in
saturation node during norrmal read/wite operations of the direct access

st orage devi ce; detecting a spindle rotational speed,; conpari ng
said detected spindle rotational speed with a predeterm ned spindl e speed
range; and responsive to said detected spindle rotational speed being

within said predeterm ned spindle speédsrange, enabl i ng sai d nor nal
read/ wite operations of the direct access storage device (DASD) and
continue applying said

VAB VBC COMMUTATION
VCA POINTS

AVERAGE BEMF
VOLTAGE - —

0 VOLTS

FIG. 5



.control signal to said plurality of spindle notor drivers for normally
operating said pluraltiy of spindle notor drivers in saturation node.

2. A method for variable spindle rotation speed in a direct access storage
device (DASD) as recited in claim1l wherein said enabled normal operations
of the direct access storage device (DASD) include the steps of:

providing a wite sync field on each surface of a nagnetic disk nedia; and
utilizing said wite sync field for timng wite operations in the direct
access storage device. 3. A method for variable spindle rotation
speed in a direct access storage dewW€e (DASD) as recited in claim1l
further includes the step responsive to said detected spindle rotational
speed being outside said predeterm ned spindl e speed range, of ending
normal operations of the direct access storage device (DASD).

FIG. 6
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~ 13- 4. A nmethod for variable spindle rotation speed in a direct
access storage device (DASD) as recited in claim1l further includes the
step responsive to said detected spindle rotational speed being outside
sai d predeterm ned spindle speed range, of applying an adjusted comutation
control signal to said plurality of spindle notor drivers to change the
spindl e rotational speed. . 5. A nethod for variable spindle
rotation speed in a direct access storage device (DASD) as recited in claim
1 wherein said predeterm ned spindle gﬂged range i ncludes a maxi mum spi ndl e
speed of N and a m ni num spi ndl e spee f 0.8*N. 6. Apparatus for
variabl e spindle rotation speed in a direct access storage device (DASD)
including a multi-phase, brushless, direct current (DC) spindle notor

conpri si ng: a plurality of spindle notor drivers for applying driving
current to the spindle notor;

FIG. 7

ARRIVE ON TRACK
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h 4
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|
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A

PERFORM SELECTED READ OR
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speed and-comut ation control neans for applyi n%}FMEMENﬁ‘l T8 o §ﬁ d
plurality of spindle notor drivers for normnal I Opescapiion: paged v tor pageth,
spi ndl e ‘notor drivers in saturation node; BeGiainfspr dpdged ?—rlg pamd .....

spindl e rotational speed; means for conpdrODrawh@syespeted. t@ppggahe
rotational speed with a predeterm ned spindl e|spegBstfagfge; @@d _____ to pagdBans
responsive to said detected spindle rotationall speed bei ng W thin said

predeterm ned spindl e speed range, for enapli [.omg\:c\poa he
di rect access storage device (DASD) andto conty

signal to sai 8uphuREEhod GInd ol PRk 22 biee GPhalf | GEPECPRE RBRVEPEy theer ating.

sai d plural tiy;ghavRmAde I Prpeidyesst: '&ﬁ@ﬁ?’éﬁéh@@ node. ,
-14- 7. Apparatus for vari abI e spindle rotation speed in a direct
access storage device (DASD) as recited in claim®6 further includes neans

responsive to saidIn brief, a method and apparatus are provided for
variable spindle rotation speed in a direct access
storage' device (DASD). The direct access stofage device
(DASD) includes a multi-phase, brushless, direct current
(DC) spindle motor. Control signals are applied to a
plurality of spindle motor drivers for normally

(N operating the plurality of spindle motor drivers in

saturation mode while performing read and write _
operations. A spindle rotational speed is detected and
compared with a predetermined spindle speed range.
Resbonsive to the detected spindle rotational speed
being within said predetermined spindle speed range,
normal operations of the direct access storage device
(DASD) are enabled, and the control signal to the plurality of spindle motor
drivers for normally operaﬁng the plurality of spindle motor drivers in saturation
mode is continually applied. One or more write sync fields are provided on each .

surface of a magnetic disk media. The write sync field is used for timing write
operations in the direct access storage device.

Brief Description of the Drawing

The present invention together with the above and
other objects and advantages may best be understood from
the following detailed description of the preferred
embodiments of the invention illustrated in the

drawings, whereln'

FIG. 1 is a schematic and block diagram of a data
storage disk file embodying the present invention;

FIG. 2 is a block diagram illustrating the data o
storage disk file of FIG. 1 in accordance with the
present invention:

FIG. 3 is a diagram 1llustrat1ng customer data
This is the replacement sheet
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detecte rotational speed being |l ess than said predeterm ned

splndl range ending normal operations of the direct access
storag 8. Apparatus for variable spindle rotation
speed in ac storage device (DASD) as recited in claim6
fdrther includes' néans responsive to said detected spindle rotational speed
being greater than said predeterm ned spindl e speed range, for applying an

adj ust ed conmut ati on control signal to sard?plurality of spindle notor

drivers to redggg ?e spindl e rotational speed. 9. Apparatus for
vari abl e spi nd rotation speed in a direct access storage device (DASD) as
recited in claim6 further includes neans for providing a wite sync field

on each surface of gnaRIRQt i Livgda negli a; and neans, utilizing said wite
sync field for timng wite operations in the direct access storage device.
10. A direct access storage device (DASD) conpri sing: at | east one

di sk mounted for rotati o method fornsatiabléaecspindletxotibionosprett
across tracks recor ?%é%%t*é%éﬁs'£%§£a896d9b§ée (DASD) including a
multi~phase, brushless, direct current (DC) spindle
motor comprising the steps of:
applying a control signal to a plurality of spindle
N motor drivers for normally operating said plurality of
! ‘spindle motor drivers in saturation mode during normal
read/write operations of the direct access storage
device; |
detecting a spindle rotational speed;
comparing said detected spindle rotational sﬁéed
with a predetermined spindle speed range; and .. 1
i responsive to said detected spindle rotational
speed being within said predetermined spindle speed
range, enabling said normal read/write operations of the

direct access storage device (DASD) and contmue applying said -
control signal to said plurality of spindle motor drivers for normally operating said

pluraltiy of spindle motor drivers in saturation mode.:
2. A method for variable spindle rotation speed

in a direct access storage device (DASD) as recited in
claim 1 wherein said enabled normal operations of the
direct access storage device (DASD) include the steps
of: \

providing a write sync field on each .surface of a
magnetic disk media; and .

utilizing said write sync field for timing write
operations in the direct access storage device.

3. A method for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
claim 1 further includes the step responsive to said o
detected spindle rotational speed being outside said
predetermined spindle speed range, of ending normal

operations of the direct access storage device (DASD).
53 is the rep!acement sheét
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méans *OL_pLev+d+ﬂg—aTVWTTé'sync field oh each surface of a magnetic disk

medi a; agigliNg said wite sync field for timng wite

operat i onﬂmiﬁ@ﬂgum‘mﬂmccess storage devi ce; a multi-phase

brushl ess!'® rrsent (DC) spindle notor; a plurality of spindle

notor drivers for applying driving current to the spindle notor; and
speed and commutation control neans for applying a control signal to said

plurality of spindle motor drivers for normal operating said plurality of
spindle notor drivers in saturation node. -

- 15- 11. A direct access storage device (DASD) as recited in claim
10 further includes: nmeans for detectH¥dy a spindle rotational speed;

4. A method for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
claim 1 further includes the step responsive to said
detected spindle rotational speed being outside said
predetermined spindle speed range, of applying an
adjusted commutation control signal to said plurality of
spindle motor drivers to change the 'spindle rotational
speed. '

5. A method for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
claim 1 wherein said predetermined spindle speed xange
includes a maximum spindle speed of N and a minimum
spindle speed of 0.8*N. '

6. Apparatus for variable spindle rotation speed

in a direct access storage device (DASD) including a
mulgi-phase, brushless, direct current (DC) spindle
motor comprising: : .
W, a plurality of spindle motor drivers for applying

driving current to the spindie motor;

speed and commutation control means for applying a
control signal to said plurality of spindle motor
drivers for normally operating said plurality of spindle
motor drivers in saturation mode;

means for detecting a spindle rotational speed:;

means for comparing said detected spindle
rotational speed with a predetermined spindle speed
range; and

means responsive to said detected spindle
rotational speed being within said predetermined spindle
speed range, for enabling normal operations of the

direct access storage device (DASD) and to continue applying said
control signal to said plurality of spindle motor drivers for normally operating said

pluraltiy of spindle motor drivers in saturation mode.
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nea;;~?ar‘55ﬁﬁérrﬂg\sald detected spindle rotational speed with a

pred dl e speed range; and nmeans responsive to said
det e malﬁ i onal speed being within said predeterm ned spindle

speed raﬁgeL |ng normal operations of the direct access storage
devi ce (DASD). and to continue applying said control signal to said
plurality of spindle notor drivers for normally operating said pluraltiy of
spindle notor drivers in saturation node_q4. 12. A direct access
storage device (DASD) as recited in claim 11 further includes: means
responsive to sai d Jdet ecimmhsptwsl| for ovariahie sptudlecrotatbon sheedsai d

pr edet er m ned ; §pi n(qu:%%{:eé%%geﬂ_éPégénﬂéOﬂcaofﬂﬁép?%&%é@ﬂﬁe@f ihhe

direct access storage direct access st orage
devi ce (DAsD>ca§hmaﬁt@urﬁhﬁxn%n¢44§e$u??%és raeponeive to saddns

responsive t Od%a;led:ﬁ&i el Bl B POt LLiohaL i @péédsaéeﬂgbgeag fHasi gdaigai d
predet er m ned %p eed ran for gplg g ag é $ted comut ati on
control signaP {h%ﬁeﬁ? éﬁiﬁ ERPRAI E2RBBor “8F i FRYLNY PBRURGe t he
spi ndl e rotat b@leaiats:pﬁfsi of the direct access storage device (DASD).

8. Apparatus for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
.claim 6 further includes means responsive to said
detected spindle rotational speed being greater than
said predetermined spindle speed range, for applying an
adjusted commutation control signal to said plurality of
spindle motor drivers to reduce the spindle rotatiqnal
speed. '

9. Appafatus for variable spindle rotation speed
in a direct access storage device (DASD) as recited in
claim 6 further includes means for providing a write
sync field on each surface of a magnetic disk media; and
means, utilizing said write sync field for timing write

W operations in the direct access storage device.

10. A direct access storage device (DASD)
comprising:

at least one disk mounted for rotation:;

a transducer head mounted for movement across

. tracks recorded on the at least one disk,

means for providing a write sync field on each
surface of a magnetic disk media;

means, utilizing said write sync field for timing

write operations in the direct access storage device:

a multi-phase, brushless, direct current (DC) spindle motor;

a plurality of spindle motor drivers for applying driving current to the spindle -« -
motor; and

speed and commutation control means for applying a control signal to said

plurality of spindle motor drivers for normal operating said plurality of spindle motor
_ drivers in saturation mode..
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11, A direct access storage device (DASD) as
recited in claim [0 further includes:

means for detecting a spindle rotational speed;

means for comparing said detected spindle
rotational speed with a predetermined spindle speed
range; and

means responsive to said detected spindle
rotational speed being within said predetermined spindle
speed range, for enabling normal operations of the
direct access storage device (DASD). and to continue applying said
control signal to said plurality of spindle motor drivers for normally operating said
pluraltiy of spindle motor drivers in saturation mode. - ° ~

12. A direct access storage device (DASD) as
recited in claim 11 further includes:

means responsive to said detected spindle
rotational speed being less than said predetermined
spindle speed range, for ending normal operations of the
direct access storage device (DaSD).

13. A direct access storage device (DASD) as
recited in claim 11 further includes:

means responsive to said detected spindle
rotational speed being outside said predetermined
spindle speed range, for applying an adjusted
commutation control signal to said plurality of spindle
motor drivers to change the spindle rotational speed.
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