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(57) ABSTRACT 

A rotatable media storage device operates using multiple 
disk spin-speeds, e.g., a reduced spin-speed and a nominal 
spin-speed. Adisk is spun up to a reduced spin-speed and an 
initial data transfer is began While the disk spins at the 
reduced spin-speed, if an amount of Work that has been 
requested is beloW a threshold. The disk is spun up to a 
further spin-speed (e.g., a nominal spin-speed), Which is 
greater than the reduced spin-speed, and the initial data 
transfer is began While the disk spins at the further spin 
speed, if the amount of Work that has been requested is 
above the threshold. Alternative embodiments using mul 
tiple disk spin-speeds are also provided. 
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OPERATING A ROTATABLE MEDIA STORAGE 
DEVICE AT MULTIPLE SPIN-SPEEDS 

CLAIM OF PRIORITY 

[0001] This application claims priority under 35 U.S.C. 
119(e) to US. Provisional Patent Application No. 60/530, 
504, ?led Dec. 18, 2003, and entitled “Operating A Rotat 
able Media Storage Device At Multiple Spin-Speeds.” 

[0002] This application also claims priority under 35 
U.S.C. 119(e) to US. Provisional Patent Application No. 
60/530,491, ?led Dec. 18, 2003, and entitled “Reducing the 
Time-To-Ready in a Rotatable Media Storage Device.” 

[0003] This application is also a continuation-in-part of 
US. patent application Ser. No. 10/366,237, ?led Feb. 13, 
2003, and entitled “Intermediate PoWer DoWn Mode for a 
Rotatable Media Data Storage Device,” Which claims pri 
ority under 35 USC 119(e) to US. Provisional Patent 
Application No. 60/436,946, entitled “Intermediate PoWer 
DoWn Mode for a Rotatable Media Data Storage Device,” 
?led Dec. 30, 2002. 

[0004] Each of the above applications is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0005] The present invention relates generally to rotatable 
media data storage devices, as for example magnetic or 
optical hard disk drive technology. 

BACKGROUND OF THE INVENTION 

[0006] Disk drives typically include a number of rapidly 
rotating disks having surfaces upon Which data is Written to 
and read from. Each disk surface that is used to store data is 
matched With a head Which is held very close to the disk 
surface. The head can thereby read and Write data from/to 
the disk surface as it rotates under the head. 

[0007] A head suspension assembly (HSA) typically 
includes the head attached to a slider, Which is further 
attached to a ?exible suspension member (also knoWn 
simply as a suspension). The suspension is in-turn connected 
to a pivoting actuator arm, Whose motion is typically con 
trolled using a voice coil motor. The rotating or spinning of 
the disk creates air pressure beneath the slider that lifts the 
slider and consequently the head off of the surface of the 
disk, creating a micro-gap of typically less than one micro 
inch betWeen the disk and the head. The suspension is often 
bent or shaped to act as a spring such that a load force is 
applied to the surface of the disk. The air bearing or cushion 
created by the spinning of the disk resists the spring force 
applied by the suspension, and the opposition of the spring 
force and the air bearing to one another alloWs the head to 
trace the surface contour of the rotating disk surface, Which 
is likely to have minute Warpage, Without contacting the disk 
surface. 

[0008] It is preferred that the head and disk surface not 
come in contact While the disk is rotating, since this can 
result in damage to both the disk surface and the head. For 
example, data can be permanently destroyed if excessive 
contact should occur. Also, the head can be damaged by the 
contact. When the disk is rotating at a suf?cient speed, 
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contact betWeen the disk surface and head is prevented by 
the air bearing, as just explained above. 

[0009] It is also preferred that the head and disk surface 
not come in contact While the disk is not rotating (e.g., When 
the hard drive is not poWered, or When there have been no 
recent read or Write requests, causing the disk drive to go 
into a poWer saving mode Where the disk stops spinning). 
This is because the head and disk surface may stick together, 
if the disk and the head are at rest and in contact for a period 
of time, resulting in damage to the disk surface and/or head 
When the disk starts to rotate. Also, since the disk starts 
spinning from rest, and a certain minimum velocity is 
required for the head to ?oat over the disk surface, each 
startup of the hard drive can result in the head and disk 
surface rubbing for a distance until the disk achieves suf? 
cient speed to form the aforementioned air cushion. 

[0010] For the above mentioned reasons, load/unload 
ramp structures and techniques have been used in many hard 
drives to hold a head aWay from a disk surface While a disk 
is not spinning. In such systems, the head is not released 
from the ramp structure until the disk has achieved its 
normal operating spin-speed. Similarly, When the disk drive 
is to be stopped, the slider is unloaded to a standby position 
on the ramp structure before the disk rotation speed is 
spun-doWn to rest. 

[0011] Over the past feW years, portable computing 
devices, such as notebook computers, have become progres 
sively thinner and lighter, and battery technology has 
improved signi?cantly. HoWever, though both thinner and 
lighter, portable computing devices have incorporated ever 
more poWerful CPUs, larger and higher resolution screens, 
more memory and higher capacity hard disk drives. Feature 
rich models include a number of peripherals such as high 
speed CD-ROM drives, DVD drives, fax/modem capability, 
and a multitude of different plug-in PC cards. Each of these 
features and improvements creates demand for poWer from 
system batteries. Many portable electronics, such as MP3 
players and personal digital assistants, noW use rotatable 
data storage devices as Well, and by their nature and siZe 
place great demands for poWer on batteries. 

[0012] The rotation of disks, Within rotatable storage 
drives of portable computing devices, consumes poWer from 
the batteries. Accordingly, many manufacturers of rotatable 
data storage devices have reduced demand on batteries by 
employing poWer savings schemes. For example, many 
manufacturers perform a ramp unload, and spin doWn the 
rotating storage medium to rest, after a period of inactivity. 
While such schemes have been useful for extending battery 
life, it Would be bene?cial if the rotation of disks could be 
further optimiZed to save additional poWer. 

[0013] As mentioned above, a head is typically not 
released from a ramp structure until the disk has achieved its 
normal operating spin-speed. This affects a drive’s “time 
to-ready,” meaning the time to Which the head can start 
reading data from, or Written data to, the disk. It Would be 
bene?cial if a disk drive’s “time-to-ready” could be reduced. 

BRIEF DESCRIPTION OF THE FIGURES 

[0014] FIG. 1 is a diagram shoWing components of an 
exemplary disk drive that can be used to implement embodi 
ments of the present invention. 
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[0015] FIG. 2 shows additional details of the actuator 
assembly from FIG. 1 and related elements. 

[0016] FIG. 3 shoWs additional details of the voice coil 
motor (VCM) driver from FIG. 1, and related elements. 

[0017] FIGS. 4A and 4B shoWs additional details of the 
spindle motor (SM) driver from FIG. 1, and related ele 
ments. 

[0018] FIG. 5 is an exemplary graph of disk spin-speed 
versus time, Which is useful for explaining embodiments of 
the present invention. 

[0019] FIGS. 6-9 are high level How diagrams that are 
useful for describing various embodiments of the present 
invention. 

[0020] FIG. 10 is an exemplary graph that shoWs the 
number of blocks to transfer (during a read or Write opera 
tion) versus the amount of time necessary to perform the 
data transfer, assuming the disk is spinning up from rest. 

[0021] FIG. 11 is a high level How diagram that is useful 
for describing embodiments of the present invention in 
Which a disk can be read from or Written to at more than one 

spin-speed. 

DETAILED DESCRIPTION 

[0022] Embodiments of the present invention are useful 
for reducing the amount of time it takes for a head to begin 
reading from and/or Writing to a disk, after an actuator 
assembly has been parked on a load/unload ramp and the 
disk has not been rotating. In accordance With an embodi 
ment of the present invention, a disk spin-speed is monitored 
as a disk spins up from rest. The disk may have been at rest, 
for example, because the drive had just been poWered on, or 
because the drive had been in a poWer saving (e.g., idle) 
mode. In accordance With an embodiment of the present 
invention, the drives “time-to-ready” is reduced by begin 
ning a ramp load operation before the disk spin-speed 
reaches its nominal spin-speed, and in accordance With 
speci?c embodiments, even before the disk spin-speed 
achieves a minimum ?oat spin-speed for causing the head to 
?oat over a surface of the disk. HoWever, before explaining 
further details and embodiments of the present invention, it 
is ?rst useful to describe exemplary environments in Which 
embodiments of the present invention can be useful. 

[0023] FIG. 1 shoWs an exemplary disk drive 100, Which 
includes at least one rotatable storage medium 102 (i.e., 
disk) capable of storing information on at least one of its 
surfaces. In a magnetic disk drive as described beloW, the 
storage medium 102 is a magnetic disk. The numbers of 
disks and surfaces may vary from disk drive to disk drive. 
A closed loop servo system, including an actuator assembly 
106, can be used to position a head 104 over selected tracks 
of the disk 102 for reading or Writing, or to move the head 
104 to a selected track during a seek operation. In one 
embodiment, the head 104 is a magnetic transducer adapted 
to read data from and Write data to the disk 102. In another 
embodiment, the head 104 includes separate read and Write 
elements. For example, the separate read element can be a 
magnetoresistive head, also knoWn as an MR head. It Will be 
understood that various head con?gurations may be used 
With embodiments of the present invention. 
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[0024] A servo system can include a voice coil motor 
driver 108 to drive a voice coil motor (VCM) 130 for 
rotation of the actuator assembly 106, a spindle motor driver 
112 to drive a spindle motor 132 for rotation of the disk 102, 
a microprocessor 120 to control the VCM driver 108 and the 
spindle motor driver 112, and a disk controller 128 to accept 
information from a host 122 and to control many disk 
functions. The host 122 can be any device, apparatus, or 
system capable of utiliZing the disk drive 100, such as a 
personal computer or Web server. The disk controller 128 
can include an interface controller in some embodiments for 
communicating With the host 122, and in other embodiments 
a separate interface controller can be used. Servo ?elds on 
the disk 102 are used for servo control to keep the head 104 
on track and to assist With identifying proper locations on the 
disk 102 Where data is Written to or read from. When reading 
servo ?elds, the head 104 acts as a sensor that detects 
position information to provide feedback for proper posi 
tioning of the head 104. 

[0025] The microprocessor 120 can also include a servo 
system controller, Which can exist as circuitry Within the 
drive or as an algorithm resident in the microprocessor 120, 
or as a combination thereof. In other embodiments, an 
independent servo controller can be used. Additionally, the 
microprocessor 120 may include some amount of memory 
such as SRAM, or an external memory such as SRAM 110 
can be coupled With the microprocessor 120. The disk 
controller 128 can also provide user data to a read/Write 
channel 114, Which can send signals to a current ampli?er or 
preamp 116 to be Written to the disk 102, and can send servo 
signals to the microprocessor 120. The disk controller 128 
can also include a memory controller to interface With 
memory 118. Memory 118 can be DRAM, Which in some 
embodiments, can be used as a buffer memory. 

[0026] Although shoWn as separate components, the VCM 
driver 108 and spindle motor driver 112 can be combined 
into a single “hard disk poWer-chip.” It is also possible to 
include the spindle speed control circuitry in that chip. The 
microprocessor 120 is shoWn as a single unit directly 
communicating With the VCM driver 108, although a sepa 
rate VCM controller processor (not shoWn) may be used in 
conjunction With processor 120 to control the VCM driver 
108. Further, the processor 120 can directly control the 
spindle motor driver 112, as shoWn. Alternatively, a separate 
spindle motor controller processor (not shoWn) can be used 
in conjunction With microprocessor 120. 

[0027] FIG. 2 shoWs some additional details of the actua 
tor assembly 106. As shoWn in FIG. 2, the actuator assembly 
106 includes an actuator arm 204 that is positioned proxi 
mate the disk 102, and pivots about a pivot point 206 (e.g., 
Which may be an actuator shaft). Attached to the actuator 
arm 204 is the read/Write head 104, Which can include one 
or more transducers for reading data from and Writing data 
to a magnetic medium, an optical head for exchanging data 
With an optical medium, or another suitable read/Write 
device. Also, attached to the actuator arm 206 is an actuator 
coil 210, Which is also knoWn as a voice coil or a voice 
actuator coil. 

[0028] The voice coil 210 moves relative to one or more 
magnets 212 When current ?oWs through the voice coil 210. 
The magnets 212 and the actuator coil 210 are parts of the 
voice coil motor (VCM) 130, Which applies a force to the 
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actuator arm 204 to rotate it about the pivot point 206. The 
actuator arm 204 includes a ?exible suspension member 226 
(also knoWn simply as a suspension). At the end of the 
suspension 226 is a mounted slider (not speci?cally shoWn) 
With the read/Write head 104. 

[0029] The VCM driver 108, under the control of the 
microprocessor 120 (or a dedicated VCM controller, not 
shoWn) guides the actuator arm 204 to position the read/ 
Write head 104 over a desired track, and moves the actuator 
arm 204 up and doWn a load/unload ramp 224. The ramp 224 
Will typically include a latch (not shoWn) to hold the actuator 
arm 204 When in the parked position. The drive 100 also 
includes crash stops 220 and 222. Additional components, 
such as a disk drive housing, bearings, etc. Which have not 
been shoWn for ease of illustration, can be provided by 
commercially available components, or components Whose 
construction Would be apparent to one of ordinary skill in the 
art reading this disclosure. 

[0030] Disk(s) 102 generally rotate at a constant set rate 
ranging from 3,600 to 15,000 RPM, With speeds of 4,200 
and 5,400 RPM being common for hard disk drives designed 
for mobile environments, such as laptops. The actuator 
assembly sWeeps an arc betWeen the inner and outer diam 
eters of the disk 102, that combined With the rotation of the 
disk 102 alloWs a read/Write head 104 to access approxi 
mately an entire surface of the disk 102. The head 104 reads 
and/or Writes data to the disks 102, and thus, can be said to 
be in communication With a disk 102 When reading or 
Writing to the disk 102. Each side of each disk 102 can have 
an associated head 104, and the heads 104 are collectively 
arranged Within the actuator assembly such that the heads 
104 pivot in unison. As mentioned above, the spinning of the 
disk 102 creates air pressure beneath the slider to form a 
micro-gap of typically less than one micro-inch betWeen the 
disk 102 and the head 104. 

[0031] FIG. 3 shoWs exemplary details of the VCM driver 
108 of FIG. 1 as connected to the VCM 130. As shoWn, the 
exemplary VCM driver 108 includes a VCM current appli 
cation circuit 350, Which applies current to the coil 210 of 
the VCM 130 With a duration and magnitude controlled 
based on a signal received from the microprocessor 120 (or 
separate VCM controller). The coil 210 is modeled in FIG. 
3 to include a coil inductance Loon, a coil resistance Rcoil and 
a back emf voltage generator 370. Current provided through 
the coil 210 controls movement of a rotor 350, and likeWise 
movement of the rotor 350 generates a back emf voltage in 
the back emf voltage generator 370. 

[0032] The VCM driver 108 further includes a back emf 
detection circuit 352 for sensing the velocity of the actuator 
arm 204 based on an estimate of the open-circuit voltage of 
the VCM 130. The open-circuit voltage of the VCM 130 is 
estimated by observation of the actual VCM voltage and the 
VCM current (either the commanded current or the sensed 
current, sensed using a series sense resistor Rsense), and 
multiplication of the current by an estimated VCM coil 
resistance (Room) and subtraction of that amount from the 
measured coil voltage. Referring brie?y back to FIG. 2, 
during shut doWn, the actuator arm 204 is positioned on the 
ramp 224 situated off to the side of the disk 102 to prevent 
contact betWeen the head 104 and the disk 102. During 
startup, actuator velocity doWn the ramp 224 is controlled 
using measurements from the VCM back emf detection 
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circuit 352 to ensure that the head 104“?ies” or “?oats” 
When it gets to the bottom of the ramp 224 and does not 
contact the disk 102. 

[0033] FIG. 4A shoWs exemplary details of the spindle 
motor 132 supporting a rotor shaft 470, and the spindle 
motor driver circuit 112. The exemplary spindle motor 132 
includes a coil 460 With three Windings 462, 464 and 466 
electrically arranged in a Y con?guration. A rotor 468 of the 
spindle motor 132 has magnets that provide a permanent 
magnetic ?eld. The spindle motor driver circuit 112 supplies 
current to Windings 462-466 to cause the rotor 468 to rotate 
at a desired operating spin-rate. The spindle motor driver 
112 includes a commutation and current application circuit 
450 to apply different commutation state currents across 
Windings 462-466 at different times. The commutation and 
current application circuit 450 applies the commutation state 
currents based on signals received from the microprocessor 
120. The microprocessor 120 monitors the time period 
betWeen back emf Zero crossings using a spindle motor back 
emf detector 452 and uses this time period information to 
determine the speed of spindle motor 132. The speed indi 
cation can then used by the microprocessor 120 (or separate 
SM controller) to control the commutation voltages applied 
across Windings 462-466 to accomplish a desired speed. In 
accordance With embodiments of the present invention 
described beloW, the speed indication can also be used by the 
microprocessor 120 for triggering certain events, such as 
initiation of a ramp load operation. 

[0034] FIG. 4B shoWs an alternative con?guration of the 
spindle motor driver circuit 112. As shoWn, the commutation 
and current application circuit 450 receives the back emf 
Zero crossing signals from the spindle motor back emf 
detector 452. In this embodiment, the commutation circuit 
450 includes circuitry to calculate the current application 
states needed to obtain a desired speed based on a spindle 
motor speed indication determined from the spindle motor 
back emf detector 452 (during steady-state operation; during 
open-loop startup, commutation states are determined inter 
nally or provided from the microprocessor 120). In the 
embodiment of FIG. 4B, some (or all) of the processing that 
Was performed by the microprocessor 120 in the con?gu 
ration of FIG. 4A, is included in the commutation circuit 
450. Thus, in the con?guration of FIG. 4B, the micropro 
cessor 120 may only provide clocking or desired spindle 
motor speeds to the commutation circuit 450. 

[0035] In the con?gurations of both FIGS. 4A and 4B, 
measurements of spindle motor speed, and thus of disk 
spin-speed, can be made using the spindle motor back emf 
detector 452. The spindle motor back emf information is 
provided to the microprocessor 120. After the head 104 is 
over the disk 102, the processor 120 can also determine 
spin-speed using the servo data from disk 102. 

[0036] Reducing Time-to-Ready 
[0037] Referring back to FIG. 2, the load/unload ramp 
224 is used to hold the head 104 aWay from a disk surface 
While the disk 102 is not spinning. As mentioned above, 
conventionally the head 104 is not released from the ramp 
(i.e., does not begin moving doWn the ramp 224) until the 
disk 102 has achieved its normal operating spin-speed. This 
effects a drive’s “time-to-ready,” meaning the time to Which 
data can start being read from, or Written to, a disk. Embodi 
ments of the present invention, discussed With reference to 
FIGS. 5-7, are used to reduce a disk drive’s “time-to-ready.” 
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[0038] FIG. 5 is an exemplary graph of disk spin-speed 
versus time. Three different spin-speeds are labeled on the 
vertical axis, including nominal spin-speed 506, minimum 
“?oat” spin-speed 504, and a spin-speed 502 When a ramp 
load operation begins, in accordance With an embodiment of 
the present invention. The nominal spin-speed 502 is the 
spin-speed at Which the drive is designed to normally read 
and Write data. The nominal spin-speed 502 is shoWn as 
occurring at a time 516, labeled tnom, after the disk begins to 
spin-up from rest. The minimum “?oat” spin-speed 504, is 
the minimum spin-speed at Which a su?icient air-gap is 
formed betWeen the slider and the disk’s surface to prevent 
the head 104 from contacting the disk 102 folloWing a ramp 
load operation (i.e., When the head 104 leaves the ramp 224 
and is positioned over an outer diameter of the surface of 
disk 102). The minimum ?oat spin-speed is shoWn as 
occurring at a time 514, labeled tmin. The minimum ?oat 
spin-speed 504, Which is typically be about tWo-thirds of the 
nominal spin-speed 502, can be determined through simple 
experiments. As Will be discussed in more detail beloW, in 
accordance With some embodiments of the present inven 
tion, a drive is designed to read and Write at more than one 
spin-speed (e.g., at a reduced spin-speed and a nominal 
spin-speed). In such embodiments, it is assumed that the 
nominal spin-speed is higher than the loWest spin-speed at 
Which the drive can read and Write. 

[0039] A ramp load operation is the operation in Which the 
head 104 is moved from a parked position on the ramp 224, 
doWn the ramp 224 toWard the disk 102, and eventually over 
the surface of the disk 102. The terms “on the ramp” and 
“doWn the ramp” are not meant to convey that the head itself 
contacts the ramp 224. Rather, it is more likely that a lift tab 
(not shoWn) or similar lifting feature associated With the 
head suspension assembly, engages the ramp 224. A ramp 
load operation begins at the time When the head 104 begins 
to moved from the parked position toWard the disk 102. 

[0040] Conventionally, a ramp load operation is not began 
until the disk 102 has achieved its nominal spin-speed 502. 
In accordance With an embodiment of the present invention, 
discussed beloW With reference to the high level ?oW 
diagram of FIG. 6, the ramp load operation begins at a 
spin-speed 506 that is less than the minimum ?oat speed 
504. The time at Which the load operation begins is shoWn 
as occurring at a time 512, labeled toad. 

[0041] Referring to FIG. 6, the spin-speed of the disk (i.e., 
the disk spin-speed) is monitored as the disk spins-up from 
rest, as speci?ed at a step 602. The disk may have been at 
rest because the disk-drive Was just poWered up, or because 
the disk drive Was in a poWer saving mode in Which the disk 
Was spun doWn to rest. As mentioned above, the head 
suspension assembly is parked on the ramp While the disk is 
at rest. 

[0042] At a next step 604, a ramp load operation is began 
before said disk spin-speed reaches a minimum ?oat spin 
speed for causing the head to ?oat over a surface of the disk. 
This includes beginning to move the head from a parked 
position on the ramp toWard the disk. The initiating of the 
ramp load operation can be triggered When the disk spin 
speed reaches a threshold spin-speed, that is less than said 
minimum ?oat spin-speed, yet fast enough that the spin 
speed Will reach the minimum ?oat speed by the time the 
head reaches the outer diameter of the disk. 
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[0043] In accordance With an embodiment of the present 
invention, tests are performed to determined the amount of 
time it takes for the disk to spin from rest up to the minimum 
?oat spin-speed. Tests are also performed to determine the 
amount of time it takes for the head to move from the parked 
position to the outer diameter of the disk, once a ramp load 
operation is initiated (i.e., begins). Using the results of these 
tests, a graph of time versus spin-speed, resembling the 
graph in FIG. 5, can be produced. A determination can be 
made of the earliest time (and corresponding earliest spin 
speed) at Which the ramp load operation can begin, such that 
the minimum ?oat speed Will be achieved just prior to the 
head reaching the outer diameter of the disk. 

[0044] For example, starting from rest, assume that it takes 
2.000 seconds for the disk to reach its nominal spin-speed, 
yet only 1.500 seconds for the disk to reach its minimum 
?oat spin-speed. Also assume that it takes 200 msec. (i.e., 
0.200 seconds) for the head to move from the parked 
position to the outer diameter of the disk during a ramp load 
operation. Thus, if a ramp load operation begins at, or 
slightly later than, 1.300 seconds after the disk begins to 
spin-up from rest, then the disk should achieve the minimum 
?oat speed by the time the head moves from the parked 
position to the outer diameter of the disk. Also assume that 
the nominal spin-speed of the disk is 5,400 rpm, and that the 
minimum ?oat speed is 4,000 rpm. Further, assume that at 
1.300 seconds after the disk begins to spin-up from rest that 
disk achieves a spin-speed of 3,200 rpm. Using these 
exemplary assumptions, the threshold spin-speed could be 
set at (or slightly above) 3,200 rpm. In other Words, if the 
ramp-load operation is initiated When the disk spin-speed 
reaches 3,200 rpm, then the disk Will have just achieved the 
minimum ?oat spin-speed of 4,000 rpm by the time the head 
reaches the outer diameter of the disk. Then, as soon as the 
disk reaches its nominal spin-speed, the head should ready 
for servoing and reading and/or Writing. Or, if reading and 
Writing can occur at less than the nominal spin-speed, e.g., 
at a reduce spin-speed, as explained beloW, then the head 
Will be ready to read and Write once the reduced spin-speed 
is reached. 

[0045] It is also possible, in accordance With an embodi 
ment of the present invention, that the drive can use mea 
sures of back EMF to get the heads close to a desired track 
on the disk (for reading or Writing), even before the disk 
reaches a spin-speed at Which the drive can begin servoing 
(e.g., the nominal spin-speed). For example, if the drive 
knoWs that the ?rst track to read from or Write to is near the 
inner diameter of the disk, then the drive can use measures 
of back EMF to guide the head toWard a location near the 
inner diameter of the disk such that once the disk reaches a 
desired spin-speed (e.g., the nominal spin-speed) at Which it 
can begin servoing, there is less distance that the actuator 
arm Will need to travel in order to place head over the desired 
track. 

[0046] In the above manners, the time-to-ready can 
reduced. It is noted that the above mentioned spin-speeds 
and times are just exemplary values, Which are not meant to 
be limiting. 

[0047] To the knoWledge of the inventor, a disk drive’s 
nominal spin-speed has alWays been higher than the mini 
mum ?oat spin-speed. Also, to the knoWledge of the inven 
tor, reading and/or Writing have not been performed at less 
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than a disk drive’s nominal spin-speed. In accordance With 
embodiments of the present invention, a disk drive is 
adapted to perform reading and/or Writing at the minimum 
?oat spin-speed, and/or at some other spin-speed that is less 
than the nominal spin-speed. Such embodiments are dis 
cussed below in the “Multiple Spin-speed” section. As Will 
be appreciated from the discussion of the multiple spin 
speed embodiments, it can be bene?cial to combine the 
above discussed embodiments (relating to early initiation of 
a ramp load operation) With the embodiments relating to 
multiple spin-speeds. 

[0048] As explained above With reference to FIGS. 4A 
and 4B, the disk spin-speed can be monitored by monitoring 
the spin-speed of the spindle motor 132 that rotates the disk 
102. This can be accomplished, for example, by using 
measurements of back EMF determined by the spindle 
motor back emf detection circuit 452. Alternative schemes 
for monitoring disk spin-speed, While the head 104 is not 
over the disk 102, can also be used. 

[0049] In accordance With a further embodiment of the 
present invention discussed With reference to the ?oW dia 
gram of FIG. 7, the spin-up time since the disk began to 
spins-up from rest is monitored, at a step 702. In this 
manner, at a step 704 a ramp load operation is initiated 
before the spin-up time reaches a predicted time at Which the 
disk achieves a minimum ?oat spin-speed for causing the 
head to ?oat over a surface of the disk. The threshold spin-up 
time should be selected such that the disk Will achieve the 
minimum ?oat spin-speed prior to the head reaching an 
outer diameter of the disk. For example, a ramp load 
operation can be initiated When time since spin-up began 
reaches a threshold spin-up time, Which that is less than the 
predicted time at Which the disk Will achieve the minimum 
?oat spin-speed. Using the exemplary values just discussed 
above, the threshold spin-up time can be 1.300 seconds, for 
example. 

[0050] In the above described embodiments, the head 104 
should reach the outer diameter of the disk 102 after the disk 
spin-speed reaches the minimum ?oat spin-speed, but before 
the disk reaches the nominal spin-speed. In accordance With 
alternative embodiments of the present invention, the ramp 
load operation can be initiated prior to the disk spin-speed 
reaching nominal spin-speed, but such that by the time the 
head 104 reaches the outer diameter of the disk 102, the disk 
spin-speed Will have reached the nominal spin-speed (Which 
is alWays at least as great as the minimum ?oat spin-speed). 
In these embodiments, summariZed in the ?oW diagrams of 
FIGS. 8 and 9, it is possible that the ramp load operation 
may not even begin until after the disk spin-speed reaches 
the minimum ?oat spin-speed. Nevertheless, the time-to 
ready Will still be less than if the ramp load operation did not 
begin until after the disk spin-speed reached the nominal 
spin-speed. In such embodiments, the time since spin-up 
from rest and/or the spin-speed can be monitored, as dis 
cussed above. Similarly, a spin-up speed threshold or a time 
threshold (since spin-up began) can be used as the triggering 
threshold to begin a ramp load operation. In another embodi 
ment, Where reading and Writing can occur at a reduced 
spin-speed (Which is less than the nominal spin-speed), the 
ramp load operation can be initiated prior to the disk 
spin-speed reaching the reduced spin-speed, but such that by 
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the time the head 104 reaches the outer diameter of the disk 
102, the disk spin-speed Will have reached the reduced 
spin-speed. 

[0051] For all of the embodiments discussed above, it 
Would be useful to have a safety feature that causes the head 
104 to retract back up the ramp 224 if the head is about to 
reach the outer diameter of the disk, but the disk has not yet 
reached the minimum ?oat spin-speed (or some other pre 
determined spin-speed). Generally, the exact location of the 
head 104 is dif?cult to determine While the head suspension 
assembly moving along the ramp 224. HoWever, there are 
certain Ways that a location of the head can be approximated. 
For example, the location of the head 104 can be estimated 
using angular velocity measurements that are made, e.g., 
using the VCM back emf detection circuit 352, discussed 
With reference to FIG. 3. Such measurements of angular 
velocity can be used to estimate Where the head 104 is along 
the ramp 224. Most ramps 224 have a ?at portion folloWed 
by a declined portion adjacent the outer diameter of the disk 
102. When the head 104 begins to move doWn the declined 
portion of the ramp 224, the velocity of the head 104 Will 
typically increase, as compared to When the head is moving 
along the ?at portion of the ramp 224. This increase in 
acceleration can be detected by the VCM back emf detection 
circuit 352. In these manners, the location of the head 104 
relative to ramp 224 can be estimated. In accordance With an 
embodiment of the present invention, if the disk spin-speed 
has not reached the minimum ?oat spin-speed (or some 
other predetermined threshold) by the time the head 104 
reaches a prede?ned location With respect to the ramp 224, 
then the VCM driver 108 is instructed to abort the ramp load 
operation for the time being, and to move the head back up 
the ramp 224 (e.g., to the parked position). 

[0052] Other schemes for determining the position of the 
head 104 relative to the ramp 224 can alternatively or 
additionally be used, in order to determine Whether to abort 
the ramp load operation. For example, it Would be possible 
to use the teachings in commonly assigned US. patent 
application Ser. No. 10/349,798, entitled “Ramp Arrange 
ment and Method for Measuring the Position of an Actuator 
Arm in a Rotating Media Storage Device,” Which is incor 
porated herein by reference. As taught in the just mentioned 
application, the ramp 224 can be electrically connected With 
the actuator assembly (e.g., With the lift tab or suspension), 
such that a closed circuit is formed When a portion of the 
actuator assembly contacts a portion of the ramp 224. The 
closed circuit has a resistance that varies When the actuator 
assembly moves along the ramp, as Would the resistance in 
a potentiometer including an adjustable Wiper. By measuring 
the resistance, or changes in resistance, the position of the 
head 104 relative to the ramp 224 can be determined. 

[0053] Multiple Spin-Speeds 

[0054] As mentioned above, the minimum ?oat spin-speed 
for a disk drive is typically about tWo-thirds of the disk 
drive’s nominal spin-speed (i.e., the spin-speed at Which the 
drive is designed to read and Write data). Typically, the faster 
the nominal spin-speed, the faster data can be read from and 
Written to a disk. HoWever, the faster the nominal spin 
speed, the more poWer necessary to spin the disk. Accord 
ingly, the nominal spin-speed selected for use in a portable 
computing device (and more speci?cally, in a rotatable data 
storage device of the portable computing device) is typically 
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selected With both performance and power consumption in 
mind. In other Words, the nominal spin-speed of the disk 
drive can be selected to provide an acceptable trade-off 
betWeen performance and poWer. 

[0055] Embodiments of the present invention, Which shall 
noW be explained, also relate to methods and systems in 
Which more than one spin-speed is used for reading from and 
Writing to a disk. More speci?cally, in accordance With an 
embodiment of the present invention, a reduced spin-speed 
is used in certain situations, Wherein the reduced spin-speed 
is greater than or equal to the minimum ?oat spin-speed, yet 
less than the nominal spin-speed. It should be understood 
that for each of the embodiments involving multiple spin 
speeds, the read/Write channel (e.g., 114) of the rotatable 
media storage device implementing the inventions should be 
designed to operate at multiple frequencies (i.e., one for each 
spin-speed). 
[0056] There are many instances Where a host may need 
read a small amount of data from, or Write a small amount 
of data to, a disk Which has been spun doWn to rest. In such 
instances, it may often be faster and less poWer consuming 
for the host to perform the read or Write operation While the 
disk rotates at a spin-speed that as less than its nominal 
spin-speed. This is because it takes less time to achieve the 
reduced spin-speed, thereby reducing the time-to ready, and 
enabling the host to begin reading and/or Writing at an earlier 
point in time. Additionally, less poWer is consumed at the 
reduced spin-speed than Would be consumed a higher nomi 
nal spin-speed. 

[0057] FIG. 10 is an exemplary graph that shoWs the 
number of blocks to transfer (during a read or Write opera 
tion) versus the amount of time necessary to perform the 
data transfer, assuming the disk is spinning up from rest. As 
can be seen from the graph, if the amount of data is less than 
X blocks, then it Will take less time to transfer the data at the 
reduced speed. This is because the transfer can begin sooner 
(i.e., at time t1, as opposed to at time t2) if the reduced 
spin-speed is used. 

[0058] HoWever, as can also be seen from the graph, if the 
amount of data is greater than X blocks, then it Would be 
faster to Wait until the disk reached the nominal spin-speed 
(at time t2) to begin the data transfer. Nevertheless, even 
though an entire data transfer may occur faster if the transfer 
does not begin until the disk reaches the nominal spin-speed, 
there are other advantages to beginning a data transfer at the 
reduced spin-speed. For example, if a user makes a request 
for information stored as data on a disk that is at rest (i.e., 
not spinning), the response time (i.e., the time it takes to 
display at least a portion of the information to the user) may 
be quicker if the data is read from the disk at the reduced 
spin-speed. For a more speci?c example, a user of a laptop 
computer may click on a HELP button in an attempt to learn 
about certain features of a softWare program. Assume that 
the information necessary to display an initial HELP screen 
is stored on a disk that is at rest, and that the sooner the 
HELP screen can be displayed the better (from the stand 
point of the user). If the information (relating to the initial 
HELP screen) is read from the disk as soon as the disk 
reaches the reduced spin-speed, then the user Will experience 
a faster response time. Then, While the user provides more 
details about the help that they desire (e.g., as prompted by 
the initial HELP screen), the disk can be spun-up to the 
nominal spin-speed (although this is not necessary). 
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[0059] In accordance With an embodiment of the present 
invention, if less than a speci?c amount of Work is to be 
performed (e.g., a transfer of less than X blocks of data) 
folloWing a disk spinning up from rest, then the disk is spun 
up to its reduced spin-speed and the Work is began at the 
reduced spin-speed. 

[0060] Further embodiments of the present invention, 
Which Will noW be described, provide systems and methods 
for controlling a spin-speed at Which an initial data transfer 
occurs after a disk begins to spin-up from rest. The disk may 
have been at rest because the storage device Was poWered 
doWn (i.e., off), or because the disk Was purposefully spun 
doWn to conserve poWer (i.e., as part of a poWer saving 
scheme). In either situation, it is likely that the head is 
parked on a ramp When the disk is at rest, to prevent the head 
from contacting the disk, as Was explained above. 

[0061] As Will be described With reference to FIG. 11, in 
accordance With embodiments of the present invention, 
Whether the initial data transfer occurs at a reduced spin 
speed or a nominal spin-speed can be based on Whether an 
amount of Work to be performed is less than a threshold. 
This determination, Which is performed at a step 1102, can 
be performed, for example, by a disk controller, by a 
microprocessor Within a storage device, or by a host that is 
interfacing With the storage device, or any combination 
thereof. In accordance With an embodiment of the present 
invention, the amount of Work can be de?ned at least in part 
by an amount of data to be transferred (i.e., read from or 
Written to the disk). In accordance With another embodiment 
of the present invention, the amount of Work can be de?ned 
at least in part by an estimated amount of time necessary to 
complete the Work. Adisk controller, microprocessor and/or 
host may perform such an estimate, e.g., using a lookup 
table, model, etc. These are just examples, Which are not 
meant to limit the present invention. 

[0062] The threshold, Which can be prede?ned or select 
able (e.g., by the host) should be consistent With hoW the 
amount of Work is de?ned. For example, if the amount of 
Work is de?ned by the amount of data blocks to be trans 
ferred betWeen a disk and a host, then the threshold should 
specify a threshold number of data blocks. For example, 
referring back to FIG. 10, the threshold can be set as X data 
blocks, Which is the point at Which it Would be faster to Wait 
until the disk spins up to the nominal spin-speed to begin the 
data transfer, rather than begin the data transfer at the 
reduced speed. 
[0063] As speci?ed at step 1104, if it is determined that the 
amount of Work is less than the threshold, then the disk is 
spun-up to the reduced spin-speed, at Which point the initial 
data transfer can begin. If, hoWever, it is determined that the 
amount of Work is greater than the threshold, then the initial 
data transfer does not begin until the disk is spun-up to the 
nominal spin-speed, as speci?ed at step 1106. 

[0064] As Was explained above With reference to FIGS. 
4A and 4B, the spindle motor back EMF detection circuit 
452 can be used to monitor the spin-speed of the disk. 
Referring back to FIG. 1, the disk controller 128 can be used 
to be used to control the reading from and Writing to the disk 
102. The microprocessor 120 and/or the VCM driver 108 
can control the spin-speed of the VCM 130, and thereby the 
spin-speed of the disk 102. 

[0065] While an initial data transfer is being performed at 
a reduce spin-speed (or after the transfer is complete), the 
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storage device may receive instructions to perform addi 
tional Work (e.g., transfer more data). Referring again to 
FIG. 11, in accordance With an embodiment of the present 
invention, if the addition Work is requested, then the disk is 
spun-up from the reduced spin-speed to the nominal spin 
speed, and the additional Work (e.g., data transfers) are 
performed at the nominal spin-speed, as speci?ed at step 
1112. For example, this can occur regardless of the extent of 
the additional Work (as shoWn by the dashed line), or 
alternatively, only if the additional Work is above the a 
threshold, as expressed by step 1108. This threshold can be 
the same threshold used in step 1102, or it may be that the 
additional Work requested must be above a further threshold 
in order to cause the disk to be spun-up to the nominal 
spin-speed. In still another embodiment, the disk is spun up 
to the nominal spin-speed if the additional Work causes a 
total amount of Work to exceed a threshold (e.g., the 
threshold used in step 1102, or some other threshold), or if 
a total amount of remaining Work exceeds a threshold. If the 
additional Work does not exceed a threshold, in accordance 
With hoW the threshold is de?ned, the spin-speed can be kept 
at the reduced spin-speed to save poWer, as speci?ed at steps 
1108 and 1110. Further, a ramp unload operation can be 
performed and the disk can be spun back doWn to rest, if a 
de?ned period of inactivity is exceeded, e.g., folloWing step 
1104, 1106, 1110 or 1112. 

[0066] In accordance With another embodiment, an initial 
data transfer, after the disk has been at rest, is performed at 
the reduced spin-speed regardless of the amount of data to 
be transferred. Then the disk is spun up to the nominal 
spin-speed so that additional data transfers (if necessary) can 
be performed at the nominal spin-speed. Such an embodi 
ment is especially useful in situations Where a user makes a 
request for information that requires data to be read from a 
disk that is at rest at the time of the request, because at least 
a portion of the information can be presented to the user 
more quickly (than if the disk had to spin-up to the nominal 
spin-speed before performing a read). This Was explained 
above in some more detail. 

[0067] In accordance With some embodiments of the 
present invention, it is the host that decides the appropriate 
spin-speed at Which to read and Write to a disk. In such 
embodiments, the host instructs the storage device to 
achieve a speci?c spin-speed at Which to perform data 
transfers (initial or otherWise). More generally, the drive Will 
perform data transfers at instructed spin-speeds that are 
speci?ed by the host. 

[0068] The embodiments just described above, Which 
relate to performing reads and Writes at more than one speed, 
can be combined With the other embodiments discussed 
above relating to beginning ramp loads operations at loWer 
spin-speeds and/or earlier times than is conventional. Such 
combinations can be used to further reduce a time-to-ready 
in a rotatable media storage device. For example, assume a 
storage device can read or Write to a disk at both a reduced 
spin-speed and a nominal spin-speed, and that the reduced 
spin-speed is used for initial data transfers (e.g., if an initial 
data transfer does not exceed a threshold). In accordance 
With an embodiment of the present invention, a ramp load 
operation is initiated before the disk spin-speed reaches the 
reduced spin-speed, such that the disk Will achieve the 
reduced spin-speed just prior to a head reaching an outer 
diameter of the disk. 
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[0069] It is also possible that more that tWo spin-speeds 
can be used. For example, there can be a loW spin-speed, a 
medium spin-speed and a high spin-speed, or even more 
than three different spin-speeds. Thresholds, similar to those 
described above, can be used to select Which of the spin 
speeds should be used to perform initial data transfers and/or 
further data transfers folloWing the initial data transfers. 
Unless otherWise speci?ed, it should be assumed that the 
loWest spin-speed (i.e., a reduced spin-speed) is not the 
nominal spin-speed, and that any spin-speed greater than the 
loWest spin-speed may be de?ned as the nominal spin-speed. 

[0070] While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by Way of example, and not 
limitation. It Will be apparent to persons skilled in the 
relevant art that various changes in form and detail can be 
made therein Without departing from the spirit and scope of 
the invention. 

[0071] The present invention has been described above 
With the aid of functional building blocks illustrating the 
performance of speci?ed functions and relationships thereof. 
The boundaries of these functional building blocks have 
often been arbitrarily de?ned herein for the convenience of 
the description. Alternate boundaries can be de?ned so long 
as the speci?ed functions and relationships thereof are 
appropriately performed. Any such alternate boundaries are 
thus Within the scope and spirit of the claimed invention. 

[0072] The breadth and scope of the present invention 
should not be limited by any of the above-described exem 
plary embodiments, but should be de?ned only in accor 
dance With the folloWing claims and their equivalents. 

What is claimed is: 

1. In a data storage device including a disk, a method for 
controlling a spin-speed at Which an initial data transfer 
occurs after the disk begins to spin-up from rest, the method 
comprising: 

(a) spinning the disk up to a reduced spin-speed and 
beginning to perform the initial data transfer While the 
disk spins at the reduced spin-speed, if an initial 
amount of Work that has been requested is beloW a 
threshold; and 

(b) spinning the disk up to a further spin-speed, Which is 
greater than the reduced spin-speed, and beginning to 
perform the initial data transfer While the disk spins at 
said further spin-speed, if the initial amount of Work 
that has been requested is above said threshold. 

2. The method of claim 1, Wherein the initial amount of 
Work is de?ned at least in part by an initial amount of data 
to be transferred. 

3. The method of claim 1, Wherein the initial amount of 
Work is de?ned at least in part by an estimated amount of 
time necessary to complete the Work. 

4. The method of claim 1, Wherein the data transfer 
includes at least one of reading data from the disk and 
Writing data to the disk. 

5. The method of claim 1, Wherein said further spin-speed 
comprises a nominal spin-speed. 
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6. The method of claim 5, further comprising: 

(c) spinning the disk up from said reduced spin-speed to 
said nominal spin-speed, if additional Work is requested 
While the initial data transfer is being performed at said 
reduced spin-speed. 

7. The method of claim 5, further comprising: 

(c) spinning the disk up from said reduced spin-speed to 
said nominal spin-speed, if additional Work above said 
threshold is requested While the initial data transfer is 
being performed at said reduced spin-speed. 

8. The method of claim 5, further comprising: 

(c) spinning the disk up from said reduced spin-speed to 
said nominal spin-speed, if additional Work above a 
further threshold is requested While the initial data 
transfer is being performed at said reduced spin-speed. 

9. The method of claim 5, Wherein: 

(c) spinning the disk up from said reduced spin-speed to 
said nominal spin-speed, if enough additional Work is 
requested that a total amount of Work exceeds said 
threshold While the initial data transfer is being per 
formed at said reduced spin-speed. 

10. The method of claim 6, Wherein step (c) includes 
performing an additional data transfer at said nominal spin 
speed. 

11. In a data storage device including a disk, a method for 
controlling a spin-speed at Which an initial data transfer 
occurs, betWeen a host and the disk of the data storage 
device, after the disk begins to spin-up from rest, the method 
comprising: 

(a) spinning the disk up to one of a plurality of different 
spin-speeds at Which the data storage device can oper 
ate, as instructed by the host; and 

(b) beginning to perform a data transfer at said instructed 
spin-speed. 

12. The method of claim 11, Wherein the plurality of 
spin-speeds include a nominal spin-speed and a reduced 
spin-speed that is less than said nominal spin-speed. 

13. In a data storage device including a disk, a method for 
controlling a spin-speed at Which an initial data transfer 
occurs after the disk begins to spin-up from rest, the method 
comprising: 
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(a) spinning the disk up to a reduced spin-speed and 
performing an initial data transfer While the disk spins 
at said reduced spin-speed; and 

(b) spinning the disk up to a nominal spin-speed, Which is 
greater than said reduced spin-speed, and performing 
an additional data transfer While the disk spins at said 
nominal spin-speed. 

14. In a data storage device including a disk, an actuator 
assembly having a head for reading from and/or Writing to 
the disk, and a load/unload ramp on Which to park the head, 
a method for reducing the amount of time it takes for a head 
to begin reading from and/or Writing to the disk after the 
actuator assembly has been parked on the load/unload ramp, 
the method comprising: 

(a) monitoring a disk spin-speed as the disk is spinning up 
to a selected spin-speed; 

(b) beginning a ramp load operation before the disk 
spin-speed reaches said selected spin-speed, but such 
that the disk Will achieve said selected spin-speed prior 
to the head reaching an outer diameter of the disk; and 

(c) performing an initial data transfer at said selected 
spin-speed. 

15. The method of claim 14, further comprising: 

(d) adjusting said spin-speed and performing a further 
data transfer at said adjusted spin-speed. 

16. The method of claim 14, Wherein said selected spin 
speed comprises a nominal spin-speed. 

17. The method of claim 14, Wherein said selected spin 
speed comprises a reduced spin-speed that is less than a 
nominal spin-speed. 

18. The method of claim 14, Wherein said selected spin 
speed is selected from a nominal spin-speed and a reduced 
spin-speed that is less than said nominal-spin speed. 

19. The method of claim 14, further comprising the step 
of receiving an instruction, from a host, said instruction 
informing the disk drive of said selected spin-speed. 

20. The method of claim 14, further comprising selecting 
a spin-speed based on a comparison of the initial data 
transfer to a threshold. 

21. The method of claim 20, Wherein said threshold is 
de?ned by a host. 


